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FOREWORD.

THE subject of the Internal Secretions, or Glandular Physio-

logy as it is sometimes called, is one which is destined to occupy

the attention both of physiologists and clinicians for a long time

to come. The admirable manner in which the microbic theory

of disease has been developed and pressed into practical employ-

ment has served completely to revolutionize the surgery, and

profoundly to modify the medicine, of thirty years ago. But the

truth of the theory and the wonders which it has wrought leave

unexplained certain problems in pathology which cry aloud for

solution. Microbes do not explain gout, diabetes, Graves's

disease or Hodgkin's disease, to mention but a few which inhabit

tfie vast territory which remains to be conquered. Upon these

and allied diseases the study of the internal secretions promises

to throw some light. It has already illuminated myxoedema,

acromegaly, Addison's disease, and some others, and the promise

which it holds is as enticing and fascinating as its pursuit is

baffling.

The condition precedent of any real progress on the clinical

side is an exhaustive study of the physiological side. Professor

Biedl's book supplies this in a painstaking and methodical man-

ner. It comprises all the work of an experimental kind which

has been done in any country up to within a very recent dale.

It is for the most part content to leave that work to speak for

itself, and does not unduly burden the reader with explanations,

or mislead him with premature theories.

To unravel the tangled skein of the inter-relation of the

various internal secretory glands must be a task for many workers
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over a long period. Professor Biedl has rendered this task very

much more simple than it could have been in the absence of some

co-ordinating and focussing text-books such as he has now given

to labourers in this field.

The English translation has been done in a manner deserving

of the highest praise. I have had many opportunities of com-

paring it with the original German text, and have in every case

had cause to admire the faithful, accurate, and even graceful

rendering of the meaning of obscure and highly technical

passages.
LEONARD WILLIAMS.
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The Internal Secretory Organs
their Physiology and Pathology.

PART I, -GENERAL

HISTORICAL AND INTRODUCTORY.
WE have long been aware of a reciprocity of activity between
different parts of the body, and this inter-relation of function is

called the consensus partium. But, until very recently, the

haziest ideas prevailed as to the manner in which the individual

organs react upon one another and the mechanism by which their

interbalance is maintained.

We are now, however, in a position to advance the logical

postulate, that the mediating agents can be those only which, while

having access to each organ, yet come together at a common
centre. The central nervous system supplies an excellent example
of such a mechanism, affecting and controlling as it does the

correlation of the various physiological activities. Messages are

carried by the centripetal nerves from the extreme periphery to

the centre, and this centre is enabled, by means of the centrifugal

nerves, to convey ever-changing impressions to different parts of

the body. When the so-called
"

reflexes
"
were discovered, partly

by Descartes in the lyth, and finally by Prochaska in the iQth

century, the prompt and purposeful intervention of the central

nervous system in the regulation of organic function became

firmly established.

An impression conveyed from the periphery to the nervous
centre will excite activity in an entirely different part of the body.
Though this is accomplished without the assistance either of the

consciousness or of the will, it is neither casual nor purposeless
in its happening. On the contrary, the degree of activity is

calculated to the needs of the organism and is in accordance with

changes in the conditions surrounding it. This reflex character

is in part congenital and is an integral factor in the organization
of the nervous system ;

in part it is acquired, and is the result

of habits formed during life. By its means the co-ordinated

activities of the different parts of the body are regulated and
controlled and it was for this reason that scientists until recently

i
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believed that the nervous system was the sole mediating agent
by which the consensus partium was maintained.

Such was, naturally enough, the view adopted by clinicians,

to explain disturbances of functional equilibrium. Derangement
of function in any direction was said to produce a change, both

qualitative and quantitative, in the nature of the stimuli and,

reacting through the nervous system upon other organs, was
believed to produce in them also a departure from the normal,
thus giving rise to the most varied pathological symptoms. From
this arose the doctrine of the reflex manifestation of diseases, a
doctrine which was until quite recently universally accepted and
is not, even now, entirely discredited. The changes, for example,
which for centuries have been known to take place in the organism
after suppression of the secretion of the sexual glands, whether

by castration or by the physiological phenomena of the climacteric,
were believed to result from a purely nervous reflex action.

But, logically faultless though this hypothesis be, and
founded as it certainly is upon a sound physiological and anatomi-
cal basis, it has not always maintained an undivided supremacy.
Looking back over the fields of biology and general pathology
we find that the neural theory of the correlation of organs was

companioned by a belief in their humoral relationship, and that

this latter theory is even the older of the two.

In the healing arts of primitive peoples, as wrell as in the

earlier periods of scientific .medicine, remedies were employed
and measures resorted to, which are the direct forerunners of the

organo-therapy of to-day. Hahnemann's homoeopathy threw out
a branch isopathy which in certain directions proved itself

stronger than the parent stem. In every organic disease it was
the practice of isopathy to administer the healthy animal

organ ; fox-lung was given in pulmonary disease, wolf's liver in

liver troubles, ox-eyes in ocular affections, and so on. In spite
of the haziness of the ideas which prompted these measures, they
were certainly carried out in the spirit which animates the humoral

pathology of to-day, for they recognized the fact that each organ
plays a part in maintaining the balance of secretion and has
thus an influence upon the organism as a whole.

The discovery of the circulation of the blood supplied a

second channel by means of which the different parts of the body
may be brought into relationship. And yet in the early days of

the new humoral pathology, at a time when changes in the con-
stitution of the blood-plasma were universally recognized as

causes of disease, the blood-stream was very rarely admitted as

a factor in the consensus partium. This was due to the fact that

at that time changes in the nature of the blood-plasma were
believed to result, partly from external conditions and partly from
retention in the blood of normal secretions. Thus, Bordeu (a

predecessor of Brown-Sequard, who lived in the second half of
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the 1 8th century and was discovered by Neuburger) ascribed the

changes which occur after removal of the sexual organs and in

certain other conditions, to a deficiency or superfluity of the

glandular secretions. The existence of normal and pathological
secretions was known, but no account was taken of substances
which are formed by all the organs, including those which are

not in the first instance secretary organs, and which contribute

something to the composition of the plasma.
An important step forward was marked by Johannes Miiller

in his text-book of physiology. He drew a sharp distinction

between secretion the formation of a specific chemical substance

by the organ and excretion the change of place of the already
formed substance. He recognized secretory cells, secretory mem-
branes, and secretory glands. Among the latter he included
those organs which are known as the vascular ganglia or blood

glands, namely : the spleen, the thyroid, the suprarenals, the

thymus, and the placenta.
Miiller believed that these ductless glands

"
exert a plastic

influence upon the juices which are within them, which circulate

through them, and which are carried from them by the general
circulation. Unlike the other glands, however, they exercise no
external influence."

It was Professor A. A. Berthold, of Gottingen, who, in 1849,
first demonstrated by means of experiment the nature of the

activity of a true ductless gland ;
that is to say, he showed the

influence which an organ through which the blood-stream circu-

lates, can exert upon the composition of the blood and thus upon
the entire organism. He removed the testicle from cocks and

grafted it upon another part of the body; and he found that
"
the

animals remained male in regard to voice, reproductive instinct,

fighting spirit, and growth of comb and wattles." He concluded
that

"
the consensus is maintained by the productive influence

of the testicle
;
that is to say, by its effect upon the blood and,

through the blood, upon the organism." The honour of having
first proved the existence of an "

internal secretion
' and of

having recognized its significance, belongs undoubtedly to

Berthold.

Berthold's discovery, howr

ever, received no recognition in

his own day. The physiologist, Rudolf Wagner, was unable to

confirm the experiments, and Berthold was probably unknown in

general circles. Claude Bernard, in 1855, is generally credited with

having been the first to give expression to the doctrine of an
internal secretion. He maintained that, not only the glands by
their secretory processes secretion externe by means of which
substances are withdrawn from the blood, but that every organ
of the body, by a process of secretion interne whereby it yields its

products up to the blood, determines the composition of the blood
and can, under certain conditions, modify and even change it.
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Bernard showed that, in the case of the liver, in addition to

the external secretion of gall there is an internal secretion or

glycogenesis, that is to say, the aggregation of glycogen and the

formation of sugar, the latter being afterwards conveyed into the

blood-stream. He endeavoured to prove that the function of

internal secretion is under the control of the nervous system.
That the composition of the blood is susceptible to the

influence of the specific products of individual organs w?

as, as we

see, known as long ago as the middle of the last century. Even
the designation

"
internal secretion

"
dates from that time. And

yet the introduction of the theory of the internal secretions is

universally ascribed to Brown-Sequard. This is because he was
the first to express the idea* that all glands, with or without ducts,

supply to the blood substances which are either useful or essential,

and the lack of which may produce pathological signs. It was
not until twenty years later that he was able to give experimental

proof of his views.

The actual date upon which the doctrine of the internal

secretions may be said to have been born is June i, 1889. It was
the occasion of that memorable meeting of the Societe de Biologic,

Paris, when Brown-Sequard, then 72 years of age, described the

experiments which, in order to prove his hypothesis, he had
carried out upon his own person, by the subcutaneous injection
of testicular extract. He found that after the injections, and

indisputably as a result of them, he experienced an access of

physical strength and an invigoration of cerebral function which
were quite extraordinary. Appetite improved, the bowels were

regulated, and there wras a marked increase in mental activity.
This lecture and the detailed publication which followed it, a few
weeks later, were not only the actual foundations of the theory
of internal secretion, but they furnished the first practical appli-
cation of a new method of treatment, namely, that now known
as organo-therapy, or the Brown-Sequard method.

It is not possible to estimate Brown-Sequard's work at its

proper value, unless it is kept distinct from the method \vhich he

inaugurated and more especially from the abuses which followed

it, with which Brown-Se"quard himself was unfortunately not

entirely unconnected. What he really did do was to prove
by experimental means the existence of a process of internal

secretion, which is in the nature of a chemical interchange between
the different organs and which is of the highest importance to

the economy. His theories were at once accepted in France and
to some extent in England. German physiologists and clinicians

were extremely sceptical. Nevertheless it should not be forgotten
that Hansemann, in Germany, soon afterwards adopted a similar

standpoint. Like Brown-Se"quard, he assumed a physiological

* In his address before the Medical Faculty of Paris in 1869.
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interchange between the cells of different organs, and this

functional interdependence he designated "cell-altruism." As
the founder of the doctrine of internal secretion, Brown-S^quard
has opened to physiology a new and fruitful field for experiment ;

he has paved the way for the right understanding of many
pathological derangements ;

and he has pointed out a rational and,
in many cases, a remarkably successful method of treatment.

DEFINITION AND LIMITATION OF THE TERM
-INTERNAL SECRETION/'

Two agents are concerned in ordering and maintaining the

complex activity of the animal organism. In addition to the

nervous intercommunication, which is admittedly the agent in

effecting rapid adjustments, there is also a chemical correlation

of the different organs. In accordance with the latter, each

organ, each tissue, and even each cell, by means of its specific

secretory products, acting through the agency of the blood-stream,
is enabled to exert a definite influence upon other parts of the

body. In this manner the equilibrium of the various parts is

guaranteed.
It must not be imagined, however, that chemical communi-

cation is effected by the agency of the blood-stream only. We
know, for instance, that the acid secretion which is elaborated

upon the superficial membrane of the stomach, causes the pyloric

sphincter to relax at regular intervals, and that movements of the

intestinal canal are provoked by the bowel-contents. Granting
that in these instances there is also a nervous reflex wrhich is

set in motion by the secretions of the gastric and intestinal mucosa,

yet the formation of secretin is clearly an instance of chemical
interaction taking place upon an internal surface.

As soon as it enters the duodenum, the acid gastric secretion

(then called chyme) excites the cells of the intestinal mucosa
to form secretin, which, in its turn, acting through the blood-

stream, stimulates the liver to an increased production of bile,

excites the formation of pancreatic secretion, and promotes
secretion by the glands of the intestinal walls. Bayliss and

Starling, who have made a special study of these processes,

propose that the name " hormone '

should be given to those

physiological substances which act as chemical stimuli and serve

as intermediaries between different parts of the body." Hormone '

is derived from the Greek op/.idw, meaning to

awake or excite, and the term has been universally adopted.
All organs which supply substances which are capable of

exciting or in any way of affecting the functions of other organs,

may be described as
"
hormone-producing." Schiefferdecker

proposes that they should be called
"
Beeinflussungsorgane

'
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(organs of influence), which might be contracted into B-organs.
It is, however, more expedient to call them internal secretory

organs. It must be clearly understood, however, that not every
change in the blood-plasma due to organic intervention, and not
all metakerastic organic activity, is to be included under the

heading
"

internal secretory." The term can apply to the form-
ation of chemical substances only. Those organs, for instance,
which are known to be the formative agents of the morphological
elements of the blood (as the spleen, the lymphatics and the

bone marrow) in so far as the changes they effect in the character

of the blood are due to the contribution of new form-elements
are not to be regarded as internal secretory.

Very little is known about the specific form in which the

true internal secretions, or hormones, find their way into the blood.

It may be that they enter the circulation as morphological con-
stituents of the blood, or perhaps in combination with such.

But, in the present state of our knowledge, we must bear in mind
that, though the cellular elements of the bloocl may possess
internal secretions, they are not internal secretions in themselves.

The internal secretions include the chemical products of

organic metabolism only, though this limitation of the term is

not accepted without question by morphologists.

Assuming always that the elaboration of substances from
materials withdrawn from the blood and the returning of the

changed materials back to the blood again, is a property common
to all living tissue, yet, from the point of view of the morphologist,
certain tissues only possess a true secretory value. According
to this view, those tissues only are able to secrete which possess his-

tologically differentiated epithelial cells, whether occurring singly
or in groups. An excretory gland is no longer to be recognized
in virtue of its possession of an excretory duct, but by its consti-

tution in epithelial elements. Should the duct be absent but the

epithelial structure present, then, and then only, should the

term
"

internal secretory gland
'

be employed. Following out

this idea, the internal secretory glands would include : The

thyroid, the parathyroids, the epithelial layer of the suprarenals,
the glandular portion of the hypophysis cerebri (pituitary gland),
and the inter-tubular cell-agglomerations of the pancreas. Other

tissues, as, for instance, the so-called carotid gland, the medullary
substance of the suprarenals, and the chromaffine tissue in

general, would be excluded from this group.
The last-named example clearly shows, however, that there

is not sufficient grounds for adopting a morphological and genetic
limitation of the term

"
internal secretion," and that to do so

would not in any way conduce to a solution of the question. We
have unequivocal proof of the internal secretory -activity of the

chromaffine tissue, for we are able to obtain its secreted substance

in a state of chemical purity. Yet the chromaffine tissue cannot be
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described, either genetically or morphologically, as epithelial or

glandular tissue. If, in considering the activity of the true glands
whether ductless or otherwise we are prepared to recognize

one secretion only, and to describe it as internal or external

according to the direction in which it is discharged, then we are

compelled to regard all glands as having more than one secretory
surface, and should need proof, moreover, that both internal and
external secretion are elaborated by the same morphological ele-

ments. But it will be obvious, from what has gone before, that

such a theory cannot be made to include all the facts. For

instance, it is very possible that, in the case of the male sexual

glands, the internal secretion is not elaborated from the

spermatozoa-producing elements, but from the interstitial tissues.

Looking at the matter from the physiological point of view,
we must assume that all organs, in addition to their special
function which is determined by their structure, possess a specific

productive activity, otherwise an internal secretion, which is

largely independent of structure. The description
"

internal secre-

tion
"

is hardly to be improved upon. It expresses the idea which
has animated the doctrine from its earliest inception, namely,
that the specific internal secretions are physiological hormones

affecting the activity of other parts of the body and affecting the

body as a whole, and that they are the means by which the

chemical correlations of the different organs are brought about.

There is a large group of chemical adjustments which cannot
be included among the internal secretions. It comprises all those

readjustments which take place when drugs or poisons are intro-

duced into the economy. During the last decades, investigation
has revealed a not inconsiderable group of chemical interactivities

which are aroused in the body for purposes of offence and defence,
not only by the causes of disease, but by poisons of all sorts.

There is no doubt whatever that the processes by which anti-

toxins and antibodies are formed, are the outcome of a modifica-

tion of the chemical activity of the tissues, and that the most

important part is played by the internal secretion of the cells. It

is, however, expedient to the present purpose to confine the dis-

cussion solely to those chemical correlationships which are

maintained between the different parts of the body without the

intervention of external agents.
Nevertheless, it is not possible, in the nature of things, to keep

entirely within these limits, seeing that no organism lives for itself

alone, but is in constant relationship with its surroundings.
Foreign materials are introduced into the economy by means of

foodstuffs; in the intestinal canal they become so changed by the

flora and the ferments that poisonous products of decomposition
are formed, and these find their way into the blood-stream. The
intermediary toxic substances formed from the splitting up of the

foodstuffs, especially of albumen, are rendered innocuous by the
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agency of the internal secretions of various organs, more

particularly the liver. It is a question of expediency and one
which each physiologist will decide for himself, whether or not

these antitoxic processes the measures, that is, which are adopted
on the part of the organism to guard against auto-intoxication

should be included in the definition of the internal secretions,

while the antitoxic activity of the liver, where exogenic poisons
are concerned, is excluded from it.

CLASSIFICATION.

Having defined the field which the internal secretions cover,

the next step is to classify them. Berzelius divided the true

glandular secretions into recrementitial and excrementitial, and, up
to now, a similar distinction has been maintained in regard to

the internal secretions. As far as we can judge at present, the

process of internal secretion has a twofold aspect. In the first

place there is positive recrementitial secretion or production of

hormones. In the second, there is that activity of the organs
which is sometimes called negative secretion, which concerns

itself with the neutralization of materials circulating in the blood
which might otherwise impair the activity of other organs, or

even endanger the well-being of the entire organism. The latter

function is a parallel to the external secretion of the true excretory

organs, as the skin, the intestine, the lungs and the kidneys, by
whose agency the body is freed from useless and harmful

substances.

But it is very obvious that there is an essential difference

between the two processes. The excretory organs are able to

expel undesirable material from the body, but in the case of the

internal secretory organs this method is impossible. In the

absence of any channel communicating with the exterior, the

substances which have been withdrawn from the blood must,
sooner or later, be returned to the blood. The organism as a

whole, therefore, can be relieved in only one of two ways. Either

the effete substances must be retained in the organ, or they must
be rendered innocuous before they are again returned to the blood.

The former process comes into play chiefly in the management
of those waste materials which circulate in the blood as formed
elements. The adenoid or lymphatic tissue distributed over the

body, the bone-marrow, the spleen, and the liver are all organs
which, by a kind of filtering process, retain the broken-down
remains of old red and white corpuscles, remnants of tissue, traces

of pigment, &c., and in this way they free the blood of useless

morphological elements. The particles which have become fixed

then undergo secondary changes, after which they supply the

material for fresh organic activity; thus, iron goes to build up the

red blood corpuscles, pigment to the preparation of bile.
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The second method of dealing with soluble toxic substances

is by a process of chemical neutralization. Here also, to a large

extent, the toxins are first fixed and then deposited in the indi-

vidual organs. The juices of the body and the component parts
of the cells and tissues play the part of chemical prophylactics.

Thus, exogenous and endogenous toxins combine with the alkali

and albumin of the blood, with the nuclein in the nuclei of the

white corpuscles, and with glycogen and the biliary acids in the

liver.

Neutralization in the narrower sense, that, namely, of the

conversion of poisons into harmless substances, is carried on by
chemical processes of various kinds

;
such are : oxidation and

reduction, hydration and dehydration, building up and breaking
down, c.

A special significance attaches to the chemical affinity which
certain toxins display for substances normally occurring in the

body. In 1824, Woehler discovered the affinity of benzoic acid

for glycocoll, a product of the decomposition of albumin.

Baumann, in 1879, was able to prove that the highly toxic bodies

of a phenol-like nature which occur in the body and are the

products of the decomposition of albumin, together with the sul-

phates derived from the same source, have an affinity for the

non-toxic hydrogen ethyl sulphates which are discharged in the

urine. Other chemical affinities \vere discovered later as, for

instance, that of glycuronic acid, which is derived from the

carbohydrates, for mercapturic acid, and carbamic acid for urea.

The parts of the body where these chemical pairings take place
are largely unknown. We only know that in the dog, and

probably also in man, hippuric acid is formed in the kidney,
while in the herbivora it is also formed in other organs, such as

the liver and spleen.
The best known example of the antitoxic function of an

organ is the formation of urea by the liver. Urea is the principal

end-product of the metabolism of albumin, but the simple
hydrolytic division of the albumin-molecule produces it in the

most minute quantities only. It comes into existence by means of

a synthetic process strictly in conformity with its constitution.

There are various hypotheses regarding this synthesis ; according
to one, the base of urea is ammonium carbamate, according to

another it is ammonium carbonate. It is certain, however, that

ammonia is formed in considerable quantities by the body, and
that the body is able to convert the ammoniacal salts which
reach it from the exterior into urea. The organ which is most
concerned in converting the toxic agents into the comparatively
non-toxic urea is undoubtedly the liver. Blood containing
ammonia is being constantly carried by the portal vein to the liver

(Drechsel proved the presence of ammonium carbamate in the

blood of dogs) and is there rendered innocuous. This can be shown
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experimentally by establishing a communication by means of

Eck's fistula between the portal vein and the vena cava of dogs,
thus enabling the blood from the portal vein to pass directly into

the general circulation without traversing the liver. After a few

days such animals show symptoms of acute poisoning; there are

changes in the sensorium, intervals of excitement and depression,
clonic and tonic spasms, and coma. These are sometimes spon-

taneous, but they are more likely to appear if the animals are

fed on meat. A similar picture of intoxication can be produced
in healthy dogs by the subcutaneous injection of carbamates.

When given by the mouth, there is no reaction to these salts

in normal animals ;
those with Eck's fistula present the same

symptoms as after feeding with meat. The amount of ammonia
in the urine is increased, while the amount of urea is proportionally
diminished.

These experiments show that, by the formation of urea, the

liver exercises a neutralizing activity, whereby the organism is

safeguarded from poisoning by ammonia.

Up to the present, however, this is the only case in which we
are in a position to point with certainty, not only to the exact

nature of the poison but also to the organ which neutralizes it,

and, though this is only partial, to the chemical process by which

the transformation takes place.
In most cases suspension of function, in man or animals,

gives rise to symptoms resembling those of auto-intoxication. It

must not be forgotten, however, that an assumption of auto-

intoxication founded upon the symptom-complex, has no real

explanatory value as long as we are without definite information

as to the nature of the toxic agent. Formerly, while the doctrine

of internal secretion was still in its infancy, the antitoxic action

of the organs was all too frequently invoked to explain the

symptoms which appear upon the suppression of any organic
function. But the fruitlessness of the search for the supposed

poison has led to a considerable modification of this hypothesis.

Indeed, the theory necessarily falls to the ground if we are able

to find another satisfactory explanation of the symptoms which

follow suppression.
As a matter of fact, we have ample foundation upon which

to formulate another hypothesis. In every organ there is a store

of potential energy, a reserve of labour laid by in a special manner,

enabling it, upon adequate provocation, to fulfil its specific

function. Under normal conditions the potential energy is kept
in check and prevented from manifesting itself. The sight of an

organism showing signs of extreme suffering, racked with pain,
and with all the organs in a state of excessive activity, would

suggest, even to the untutored intelligence, that the potential

energy is relieved from its normal check, and that the bonds
are burst which had hindered the individual parts from the full
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display of their powers. It has long been known that the nervous

system has control not only of the stimuli which promote function,
but also of those inhibitory activities which are essential to the

regulation of the working economy.
That many chemical substances present in the body also

exercise this inhibitory influence is a discovery of very recent

date.

We know, from Loeb's interesting experiments, that certain

activities of muscles, nerves, and glands, especially the muscular

irritability which manifests itself as rhythmic contraction, depend
upon the presence under certain conditions of Na-, K-, Ca-,
and probably also Mg-ions ;

and that every change in the

relations of these ions changes the properties of the tissues. A
sudden change in the relationship of the ions will, according
to the nature of the change, bring about either stimulation or

inhibition of function.

The Ca-ions, which are necessary to all life, act as inhibitors

of muscular activity, and Loeb draws attention to the fact that, if

it were not for the presence under normal conditions of Ca-ions in

the blood, the skeletal muscles of the body would be in a state

of constant rhythmic contraction.

If, then, certain organs produce substances which are

inhibitory to the activity of other organs, it is obvious that failure

on the part of an organ to provide its inhibitory material may
give rise to symptoms similar to those of poisoning.

Having obtained definite proof that in certain tissues sub-

stances are formed which, by acting as chemical stimuli, bring
about a decreased activity on the part of other organs in other

words, they exercise an inhibitory influence upon functional activity
we are in a position to abandon the hypothesis of auto-

intoxication and to adopt that of the presence of inhibitory
hormones. This theory attains its highest measure of probability
when we find it supported by the results of organo-therapy ;

when, in fact, the disturbances which regularly ensue upon the

cessation of any organic function, may be prevented or even cured

by the administration of the extract of that organ or of the

chemical material obtained from it.

In those cases where organo-therapy has failed, while the

symptoms of suppression have disappeared upon the direct trans-

plantation of the organ, the results have usually been ascribed

to an antitoxic activity. But this conclusion is by no means
incontestable. The transplantation of an organ is a method which

closely reproduces the natural conditions and, where successful,

restores the organ to the body in its natural structure and function.

All that has happened is that the organ in question has, to a

certain extent, changed its locality. The medical method

is, in reality, a substitute for the surgical and is a less perfect
and less certain imitation of natural measures. Where the extract
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is employed, only that proportion of the active substance which is

for the time being in the tissues, and this is doubtless very small,
becomes absorbed; while under natural conditions or after trans-

plantation, the increase is almost incalculable because there is

constant production.
In face of the difficulties which beset the theory that the

neutralization of toxins takes place within the organ itself, we
are forced to assume that there is a relationship between the

process of neutralization and that of secretion. The neutralization

of the hypothetical toxin is assumed to take place, not within

the organ itself, but in the blood-stream and by the agency of a

specific antitoxic organic secretion. In that case the function

exercised by the organ would not be merely excrementitial (using
the word in its special sense), but truly secretory.

This hypothesis can only hold good where the presence of

the supposed toxin on the one hand, and the process of

neutralization on the other, can be demonstrated in vitro. As our

knowledge of the internal secretions increases, the idea of a

process of neutralization of toxins becomes narrowed in its appli-
cation and, though to-day it may still be essential to the doctrine

as a whole, in course of time it will probably disappear altogether.

THE ACTIVITY OF THE HORMONES.
We will now endeavour to classify the internal secretory

organs according to the manner in which their secretions act.

The secretory products fall readily into two groups. The first

of these comprises those secretions which, either from their organic
constitution or because they act as sources of energy, assist in

the building up or the activity of other organs. These may be

called the
"

nutritive secretions." /The second group includes

those substances whose sole influence is upon the manner in which
the materials and energies, already collected in the organs, are

employed. These are the true hormones.
In addition to the antitoxic and neutralizing substances

already described, the first group includes the nutrient or pro-
ductive internal secretions. These are the nutritive material of the

organs, and they are derived by the chemical agency of the

intestinal wall and glands of the appendix, from the foodstuffs.

As products of assimilation, they pass into the blood- and lymph-
streams and are carried to the different tissues. The albumin,
which is absorbed by and circulates in the blood, and the sugar,
formed from glycogen by the liver, are instances of such waste-

secretions, for they supply the direct material for the renovation

and activity of the organs.
A large number of these substances, however, act also as

hormones and exert a modifying influence upon the very

processes by which they are changed and consumed. We know,
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for instance, that an increased amount of albumin in the cir-

culation, by its direct influence upon the organs, gives rise to

an increased decomposition of albumin. Thus, albumin in the

form in which it is produced by the digestive apparatus, is both
a nutrient and a hormone. Another nutrient which acts likewise

as a hormone, is the oxygen inhaled by the lungs, though its

production is not the result of any organic activity.
In spite of this dual function it is, in many instances, not

only possible but expedient to draw a distinguishing line between
the nutrient secretions and the hormones. The factor of dif-

ferentiation is to be found in the quantitative conditions. Sub-
stances which supply either material or energy, or both, must

inevitably be present in considerable quantities. Hormones, on
the other hand, which give rise to energetic processes, or influence

them in a special direction, must be able to produce their effect

even in minimal quantities. The practical outcome is this; that,

where a nutrient secretion is lacking it is useless to attempt
artificial substitution, because of the large amount of material

which would be required ;
whereas we are frequently able artifi-

cially to replace a missing hormone.
The true hormones have been variously classified according

to the manner in which they act. Thus we have formative and

protective, growth-promoting and growth-retarding, stimulant and

inhibitory.
If we adopt Hering's theories upon the chemical processes

in living matter as a basis for classification, the hormones will

fall into two groups ; according to the nature of their activity

they are either assimilatory or disassimilatory. Those in the first

group promote the anabolic phase of metabolism those processes,
that is, which conduce to the building up of living matter. Those
in the second promote the katabolic phase, for they favour and

promote the decomposition of living matter. Each stimulus to

assimilation necessitates an inhibition of disassimilation, and
vice versa.

All the known hormones can be included in one of these two
classes. The promotion of growth supplies an example of an

assimilatory hormone which, at the same time, exerts an inhibitory
influence upon disassimilation. In the case of retardation of

growth the process is reversed. Every increase in normal activity,
whether this be an improved secretion, a stronger muscular action,
or any other augmented performance, is always associated with
an increased disassimilation, which is the work of a dis-

assimilatory hormone. But it must be remembered that, in the

organism, as elsewhere, no work can be performed without ex-

penditure. So long as the metabolic equilibrium is maintained,

every decomposition must be inevitably succeeded by a regenera-
tion. Even in the case of hyperactivity, so long as exhaustion
does not supervene, there will be a continual regeneration of the
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living substance and therewith a restitution of provision for

labour. With the cessation of the disassimilatory stimulus assimi-

lation becomes excessive and, if the process is frequently repeated,
the well-known phenomena of organic hypertrophy will make
their appearance.

Some experiments by Kronecker and Cutter are interesting
in this connection. These authors found that, after the exercise of

the lower extremities by mountain climbing, the upper extremities,
which did not participate in the exercise, showed a perceptible
increase in the development of the biceps group. This increased

capacity for labour without previous direct exercise of function,

which, by repetition of the same process, would certainly lead

to a
"
labour-hypertrophy without labour," can only be accounted

for in one way. The assumption is that, by means of a chemical

agent, a secondary increased assimilatory growth takes place in

organs which are not affected by the disassimilatory decom-

position.
That inhibition of function of certain organs may be due to

the intervention of the nervous system is, of course, admitted,
but we now know that such inhibition may also be induced by
chemical substances. This is readily explained by a combination
of increased assimilation with one of decreased disassimilation ;

while, by reversing the process, we account for the existence of

organic activity. Some years ago the physiologist, W. Gaskell,

pointed out that, if we assume an assimilatory activity on the

part of the vagus nerve, its effects are no more mysterious and

inexplicable than are those of the motor-nerves in their character
of stimulants of disassimilation. As a matter of fact, there is

considerable ground for the belief that the chemical changes
brought about in the heart muscle by the agency of the vagus
are assimilatory in their nature. Thus, after vagal irritation,

there is increased muscular power and capacity for work and an

improved conduction of stimulus, especially of the positive current

oscillation. This positive current oscillation is the antithesis of

the negative current oscillation, which is due to intervention of

the motor-nerves and is to be regarded as a symptom of dis-

assimilation.

By inhibitory hormone, then, we understand a chemical agent
which excites an assimilatory process in another organ. The
increased activity (muscular contraction, secretion, &c.) which
follows the suppression of a hormone, is to be regarded as a sign
of the unchecked disassimilation consequent upon such suppres-
sion.

The method of classification, as defined above, does not

pretend to be more than the outline of a plan into which the

greater number of details have still to be fitted. The data which
we possess are very scanty and, in many directions, are in need
of revision.
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THE ORIGIN OF THE HORMONES.

The internal secretions may also be classified according to

their origin. The distinction is between (a) products of the

chemistry of the organs which are simply the end-products of

decomposition, i.e., the waste or by-products of the process of meta-

bolism
;
and (b) substances which are the outcome of a synthetic

process. It would be wrong, however, to imagine that the true

hormones are all included in the latter group. For, in many
instances, it is just the products of decomposition formed during

cell-activity which are the stimulating agents, by whose aid the

function, not of the cells only, but of other tissues, is promoted
and maintained.

That form of activity which is usually ascribed to automatic

irritation of the nervous centre, is not really automatic; it is in

reality brought about by the agency of the products of cell-

metabolism and by the vital processes of the protoplasm. Thus,
in suffocation, the changes in the respiratory and cardiac activity,
the spasms of the voluntary muscles, and the tonic contractions

of the muscular tissue of the vessels, are due solely to over-

irritation by the products of decomposition, an excessive quantity
of wrhich is circulating in the blood. The regulation of normal

respiration, moreover, is due to the agency of chemical stimuli.

Nervous irritation coining from the periphery is able to modify
respiration, but is unable to regulate it. It is more probable that

the so-called automatic irritation of the centre of respiration, is

brought about by the effete products, formed during and by the

activity of the tissues. According to Miescher, and there is good
grounds for his view7

,
the actual agent is carbonic acid (CO 2 ),

one of the end-products of oxidation. The fluctuating quantity
of CO 2 in the blood brings about changes in the respiration and
in the supply of oxygen, which are entirely suited to the momen-

tary needs of the organism. If the amount of CO 2 in the blood

increases, the need of the tissues for oxygen is satisfied by means
of deeper and accelerated respiration. It is possible that, where
the activity of the tissues is excessive, especially in the case of

muscular exertion, the breathing apparatus is influenced by other

acid products of incomplete combustion, as lactic acid (Geppert
and Zuntz). But in normal respiration, the clisassimilatory hor-

mone is carbonic acid, the common product of protoplasm. It

must, however, be remembered that, in the opinion of many, the

essential factor in the regulation of normal respiration is not the

accumulation of carbonic acid, but the lack of oxygen. It may
be a combination of both.

This example it is not the only one but it is the best known

goes to show that the end-products of metabolism play an

important part in the accomplishment of chemical correlations.
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Starling's idea, that many of the by-products of organic activity
have become hormones only because certain apparatuses have a

specific sensibility for them, seems very probable.
Our knowledge of the chemistry of hormone formation is very

slight. All that can be affirmed with certainty is that substances
of widely different origin and of the most varied chemical com-
position may operate as stimulating agents. Internal secretions

may result from complicated synthetic processes, as iodothyrin
in the suprarenals ; they may be of very complex chemical

structure, as adrenalin, which is a methylamino-alcohol of pyro-
catechin

;
but they may just as easily be the simple products of

decomposition, as carbonic acid and lactic acid.

As far as we know at present, the sole characteristic which
all hormones possess in common is a negative one. They cer-

tainly do not belong to that group of substances which are known
as antigens, which, according to Ehrlich, possess a haptophoric
affinity with protoplasm and one or more by-affinities which are

determined by specific activities. The hormones resemble the

antigens in that, like the latter, they are active in minimal

quantities, but they differ in certain essential points. The
hormones do not require a period of incubation and, what is still

more important, they never provoke the formation of antibodies.

These negative properties of hormones are readily understood
when considered in the light of their physiological activity. The

accomplishment of rapid adjustments and the frequent repetition
of the same form of activity, are not functions which can be

performed by agents which are antigenic in character.

It is for the future to supply a minute characterization of

the individual hormones and to decide whether their activity
arises from their chemical constitution or is due to other chemico-

physical causes.

SOURCES OF INFORMATION AND METHODS
OF INVESTIGATION.

The oldest information about the internal secretions, and

undoubtedly the most valuable, is that derived from what may
be called clinical observation.

The castration of males, whether of man or of the lower

animals, is a proceeding which illustrates in the clearest manner
the results of the suppression of an organic function. It could

not fail to be remarked that castration is followed, not only by
the cessation of sexual activity, but also by other phenomena
pointing to a deep-seated change in the nature of the entire

organism. These changes have long been very well known, and
are brought about for definite ends. For instance, the knowledge
that castration is followed by an increased deposit of fat is used
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in connection with the fattening of animals for slaughter. But
the older and more obvious belief, that the somatic and psychic
modifications resulting from castration were due to a change in

the balance of the bodily secretions, was, as we have already
seen, more and more undermined by advances in anatomy and

physiology. With the knowledge of the intimate relationship
to the nervous system in which the individual organs stand, the

theory of nervous correlation became firmly established, and the

results of castration were regarded simply as signs of the changed
activity of the nervous system.

A closer study of the structure of the individual organs led

to a better knowledge of their specific functions, but threw little

light upon internal secretory activity, even in the case of what
were known as the ductless glands.

The first fact in connection with these mysterious organs
to receive experimental proof, was the discovery that the supra-
renal capsules are indispensable to life, and this we owe to human
pathology. It is to the undying credit of Thomas Addison (1855)
that he connected a pathological condition observed by him in

man with a disturbance of function of the suprarenal capsules.
The results of human pathology, especially the comparison

of the clinical signs with the post-mortem findings, have in other

directions supplied the most valuable evidence in favour of the

doctrine of internal secretion. Instances are afforded by myx-
cedema on the one hand and by exophthalmic goitre and

acromegaly on the other. These pathological conditions have

supplied facts concerning the physiology of the thyroid and

pituitary glands, the value of which is incalculable. In Addison 's

disease and myxcedema, the normal processes become destructive

or generally pathologically hypoplastic, whereby a decrease is

brought about in the activity of certain organs, which manifests

itself in pathological signs. In Graves's disease, on the other

hand, and to a certain extent in acromegaly also, there is excess

of activity on the part of the thyroid and pituitary glands, and
these diseases may be taken as classic examples of hyperfunction

by an internal secretory organ.
It is certain that in clinical medicine we have an almost

inexhaustible source of knowledge, for we find that the careful

observation of clinical signs when taken in conjunction with the

anatomical findings, continually discloses fresh chemical relation-

ships between the different organs. Thus, the form of pituitary
disease described by A. Frohlich in 1901, under the name of

dystrophia adiposogenitalis, revealed facts regarding the rela-

tionship of the pituitary gland to metabolism which were entirely
new.

Operative surgery in man has not only contributed largely
to our knowledge (cachexia strumipriva and tetany following the

extirpation of the thyroid), but in doubtful cases it frequently
2
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plays the part of determining factor. Instances are afforded by
the operative treatment of Graves's disease and the extirpation of

pituitary tumours in acromegaly.
Experimental pathology has reached a high stage in its

development and experiments upon animals have done much to

clear up the mystery which surrounds the internal secretory

processes.
Addison's discovery supplied the incentive to the first orderly

experiments on living animals. It was thought that the

extirpation or destruction of the suprarenals would not only throw

light upon the pathogenesis of Addison's disease, but would also

help to an understanding of the physiology of the organs them-
selves. The experimental extirpation of various organs has, in

the first place, decided their indispensability to the life of the

organism. In the second place, from symptoms arising after the

suppression of any organic function, the most certain knowledge
regarding the normal activity of that organ has been deduced.
The internal secretory function of the pancreas, which plays a

very important part in the economy, was discovered by means
of experimental extirpation by v. Mehring and Minkowski. Quite
recently, the removal of the pituitary body of animals has supple-
mented to a remarkable degree the observations of pathologists in

regard to its function.

Extirpation experiments with animals have certain advantages
over pathological destruction in man. In the first place it is

possible to choose a subject suitable for experiment; and in the

second, it is possible to localize exactly the destructive process,
even to a single portion of a single tissue. It is to this that

we owe the discoveries which have been made concerning the

function of the parathyroid glands. The value of the method,
when employed on different species of animals, will appear later

when we are dealing with the suprarenal system.
Another method, that of the destruction of certain tissue

elements by means of cytotoxic sera, has not fulfilled all that

was expected of it. The method is based upon the experiments
of Bordet, Landsteiner, Ehrlich and Morgenroth. These
observers found that, if an animal is treated with the red blood

corpuscles of another species, substances the so-called ha?mo-

lysins are formed in its serum which will dissolve, in vitro

and in vivo, the blood corpuscles of the species from which the

red blood corpuscles were taken. It was expected, therefore, that

treatment with either cells or organic extracts would induce the

formation of cytolysins (which correspond to the ha^molysins)
and of cytotoxins, and that these could be employed to bring
about by chemical means specific injury or complete destruction

of the organs.

Acting upon this hypothesis, substances which were cytotoxic
to different organic cells were prepared, and this method of
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functional and anatomical destruction was tried upon the internal

secretory organs. But the results of a large number of experi-
ments did not contribute very materially to the solution of the

problems under discussion. In the most favourable instances,
the destruction of tissue elements by specific cytotoxic sera merely
confirmed the results which had been obtained in other ways.
A closer study of their action showed that, though they have
an affinity for the organic cells, this affinity is by no means
confined to specific organs. Moreover, the cytotoxic sera nearly

always contain ha^molysins and other components, which exert

a toxic influence upon other organs.
A more satisfactory method is the elective destruction of

certain tissue formations by means of the Rontgen rays. Very
interesting results have already been obtained and it is probable
that this method will contribute largely to our knowledge of the

internal secretory activity of certain tissue elements.

Extirpation is attended by certain by-effects by which the

results of experiment may be prejudiced. These are : The degree
of surgical shock; derangement of the circulation; and injury to

the nerves. In human pathology, when any organic function is

suddenly suppressed, an important factor is supplied by the

vicarious intervention of another organ possessing the same or

a similar function
;
but it must be borne in mind that such inter-

vention is hardly to be expected in the case of the lower animals.

For this reason, partial destruction especially the destruction

of one of a pair of organs will be found to yield very suggestive
results. The compensatory hypertrophy of the other one of the

pair is a proof of their functional relationship.

Compensatory or correlative hypertrophy (which is the

anatomical expression of the functional over-activity of a tissue)

appears primarily in the accessory organs, in tissues of a similar

structure belonging to the same system, or, in the case of the paired

organs, in the sound half of the pair. But where there is under-

activity of any organ possessing chemical functions, tissues of

entirely different structure may vicariously intervene and may even,
as a result, become hypertrophied. An instance of this is the

hypertrophy of the pituitary gland which follows extirpation of the

thyroid. Finally, processes of growth may lead to hypertrophy
in individual organs, if the function of another chemically cor-

related organ becomes deranged, thus increasing or diminishing
the amount of hormone which it supplies. In such a case there

is no compensatory activity on the part of the hypertrophied

organ. The cardiac hypertrophy which accompanies hypertrophy
of the thymus, as in the status thymicolymphaticus and the

well-known "goitre heart," is an instance of such a condition.

The cardiac enlargement in these cases may be due to the con-

tinued over-production of substances which stimulate cardiac

activity.
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In the larger number of cases, experimental extirpation does not

yield reliable results, unless these are supplemented by experimental
substitution. This method offers the best means of combating
the old argument, that the symptoms of suppression which follow

the extirpation of an organ are really due to unavoidable secondary
injuries. But if after transplantation where the normal nerve

connections are severed and the local conditions changed there are

no pathological symptoms, while these appear as soon as the

transplanted organ is extirpated, then it is obvious that the cor-

relative activity of the organ in question is not nervous in its

origin, nor dependent upon an external secretory function, but

is wholly chemical and internal secretory in its nature. Clinically
successful transplantation, whereby a threatening pathological
condition has been averted or a declared one cured, would com-

plete the chain of evidence. Nor is such confirmation lacking.
The testicle, ovary, thyroid, suprarenals, &c., have all been

transplanted with good result. It must be remembered, however,
that, even where transplantation is apparently successful, the

supply of blood and of nutrition may, under the new conditions,

prove insufficient and the organ may eventually cease to function.

The discovery that the implantation of an organ which does

not successfully heal in, may yet temporarily replace the sup-

pressed function, pointed the way to a simpler method of

substitution, namely, that known as organo-therapy, or the

Brown-Sequard method. This method is founded upon the

assumption that the internal secretion elaborated by an organ
is contained in the tissue of that organ and, more particularly, in

the juice expressed therefrom. It was thought that, even though
the actual amount of active substance present in the organ must

necessarily be small, yet, in view of the extreme activity of the

extract, it must be possible to obtain all the effects of substitution,

especially if the administration was continued over a long period
of time. The brilliant results of organo-therapy in the patho-

logical conditions due to suppression of the thyroid, amply prove
the justice of this theory. Similar results, though by no means
so striking, have been obtained in connection with other organs;
while in the case of yet others, the extract of the organ in question,
whether given by the mouth or by subcutaneous, intraperitoneal,
or intravenous injection, produced but unimportant and, in some

instances, barely perceptible, effects. The organic extract and

expressed juices depend for their effects, not only upon the

method of their preparation and employment, but also upon
certain other conditions, of undoubted importance, but of which
little is at present known. For reasons which have already been

discussed, the failure of organo-therapy in any given instance is

not to be regarded as evidence against the existence of an internal

secretory function of the organ in question.

Quite apart, however, from their substitutive effects, the
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organic extracts have a distinct value in determining the nature

of organic function.

The study of the chemistry of the organic extracts has

brought many important facts to light and promises to yield still

further results. The lipoid substances, which are of the highest

biological importance but to which, as yet, little attention has

been paid, deserve a closer investigation.
There is one direction in which the extracts of the various

organs have been submitted to frequent tests. It has been found

that, when injected under the skin or into the veins of normal

animals, these substances exercise a more or less toxic action,

leading, in some instances, to death. Where, however, the

toxic action appears after intravenous injection only, the effect

cannot be regarded as in any sense specific. Most tissues contain

substances, in varying quantities, which promote the coagulation
of blood thrombokinesic substances and these, when injected
into the veins, may cause intravascular coagulation. It will

depend, therefore, upon the localization and the extent of the

thrombi whether there is more or less pronounced functional

derangement of the circulation and respiration, or whether the

condition becomes acute and terminates fatally. Tests of the

coagulability of the blood together with the post-mortem findings

may perhaps help the diagnosis. And it must be further borne
in mind that, however slowly and carefully the injections are

given, the introduction into the blood of substances having
thrombokinesic properties, whether in large or small quantities,
is very likely to provoke a negative action that, namely, which

prevents the coagulation of blood.

The toxic effects of the subcutaneous or intraperitoneal

injection of organic extracts, on the other hand, may be regarded
as specific always supposing that the extracts have been prepared
from fresh organs under sterile conditions. But though the

method proves their toxicity, it does not permit of any definite

conclusion as to their physiological activity, for we are dealing
with substances, in exceptionally large quantities, which have
been obtained from the tissues by the mechanical destruction,
the literal breaking-up, of the cells.

Far more reliable data are supplied by those activities of the

organic extracts which are purely physiological. Brown-Sequard's
discovery that the watery extract of the testicle his liquide
testiculaire possessed a marked tonic property, led to numerous

experiments, the object of which was to discover the physiological
activities of the extracts of various other organs. The most

important results were those obtained by Oliver and Schafer

(1894), who discovered the peculiar influence which certain tissue

extracts have upon the circulatory apparatus of normal animals.

The intravenous injection of certain organic extracts, as supra-

renal, pituitary, and renal, brings about a more or less charac-
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teristic increase in blood-pressure, while in the case of others

the effect is to reduce blood-pressure. These changes of tension

form the basis for a classification of the internal secretory organs
into

"
hypertensive

" and "
hypotensive

"
(Livon).

But it must be remembered, and the warning will be repeated
when we are dealing with the organs separately, the effect of an

organic extract in changing blood-pressure is not a proof that

the internal secretion of the organ is active in the same way.
An organic extract is a mixture of substances, the chemical

properties of which are by no means clearly defined. Moreover,
the effects which we are able to observe are not necessarily due
to the activity of a single substance specific to a single organ ;

but may result from the activity of one or more substances, which

may be common to many organs. Thus, the depressing action

of many organic extracts may be due to the fact that they contain

choline, which, it is known, reduces blood-pressure. In addition

it may be remarked that changes in blood-pressure may also be
caused by intra-vascular coagulation.

It is obvious, from wrhat has been said, that conclusions as

to the physiological and hasmodynamic activities of any organic
extract, should be accepted only with the greatest caution. Well-
defined results must be obtained and an exact knowledge of the

chemical characterization of the active substance is essential. But
even where these requirements are fulfilled, there must be definite

proof that the active substance is formed intravitally, and that

it does pass into the blood-stream. Then, and then only, are

we in a position to state, that the substance in question is the

product of the internal activity of a certain organ. This con-
clusion will be confirmed by the morphological proof of secretory
cells in the organ in question, and by the histological evidence
of the different stages of secretory activity.

The physiological activity of the organic extracts is not

confined to the circulatory system, but may show itself in modifi-

cation of the function oif other organs. A closer investigation
of their effects shows that many organic extracts contain substances
which exercise a specific influence upon the nervous system, the

muscular structure, the glandular cells, &c., and which affect the

general metabolic processes in a special manner. In cases where
this influence is extended to functions which are modified inversely

by suppression of the organ, there are eminently rational grounds
for a substitution therapy.

Naturally, many of the physiological effects of the organic
extracts upon certain tissues are to be observed only after pro-
longed use. They sometimes take the form of structural

alteration.

The material which has been collected during the last two
decades has materially altered the point of view with regard to

the interrelation of the bodily parts. Twenty years ago, the
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only known organic relationships were those effected by means
of the nervous system and, until very recently, these alone were
considered worthy of attention. It was only after a long time

and as the result of infinite labour, that the existence of the

chemical correlationships was recognized, and the part which

they play in the animal economy estimated at its proper value.

To-day, the doctrine of the internal secretions plays an

important part in almost every department of physiology and

pathology, and is employed in the solution of some of the greatest

problems that biology affords. Nothing is more characteristic

of this change of view than Schiefferdecker's hypothesis of the

part performed by specific internal secretion in the functions of

the nervous system.
"

Internal secretion," he says,
"
determines

the effect which the products of metabolism, excreted by the

nerve cells during the simple processes of nutrition, will exercise

upon other nerve cells or upon the cells of the end organ, such

activity being called
'

trophic.' It also determines the effect

which the products of metabolism excreted in the course of

specific activity will produce, and this effect is known as
'

irrita-

tion
'

or
'

stimulus.'

This view of the origin of nervous activity can hardly be

accepted as final, but the mere proposition of such a hypothesis
illustrates the magnitude of the difference between "then " and
" now." The older physiologists thought that each organic

interactivity was due to nervous intervention ; to-day we believe

that even the nervous correlationships themselves are effected by
means of chemical agents.





PART II.-SPECIAL

IN Part I, a brief account was given of the history of the

doctrine of internal secretion, of its physiological basis, and of

the general principles upon which the teaching is founded. In

Part II we propose to take the internal secretory organs separately
and to describe what is known of the nature and significance of

their activities. In the present state of our knowledge anything
in the nature of a systematic classification is impossible. The

only rational basis would be a morphological one, but this is

rendered impracticable by the insufficiency of the data at our

disposal. There is a general tendency to ascribe a specific activity
to every cell-form and to every kind of tissue, but though, in

a sense, we are justified in so doing, there is as yet no certain

proof of the internal secretory activity of the greater number
of cells and tissues. From the structure of a tissue we are, no

doubt, able to deduce its specific function, but we are a long

way from being able to infer the nature of its chemical correlative

function.

There are also drawbacks to a classification upon purely

physiological grounds. In any such attempt organs and tissues

of the most dissimilar type would, on account of the similarity
of their function, be classed together; while organs possessing
activities in more than one direction wrould be included in several

different groups.
Such being the state of matters it is better to avoid all

attempts at classification and simply to give a list of the internal

secretory organs, taking them, as far as possible, in the order

of their importance.
It is more in deference to custom than in support of any

personal conviction that the so-called
"
vascular

"
or

"
ductless

'

glands are first dealt with, leaving the second place to the other

internal secretory organs. The first group includes :-

The organs of the thyroid apparatus, namely, the thyroid

gland and the parathyroid glands ;

The thymus gland ;

The two suprarenal systems, namely, the interrenal and the

adrenal, together with the carotid and coccygeal glands;
The hypophysis cerebri or pituitary gland, consisting of the

anterior and posterior portions, together with the pineal gland.
The spleen, which was formerly considered a vascular gland,

is now regarded as essentially haematopoietic in its activity, its

internal secretion having no great physiological significance.

The second group includes :
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The sexual glands and other tissues concerned in the processes
of reproduction ;

The pancreas ;

The intestinal and gastric mucosa
;

The kidneys.
It is not proposed to enter into the questions of glycogenesis

and the neutralizing activity of the liver. These secretory func-
tions are the oldest known to us and are fully described in the
current text-books of physiology.

The plan adopted in each instance is : First, to give the

necessary information concerning the morphology and the

development of the organ ; second, to describe in detail its

physiological and experimental aspects; and finally, to estimate
its pathological significance by means of material gained from
clinical observation.

THE THYROID APPARATUS.
The thyroid apparatus comprises two distinct organic systems

which differ both in structure and in function. They are the

thyroid gland, Glandula thyroidea, and the parathyroid glands,
Glandules parathyroidece.

ANATOMY.

The thyroid gland of man consists of two lateral lobes,
situated upon the lateral surface of the larynx, united by a

transverse portion, the isthmus. Accessory lobes (Glandules
thyroidecc aberrantes), distinct from the principal organ, may
occur within a triangular area, the apex of which is at the root of

the aorta, the base being formed by the edge of the lower jaw.
In animals these accessory glands may prejudice the results of

experiment, while in man they may give rise to retrosternal

goitres and so acquire a pathological significance.
The thyroid gland is remarkably vascular, being supplied

with blood by no less than three to five large arteries. According to

Tschuewsky, the whole of the blood in the body of the dog passes
through the thyroicl sixteen times a day.

The blood is carried away from the gland by a system of

large veins. The lymph passages, which are present in large

numbers, open into the deep cervical glands. The nerves, which
are comparatively scanty, proceed in part from the ganglia of

the cervical sympathetic nerve and in part from the superior

laryngeal nerve.

HISTOLOGY.

In an early stage of development the thyroid gland is a

compound tubular gland with a duct (ductus thyroglossus), which
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opens at the foramen caecum lingua?, but which becomes obliterated

during foetal life. The developed thyroid contains numerous
vesicles or follicles, formed by the subdivision of the embryonal
tubuli.

The parenchyma of the thyroid, which is exceedingly vascu-

lar, consists of a stroma formed of connective tissue, in the meshes
of which the follicles are situated. These follicles are surrounded

by a network of capillaries and are bound together by means of

connective tissue to form lobules. The follicles are hollow spaces
of different sizes and shapes, lined with cubical or cylindrical

epithelium. The epithelial cells, in both man and animals, contain

a varying number of small and large granules. These are situated

in the free end of cells, facing the lumen of the follicle. These

granules are highly refractive and, from the reactions which they

give, are believed to consist of fat in combination with oleic

acid. Except during the first month of foetal life, these granules
are always present ; they continuously increase in number until

old age is reached
;
and it is probable that they play a part in

the formation of the secretion.

The follicle contents are composed of a peculiar substance,
known as thyroid colloid. Morphologically it is a colloidal sub-

stance, though chemically it is not. It varies in consistency and
is insoluble in water, alcohol, ether, and diluted acids. It swells

in acetic acid and strong alkalis, and is, in general, acidophile.
It stains with acid aniline dyes and most readily with eosin.

After staining by van Gieson's method it assumes an orange
tone, the connective tissue and hyaline substance becoming a

brilliant fuchsine red. As a general rule, it does not stain with

the basic aniline dyes, hasmatoxylin, or the specific stains for

mucus, though at times it appears to be readily basophile.

Nearly all authors are agreed that the colloid contents of the

follicles are a product of the secretion of the epithelial cells, though
it is probable that a very small proportion is also evolved in the

course of cell-decomposition. In sections of thyroid gland pre-

pared by the Ehrlich-Biondi method, Langendorff was able to

distinguish between principal cells and colloid cells, the former

remaining uncoloured, the latter staining red and their nuclei

green. The secretory processes of the thyroid have since been

closely studied by many authors (Andersson, Bozzi, Galleotto,

Hurthle, L. R. Miiller, E. Schmidt), and it is now generally

accepted as a fact that specific granules are formed in the proto-

plasm of the epithelial cells, which swell up and pass out of the

cell body in the form of drops, and that these drops constitute

the contents of the follicles. The various phases of secretory

activity are accompanied by characteristic changes in the structure

of the cells. The follicular contents, which at first are fluid,

become viscid and undergo secondary changes, until finally they
attain the characteristic colloid consistency.
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Microscopic examination of the thyroid gland shows that, in

its finished state, it is what F. Kraus very aptly terms a
"
storage

"

gland. In regard to the continuous formation of colloid, it is

assumed that a proportion of the secretion passes into the blood-

stream, though opinions differ as to the manner in which this

takes place.

According to Biondi, the passage of the secretion into the

lymph-vessels is effected by dehiscence of the epithelial cells and
the breaking through of the colloid mass into the lymph-spaces ;

Hiirthle believes that the secretion passes out by way of the

intercellular passages ;
while Lewandowski is of the opinion that

the process is osmotic. One thing, however, is certain, namely,
that a substance is found in the lymphatics which appears to be
identical with the colloid substance of the thyroid.

Although a certain amount of information is forthcoming
concerning the effect which nervous excitement and other momenta
exercise upon the secretory process, the data are insufficient to

form the ground-work of a hypothesis. Hiirthle found that

electric stimulation of the thyroid nerves did not produce con-

comitant changes in the histological aspect of the secretion.

Katzenstein found that, after resection of the superior and inferior

laryngeal nerves of one side, there was histological degeneration
of the thyroid upon both sides. On the other hand, Martini was
unable to discover any departure from the normal tissue, and
A. Exner found that the amount of iodine in the gland remained

unchanged.
Wiener has recently discovered that pilocarpin is without

effect upon the thyroid, while adrenalin brings about an increase

in the amount of thyroglobulin. Marked effects were obtained

with iodide of sodium, which also induced a hypersecretion of

thyroglobulin. In cases where the gland had previously been

removed, iodide of sodium not only induced a suppression of

compensatory hypertrophy, but it is probable that it even gave
rise to atrophy. The action of thyroidin, though much less in-

tense, was identical with that of the inorganic iodine combinations.

According to Wyss and E. A. Schafer, the cells of the

thyroid gland react to pilocarpin in the same way as the cells of the

true secretory glands. Hiirthle described the histological signs of

increased glandular activity in dogs after ligature of the gall-duct,
and he believed that the bile, which thus passed into the blood,

stimulated the thyroid gland to increased secretory activity.

This, however, was not confirmed by Miiller's experiments with

cats, which were highly jaundiced as a result of the ligature
of the common bile duct. In dogs, however, this operation was
followed by enlargement of the thyroid follicles and formation

of tissue similar to that seen in colloid goitre. These changes are

attributed, by both Miiller and Lewandowski, to acute

degeneration of the gland.
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H. Wiener found that, after removal of the inferior cervical

ganglion, there was a decrease in the cell-mass, together with an

increase in the thyroglobin contents, of the thyroid gland upon
the same side. The resection of the fifth and sixth spinal nerves

caused a reduction in the weight of the gland, unaccompanied,
however, by a decrease in the amount of thyroglobin. Wiener
concludes that the rami communicantes of these spinal nerves

are the roots of the sympathetic nerves of the gland ; though they

convey only trophic impulses, the secretory fibres having another

origin.

CHEMISTRY.

The earlier investigators (Kiihne, Oicltmann, Bubnow,
Gurlay, Morkuton, Notion, Drechsel, Hutchison) showed that,

among the chemical constituents of the thyroid gland are the

albuminoids both albumins and nucleoproteids containing

phosphorus albumose, leucin, xanthin, hypoxanthin, paralactic

acid, and succinic acicl. Of the inorganic substances, it contains

sodium chloride and oxalate of calcium.

E. Baumann showed, in 1895, tnat the normal thyroid gland
contains large quantities of iodine in organic combination. It

was suggested by Kocher, even earlier, that the favourable effects

of the iodine preparations in goitre might be due to the fact

that iodine is a normal constituent of the thyroid gland.
The amount of iodine present in the normal gland of man

and animals is 0.3-0.9 mg. to i grm. of the dried substance.

The entire organ contains 2-9 mg., or, according to Aschbacher,
an average of 6.48 mg. The thyroid gland of the foetus and of

the new-born infant contains no iodine, and it appears from this

that iodine is introduced into the organism with the food and
is stored in the thyroid gland. In children the amount of iodine

in the gland is less than in adults; according to Jolin, from i-io

years, it is 0.145 mg. According to Aschbacher, the average

up to 25 years is 2.43 mg. ;
from 25-30 years, it is 8.98 mg. ;

and
over 50 years of age it is 4.6 mg. Among animals, the thyroid of

herbivore contains a high percentage of iodine; that of

omnivorag is low; while the lowest percentage of all is contained

in the thyroid of carnivore, from which iodine may even be

absent altogether.
The amount of iodine present in the thyroid may be taken

as a measure of the amount of iodine taken into the economy,
whether in food or as a medicament. According to Jolin, who

gives the average amount of iodine in the normal human thyroid
as 8.5 mg. the amount increases under iodine treatment to 15.6 mg.
Baumann states that the proportion of iodine is lowest in localities

where goitre is endemic such as Freiburg while the gland

weighs very heavily. In localities which are free from goitre

(Hamburg, Berlin) the opposite holds good, the weight of the
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gland being low and its iodine content high. The absolute iodine
content of goitrous glands is, however, considerably higher, and
may reach 50, or even 100 mg. Oswald pointed out that the
amount of iodine in the thyroid gland is a parallel to its colloid
content. True parenchymatous goitres, the goitres of Graves's
disease in so far as these are parenchymatous the purely fibrous

goitres, portions of goitres which have undergone cell-

degeneration, and the hyperplastic goitre of calves, do not contain

iodine, or, at least, contain very little; while, on the other hand,
goitres containing much colloid substance are very rich in iodine.

Oswald is of the opinion that, wherever there is pronounced
colloid degeneration, the proportion of iodine decreases and may,
indeed, disappear altogether.

Iodine is present in very nearly all the human organs, though
this was not Baumann's original opinion. The thyroid gland is,

however, S-io times richer in iodine than the other organs
(hypophysis, liver, kidney, ovaries). According to Baldi, bromine
is also present in the thyroid ; and Gautier and Bertrand assert

that arsenic is present in both the thyroid and the ectodermal

organs. The presence of arsenic, however, is denied by
Hodelmoser. Fiirth and Schwarz, as previously stated, believe

that choline is present in the thyroid.
Iodine is undoubtedly the most characteristic, as it is the most

important, of the chemical constituents of the thyroid gland, and
it occurs, according to Baumann, in combination with an
albuminoid. Baumann gave the name of thyroidin to this sub-

stance, but the name was afterwards altered to iodothyrin.

lodothyrin is obtained by boiling the thyroid gland for several

hours in 10 per cent, sulphuric acid, and extracting the residuum
with 90 per cent, alcohol.

Oswrald believes that thyroid colloid is a mixture of two

albuminoids, the thyroglobulins. Of these, one contains iodine

and, after treatment with boiling mineral acids, yields iodothyrin
as the product of hydrolytic division. lodothyrin is a peculiar

atom-complex contained in the larger molecule of thyroglobulin.
Oswald has recently shown that, if it is treated with trypsin for

several weeks, iodine-thyroglobulin also breaks up into the final

products of hydrolytic division, for by this means the iodine

is set free and passes into the ionised state. The second
albuminoid is free from iodine, but contains phosphorus, and is a

nucleoproteid.

Iodine-thyroglobulin forms by far the largest proportion of

the weight of the dried thyroid gland, being one-third to one-half;
while it forms three-quarters and more of the weight of colloid

goitres. In hyperplastic goitre and the goitre of Graves's disease,
the amount of iodine-thyroglobulin is reduced, while the amount
of the albuminoids containing phosphorus is much increased.

The amount of iodine in thyroglobulin obtained from the thyroid
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gland is not constant ;
this is ascribed to the fact that thyroglobulin

is present in two forms, one of which contains iodine and one not.

The relative quantity of iodine to the whole amount of thyro-

globulin becomes smaller in proportion as the degenerative pro-
cess is more advanced. There is no iodine in the thyroglobulin of

goitres which are free from colloid substance.

Oswald believes that thyroglobulin is formed in the interior

of the follicles, and that it is only after it emerges from them that

it becomes iodized
;
or after iodization it may be excreted as a

colloid into the follicular space. He thinks that the production
of iodine-thyroglobulin is the physiological function of the thyroid

gland; that iodine thyroglobulin is the physiologically active

secretion ; and that the degree of activity depends upon the amount
of iodine present. Thyroglobulin obtained from goitres has a

physiological activity precisely similar to that obtained from
normal glands. Thyroglobulin which does not contain iodine does
not produce physiological results.

It is Oswald's opinion that goitres, including the goitre of

Graves's disease, are not to be regarded as a manifestation of

increased thyroid activity ; for, seeing how poor in iodine goitrous

glands are, the value of their function is diminished rather than

increased. They either do not form any secretion at all, or that

which they do form has a smaller physiological activity than that

of normal thyroid glands. F. Kraus, on the other hand, explains
the lack of iodine in the goitre of Graves's disease by a decrease

in the storage power of the gland, which thus parts with its

secretion too readily. Oswald is unable to deny that goitrous

glands are hyperactive, but he maintains that, though there is

increased secretory activity, the substance secreted has less

physiological value.

ANATOMY OF THE PARATHYROID GLANDS.

In development and function the parathyroid glands are

entirely independent of the thyroid, but anatomically they are

closely related to it. In man they are kidney-shaped bodies,

3-15 mm. long and 2-4 mm. broad and thick, and yellowish brown
to a brown-red in colour. As a general rule, they are four in

number and are situated in such a manner with regard to the

lobes of the thyroid, that it is customary to distinguish between a

posterior superior, and an inferior anterior parathyroid gland.
The upper body usually lies upon the dorsal surface, and at the

upper edge, of a nodulated process of the thyroid gland, known
as the pyramidal process, and it is found by following up the

inferior thyroid artery. The lower body is less constant in its

localization
;

it may be situated at the lower edge of the pyramid,
or it may be found at the lower pole or on the medial surface of

the thyroid gland. Accessory parathyroids are sometimes present,
and these may extend downwards into the cavity of the thorax;
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or they may be simulated by lobules thrown out from the thyroid
itself.

The parathyroids are extremely vascular and are supplied
with blood from the inferior thyroid artery. The veins open into

the lateral portion of the thyroid venous system. Up to now
there is no anatomical proof that nerves are present.

HISTOLOGY OF THE PARATHYROID GLANDS.

The parathyroid gland usually has the appearance of a closed

capsule composed of fibrous connective tissue. It is filled with

parenchyma, which is divided into more or less regular columns
of epithelial cells, by delicate septa which proceed from the

envelope. These septa convey the capillary vessels, and they
unite to form a kind of network, in the meshes of which the

parenchyma is enclosed. Occasionally, the parenchyma appears
to be a single coherent cell-mass traversed by a very close network
of capillaries. In other cases, owing to pronounced development
of the connective tissue, it is divided up into portions resembling
lobules or follicles. Sometimes all three structural forms appear
in one organ ;

in other cases the structure is uniform throughout.
The greater proportion of the parenchyma consists of rather

large polygonal cells, called principal cells (Hauptzellen), the

protoplasm of which does not stain readily. The nuclei, which
stain well, are about the size of erythrocytes ; they are furnished

\vith a regular, net-like, chromatin framework and have several

nucleoli. A second group of cells is oxyphile. These have a

delicate granulated protoplasm, which colours strongly with eosin

and other acid dyes, and a small central nucleus. The oxyphile
cells are, as a rule, smaller than the principal cells, but there

are numerous transition forms. Of these, one is believed by some
authors to constitute a separate cell-form. It is intimately
associated with the connective tissue of the capsule and the septa,
and appears as a cubic or cylindrical cell with an elliptical nucleus.

These cells unite to form palisade-like rows, which are arranged
either radially or perpendicularly to the direction in which the

septa run.

The numerous capillary vessels unite to form a close net-

work
;
their endothelial cells rest partly on the epithelial cells and

in part are covered with a delicate sheath of connective tissue.

Occasionally, and more particularly in old age, the arteries are

accompanied by large lymphatics. According to Sacerdotti and

Anderson, the vessels in the interstitial tissue are accompanied
by nerve-fibres by which they are enclosed as by a network, and
which may also penetrate between the epithelial cells.

That the parathyroids possess a secretory function is shown

by the presence of fat-granules in the epithelial cells of the

parathyroids of both man and animals. These fat-bodies are
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found during the first month of life, and they increase in number
with age, though they are not affected by the general nutritional

conditions. Petersen found glycogen in the parathyroid glands
of man at all ages ;

its distribution was irregular, the principal
cells containing much, the oxyphile cells little. Glycogen is also

present in the connective tissue and the blood-vessels. Petersen's
view is endorsed by Guizetti, v. Verebely and Yanase.
H. Koenigstein considers that .upon histological grounds glycogen
may be regarded as a secretory product of the parathyroid glands.

The parathyroid glands sometimes contain colloid, which
occurs in agglomerations situated, as a general rule, near the

edge, and which is occasionally contained in follicles similar to

those of the thyroid. There is a follicle-like arrangement of the

oxyphile cells, and at a later stage, the centre of this follicle

contains a colloid deposit, generally circular in shape, the edge
of which stains readily with eosin. Later on, the follicle cells

group themselves round the colloid to form a gland-tubule.
Colloid masses are also found within the larger cell-agglomera-
tions (Petersen).

Chemical examination of the parathyroid glands is yet to

come. Gley proved the presence of iodine, though Chenu and
Morel found that both the external glands of the dog and the

rabbit contained something less than 0.025 mg., a proportion far

smaller than that in the same weight of thyroid tissue.

According to Berkeley and Beebe, the parathyroid glands
contain a nucleo-proteid of specific activity.

HISTORY OF THE DEVELOPMENT OF THE ORGANS
OF THE NECK.

To understand the anatomy of the parathyroid glands and
their relation to the thyroid, it is necessary to have some insight
into the history of the development of the organs of the neck.

This may be briefly stated as follows :

At a very early stage of development, epithelial thickenings
form at the third and fourth branchial arches, one being situated

on the dorsal or cranial side, and one upon the ventral or sacral

side of the branchial clefts of both sides. The ventral thickening
of the third branchial cleft is the definitive primordial beginning
of the thymus gland, and is called thymus III. The thickening
upon the ventral side of the fourth branchial cleft was formerly
believed to be the primordial beginning of the thyroid gland,
but it is now very generally regarded as one of the beginnings of

the thymus, and is called thymus IV.
It \vas formerly believed that the thyroid gland was derived

from the t\vo ventral portions of the fourth branchial cleft, in

combination with material derived from the median portion of the

fauces. This view has become very much modified, and it is now

3
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held that, not the thyroid, but the thymus, is derived from ihe

lateral branchial clefts and that, as a matter of fact, the lateral

lobes of the thyroid gland have not a separate area of origin.

This view is confirmed by discoveries made by Maresch and
Peucker. They each describe an instance in man in which the

thyroid was absent, while the parathyroids and the remains of the

thymus were present in their full number. It is highly probable,

therefore, that the lateral portions of the thyroid gland are derived

from a diverticulum of the primitive median thyroid process.
The parathyroid glands are developed from the dorso-cranial

thickenings of the branchial clefts, the parathyroid III from the

third branchial cleft, and the parathyroid IV from the fourth

branchial cleft. In the neighbourhood of the latter is a cyst-like
hollow lined with pavement epithelium, which is called the post-
branchial body. This is derived from a lateral portion of the

fourth branchial cleft.

In a further stage of development, the entire complex evolved

from the fourth branchial cleft becomes very intimately associated

with the thyroid and is, eventually, entirely covered by it. In

many species of animals, the parathyroid IV, together with the

thymus IV and, in some cases, the post-branchial body, are

found within the thyroid gland and, on account of their topo-

graphical position, are described as
"

internal."

It would be more accurate if we were to follow the example
of French authors and call these branchial organs by a name
expressing their origin, namely, glandular branchiales parathy-
mica^ and parathyroideas. And it would serve still further to

elucidate the matter if we were to add the numbers III and IV, in

accordance with the branchial process from which the organ
takes its origin.

The descriptions
"

internal
' and "

external
'

cannot be

applied to the parathyroid glands of man, because these are all

placed externally to the thyroid. The glandula branchialis

parathyroidea III is situated at the aboral pole of the thyroid, and
represents the inferior parathyroid body. The glandula
parathyroidea IV, which represents the internal parathyroid
gland of many animal species, lies, in man, on the dorsal surface
and near the upper edge of the thyroid and is called the superior
parathyroid gland.

COMPARATIVE ANATOMY OF THE PARATHYROID
GLANDS.

The organs of the neck, even in the embryo, do not ahvays
occur in the classic number. The most constant is the thymus
III, and the origins of the parathyroids are also of fairly regular
occurrence. The primordial beginning of the parathyroid III
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has never been known to be absent. A. Pepere's investigations
show that, in all mammals, including man, the development of

the thymus is invariably accompanied by a persistent accessory
parathyroid system, which is derived from the third branchial
cleft. It is seen most clearly in the thymus or in the region
of the thymus of live rabbits, where it appears in the form of

single groups of epithelial cells, or of relatively large islands

composed of parathyroideal tissue.

As a general rule, all the embryonic beginnings of para-

thyroid glands develop into definitive organs. Variations occur in

their topographical relationship to the thyroid, and for this reason
there is a wide diversity in the anatomical conditions of species
and individuals.

The position of the parathyroids is most constant in cats.

The glandula parathyroidea III, representing the external para-

thyroid gland, lies upon the dorsal surface of the thyroid gland
and generally at its upper pole, though sometimes at the middle.
The glandula parathyroidea IV, representing the internal para-

thyroid gland, is placed at about the middle of the thyroid,
more or less deeply embedded in the tissue.

A similar arrangement is found in the dog. The external

parathyroid body lies in a depression situated at the upper pole
of the thyroid, while the internal parathyroid body is found in

the upper third or in the middle of the thyroid, and is likewise

embedded in the tissue. Supernumerary parathyroid bodies are

by no means infrequent in the dog, though in the cat they are

scarcely ever met with.

In ruminants the topographical-anatomical conditions are

aberrant. The glandula parathyroidea III of the sheep and the

goat is much nearer to the cranium, and is found on the inner

surface of the submaxillary gland or at the fork of the carotid.

The glandula parathyroidea IV is embedded in the centre of

the thyroid.
In the rabbit, the glandula thyroidea IV also remains in

association with the thyroid, and is found in the interior of the

gland. The glandula parathyroidea III, representing the ex-

ternal parathyroid body, lies from J-iJ cm. below the thyroid
gland. Under typical conditions, it lies close to the carotid and

depends from a delicate arterial peduncle. It is about 4-6 mm.
long, ij mm. broad, and weighs 4-6 mg. Erdheim and Pepere
found numerous accessory parathyroids in the thymus of rabbits.

Cristiani's investigations show that, in the case of other rodents,
one parathyroid body is either embedded in the thyroid tissue or

projects from its surface. A glandula parathyroidea III is

generally absent, but in the field-mouse there is a free parathyroid
gland which lies at either the upper or the lower edge of the

thyroid. Erdheim found that, in the rat, in addition to the one

parathyroid body embedded in the thyroid tissue, there is fre-
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quently a second larger body. In every case, however, there is

a larger or smaller number of small and minute accessory bodies,

and these are found distributed over the space between the

principal parathyroid body and the tip of the thymus gland, in

and on the thyroid, below the lower pole of the thyroid, and about

and within the tip of the thymus.
In apes, it frequently happens that both the parathyroid

glands are situated outside the capsule upon the lateral surfaces

of the thyroid gland. In Macacas rhesus an external parathyroid

gland is frequently found at or about the middle of the lateral

surface of the thyroid ;
or it may occur, though more rarely, at

the upper or lower pole. The other gland is found embedded
in the substance of the thyroid, near the internal surface, and at

about the middle of the organ. This second gland is usually
the larger.

In birds, the entire thyroid apparatus lies in the cavity of

the thorax, on both sides of the trachea, and consists of the

thyroid and 1-2 parathyroids, which are placed at the upper or

lower poles of the thyroid.
In the tortoise, Doyon and Kareff found at the base of the

neck a parathyroid body of a yellow colour on each side of the

thvmus.
/

In fish, the only portion of the thyroid apparatus which is

known is the thyroid gland, and this is situated at the fork of the

branchial artery.

PHYSIOLOGY OF THE THYROID APPARATUS.

HISTORICAL.

From very early times the thyroid gland has been regarded as

an organ possessing specific physiological functions. We gather
from the older physiologists, Horsley (1891), Hellin (1893), Langen-
dorff (1899), that before any definite information as to its structure

was forthcoming, the most extraordinary notions regarding the

nature of its activity prevailed. It was believed to enhance the

beauty of the form and contour of the neck; to be a kind of

cushion for the larynx ;
to act as a sounding-board for the

voice, &c.

An early theory, based on the anatomical aspects of the

thyroid gland and, more particularly, upon its extreme

vascularity, held that the function of this organ was the regulation
of the cerebral circulation. As a matter of fact, the thyroid
glands, with their exceptionally numerous blood-vessels which
are in direct communication with the great vessels of the brain

and their enormously developed capillary system, do, to a certain

extent, influence the blood which circulates through the brain.

These conditions might seem to suggest that the thyroid apparatus
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serves as the blood reservoir for the brain, and that, when a

change takes place in the circulatory conditions, it may either

prevent a rush of blood to the arteries of the brain, or it may
receive large quantities of blood from the cerebral veins.

This theory has recently been revived by E. von Cyon. He
suggests that iodothyrin, the active substance formed by the

thyroid gland, stimulates the nerves of the heart which regulate
pressure, and that by this means the blood-pressure is lowered
and the circulation retarded. At the same time, the central vagal
irritation is conveyed by means of vasodilators to the vessels

of the thyroid gland, causing them to dilate and thus still further

reduce the flow of blood to the brain.

When we have discussed the activity of the thyroid extracts,
we shall be in a position to judge whether or not there is justifica-
tion for this hypothesis. Suffice it for the present that, though
experimental proof of changes in the cerebral circulation due to

chemical or nervous intervention of the thyroid, if they really
exist, ought to be readily obtainable, and wrould be very con-

vincing. Such proof is, up to the present, not forthcoming.
Another of the older theories has recently been advanced

by J. F. Meckel. It postulates an intimate physiological
association between the thyroid gland and the female organs of

generation. This theory owes its origin to the fact that the

thyroid gland of women is larger than that of men, and that it

increases in size during menstruation, deflorescence, and

pregnancy.
The swelling of the thyroid is a well-known phenomenon in

menstruation and pregnancy. This increase in size may be

partly clue to general vascular turgescence, but, as we shall see

later, there is an actual biological relationship between the thyroid
and the sexual glands.

Tiedemann was the first to suggest that the thyroid is con-
cerned in the formation of blood, and that it aids, or may even

replace, the function of the spleen. He bases his view upon the

histological construction of the thyroid and its structural analogy
with the lymphatic glands and the spleen. The latest experiments
show that there is some ground for the belief that the thyroid
exerts an influence, though indirectly, upon the formation of the

blood.

The functional significance of the thyroid gland and its

importance to the life of the organism, \vere first demonstrated by
the serious nature of the results which follow its extirpation.

Numerous instances in which goitre in man has been treated

by total extirpation of the gland, confirm the results obtained by
means of hundreds of experiments with animals, and there is no
doubt that the removal of the thyroid gland gives rise to severe

pathological conditions which often terminate fatally. The
results of extirpation may show themselves in two conditions,
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which differ radically, both in their symptom-complex and in the

course which they run. Of these conditions, one appears

promptly and is attended by violent muscular spasms. It is

obviously a disease affecting the nervous system and has been
called "tetany," on account of its resemblance to a well-known

idiopathic disease of man. The second condition is more chronic
in its development and is characterized by nutritional disturbances

of the most varied description. In man there is a peculiar
cedematous swelling of the skin, a decrease in mental power, and,
in young -people, a remarkable arrest of development. This
condition was named myxcedeme postoperatoire by Reverdin, and

by Kocher, general cachexia strumipriva or thyropriva. These
two conditions were not regarded as separate pathological
entities, but as etiologically and pathogenetically the same. For
either might make its appearance in man after extirpation of the

thyroid gland, and transition forms between the two conditions
were known to exist.

It seemed a remarkable thing that the suppression of an

organic function should be expressed by means of two totally
different symptom-complexes. Experiments with animals were
undertaken to show that this was due to the operation of factors as

widely divergent as species, age, external conditions such as

temperature, and nutrition. The latter appeared to be the deciding
factor; for it was invariably found that removal of the thyroid in

the carnivoras caused death, while in the herbivoras it only pro-
duced nutritional derangements, these taking the form of chronic

cachexia, or, in young animals, disturbance of growth.
The discovery of the parathyroid glands by Sandstroem in

1880 first provided a means of interpreting this difference in its

relation to species. A long time, however, elapsed before any-
thing \vas done in this direction. It was not until 1890 that the

French physiologist, E. Gley, was able to show that herbivorous

animals, such as rabbits, develop tetany if, in ^addition to the

thyroid, the parathyroid glands, which lie at some distance away
at the side of the carotid artery, are also removed.

The anatomy of the thyroid glands was finally cleared up
by experiments undertaken by A. Kohn

; and, in 1896, Vassale
and Generali showed that in the dog, extirpation of all the

parathyroids wras followed by tetany, while extirpation of the

thyroid was unattended by pathological signs. These results

were confirmed in many directions (Rouxeau, 1896; Gley, 1897;
Moussu, 1897; Welsh, 1898; Capobianco, 1899), ^ ut there was
considerable divergence of opinion as to their interpretation.

Surgeons were by no means unanimous in conceding to the

parathyroid glands a pathogenetic significance in tetania strumi-

priva.

My own experience has shown that, not only does tetany
follow extirpation of the parathyroid glands, but that extirpation
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of the thyroid, leaving the parathyroids intact, produces derange-
ment of the processes of growth in young carnivone. I became

convinced, from the results of my experiments, that cachexia and

tetany cannot have a common origin; and I urged (1901) that,

in the surgical treatment of goitre, the parathyroids should in

all cases be left intact, and that, wherever possible, a portion
of the thyroid should be spared.

My opinion was confirmed later by Jeandelize (1903), Wal-
baum (1903), Pineles (1904), Erdheim (1906), Pfeiffer and Meyer
(1907), Hagenbach (1907), Haberfeld and Schilder (1909). There
are observers who have adopted a different standpoint (Blum ;

Caro, 1903 ; Kishi, 1904), but they are very few.

We may, then, take it as established : that the acute nervous

symptoms which appear after extirpation of the thyroid apparatus,
are genetically independent of the thyroid gland and occur only
where the parathyroids have also been removed

;
and that tetany

arises from the suppression of the function of the parathyroids
and should, rightly, be called tetania parathyropriva. Whether
this form of tetany is identical with that which follows the

extirpation of the entire thyroid apparatus is, as yet, undecided.

It is, however, barely possible to distinguish between the clinical

pictures presented by the two conditions in animals of similar

species and of the same age. The only apparent difference lies

in the intensity of the symptoms and the rapidity with which

they make their appearance.

TETANIA PARATHYROPRIVA.

The results produced by extirpation of the parathyroid

glands or of the entire thyroid apparatus of animals, vary some-

what with the species and age of the subject. In addition to

the typical acute tetany, which shows itself in characteristic

muscular convulsions, there are other acute forms which are

associated with symptoms of paralysis. Abortive forms are

occasionally seen, as well as a latent tetany, which is shown

only by a hypersensibility of the nerves and occurs most fre-

quently after partial parathyroidectomy. Finally, many animals

develop a chronic tetany which is associated with certain trophic

disturbances.

The typical picture of an acute tetany is most frequently seen

in the dog and the cat, and may be described as follows : There

is, first, a latent period lasting 24 to 72 hours, during which time

appetite falls off and the animal may refuse food
;
thirst increases ;

the temperature may fall and the number of red blood corpuscles
be diminished; and later on there may be mechanical hyper-

sensibility of the peripheral nerves. This is followed by fibrillary

contractions in certain muscles of the head, face, back and tail.

In the course of the next day or two the temperature rises and
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the muscular spasms become more frequent and more intense
;

the animal rubs its snout, walks stiffly, and steps on the dorsum
of the paws. Frequently, there is a peculiar position of the paws
caused by tonic contraction, accompanied by diffuse clonic con-

tractions in different groups of muscles and, more particularly,

by the tremor of an extremity, due to lightning contractions.

As the condition progresses, the clonic contractions spread
to nearly all the muscles of the body, when what is known as

a tetanic seizure comes on. It begins with a marked increase

in the respiratory and cardiac activity, and the temperature rises

to 41-42.5 C. (about 106-108 F.). The animal suddenly lies over

on its side and the breathing becomes extremely rapid, interrupted

by occasional deep convulsive inspirations ;
or there is opis-

thotonus and tetanic convulsion of the diaphragm and the animal
dies from suffocation. Very frequently, however, there is spon-
taneous recovery even after severe attacks

;
the cardiac and

respiratory activity become gradually slower
;

the temperature
sinks and may become even subnormal

;
and a condition of

extreme weakness supervenes. After an interval varying from
one to forty-eight hours, the fibrillary contractions again become

stronger and a fresh attack comes on. After several attacks the

animals become very emaciated and, ten to fourteen days after

operation, they die. Apart from pneumonia, which is frequent,
the post-mortem finding is negative.

Gozzi has recently described severe and extensive lesions of

the liver, which he found regularly in dogs after extirpation of

the parathyroids, and which affected the vessels as well as the

cells.

A slightly aberrant form of tetany is observed in young dogs.
There may be clonic contraction of the muscles in certain regions,
but the seizures are more frequently characterized by tonic con-
tractions of the muscles of the glottis, respiratory apparatus and
extremities. The body, especially in the hinder extremities, is

stiffly extended and this seal-like attitude persists when the

animal is held away from the ground. After frequent repetition
of these seizures, a spastic paralysis develops in the hinder
extremities and these are dragged along the ground when the

animal tries to walk. The paralysis spreads and the animal dies.

Complete thyroidectomy produces an extremely acute tetany
in rabbits (to remove all parathyroids it is necessary to extirpate
the whole or the major portion of the thyroid). For one to three

days the condition of the animal remains unchanged; then there

is quivering of the masseters, accompanied by single clonic

contractions in various muscles; there is a sudden and violent

tetanic seizure and death from suffocation results. Sometimes
the extirpation of the external parathyroids only is sufficient to

bring about a fatal tetany though it more frequently provokes
the chronic form. Frequently, however, and especially in the
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case of old animals, the extirpation of all four parathyroids is

not followed by tetany. Haberfeld and Schilder found that if,

in such cases, the thymus and the accessory parathyroids em-
bedded in it were also extirpated, fatal tetany followed. It is

worthy of notice, however, that a proportion of animals continue

to live, even after removal of all the parathyroid glands.
Christiani (1893) produced tetany in the rat by extirpation

of the entire thyroid apparatus. The results of destroying the

parathyroids by cauterization are minutely described by Erdheim,
who distinguishes between four degrees of tetany in rats. The

lightest form is shown by a rapid tremor of the extremities,

accompanied by single coarser spasms when the animal is lifted

from the ground. A more severe form consists in spontaneous
clonic contractions, trembling of the extremities, twitching in

the region supplied by the facial nerve, and quivering in nearly
all the muscles of the body. The third degree manifests itself

in tonic convulsions, which may be artificially provoked by
ligaturing the extremities, but which also occur spontaneously ;

the animals walk with the feet doubled up and there are tetanic

spasm in the muscles of the back and the extremities. The
severest form is characterized by epileptiform seizures, or by an

epileptic state lasting several hours. As a general rule the tetany
of rats is chronic in character and is accompanied by trophic
disturbances, to which we shall have occasion to refer later.

The parathyroid tetany of mice, as described by Pfeiffer and

Meyer, is characterized by two stages. After a latent period of

twelve to twT

enty-four hours, there are attacks of clonic convulsion

alternating with tonic rigidity. The second stage is characterized

by an extreme motor restlessness, ataxia, and tonic rigidity;
somnolence follows, in which the animal slowly passes away.

Parathyroidectomy of goats, according to Christens, is fol-

lowed by violent tetany. He finds, and his experiments are

confirmed by my own, that similar effects are produced by
extirpation of the thyroid and the superior parathyroids.

Horsley observed that extirpation of the thyroid apparatus
of apes was in some cases followed by acute tetany. He believes

that the acute nervous after-symptoms appear only in young
animals when kept in a cold place. Horsley and others (Munk,
Langhans, Murray, W. Edmunds, Kocher, v. Eiselsberg, Capo-
bianco, Mazzioti) are of the opinion that a fatal termination is

less frequent than in the case of the carnivore, and that the

condition frequently passes into a stage of chronic cachexia with

extreme apathy. After extirpation of the four parathyroids, I

found that there was increased nervous irritability, fibrillary

twitchings, and finally, there were tetanic seizures and a fatal

termination. Pineles describes a case in which the symptoms
were similar, but the condition ran a more chronic course.

Doyon and Jouty produced a typical tetany in birds by cauteri-
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zation of the parathyroid glands. The same method produced
paralysis in tortoises, ending in death.

It would appear from the foregoing that the extirpation or

destruction of the parathyroid glands in all those species of

animals which have come under observation, gives rise to a

pathological condition, characterized by peculiar symptoms of

nervous derangement, and which, sooner or later, ends in death.

My attempts to destroy the parathyroid glands of cats by
means of X-rays or radium emanations were, in all cases, un-

successful.

According to Gontscharnkow, Mankowsky, Demoor, and van

Lint, the injection of thyrotoxic sera is followed by nervous

symptoms and by tetanic muscular convulsions. MacCallum tried

to obtain a cytolytic serum by immunizing geese with parathyroid

gland obtained from dogs. His careful experiments with dogs
show that the repeated injection of this serum was not followed

by clinical appearances, suppression of function, or by any
pathologico-histological change whatsoever in the activity of the

parathyroid glands.
Partial parathyroidectomy, two of the glands being left intact,

is constantly performed in removing the thyroid from rabbits,

goats and sheep ;
it is not usually followed by nervous symptoms.

In these cases, the remaining glands are uninjured, but with the

carnivore it is different. Here the partial removal of the para-

thyroids is attended either by unavoidable lesion of the remaining
glands, or by a disturbance of their blood supply. These cases

nearly always show more or less severe symptoms of tetany,
which, however, disappear spontaneously. 1 observed this

transient condition in dogs, in a fox, and in an ape where, in

removing the thyroid, the enucleation of the parathyroids was
attended with difficulty and these organs became unavoidably
crushed. The animals recovered after a short time.

Tetany almost invariably follows the extirpation of more than
two parathyroids, but here also, if one parathyroid is left, the

effect is frequently only transitory. Should death, however,
result, it will be found that the remaining gland is atrophied or,
what is more frequent, that it is destroyed by secondary processes.

If, after partial parathyroidectomy (removal of two to three

glands) no symptoms appear, the animal is then in the condition
known as "latent" tetany. Vassale observed this condition for

the first time in a bitch from which three parathyroid glands
had been removed. She developed a passing tetany, but com-

pletely recovered and had two puppies, which were, however, not
carried to term. She littered a second time, eighteen months
after operation ;

she had four puppies and there was a profuse
secretion of milk. She was attacked quite suddenly by violent

tetany, but recovered after treatment with thyroid extract.

The occurrence of tetany after partial parathyroidectomy in
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pregnant animals has been frequently described. It has been

proved, moreover (Adler and Thaler) that when animals, which

appear perfectly sound after the removal of two or three para-

thyroids become pregnant, pregnancy is heralded by an outbreak

of tetany. Fromme provoked tetany in such animals by injecting
them with placental extract. Rudinger sho\ved that a passing

tetany may be produced in cats from which the external para-

thyroids have been removed, by the introduction of certain toxins

(atropin, calomel, morphine, ergQtin, tuberculin), and by pro-
found ether anaesthesia. The assumption is that, in these cases,

a relative parathyroid insufficiency is latent and that any metabolic

derangement causes the symptoms of tetany to appear.
In addition to the nervous symptoms, every acute tetany is

accompanied by secondary signs, such as shaggy appearance of

the coat; falling of the hair; eczema; and extreme emaciation.

These manifestations become more pronounced the longer the

animal lives after operation. Similar conditions are seen in

rabbits. If tetany does not develop after partial parathyroidec-

tomy, and if the animals continue to live, the nutritional con-

dition of all such animals is more or less seriously disturbed.

Tetany in rats is strikingly chronic in character. The animals

in Erdheim's experiments survived from fifty-four to 162 days,
and invariably showed changes in the teeth. Between the sixth

and tenth w-eeks, opaque white spots appear upon the enamel of

the anterior surfaces of the upper and under incisors and these

move upwards from the base to the apex. These spots are cir-

cumscribed defects in the enamel, which may scale off and cause

the tooth to break. The upper incisors grow again quickly after

fracture, but fracture of the lower ones is frequently followed by
necrosing ulcers. As the changes in the teeth prevent the animal

taking a sufficiency of nourishment, extreme inanition and
cachexia follow. Histological examination of the teeth shows
that the trophic disturbances appear very soon after removal of

the parathyroids, and that they result from imperfect calcification

of the dentine together with hypoplasia of the enamel.

Erdheim's observations are confirmed by Pfeiffer and Meyer
and by Iselin. Iselin also describes disturbances of the processes
of grow

rth in the bones of speckled mice after removal of the

parathyroids. He found that in young animals there was com-

plete arrest of growth, unaccompanied, however, by secondary

bony deformity.
Erdheim saw cataract in a rat with chronic tetany and he

regards this as a symptom of trophic disturbance. Albuminuria,
which was first observed in the tetany of animals by Pfeiffer and

Meyer, is an almost constant finding. Massaglia considers the

nephritis and albuminuria to be symptoms of an auto-intoxication

consequent upon parathyroidectomy.
Iselin's account of the effects of the parathyroidectomy of
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the mother upon the offspring are very interesting. The young
of rats from which the parathyroids had been removed were found

to be highly sensitive to electric stimuli, and were so susceptible

to parathyroidectomy that four to ten hours after operation they
succumbed to tetany in its most violent form.

TETANY IN MAN.

Experiments with animals, such as those described above,

paved the way for a closer investigation of the part played by
the parathyroid glands in the tetany of man.

There is no doubt that the tetania strumipriva of man, like

the tetania thyropriva of animals, is due to injury or removal of

the parathyroids when extirpating a goitre. This view was

originally propounded by Vassale and Generali and it has been

confirmed by many other observers (Biedl, Jeandelize, Pineles).

Benjamins showed that one to three parathyroids may be found

attached to an extirpated goitre and this sufficiently explains the

occurrence of post-operative tetany. Erdheim found that in three

cases of tetany following partial excision of a goitre, all four

parathyroids had been removed. In a fourth case, one para-

thyrofd had been left, but it had become necrosed, as the artery

below it had been ligatured.
Whether or not the extirpation of a goitre will be followed

by tetany, depends entirely upon the amount of parathyroid tissue

left intact and the functional capacity of the tissue thus remaining.
The first care of the surgeon who extirpates a goitre should be

to spare, wherever possible, all parathyroid glands. It is also

essential, as we shall see later, that a sufficient amount of thyroid

parenchyma should be left intact. For this reason, methods of

intracapsular resection or enucleation are by far the best. Of
such are Mikulicz's wedge-resection, and Kocher's resection-

enucleation methods.
In man, as in animals, a post-operative transient tetany, due

to mechanical lesions of the parathyroid glands or injury of their

blood supply, is sometimes observed. Cases have been described

where thyroidectomy has not been followed by any apparent

symptom and yet a condition of latent tetany must have existed,

for under the influence of certain momenta, such as pregnancy,

tetany has appeared.
A second form of tetany, which we know from the results

of both animal and human pathology to owe its origin to the

parathyroid glands, is that known as the tetany of maternity, or

puerperal tetany. That there is an intimate connection between

tetany and the functions of the female organs of generation

(menstruation, pregnancy, lactation) has been frequently pointed
out by clinicians.

It has been shown that the partial parathyroidectomy of
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animals is not invariably followed by symptoms of tetany, but

that these may be provoked by pregnancy or lactation. It appears

highly probable that in man also, parathyroid insufficiency may
be the originating cause of tetanic outbreaks, the determining
causes of which are metabolic changes arising from alteration

of function of the organs of generation. In the absence of any
definite anatomical information regarding this condition in man
it is impossible to be sure whether the assumed insufficiency of

these organs was pre-existent, or whether it occurs as the result

of changes in the female organism.
Another form of tetany is that seen in infants, and here we

have definite anatomical grounds for associating it with the para-

thyroid glands. Erdheim found haemorrhages, or traces of

haemorrhages, together with blood pigment, in the parathyroid
tissues of children who had had tetany during life. Yanase,

working in Escherich's clinic, was able to demonstrate the pre-
sense of haemorrhages in the parathyroid glands of all children

under one year wr

ho, during life, showed hypersensibility to

electric stimulus. After one year, he found traces of old haemor-

rhages or the finding was normal. Fleischmann found that the

teeth of all the persons he examined who had a history of infantile

tetany, showed hypoplasia of the enamel. Escherich concluded
from these results that all forms of infantile tetany are due to

parathyroid insufficiency.
There are certain authors, however, who adopt a different

standpoint (Thiemich, 1906; Forsyth, 1908). They point to the

fact that the most diverse changes may be seen after death in

the parathyroid glands of persons who, during life, never showed

any symptom of tetany. But in these cases, it may very well

be that there was sufficient healthy parathyroid tissue to carry
on the function of the glands. Also, as Rudinger points out,

the cardinal symptoms of tetany are those which are latent
; they

may be supplemented by secondary convulsive symptoms, but

these are not an essential feature of the condition. And it is

just the latent signs which most easily escape observation. The
second point, namely, that cases occur where the clinical signs
are unmistakably those of tetany, while the post-mortem findings
are negative, loses its significance in face of the fact that a

transient tetany may be provoked in man, as in animals, by a

passing lesion of the parathyroid glands.
The lack of anatomical material makes it difficult to discuss

the genesis of the other forms of tetany, namely, those of gastro-
intestinal origin, that which follows certain forms of poisoning,
and the tetany which is associated with some nervous diseases ;

but from what we know of analogous conditions in animals, it

seems highly probable that here also we have to do with in-

sufficiency of the parathyroid glands.

Rudinger remarks the frequency with which the parathyroids



46 INTERNAL SECRETION

become tuberculous and the striking frequency of the Chvostek

phenomenon in tuberculosis, as noted by many observers. He
mentions a very instructive case described by Carnot and Delion,
that of a tuberculous woman who on the day before her death

was seized by tetanic convulsions of the most violent description.
The post-mortem examination showed that the internal para-

thyroids were atrophied, while the external parathyroids were

entirely destroyed.
The generally accepted view to-day (Pineles, v. Frankl-

Hochwart, Chvostek) is that all forms of clinical tetany are of

parathyroid origin.

OTHER PATHOLOGICAL CONDITIONS IN MAN
ARISING FROM DERANGEMENT OF THE FUNC-
TION OF THE PARATHYROID GLANDS.

H. Lundborg (1904) was the first to associate not tetany only,
but a number of pathological conditions included in the term
"
motor-neuroses," with the function of the parathyroid glands.

He based his conclusions upon the results obtained by Vassale

and Generali, Biedl, Jeandelize in the tetania parathyropriva of

animals. According to his hypothesis, Myotonia congenita

Cretinism
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(Thomsen's disease), Parcilvsis agitans (Parkinsen's disease), and

myoclonia are to be regarded as chronic progressive conditions

due to hypoparathyroidism.
On the other 'hand, Myotonia periodica and Myasthenia

grams pseudoparalytica (Jolly), or Paralysis myasthenica (Oppen-

heim) are diseases which, Tike Graves's disease, arise from an

increased or disturbed function of the parathyroid glands (hyper-

parathyroidism or dysparathyroidism). Lundborg regards these
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glands as regulatory organs whose task it is to maintain the

balance of neuro-muscular activity. This view is illustrated by
the accompanying diagram, in which parallel conditions originat-

ing with the thyroid gland are also included.

Chvostek (1908) made a minute analysis of the clinical sym-
ptoms of Myasthenia gravis. He rejected the hypothesis that

this condition is primarily of nervous or muscular origin, and is

of the opinion that, in all essential points, myasthenia and tetany
are diametrically opposed.

"
They have the same relationship to

one another that the negative has to the photograph," and yet

they have certain points in common which make it impossible to

deny them a common origin. Chvostek believes that tetany is

produced by hypo-function of the parathyroids, while hyper- or

dysfunction gives rise to myasthenia. The originating cause of

this disturbance of function may lie in changes which take place
either within the gland itself, or in the centres or channels by
which its function is regulated. Thymus persistency, which so

frequently accompanies myasthenia, has no pathogenic signifi-
cance : it merely points' to the existence of a constitutional

anomaly, favourable to the manifestation of symptoms of func-

tional parathyroid derangement.

THE THERAPEUTICS OF TETAXIA PARA-
THYROPRIVA.

Once we are assured that tetany results from the suspension
of function of the parathyroid glands, the therapeutics of the

condition become much simplified. The object of any therapy
must be to restore to the organism the function of the gland which
has become incapacitated. The simplest method is by trans-

plantation, and before the parathyroid origin of tetany was

recognized, the condition was frequently treated by thyroid
transplantation. But the subjects of experiment were invariably
animals in wr

hich, as we now know, the implantation of the

thyroid necessarily included the implantation of the parathyroids.
In 1884 Schiff succeeded in keeping a thyroidless dog alive for

some time by implanting fresh thyroid glands in the abdominal

cavity. V. Eiselsberg (1892) showed more positively that the

thyroid gland, when implanted in the abdominal fascia or in the

peritoneum of cats, healed in and prevented the occurrence of

tetany. When the healed-in tissue was removed, tetany followed

and the animal died.

Enderlen (1898) recognized the significance of the para-

thyroids and in the experiments which he carried out with clogs
and cats he found that these glands preserved their structure

after implantation better than the thyroid.

Following E. Payr's method with the thyroid, I have grafted



48 INTERNAL SECRETION

the parathyroids of dogs and cats in their spleen. I found that

the subsequent removal of the thyroids and inner parathyroids
was not attended by untoward results. Violent tetanic symptoms
sometimes appeared, but these were usually transient. These
animals may remain for months (a dog lived for eighteen months)
without symptoms, but they eventually die of tetany. This

applies also to animals in the spleen of which two to four para-

thyroids from other animals of the same species have been trans-

planted, their own thyroid being afterwards removed. Post-

mortem examination shows that only cicatricial tissue remains at

the implantation site, the grafted parathyroids being completely
absorbed.

In two experiments out of three carried out on young dogs
by Pfeiffer and Meyer, the parathyroids were successfully im-

planted in the rectus muscle, and tetany did not follow the

extirpation of the remaining portion of the thyroid apparatus.
Halstead, and later Hermann and Harvey, also described the

successful transplantation in dogs of both their own parathyroid

glands and those of other dogs. The latter authors are of

opinion that the visceral peritoneum is a more suitable site for

implantation than either the muscular structure or the spleen.
Walbaum (1903) found that after implantation of the external

parathyroids in the serous membrane of the stomach of rabbits,
the internal parathyroids being removed at the same time or later,

the animals lived from five to nine months. There was no tetany,
but there were trophic derangements, such as dermatitis, emacia-

tion, and arrest of growth, which in the end caused death. The
grafted organs generally retained their normal histological
character for a certain length of time, showing few and in-

considerable changes. Christiani, who since the beginning of

the nineties has carried out many hundreds of greffcs

thyroidiennes and parathyroidiennes with rats, finds that the

structure of the implanted glands remains unchanged, though
they at first show a slight central necrosis which is, however,
soon replaced by normal tissue. After two years in rats, and
after even five years in cats, the glands will be found to be-

practically unchanged.
Camus found that the parathyroid glands, when transplanted

into the ear of rabbits, invariably atrophied if a sufficiency of active

parathyroid tissue was allowed to remain in situ.

Leischner implanted the parathyroids of rats, with a portion
of the thyroid tissue attached, in the abdominal wall. The
simultaneous transplantation of both parathyroids provoked a

passing tetany. The grafted organs healed in and, one to two
months later, the removal of the abdominal rectus muscle in

which they were implanted, produced tetany.
These experiments show that transplanted glands, whether

of the subject of the experiment or of another animal of the same
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species, will not only heal into place, but will prevent the appear-
ance of symptoms of suppression of the glands. The grafted
organs undoubtedly retain their normal structure for some time,
but after a few months retrogressive changes usually set in which

lead, in time, to the disappearance of the organ.
The transplantation of a parathyroid gland has been success-

fully performed in man by v. Eiselsberg. The patient was a
woman aged 42 who, twenty-seven years previously, had had
the whole of her thyroid removed and was suffering from tetany.
A parathyroid gland was implanted in the abdominal rectus

muscle. This gland was taken from a woman who had had a

cyst enucleated from one lobe of the thyroid gland, and in whom
the other parathyroids were intact. The transplanted gland
healed in, the tetany became reduced to isolated spasms of the

glottis, and the sensibility to electric stimulus became normal.
The results of this experiment naturally suggested a sub-

stitution therapy by means of organic extracts.

Experiments by parathyroid extract with man as the subject
have been repeatedly carried out. Some authors, especially those
who employed Vassale's so-called parathyroidin, obtained good
results; others (v. Frankl-Hochwart, Escherich, Reinsberg and

Rey) were unsuccessful. Pineles treated three cases of tetany
with 0.15 to 0.45 grm. (about 2\ to 7 gr.) of dried para-

thyroid substance daily, and continued the treatment for months,
but he was unable to report any change in either the frequency
or the intensity of the seizures.

Quite recently Halstead (1907) and Putman (1909) described

favourable results obtained in post-operative tetany with the

parathyroid extract prepared by Berkeley of New York. When
given by the mouth, or, better still, by subcutaneous injection,
these nucleo-proteids are said immediately to subdue all symptoms
of tetany.

J. Ott (1909) describes the physiological activity of this

substance as well as that of the watery extracts of parathyroid
gland. These substances increase intestinal peristalsis and the

muscular contractions of the uterus. When injected in small

doses into the veins of cats and rabbits, they produce a fall, which
is followed by a rise, in the blood-pressure. In large doses they
bring about a fall in blood-pressure unaccompanied by any change
in the frequency of the pulse; there is a slight reduction in

temperature, with slightly accelerated respiration. But the most
marked symptom is the extraordinary increase in diuresis, which

may rise to ten times the normal, and is due to stimulation of

the epithelial cells of the kidneys.
It will be evident from what has gone before that the thyroid

preparations play an important part in the management of post-

operative tetany, whether therapeutically in man or experimentally
in animals. At a first glance, it seems reasonable to suppose

4
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that the beneficial results of thyroid administration are due to

the fact that parathyroid tissue is given at the same time
; experi-

ments by Pineles have, however, shown this view to be untenable.

He found that the amount of parathyroid substance contained

in the thyroid glands of sheep and calves is by weight i in 309
and 379 respectively; while 200 times that amount of parathyroid

substance, when added to thyroid tabloids, had no therapeutic
effect whatsoever.

There are numerous accounts by reliable observers of the

favourable effects of thyroid gland and thyroid extracts in the

tetania parathyropriva of animals.

Kocher, the greatest authority upon the parallel condition in

man, wrote in 1906, at a time, therefore, when the significance
of the parathyroids in post-operative tetany was well known to

him, as follows :-
" We found that by energetically pushing the thyroid extract

and iodothyrin in large doses, we were able to procure a rapid
abatement of the symptoms of tetany and, by continuing the

treatment over long periods, we obtained a cessation of the

attacks."

The favourable influence of the thyroid extracts in post-

operative tetany will not be questioned by those who have wit-

nessed the remarkable improvement which takes place, almost

immediately, after the subcutaneous injection of soluble thyroid

preparation, in the condition of animals with severe tetanic

symptoms ;
or that which, after one to two hours, follows the

administration by the mouth of fresh or dried thyroid gland.
Nor will the efficacy of these substances be held in doubt by
anyone who has, by this means, kept animals alive for two to

three weeks after parathyroidectomy, while the animals not so

treated died of tetany in a very much shorter time.

But these results must not be accepted without criticism. It

must always be taken into consideration that the clinical picture

produced by experimental tetany is in the highest degree variable
;

that spontaneous remissions and far-reaching improvements are

of as frequent occurrence as sudden relapses, and that in certain

cases this renders the prognosis extremely difficult. The sudden
termination of a tetanic seizure, the cessation of the muscular

tremors, and even the temporary disappearance of the nervous

hypersensibility, cannot always be taken as evidence in favour
of the treatment, for all this may, in rare cases, occur spon-
taneously.

It is an important point in favour of thyroid extract that

improvement follows rapidly upon treatment, and that the life

of tetanic animals is very much prolonged by its use. Vassale
tries to explain the results of thyroid treatment in tetany by the

presence of supernumerary parathyroid glands, which are sup-
posed to exercise the same effect as the implanted glands or those
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purposely left in situ. It seems, however, highly improbable
that accessory glands should be present in just those cases which
have been treated by thyroid extract, especially as such super-

numerary bodies are extremly rare in certain species, such as
the cat. But even allowing that there is some foundation for

Vassale's assumption, a certain measure of efficacy must be

granted to the thyroid extract, for it is undoubtedly the agent
by which the animals are carried through a phase of disease in

which they would otherwise certainly perish.
With so little knowledge at our disposal we are not in a

position to give any definite explanation of the effects of the

thyroid preparations in tetany, but I do not think this should

prevent us from drawing from the analogy of experimental
pathology a conclusion which is of the utmost importance to man.
It is, that treatment with thyroid gland should always be tried

where the extirpation of goitre is followed by symptoms of

tetany. By this means time is gained, during which the para-

thyroids and any accessory parathyroids are enabled to attain

the full measure of their functional activity; or a substitute for

such activity may be provided by means of transplantation.

THE RELATIONSHIP BETWEEN THE THYROID AND
PARATHYROID GLANDS.

Gley's view that the parathyroids are embryonal organs
which, after the removal of the thyroid gland, assume the function

of the principal organ, and thereupon acquire the structural

characteristics of thyroid tissue, has not been endorsed by later

authors. His discovery that, after the removal of the thyroid
and inner parathyroids, the external parathyroids became

hypertrophied, is confirmed by many, but no proof is forthcoming
of a histological structural transformation of parathyroid tissue

into thyroid tissue. Gley himself, in combination with Nicolas,
has recently repeated his experiments, and has been compelled to

abandon his former view. Vincent and Jolly describe such

structural transformation of the parathyroids in cats, but they
are alone in their experience.

Quite recently Vincent, Halpenny and Thompson found that

the external parathyroids of a dog from which the thyroid and
internal parathyroids had been removed eighty-three days

previously, wrere hypertrophied and changed in such a manner
that it was difficult to distinguish them from thyroid tissue. In

addition to parathyroid tissue composed of compact rows of cells,

the drawings of these organs show numerous irregular vesicles,

lined with a single layer of epithelial cells, in part empty and
in part filled with colloid. The histological picture of these

glands has a strong resemblance to that of a thyroid which the
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authors found in a dog thirty days after total parathyroidectomy.
This gland also contained irregular vesicles, together with an

increase in the quantity of intravesicular tissue. The clinical

course of this experiment is interesting. After removal of the

last hypertrophied parathyroid gland, the animal lived for forty-

four days ;
it did not show any symptoms of tetany, but there

were trophic disturbances, such as falling of the hair, eczema
and idiocy. It is probable that this animal possessed accessory

parathyroid glands.
The occasional occurrence of gland-like hollow spaces in the

parathyroids has been frequently described. These hollows are

lined with epithelium ; they are sometimes empty and sometimes
filled with a homogeneous mass believed to be colloid.

I have found in numerous cases that removal of the thyroid,

together with the internal parathyroids, is nearly always followed

by hypertrophy of the external parathyroids. The hypertrophy is

more or less clearly marked according to the length of time
after operation. Many authors (Walbaum, Erdheim, Pepere) have
failed to observe an appreciable increase in the volume of the

parathyroids embedded in the thyroid, after extirpation of the

two external glands. But Haberfeld and Schilder have recently
shown that the internal parathyroid glands of rabbits show a

very high degree of vicarious hypertrophy if, in addition to the

external parathyroids, the accessory glands situated in the thymus
are also removed.

I found that the parathyroids of a growing dog, from which
the thyroid had been removed, were at the end of a year twice as

large as those of control animals taken from the same litter.

Hypertrophy of the parathyroids is by no means always
associated with important structural changes, although gland-like
hollows filled with colloid are of decidedly more frequent
occurrence in hypertrophied than in normal parathyroid glands.
Whether or not this colloid formation is a compensatory secretory
process which is set up in the gland after the suppression of the

thyroid, is at present unknown. It suggests, however, that there

may be a functional relationship between the two organs.
That there is a relationship between the thyroid and the

parathyroid glands is suggested by the fact that hypertrophy of

the thyroid gland has been frequently (W. Edmunds, Lusena,
Vassale and Generali, Halpenny, and Thompson) observed after

removal of the parathyroids. The tissue changes in these

hypertrophied organs consist in a new formation of intravesicular

tissue, which either forms solid cell rows or causes irregularity irr

the shape of the follicles. There is also a wasting away of the

colloid, together with vacuolization of the contents of the follicles^

These changes are difficult of interpretation, but the examina-
tion of a large number of thyroids shows that many apparently
normal glands present a similar picture. Vassale thinks that
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the new formation of tissue points to a hyper-function of the

gland, the wasting of the colloid to a hypo-function. If this

view is correct the same operation, namely, the removal of the

parathyroids, is able to produce conditions in the thyroid which

are opposed to one another.

There are three directions, then, in which the evidence of

a functional relationship between the thyroid and the parathyroid

glands may be regarded as conclusive. In the first place, there

is the favourable "influence of thyroid treatment in the tetania

parathyropriva of animals. In the second place we have certain

proof of hypertrophy of the external parathyroids after extirpa-

tion of the thyroid gland. And in the third place, there is the

hypertrophy of the thyroid gland, described by many authors,

which follows the removal of the parathyroids. These facts do

not, however, supply any definitive information concerning the

manner in \vhich this interrelationship is effected.

Vassale and Generali advanced the theory that toxic products
of metabolism are formed by the thyroid, and that these become

neutralized by the activity of the parathyroids. They based their

theory upon the fact that after parathyroidectomy the symptoms
are much more acute, the condition runs a more violent course,

and that death follows far more rapidly than after extirpation

of the entire thyroid apparatus. In the latter case, according to

this theory, both the toxin-forming and toxin-neutralizing agents
are removed. The explanation, however, can hardly be con-

sidered satisfactory. In the first place, it offers no solution of

the problem as to why animals from which the whole of the

thyroid apparatus has been removed, should yet develop fatal

tetany, seeing that the toxic agent is supposed no longer to be

present. In the second place, I was unable, in spite of repeated

experiments, to obtain any confirmation of the results described

by Vassale and Generali. I could not find any difference in the

intensity of the tetanic seizures, nor could I discover that animals

from which the thyroid apparatus had been removed in toto,

lived longer than those from which the parathyroids only had

been removed. Everyone who has had experience of post-

operative tetany knows how the clinical picture varies in regard
to intensity and duration, and will be careful how he allows these

factors to influence his conclusions in regard to the functional

relationship between the thyroid and parathyroid glands.
What then is the inference which we may safely draw from

the results of these experiments ? First, that the hypertrophy of

the one group of organs after removal of the other is to be

regarded, upon general pathological grounds, as compensatory ;

and second, that a vicarious activity of the thyroid and para-

thyroids is to be assumed.
It is remarkable that Rudinger employs these facts to support

a theory of antagonism between the thyroid and parathyroid
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glands. He thinks that the hypertrophy of the parathyroids
which follows thyroidectomy is due to the fact that an antagonistic

organ has been removed. He remarks :

" We have to suppose
that, under normal conditions, the function of the one gland is

controlled by the other, and that when this balance is disturbed

by the extirpation of one, the remaining organ becomes func-

tionally, and later organically, hypertrophied." Rudinger brings
the following as evidence in support of this theory : Moussu and
Charrin found that the exhibition of the parathyroid gland of

horses was followed by unfavourable symptoms in myxoedema, but

that in Graves's disease it had a very beneficial effect. Rudinger
believes that the hyper-function of the thyroid in Graves's disease

is restrained by the exhibition of parathyroid gland, while in

myxcedema the hypo-function is intensified. He is also inclined,

with Walbaum, to attribute the favourable action of Moebius's
serum and of rhodagen a preparation obtained from the milk
of thyroidless goats to the presence of a large proportion of

parathyroid secretion.
" The removal of the thyroid permits of

an increased activity on the part of the parathyroids ;
thus the

serum and the milk contain substances which, being stronger
than those in normal serum and milk, are better able to counteract

the activity of the thyroid gland." Rudinger also brings forward
the results obtained by Eppinger, Falta and Rudinger in their

investigation of the interrelationships which subsist between the

different glands possessing internal secretory functions. These
authors found that the effects of adrenalin upon dogs from which
the entire thyroid apparatus had been removed, differed markedly
from those which it exercised upon dogs in which the thyroid
gland only was lacking. After thyroidectomy, the subcutaneous
or intraperitoneal injection of adrenalin did not, as it invariably
does in normal animals, produce glycosuria, and the intravenous

injection of adrenalin was not followed by a rise of blood-pressure.
But in animals with tetany after thyroparathyroidectomy, the

same experiments provoked both the glycosuria and the rise in

blood-pressure. From these results the observers infer that the

thyroid secretion stimulates the sympathetic nerve, while that of

the parathyroids has an inhibitory effect upon it. Stimulation and
inhibition are so balanced by the activity of the two glands that,

under normal conditions, oscillation is possible within a very small

margin only. The suppression of the thyroid reduces the irrit-

ability of the sympathetic nerve, not only by robbing it of its

stimulating agent, but by releasing the inhibitory activity of the

parathyroid glands. With the extirpation of the parathyroids, the

inhibitory agent is removed and this brings in its train a con-
dition of hypersensibility of the sympathetic nerve.

The evidence which Rudinger advances cannot be regarded
as a sufficient basis for his theory. The interrelationships between
the thyroid and parathyroid glands, and between the pancreas
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and the chromaffine tissue will be discussed in a later chapter.
The most important point in favour of the theory of antagonism,
is that provided by the hypertrophy of the thyroid and para-

thyroid glands, which is provoked in each by the suppression of

the other. But it must be borne in mind that anatomical hyper-

trophy is the result of functional hypertrophy; and that the hyper-

trophy of an organ can be ascribed to the suppression of its

antagonist, only where evidence is forthcoming of the manner in

which the one organ is excited to functional hyperactivity by
the suppression of another, the normal function of which is

antagonistic to it. A correlative hypertrophy of antagonistic

organs is, so far, unknown to us, and such a state of matters

does not seem very probable.

Rudinger himself points out that the well-known variation

in intensity of the symptoms in Graves's disease makes it very
difficult to estimate exactly the beneficial effects of any therapy.
This does not enhance the value of Mossu and Charrin's experi-

ments and of the experiments with Moebius's serum, as evidence

in support of Rudinger's theory. And it has been shown, more-

over, that there is no proof of the difference, described by Vassale

and Generali, between the clinical picture presented by tetany in

animals in which the thyroid is intact, and that presented by the

condition in animals which have undergone thyroidectomy.
The inevitable conclusion is, then, that a hypothesis of func-

tional antagonism between the thyroid and parathyroid glands, is

not supported by the evidence at our disposal.

THE FUNCTION OF THE PARATHYROID GLANDS.

THE TETANY TOXIN.

The first attempt to account for the tetany which follows

parathyroidectomy was the neutralization theory advanced by
Vassale and Generali. We have seen that these authors regarded
the thyroid as the organ in which the toxin was elaborated and

that, in its original form, their doctrine was untenable. Later

authors (Pineles, Pfeiffer and Meyer), however, are agreed that

a poisonous substance, the tetany toxin, is elaborated within the

organism, but that its exact source is unknown.
Pfeiffer and Meyer endeavoured to demonstrate the presence

of this toxin in the blood of animals suffering from tetany. They
found that blood taken from dogs dying of tetany had a more

marked hasmolytic effect upon the blood corpuscles of guinea-pigs
than the blood of normal dogs. The observers do not attach any

particular significance to this result. On the other hand, they

emphasize the fact that the serum of tetanic dogs (in six out of

seventeen examined) was toxic to mice which had undergone

partial parathyroidectomy, causing tetany which, in some cases,



56 INTERNAL SECRETION

terminated fatally. They conclude from this that tetany causes
a specific toxin of uniform activity to accumulate in the serum, and
that this toxin does not pass into the urine. Seeing that latent

tetany is produced by partial parathyroidectomy and that tetanic

symptoms are occasioned by many poisons, this assumption
cannot be regarded as having any very great value.

I have repeatedly found in the course of my own experiments
that violent tetanic attacks are arrested by copious blood-letting
and that the improvement may be maintained for as long as

twenty-four hours by the transfusion of fresh blood into the veins.

This seems to point and far more conclusively than do the results

obtained by Pfeiffer and Meyer to the presence of a toxin, cir-

culating in the blood, from which the organism may be tem-

porarily freed by bleeding.
Ceni and Besta assumed that the toxin of tetany was of the

nature of an antigen, and they endeavoured to obtain specific
antibodies with which to treat the acute symptoms which follow

thyroparathyroidectomy. They immunized rabbits and goats with
serum obtained, at the height of an acute tetanic seizure, from

dogs deprived of the entire thyroid apparatus. The immune
serum they injected in doses of 9 to 15 c.cm. into dogs which had

undergone thyroparathyroidectomy and which showed severe

tetanic symptoms. They found that, although the course of the

condition was as a whole very little affected, there was a rapid,
and sometimes a complete, cessation of the acute phenomena in

nearly all their cases. The authors lay stress upon the fact that

the effects which they obtained with the immune serum are much
more energetic, prompt and complete than those obtained by
Gley with antipyrin, by Ughetti with chloral-hydrate, or by
Canizzaro with bromide of potassium. But they were not able

by means of the serum to produce a modification of the disease

and a prolongation of life, such as that which follows the

exhibition of thyroid gland.
The suggestion that parathyroid tetany is due to the agency

of a toxic product of metabolism, was recently put forward by
Berkeley and Beebe. They believe that the toxin is formed by
the decomposition of albumin, for they found that with an ex-

clusively flesh diet, the symptoms were more violent and there

was a marked increase in the excretion of ammonia. They also

found that the symptoms provoked by the injection of ammonia
or xanthin, like those of tetania parathyropriva, are arrested by
the exhibition of calcium or strontium salts.

Frouin found that the urine of animals from which the

thyroid and parathyroids had been removed, contained an excess
of ammonia and carbamic acid. He regards tetany as the result

of carbamic-acid poisoning. He produced a typical tetany in from

twenty-four to forty-eight hours after removal of the entire thyroid
apparatus, by the exhibition of 3-4 grammes of carbamate of
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soda. When the same subjects were treated with this salt in

combination with a soluble calcium salt, symptoms of tetany did

not follow.

THE PARATHYROID GLANDS AND THE
METABOLISM OF CALCIUM.

In the first part of this book reference \vas made to J. Loeb's
discoveries in connection with the physiological significance of

the kathions, especially of the effect which calcium salts have in

reducing neuro-muscular irritability. These discoveries have
some bearing upon the pathogenic aspects of tetany and they
have led the way to other experiments, undertaken with the object
of determining the connection between the parathyroid glands and
the metabolism of calcium. Quest (1905) induced a condition of

electric hypersensibility of the peripheral nerves in young dogs,
by means of a diet from which lime was excluded. He attributed
a genetic significance in infantile tetany to the scarcity of calcium
in the organism, and his view is confirmed by the fact that the

brains of children who die of tetany contain a smaller proportion
of calcium than those of normal children. Oddo and Sarles found
that the urine of tetanous children contained an increased amount
of calcium salts. Quest's results, however, were not confirmed by
those of either M. Cohn, or Leopold and v. Reuss.

Netter found that the convulsions of infantile tetany were

favourably influenced by the exhibition of calcium chloride, but
Stoeltzner obtained only an increased sensibility to electric

stimulus by this means. Unlike Quest, Stoeltzner explains the

spasmophilia as the result of calcium poisoning. He assumes
that the galvanic irritability of the peripheral nerves depends on
the calcium concentration in the tissues, and believes that an
excess of calcium inhibits convulsions.

The relationship which the quantity of calcium in the urine
and faeces bears to the general metabolism of calcium, has also
formed the subject of investigation. Experiments conducted with

dogs suffering from tetany, and similar clinical experiments, have

not, however, yielded conclusive results. Czybulski found that,
in a child of 7 months with tetanic symptoms, there was a far

smaller retention of calcium at the time of the seizures than in

the intervals between the attacks. In dogs from which the para-
thyroids had been removed and which were either starved or

kept on a uniform diet, MacCallum and Vogtlin found a con-

spicuous increase in the amount of calcium in the urine and faeces

as compared with the control animal. V. Reuss and Welde found
that, after partial parathyroidectomy, a dog showed increased
retention of calcium.

The contradictory nature of these results induced v. Reuss
and Leopold to try other methods to obtain more definite data
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concerning the metabolism of lime. They investigated the entire

amount of lime, in both normal rats and those which had been

deprived of the parathyroid glands. The latter showed no change
which could be described as abnormal and there was certainly no

reduction in the quantity of excreted lime. They found, however,
that in young growing rats afflicted with tetany, the entire amount
of lime was less than in normal rats; moreover, the proportion
of lime in the bones to that in the soft parts, was invariably lowrer

than in the control animal. The soft parts contained more lime,

the bones less, and this finding is in accordance with the histo-

logical changes in the bones and the teeth.

As a matter of fact, a knowledge of the total amount of

calcium does little to furnish a solution of the problem, for it

supplies no information as to the amount of physiologically active

free kathions. Leopold and v. Reuss think that the results of

their experiments justify them in the belief that the amount of

active calcium in the organism is reduced in tetany. This might
occur as the result of the activity of the tetany toxin in pre-

cipitating calcium
;
while at the same time the passive calcium

of the soft parts, which is ultimately excreted, is not only not

reduced but, by means of food rich in lime, may even be in-

creased.

The relationship between tetany and the metabolism of cal-

cium, though not as yet fully understood, forms the basis of

the therapeutic treatment of tetany by means of calcium salts.

MacCallum and Vogtlin found that the administration of a 5

per cent, solution of calcium acetate and calcium lactate, whether

by the mouth or by intravenous or subcutaneous injection, to

dogs from which the parathyroids had been removed, was followed

by disappearance of the tetanic symptoms. The improvement
lasted twenty-four hours

;
the convulsions then recurred, but these

were again subdued by a repetition of the treatment. Similar

results were obtained with magnesium salts, but in this case the

therapeutic effects were obscured by the anaesthetic toxic by-
effects. Calcium salts increased the tetanic symptoms, but these

were reduced by the exhibition of larger doses. MacCallum and

Vogtlin are of the opinion that, taken in conjunction with their

discoveries regarding the excretion of calcium, these therapeutic
results point to an activity on the part of the parathyroid glands
in controlling the metabolism of calcium. They believe that, after

removal of the parathyroids, active calcium is withdrawn from
the tissues and that there is, in all probability, an imperfect

absorption and assimilation of calcium. Suppression of the

calcium-ions causes muscular convulsion similar to that produced
in normal animals bv Loeb and MacCallum bv the administration

P'

of oxalates which, in combination with calcium, form insoluble

precipitates. In these cases also, the tetanic symptoms disappear
after the administration of fresh soluble calcium salts.
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The results obtained by Parhon and Urechie, Berkeley and
Beebe, and Bell and Martin, Ott, and by my own researches,
furnish unquestionable proof of the susceptibility of tetany to the

therapeutic influence of calcium salts. Slight, and even more

severe, attacks are very much ameliorated by the exhibition of

these salts, the symptoms sometimes disappearing altogether.
After eighteen to twenty-four hours, the symptoms return in

their former intensity. I did not find that the daily administra-

tion of calcium salts had any effect in prolonging the life of cats

from which the thyroid and parathyroids had been removed. It

must, however, be borne in mind that our knowledge of the

therapeutic effects of calcium salts in tetania parathyropriva does
not justify us in forming a definite conclusion with regard to the

pathogenetic significance of these salts. It appears very probable
that the calcium salts exercise an inhibitory effect upon the patho-
logical muscular convulsions, similar to that which they exercise

upon all forms of muscular contraction. This applies to the other

kathions (magnesium, barium, strontium), which also exercise a

favourable influence upon tetanic convulsions.

THE POINT OF ATTACK OF THE HYPOTHETICAL
TETANY TOXIN.

The first experiments with the object of localizing the seat

of tetany were carried out by O. Lanz in Horsley's laboratory.
Similar investigations have recently been undertaken by Mac-

Callum, by Falta and Rudinger, and by Biedl. The results are

as follows :

If, after parathyroidectomy, the nerve of one of the extremi-

ties is severed, no convulsion will take place in that limb. If

the nerve is resected at a moment when the whole body is con-

vulsed with tetany, the muscular contractions of that limb will

cease, and the hypersensibility of the nerve will rapidly disappear.
Pressure upon a nerve which has been severed some hours pre-

viously, will not produce a muscular contraction
; also, the nerve

is insensitive to galvanic stimulus. I have confirmed these

results by repeated experiment, but the findings do not agree with

those obtained by Falta and Rudinger. These observers severed

the sciatic nerve after the appearance of tetany; they found that

the electric hypersensibility persisted for several days and that the

normal irritability of the nerve persisted until the death of the

animal, which occurred nine days later. This discrepancy in

the findings is probably explained by the fact that in each case

I severed the whole of the nerve plexus of the front extremity,
while Falta and Rudinger severed the sciatic nerve only. The
resection of the sciatic nerve alone is not sufficient to arrest the

muscular contractions in the limb, and MacCailum for this reason
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severed also the anterior crural nerve and the obturator nerve.

Moreover, if the sciatic nerve is not divided high up, at the place
where the plexus emerges from the pelvis, communication with

the centre is not entirely cut oft", and hence the persistence of

the nervous irritability. In view of this fact, the explanation

given by the authors appears superfluous. This explanation is

that the increased excitement in tetany is due to the continued

abnormal loading of the entire neuron from the trophic centre

(the ganglion cell of the anterior cornu) with a substance, at

present unknown and not definable
;
and that this substance re-

mains for a time in the peripheral portion of the severed nerve.

The relationship of tetany to the spinal cord is best studied

in animals in which the cord is severed at the sixth or eighth
dorsal vertebra. The parathyroids may be removed at the same

time, or subjects with tetany may be employed; the results in

either case will be identical. After resection of the cord, there

will be complete flaccid paralysis of the hinder part of the body
with, at first, normal or exaggerated reflexes. If tetanic move-
ments either remain or reappear, the whole of the paralysed

portion of the body will show, in addition to slight fibrillary

contraction, rapid, lightning-like spasms of large muscular areas,

which resemble voluntary movements. It as an extraordinary

thing to see the paralysed hinder extremities contract so rapidly
and so violently that they appear to make running movements.
But there is a marked difference between the behaviour of the

fore and hinder parts of the body and this becomes particularly

suggestive as the muscular spasms work up to the height of a

tetanic seizure. The fore part of the body is affected with violent

clonic muscular contractions which are interrupted by tonic con-

tractions, the muscles being rigid in the intervals. The hinder

part of the body is much less affected. The muscles are relaxed,
there are fibrillary tremors, and single coarser lightning con-

tractions; movements resembling running movements occur, but

there is no trace of tonic rigidity. From these results it appears

highly improbable that the seat of the tetanic changes is in the

ganglion cells of the anterior cornua. MacCallum thinks that the

site of hyper-irritation is in the higher motor neuron, probably
just below the cortex.

Not enough attention has been given to the part played in

tetany by the higher portions of the brain, the cerebrum and
cerebellum. Horsley and Lanz are frequently cited as having
proved that extirpation of the motor areas of the cortex of one
side does not affect tetany of the other. But if the subjects are

closely watched, it will be seen that the half of the body which
has lost its motor centre is affected much more intensely than
the other, and that during the tetanic seizures the tonic muscular

rigidity of this side is very pronounced. During remission, on
the other hand, whether spontaneous or, as in my experiments,
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effected by means of thyroid extract, the hemiparesis, both in

dogs and cats, is far more pronounced than that usually seen after

extirpation of the cortical areas, where this is unaccompanied by
thyroidectomy. In one case extirpation of the cortical layer of

one side of the cerebellum of a cat, was followed by a distinct

increase in the tetanic symptoms of the same side of the body.
Some years ago, Lanz described a similar but

"
not entirely

conclusive result." He points out that the remarkable disturb-

ance of equilibrium and the staggering walk of many thyroidless

dogs, suggest that a portion of the cerebellum is concerned in

the causation of tetany. Lanz believes that his experiments point
to the medulla oblongata as the chief seat of tetany, but that

the higher centres also exercise an influence upon the contractions.

All attempts to localize the site of tetany have not, as yet,

led to any satisfactory solution of the problem. Rudinger's con-

tention that the condition of hyperirritability arises in the ganglion
cells of the anterior cornua, if not in the entire peripheral neuron,
did not survive the test of experiment. In a later publication by
Falta and Rudinger, the theory is modified to this extent, that

the condition of hypersensibility is attributed to the sensory and
motor ganglion cells, more particularly those of the peripheral
nerves. The authors suggest that the hyperirritability after para-

thyroidectomy arises from the suppression of the inhibition which,
under normal conditions, is conveyed from the parathyroids to

the spinal cord. Hence,
"
the continued storing of fresh energy

in the motor ganglion cells leads eventually to an overflow of

irritability, and this constitutes a tetanic attack."

This complicated hypothesis derives its sole support from

the fact that adrenalin glycosuria reappears in dogs from which

both the thyroid and the parathyroids have been removed; the

inference being that the parathyroids exercise an inhibitory effect

upon the sympathetic nerve. The theory cannot be said to have

stood the test of experiment, and it does not in any way add
to our understanding of the symptoms which follow cerebral

lesions and the resection of the spinal cord. These symptoms
point to the involvement of other and higher nerve centres in

the genesis of tetany, though they do not explain the manner
in which the intervention of the higher portions of the brain

takes place. The pathologico-histological findings, described by
MacCallum, in the central nervous system of tetanous animals,

which consisted in acute degenerative changes such as swelling
of the nuclei of the cells of the anterior cornua and chromatolysis
in the cortical cells, also point to the involvement of the central

nervous system.
In the present imperfect state of our knowledge of tetany,

all that we can do is to point to the increased irritability of the

nervous centres and of the peripheral nerves connected with them,

together with the spasmophilia to which this irritability gives
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rise as the characteristic features of the condition
;
but we are

not in a position to define either the exact anatomical seat of

tetany, nor indeed the nature of the tetanic changes. One thing

only can be affirmed with certainty, and that is, that the affection

of the muscles is not myopathic in origin.

PHYSIOLOGY OF THE THYROID GLAND.

EXPERIMENTAL EXTIRPATION.

A certain amount of light is thrown upon the functional

significance of the thyroid gland by the results which follow its

extirpation. It will be clear from what has gone before that,

before the function of the parathyroid glands was understood,

experimental extirpation of the thyroid could be of value in the

case of those animals only in which removal of the thyroid did

not necessarily include removal of the parathyroids. Hence, the

only results of any value were those obtained exclusively with

the herbivoras. As a matter of fact, it is only the more recent

experiments, those in which the parathyroids have been purposely
spared, which can be regarded as a rational basis for the investi-

gation of the phenomena associated with the thyroid gland. This

applies more particularly to the investigation of the pathogenesis
of those symptoms which characterize the suppression of the

parathyroid, as well as of the thyroid, glands.
The results of thyrotoxic serum in the thyroid disturbance

have been investigated by various authors (Gontscharnkoff,

Mankowsky, Yates, MacCallum, Portis, Demoor and van Lint,

Liithke, Slatineano), but with very partial success. Several of

these describe a condition resembling cachexia thyropriva, but

in the greater number of instances the symptoms are those of

acute tetania parathyropriva. Slatineano found that, in addition

to its haemolytic action, thyrotoxic serum exercises a specific and

very decided influence upon the thyroid. In small doses, it acts

as a stimulant and promotes the secretion of colloid; after larger

doses, the colloid diminishes and there is hypertrophy of the

epithelial cells of the follicles, followed by acute degeneration
of these cells and their rapid destruction. Portis found that

the exhibition of thyrotoxic serum was followed by degeneration,
not of the thyroid only, but of the liver, spleen and kidneys.
Marchetti's finding, that the blood of patients with thyroid
affections gives a precipitation with thyrotoxic serum from

rabbits, was not confirmed by Schutze.
.Both the recognition of the symptoms of suppression and the

estimation of their pathological significance are influenced by
one very important factor. It must always be remembered that

accessory glands, distinct from the principal organ and situated
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at a greater or less distance from it, are of by no means rare

occurrence. Many animals, especially dogs, are not necessarily

thyroidless because the thyroid gland has been removed from
the neck. After thyroidectomy, cases such as these frequently
show only passing symptoms of suppression, or the signs may
be absent altogether.

There is a certain amount of difference between the signs of

thyroid suppression in young growing animals and in adults.

This difference does not affect the essential character of the

changes, the so-called athyrosis, which always involves the

metabolic processes of the entire organism. In the case of young
individuals, however, the derangement of metabolism is mani-
fested with peculiar distinctness in the changes which take place
in the processes of growth.

Hofmeister (1892) found that the extirpation of the thyroid of

young rabbits, the external parathyroids being left in situ, was
followed by a retardation of growth and the development of a

condition of chronic cachexia.

Further experiment showed that the arrest of growth was
due to a remarkable retardation of the process of ossification,
both of the epiphyses and of the synchondroses. The long
bones, the pelvis and the vertebral column, showed the greatest

departure from the normal, the skull the least. The growth of

the long bones was retarded to the extent of at least a third of

their proper length, and microscopic examination of the epiphysial
line showed specific degeneration, consisting in a reduction of

normal cell proliferation, combined with vesicular swelling of

the cartilage lacunas and shrinkage, or even partial destruction,
of the cells.

In the internal organs, Hofmeister found a condition similar

to that described by Rogowitsch in the case of adult rabbits,

namely, enlargement of the glandular portion of the hypophysis
cerebri, and the appearance of large vacuoles in the protoplasm
of the enlarged principal cells. Moreover, he observed a similar

formation of vacuoles, together with degenerative changes, in

the epithelial cells of the looped uriniferous tubules. The con-
dition of the organs of generation was particularly striking. In
addition to degenerative changes, the ovaries invariably showed
premature maturity of many of the follicles. Jeandelize dis-

covered later that, in male animals, there is imperfect development
of the testicles.

v. Eiselsberg found that in sheep whose thyroids had been
removed at the age of ten days, there was conspicuous retardation

of growth and a change in the mental condition, which forcibly

suggested the idiocy of cretinism. Post-mortem examination
showed that, in addition to a high degree of derangement of the

processes of skeletal growth, there was widespread atheromatous

degeneration in the aorta. The intima was covered with very
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hard, smooth, white plates which, under the microscope, showed
either calcification or fatty degeneration. The testicles were very
small.

In goats, operated on three weeks after birth, the same author
was able to observe a difference in growth in comparison with

the control animal as early as one month after operation. At the

end of four months, the thyroidectomized goat was half the weight
of the control animal. In addition to shortening of the bones
of the extremities, there was marked shortening of the frontal

part of the head, the occipital part appearing exaggerated by
comparison. There were also remarkable changes in the growth
of the hair. The thyroidectomized sheep had poor fleece and
the fur of the young rabbits was scanty, but in the young goats
there was a conspicuous increase in the growth of the hair, and the

long hairs could be pulled out in handfuls. The horns, however,
of both sheep and goats, were equally stunted in growth. There
was also meteoristic swelling of the abdomen, reduction of

temperature, and arrested development of the sexual glands.
Both the general apathy and the atheromatous degeneration of

the aorta were very marked in goats. Pick and Pineles found

pronounced sclerotic changes in the aorta and enlargement of the

suprarenals of two goats, from which the thyroid had been
removed at the age of 6-10 weeks, one of which had been treated

with iodothyrin. In a pig which had been thyroidectomized at the

age of 4 weeks, v. Eiselsberg found that there was marked
arrestation of growth unaccompanied, however, by apathetic

idiocy, the animal being as lively as normal animals.

In pigs, which had been thyroidectomized at the age of a

few weeks, Moussu saw a condition several weeks later, which

closely resembled myxcedema. There was swelling of the

abdomen and formation of infiltrated cutaneous folds; the skin

became bald in places and, in others, was covered wTith remarkably
long and thick bristles; there was also arrestation of growth.

The infantilism, the imperfect activity of the sexual glands
and the general torpor, are very apparent after thyroidectomy in

hens. Lanz found that such birds lay very few eggs and that

these are abnormally small and covered with a very thin shell.

The laying capacity may be increased by feeding with thyroid

gland.
In those species where the parathyroids are in close

anatomical relationship with the thyroid, and where extirpation
of the latter necessarily included the removal of the former, the

operation was invariably followed by acute symptoms of sup-

pression. The violent and fatal tetany in carnivora was believed

to result from suppression of the thyroid function. After the

discovery of the parathyroid origin of tetany, I set myself to \vork

to produce the same clinical picture in dogs as that presented by
the herbivora after removal of the thyroid. I was especially
anxious to reproduce the arrestation of growth in young animals.
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After the thyroid has been removed from dogs 3-5 weeks old,

the parathyroid bodies being left intact, the animals may be kept
alive for months or even years, provided that post-operative tetany
does not supervene. After about two months, the animals show a

considerable difference in size, as compared with control animals
of the same litter. After six months, this difference becomes so

marked that the control animals will weigh two or three times

as much as the thyroidectomized animals.

I found that the constitutional changes were also very
noticeable.* The thyroidectomized animals are much smaller, the

legs are short and fragile, and the skull is rounded, with a

projecting infantile forehead. As a result, apparently, of

disproportion between the size of the viscera and that of the

skeleton, the abdomen appears to be very much distended.

Occasionally there is a peculiar deformity of the breast-bone.

It is remarkable that the mental apathy and impaired intelligence

which, according to v. Eiselsberg, is invariably displayed by
thyroidectomized sheep and goats, is absent in the case of young
dogs. This is the more remarkable in view of the fact that

spontaneous cretinism is known to occur in young dogs (v.

Wagner). Examination of the skeleton shows that all the bones,
and especially the hollow long bones, are remarkably fragile in

thyroidectomized dogs, while in the herbivora, on the other hand,
the bones are short, thick and heavy. The post-mortem
examination of my thyroidless dwarfed dogs revealed the per-
sistence of an exceptionally large thymus, where normally only
slight traces of this organ are found

; up to the second or third

year there was distinct hypertrophy of the hypophysis cerebri

with increase of colloid; a slight hypertrophy of the cortical part
of the suprarenals ;

and a very noticeable hypoplasia of the sexual

glands. In one instance I found a very much hypertrophied
accessory thyroid gland embedded in the adipose tissue of the

aorta. The skin showed neither the clinical nor the histological

changes characteristic of myxcedema. Similar results have since

been obtained with dogs by Massaglia, and by Parhon and Gold-
stein with cats. The arrest in the growth of the skeleton and in

the development of the sexual organs is the typical and invariable

result of the absence of the thyroid function in both carnivora and
herbivora.

The changes seen in older animals after thyroidectomy are,

as a general rule, much less clearly marked. They are principally
confined to changes in the metabolic processes, the clinical mani-
festations of which are : Loss of appetite, sluggish digestion,
increased emaciation, and, finally, cachexia thyropriva.

Loss of intelligence is rarely seen. The disinclination for

*
Illustrations will be found in A. Biecll,

" Innere Sekretion," Vorlesungen, 1902,

Vienna, 1903. Wiener Klinik, xxix, 1903.

5
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active movement and the indolence of the movements are

symptoms of apathy. Trophic disturbances of the cuticle are

very frequent, and consist in falling of the hair, dryness of the

skin, and more or less extensive eczema. A myxcedematous
swelling of the subcutaneous cellular tissue, together with idiocy,
has been described by Horsley in apes, by Moussu in pigs, goats
and sheep, and by v. Wagner in cats. Personally I have never

seen, in any animal species, changes in the skin resembling those

of myxcedema.
The changes in the blood are also remarkable. There is a

marked and continued decrease both in the number of red blood

corpuscles and in the amount of haemoglobin, accompanied by an

increasing leucocytosis, in which, more particularly, the number
of the mononuclear and eosinophile cells is augmented (Falta
and Berterelli).

The typical and, in my experience, the invariable result of

suppression of the thyroid function in adult animals, is a pro-

gressive emaciation, which increases to pronounced cachexia and
culminates in death. These results are absent only in those, not

very rare, cases where accessory thyroids are present, the hyper-
function of which more or less completely replaces the suppressed

activity of the principal organ. Such accessory glands are of

somewhat frequent occurrence in dogs, and may be reckoned

upon in one case out of five; in cats they are rarer.

In cats, the emaciation begins after two or three days, before

there is any appreciable diminution of appetite. Later, the

appetite disappears entirely, the animals refusing all food but

milk, and after a few weeks become extremely emaciated in

consequence. In dogs, the loss of weight begins a good deal

later and progresses so slowly that the animals may live for

months, even one to two years, after removal of the thyroid. They
then present, however, a wretched picture of emaciation and trophic
cuticular derangement. Death in such cases most frequently
occurs from infective diseases accidentally acquired.

Of the post-mortem findings, the most characteristic is the

enlargement of the hypophysis cerebri," which varies in degree

according to the length of life after operation. In animals which
have lived for some time after thyroidectomy, the hypophysis is

frequently two or three times as large as in control animals.

The changes which take place in the pituitary after

thyroidectomy were first described by Rogowitsch in 1888. He
found an increase in the size of this organ in rabbits and dogs
as early as eight to fourteen days after operation. The histological

changes consisted in an increase in the amount of cell protoplasm
and an enlargement of the space between the nuclei

;
the number of

vacuoles in the cell-body and the amount of colloid were both
increased. In addition, there was a marked dilatation of the

blood-vessels, and the organ contained a very large amount of
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blood. These findings were confirmed by those of later authors

(Stieda, Tizzoni and Centanni, Hofmeister, Gley, Leonhardt,
Pisenti and Viola, Alquier, Lusena, Thaon, Torri, Lucien and

Parisot). Katzenstein and Traina were unable to find hyper-

trophy of the hypophysis after thyroidectomy, and this is

obviously due to the fact that their subjects were examined too

soon after the removal of the gland. Cimoroni showed that the

hypertrophy of the pituitary gland is due to the removal, not of

the parathyroids, but of the thyroid. According to this author,
the hypertrophy of the hypophysis, consequent upon thyroidec-

tomy, acquires a specific character from the presence of certain

cells, which distinguish it, more particularly by their size, from
the hypertrophy which follows castration.

Herring describes noticeable changes affecting the glia cells in

the nervous parts of the hypophysis after thyroidectomy.
The enlargement of the spleen, which is sometimes seen

after removal of the thyroid, cannot be regarded as typical of

the condition.

The changes in the processes of metabolism which follow

thyroidectomy are constant and, to a certain extent, characteristic.

The older experiments, those in which thyroparathyroidectomy was
carried out with dogs and cats, can scarcely be employed as evid-

ence in this connection. The muscular contractions characteristic

of the acute tetany which follows this operation bring about an

augmented metabolism
; moreover, as animals in this condition

are either unable to take food or take it very spasmodically, it is

obvious that accurate observation of metabolic changes is

impossible. For this reason, a large number of experiments
undertaken with the object of determining the metabolism of gases
and of albumin (E. Maier, Smith, Michaelsen, Dutto and Monaco,
E. Roos, Ver Ecke, Verstraeten, Gluzinski and Lemberger,
Formanek, Ducceschi, &c.) are highly contradictory in their

results.

Extirpation of the thyroid alone brings about a diminution

of metabolism, a fall in the physiological interchange of gases
and a reduction in the amount of albumin required by the

organism. Eppinger, Falta and Rudinger found that, in

thyroidectomized dogs in which the parathyroids were left intact,

the metabolism of albumin in the fasting state is lower than in

normal dogs of the same weight. In larger animals, provided
that hypertrophied accessory glands are not present, the reduction

in the amount of albumin metabolized in the fasting state amounts
to one-third. The exhibition of carbohydrates or fats either

does not lower the metabolism of albumin, or does so in a

lesser degree than under normal conditions.

The metabolism of the carbohydrates in thyroidless animals

has been dealt with by various authors. According to Falkenberg
and R. Hirsch, the removal of the thyroid produces glycosuria and
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a diminished capacity for
'

the assimilation of grape sugar.

Eppinger, Falta and Rudinger found, on the contrary, that

thyroidectomy never produced glycosuria, and that feeding with

large quantities of sugar was not followed by sugar in the urine.

They pointed to the remarkable fact that an adrenalin injection

which, in normal animals, provokes extreme glycosuria together
with an increased metabolism of albumin in the fasting state,

does not produce glycosuria in thyroidectomized animals, even

where sugar is given at the same time. Moreover, the

decomposition of albumin in the fasting state is decreased in such

animals after the injection of adrenalin. These authors account for

the glycosuria and the diminution of the normal assimilation of

sugar in Falkenberg and R. Hirsch's animals, by the fact that

in all their experiments the entire thyroid apparatus was removed.
After thyroparathyroidectomy, there is a disturbance of the

metabolism of the carbohydrates; this, according to Underhill

and Tadasu Saiki, is illustrated by the fact that, after the sub-

cutaneous injection of 5-7 grm. sugar in 20 per cent, solution for

every kilogramme of weight, there is a marked excretion of sugar,
which is continued over a considerable period. Eppinger, Falta

and Rudinger showed, further, that adrenalin produces in dogs
from which the entire thyroid apparatus has been removed, a

more marked glycosuria than in normal animals, and that, at

the same time, the metabolism of albumin in the fasting state

may be augmented. After the extirpation of several parathyroids,
there was a more or less marked reduction in the assimilation of

sugar, and this applies also to those cases where there were no

apparent symptoms of tetany. The effect upon metabolism of the

suppression of the parathyroid function is the reverse of that

produced by suppression of the thyroid ;
for in true athyrosis the

assimilation of sugar is increased and the exhibition of adrenalin is

not followed by glycosuria. R. Hirsch, however, regards the

reduced capacity for the metabolism of sugar and starch after

parathyroidectomy as a typical symptom of tetany. The

glycosuria makes its appearance in tetany after the nervous

symptoms have become manifest, and this led Hirsch to believe

that it is due to intervention of the nervous system.
The experiences of Eppinger, Falta and Rudinger in regard

to the absence of glycosuria after the exhibition of adrenalin in

thyroidectomized animals, was confirmed by Grey and de Santelle

with dogs, and by Pick and Pineles with young goats but not

with rabbits
;
while Underhill and Hilditch found that there was

distinct glycosuria after the exhibition of adrenalin in dogs.
Ritzmann found that, in the first two days after thyropara-
thyroidectomy, the intravenous infusion of diluted adrenalin solu-

tion did not produce glycosuria in cats, even where the quantity
used would be considered large in the case of normal animals. The
action of adrenalin becomes negative at the maximum development



THE THYROID APPARATUS 69

of the acute symptoms which follow extirpation, and the reduction

of the adrenalin glycosuria keeps pace with the development of

the symptoms characteristic of suppression. According to

Ritzmann, this is not the result of suppression of the thyroid
function, but is due to a change of conditions which arises while

the organism is adapting itself to the absence of the thyroid
function.

The relationship between the thyroid gland and the

metabolism of the carbohydrates, suggests that this correlation is

dependent upon the agency of an organ of the highest importance
to the metabolism of the carbohydrates, that, namely, of the

pancreas. Lorand was the first to suggest a relationship between
the thyroid gland and the pancreas, and he endeavoured to support
his theory by histological and experimental investigation. He
pointed to the fact that after extirpation of the thyroid in dogs
from which the pancreas has been removed, the sugar disappears
from the urine; and that where the pancreas is extirpated and the

thyroid spared, the colloid contents of the latter increase. Licini,

more recently, describes the histological signs of increased thyroid

activity, and Falta and Bertelli found that, after thyroidectomy,
there was a distinct hypertrophy and increase in the number
of the islands of Langerhans.

The results of the experiments undertaken by Eppinger, Falta

and Rudinger \vith the object of determining the relationship
between the thyroid and the pancreas may be summed up as

follows :- ,

I. If the thyroid is removed seven to thirteen days before

extirpation of the pancreas, the resulting diabetes will be charac-

terized as follows :-

(a) The metabolism of albumin in the fasting state is slightly
more than that of the control animal

;
but if the pancreas only is

removed, the metabolism of albumin will be increased three- or

four-fold.

(b) The quotient D :N (Dextrose: Nitrogen) is considerably

higher than after extirpation of the pancreas alone. In the latter

case it oscillates regularly between 2.8 and 3, but after removal
of the thyroid it rises to 3.5. These figures apply both to animals
in the fasting state and those fed on flesh.

(c) The reduction in weight of dogs in the fasting state is

comparatively slight.
II. If the pancreas and thyroid are removed at the same

time, the suppression of the thyroid is the first to make itself

gradually felt. On the first day after operation, there is an
increase in the decomposition of albumin in the fasting state,

which exactly resembles that following removal of the pancreas
alone. But in place of a further increase in the decomposition of

albumin, the rise is followed by a fall which, in this case also,

raises the quotient D :N above the normal.
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These results led Eppinger, Falta and Rudinger to the

conclusion that the thyroid and the chromaffine system, together
with, as Falta and Berterelli discovered later, the infundibular

portion of the hypophysis cerebri, constitute a group of vascular

glands which augment and accelerate the processes of metabolism.
The balance is maintained by the antagonistic activity of those

other vascular glands which, like the pancreas and the

parathyroids, exercise a retarding influence upon metabolism.
Now as these two groups of internal secretory glands possess

physiological interrelationships with one another, the extirpation
of a vascular gland is followed by two different sets of phenomena.
In the first place, there are the direct results, due to suppression
of the specific secretion

;
in the second, there are the indirect

results, due to derangement of other glands, the functions of

which, under normal conditions, were either stimulated or

inhibited by the activity of the suppressed gland. The thyroid is

believed to promote the activity of the chromaffine system and to

inhibit that of the pancreas. The direct results of thyroidectomy
consist in reduction in the metabolism of albumin, fat and salt.

The indirect results are, on the one hand, the absence of

stimulation of the chromaffine system, and on the other, a hyper-
activity of the pancreas due to the removal of the inhibitory agent.

Eppinger, Falta and Rudinger believe that the nervous system
is the agent by which the interactivities of the vascular glands
are affected, and by means of which they are enabled to influence

the processes of metabolism.
The relationship of these organs to the vegetative nervous

system is two-fold. In the first place, each gland is innerved by a

definite portion of the vegetative nervous system ;
and in the

second, the internal secretion of each gland reacts upon the

condition of irritability of the nerve by which it is supplied. That

group of internal secretory organs which promotes metabolism has
a sympathetic innervation and stimulates the sympathetic nerves,
at the same time exercising an inhibitory effect upon the

autonomous nerves. The group which retards metabolism, on
the other hand, possesses an autonomous innervation and, while

stimulating the autonomous nerves, inhibits the sympathetic.
The thyroid gland possesses a double function

; being furnished
with both an autonomous and a sympathetic innervation, it is able

to affect both portions of the vegetative nervous system.
The suppression of the thyroid is followed by a decreased

irritability of the sympathetic nerve, and this is manifested in a

sluggishness of the circulation and in certain trophic disturbances.

Adrenalin exercises a direct influence upon the sympathetic nerve,

but, after thyroidectomy, its exhibition is not followed by
glycosuria and it provokes only an inconsiderable rise in blood-

pressure. At the same time, the athyrosis produces a decreased

excitability of the autonomous nerves, as shown in the sluggish-
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ness of intestinal peristalsis, the insignificant effects produced by
pilocarpin, and the intensified action of atropin upon the eyes
(Asher).

That thyroidectomy has an effect in reducing the metabolism
of fats has been proved by experiments.

With regard to the metabolism of salts, Falta, Tedesco, and
Bolaffio found that dogs which had been thyroidectomized some
time previously did not show a decreased assimilation during the

first few days of the fasting state. Cases have been described,

however, where the excretion of the chlorides and the amount
of calcium, phosphorus and magnesia present in the urine were
decreased after thyroidectomy, while the amount of calcium and

phosphorus in the faeces and of magnesia in the urine became
increased after the exhibition of thyroid preparations (Falta).

These results would seem to show that the suppression of the

thyroid function reduces the metabolism of salts in the same

way as it does that of albumin, though the two processes do not

proceed parallel to one another.

ATHYROSIS AND HYPERTHYROSIS IN MAN.
Sir William Gull (1873), under the title of

"
Cretinoid State

in Adult Life in Women," described a symptom-complex which,
later, was termed "

myxcedema
'

by W. Ord (1877), and
"
cachexie pachydermique

"
by Charcot (1879), and which was re-

garded, by both these authors, as a separate clinical entity. Curling,
at an earlier date, described the atrophy or absence of the thyroid

gland in sporadic cretinism
;
and the pathogenetic significance of

the thyroid gland in myxcedema was suspected even at that date.

But until the publications of both Reverdin and Kocher in

1882-1883, the clinical conditions which follow suppression of

the thyroid were either unknown or were unappreciated. These

authors, writing independently of one another, described the

symptoms which are observed after the total extirpation of a

degenerated thyroid gland. Reverdin named this condition

Myxosdeme postoperatoire ; Kocher called it Ccichexia strumipriva.

OPERATIVE ATHYROSIS.

The most constant symptom of thyroid insufficiency in the

young growing individual, in man as in animals, is a remarkable
disturbance of the processes of growth. This takes the form of a

retardation of the growth in height, the growth in breadth con-

tinuing very much as in the normal (v. Bruns). The arrestation

of development produces a dwarf-like appearance of the individual,
due to imperfect endochondral ossification. The unclosed

epiphysial lines may be seen in skiagrams, and post-mort&m
examination shows that the ossification of the ends of the
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epiphyses is extremely deficient, while the periosteal bone forma-

tion is undisturbed. But the changes are not in the skeleton only ;

the entire organism shows signs of arrested development. The most
marked of these is the infantilism of the sexual organs, in conse-

quence of which puberty is either very retarded, or is absent

altogether. Of the other organic changes, the most important is

the enlargement and degeneration of the hypophysis cerebri, first

described by Schonemann. The enlargement is easily seen in

life by means of skiagrams. In addition to the somatic changes,
there is a very marked arrestation of mental development. As
this shows itself in a decreased locomotion and an impaired

intelligence, the clinical picture presented by such thyroidless
children is very suggestive of that of cretinism.

In adults, where the signs of arrested growth are absent, the

most conspicuous symptoms are those of nervous derangement.
There are fatigue and pains in the limbs, followed by pronounced
lethargy, and in spite of the fact that the muscular structure is

well developed, there is a remarkable deficiency in muscular power.
This is followed by a reduction in mental activity and power.
Of the somatic signs, the most important are the changes in the

skin, from which the disease myxcedema derives its name. The
skin is remarkably white and wax-like

;
it is thickened and puffy,

yet at the same time dry. There is a peculiar cedematous swelling
which appears first in the face and afterwards in the extremities ;

it yields very slightly to pressure and gives a peculiar awkward-
ness to the body and a fixed expression to the face. The
circulation of the blood and the nourishment of the skin are both

much impaired. The coldness to the touch, and pallor of the

skin are objective signs, as the persistent sensation of chilliness

is the subjective sign, of the reduced cuticular circulation. The

dryness and scaling of the skin, the chronic eczema and secondary
pigmentation, and the blanching and loss of hair, are all signs
of trophic disturbance. The visible mucous membranes of the

tongue, the uvula and the nose, all show signs of cedematous

swelling. The changes in the function of the sexual organs are

very remarkable. In women, menorrhagia is an unfailing

accompaniment of athyrosis. Should pregnancy occur, as it

sometimes does, the signs of athyrosis will be greatly intensified.

Markedly cachectic men are sterile. The blood-changes consist

in a somewhat high degree of anaemia, a very great reduction

in the number of red corpuscles, accompanied by a proportionate
increase in the number of the leucocytes and, more especially, of

the mononuclear cells.

In the absence of the thyroid gland it is possible, according
to Kocher, for man to live for seven years, though in a condition

of pronounced cachexia. Apart from the supervention of com-

plicating conditions, he may die as the result of the cachexia.

Symptoms of suppression occur in 70 per cent, of the cases



THE THYROID APPARATUS 73

of total extirpation. Where these do not appear, either the gland
was not removed in its entirety, or accessory thyroids are present.

Symptoms of cachexia may appear after partial extirpation of

goitrous glands. In such cases, however, the symptoms are

much milder and the condition is one of mitigated cachexia

thyropriva, analogous to Hertoghe's spontaneous
"
chronic

benign hypothyroidism."
The evil consequences of treating goitre by the surgical

method may be largely avoided, if a proportion of the glandular
tissue is allowed to remain in situ. It is hardly possible to define

the exact quantity. Kocher thinks that, in the case of diffuse

goitres, at least a quarter of the gland must be preserved if

dangerous symptoms are to be avoided.
There is sometimes spontaneous recovery from the symptoms

of suppression which follow total extirpation of the thyroid.
These coincide with the growth of a so-called "goitre relapse,"
and the improvement is explained by the fact that the new
formation is not of goitrous tissue, but is a hyperplastic develop-
ment of remains of normal glandular tissue which were left in situ.

These cases are instances of autotransplantation. On the other

hand, cachexia may develop after partial extirpation of a goitre,
the phenomena in this case making their appearance at the

moment when goitrous degeneration appears in the remains of

the lobe, or in the lobe of the other side. As Kocher points out,
there are goitres and goitres. In one case, goitre may be the

result of hyperplasia of functionally active thyroid tissue; in

another, it may mean a degenerative process leading to sup-
pression of the normal thyroid function.

TRUE ATHYROSIS AND HYPERTHYROSIS.

Having given an account of the results which follow the

operative removal of the thyroid gland, it is fitting that those

genuine clinical conditions which are brought about, to the best

of our knowledge, by the suppression of its function should next
be described. The first of these is myxoedema adultorum,

generally known as myxoedema. It is not necessary to describe

the symptoms of this condition, for to do so would be to repeat
the clinical description of cachexia strumipriva. The identity of

the symptoms justifies the name of
"
operative myxoedema,"

which is sometimes given to cachexia strumipriva. Moreover,
though the post-mortem findings in true myxcedema are somewhat

scanty, they show that this condition, like cachexia strumipriva,
owes its origin to the suppression, or to the conspicuous reduction,
of the activity of the thyroid gland. The thyroid is invariably
much reduced in size and occasionally completely atrophied;
it is pale in colour, and, under the microscope, shows obliteration

of the glandular parenchyma together with proliferation of the
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interstitial connective tissue. We are still, even at this date,

entirely in the dark in regard to the etiology of this slow, pro-

gressive atrophy of the thyroid tissue. We only know that women
are far more frequently affected than men (80 per cent.) ;

that

the disease is frequently associated with disturbance of sexual

function, and occasionally with acute infective conditions; and
that it occurs with much greater frequency in countries where

goitre is not endemic (Great Britain, Belgium).
The abortive forms of true myxcedema, to which Hertoghe

gave the name of Hypothyroidie benigne chronique, resemble the

myxcedema postoperativum frustrum which appears after partial

thyroidectomy.
These cases, which have latterly received a good deal of

attention, generally show only isolated, though characteristic,

secondary symptoms of myxcedema; such are trophic and
vasomotor disturbance of the skin, absence of perspiration, falling
of the hair, and, occasionally, oedema. Functional disturbances of

the sexual organs, such as menorrhagia, also occur. The manner
in which these cases respond to treatment with thyroid extract

shows that the condition arises from a reduced thyroid activity, or

hypothyreosis.
Another clinical condition which ought to be included in

this group is Adiposis dolorosa, or Dercum's disease, but its

pathogenetic relationship to the thyroid gland is by no means

fully established. In 1888, the American neurologist, Dercum,
described a condition in many respects resembling myxcedema,
but characterized by the appearance in the connective tissue at

different parts of the body, of circumscribed and very painful

fatty tumours. In addition to the localized fatty tumours, there

are also diffuse fatty deposits and, at times, a remarkably obese

bodily habit. Side by side with this, there is usually pronounced
muscular weakness, the patients performing only the most

necessary voluntary movements on account of the pain induced

by muscular action. The will-power is generally unimpaired,

though there is sometimes an apathy reminiscent of that of

myxcedema, and more rarely a condition of psychic exaltation. No
information concerning the metabolism of the condition is forth-

coming; in some cases glycosuria has been observed. A
remarkable feature of the condition is the absence of eosinophile

leucocytes from the blood. Six cases have come under post-
mortem examination, and of these five showed more or less far-

reaching pathological changes of the thyroid gland. In one case,

described by Dercum and MacCarthy, the thyroid was normal, but

there was adeno-carcinoma of the hypophysis cerebri.

The pathological anatomical findings appear to point to the

thyroid as the originating cause in adiposis dolorosa. But the

hypophysis undoubtedly plays a part in the genesis of this con-

dition, and it is probable that the sexual glands also are concerned,
as in such cases they are frequently atrophied.
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Certain French authors (Fere, Kaplin, and Fedoroff) are of

the opinion that this condition is an obesity due to hysteria, and
that the thyroid is without pathogenetic significance.

The exhibition of thyroid gland in adiposis dolorosa has

occasionally been attended with success, but, in many cases, it

has been entirely without result.

A special pathogenetic significance is ascribed to thyroid

insufficiency in the changes which occur in later life, and which
are included in the term cachexia of old age, or senile

degeneration. The foundation for the theory that old age results

from changes in the thyroid gland lies in the fact, commented upon
by Horsley, that in old age the thyroid becomes atrophied, its

follicles shrink and retrogressive changes take place in the

epithelial cells. This is reinforced by the fact that there is a

profound analogy between the signs of advanced old age and those

of myxoedema. The falling of the hair and the dropping out of

the teeth, the dry and wrinkled skin, the lowered temperature of

the body, the diminished perspiration, the indolent digestion and

consequent emaciation, the reduced metabolism and consequent

primary deposit of fat, followed by emaciation, the atrophy of

the sexual organs, the decrease of mental power, and the

diminution of the activity of the entire nervous system these are

all symptoms which characterize chronic myxoedema. Horsley
holds the view, which is even more emphatically expressed by
Vermehren, that senility is due, at any rate in part, to

degeneration of the thyroid gland, while myxoedema may be

described as a condition of premature senility.
Premature decay, called progeria by Gilford, was regarded

by Rummo and his pupils as a separate clinical entity and was
described by them under the name of senilismus or geroderma
genitodistrofico.

This condition is characterized by the appearance, in youth,
of senile changes in the skin and a defective development of the

sexual apparatus; it is believed to depend upon changes in the

thyroid gland and is regarded as a form of myxoedema frustrum.

Lorand recently advanced the view that old age, or senile

involution, has an etiological relationship, not with the thyroid

only, but with all the organs which possess an internal secretory
function. He points out the similarity between the changes of

senile decay and the symptoms of myxoedema, and he lays par-
ticular stress upon the reduction of metabolism, the trophic

changes in the skin, the general increase of connective tissue,

and the cessation of sexual activity, all of which are symptoms
characteristic of both conditions. He believes that the atrophy
of the thyroid is the result of retrogressive changes in other

internal secretory organs (hypophysis, suprarenals).
There is, however, one point in connection with this theory

which must not be overlooked. We have no proof that there is
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an etiological relationship between the symptoms of senile

cachexia and the retrograde changes which, in this condition, take

place in the internal secretory organs. The possibility suggests
itself that these changes are not the cause, but the consequence,
of the general nutritional disturbance which occurs in old age.
As Ewald rightly points out, the atrophy of the intestinal tract,

which is an invariable and characteristic feature of senile cachexia,
is absent in myxoedema.

We have not sufficient grounds for the assumption that senile

decay results from the suppression of function of internal secretory

organs other than the thyroid gland. The pathogenesis of this

condition offers a wide field for investigation.
We are very much better informed in regard to the patho-

logical consequences of thyroid insufficiency in youth.
In addition to myxcedema, conditions occur in young growing

individuals as a result of suppression of the thyroid function,

which, like those which follow operative athyrosis, are charac-

terized by derangement of the processes of growth and serious

mental deficiency. Owing to the similarity which these cases

bear to those of endemic cretinism, they are generally included

under the heading of sporadic cretinism. Out of the medley of

these cases, Pineles, with considerable penetration, distinguished
two distinct clinical entities, namely, congenital myxoedema,
which he calls thyroplasia, and infantile myxcedema. In addition

to myxcedematous signs, both conditions present symptoms of

derangement of the processes of growth, though these are not as

severe in the latter condition as in the former.

Infantile myxcedema appears at or after the fifth year; it

resembles adult myxcedema in its distribution and in its clinical

course, but more particularly in the fact that it is never congenital,
but always acquired. In both cases the condition is due to patho-
logical changes leading to atrophy of an already completely
formed thyroid gland.

But in congenital myxcedema the case is otherwise, and we
have to do with a congenital thyroid deformity, a thyroidaplasia,
in fact. From evidence afforded by the literature of the subject,
Pineles drew the conclusion that the complete absence of the

thyroid, the parathyroids being present intact, is not the secondary
result of a previous pathological condition, but is a congenital
defect of development; it is, in fact, true spontaneous thyroid
suppression. The clinical picture, as in operative athyrosis, is

one of extreme severity ;
there are pronounced dwarfism, extreme

idiocy, and marked symptoms of myxcedema, all of which are

present from earliest childhood.

Congenital myxcedema, the symptoms of which closely re-

semble those of endemic cretinism, differs from the latter condition
in the sporadic nature of its occurrence. Moreover, endemic
cretinism is never, and goitre very rarely, found in the antecedents
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of congenital myxcedema, while goitre is almost invariable in

the antecedents of endemic cretinism.

Hypothyrosis in children also includes the condition known
as infantilism.

Infantilism, as defined by Lasegue, is a disturbance of

development, the salient feature of which is the persistence, in

both the mental and physical state, of infantile characteristics.

The chief clinical signs of this condition are the small size of

the bones and internal organs, the defective development of the

sexual glands and accessory sexual organs, and the childishness

of the mental state.

The term infantilism was afterwards made to include those

cases of arrested development which result from nutritional de-

rangements and from diseases of the vessels, the brain, c. This
form is known as infantilismus dystrophicus or typus Lorrain,
and its etiology is to be sought in a number of widely different

originating causes. It may appear, as the result of hypoplasia
of the vascular system (Virchow), in hereditary syphilis ; after

alcoholism and other forms of chronic poisoning in the parents;
in primary cerebral disease; as the result of infective diseases

contracted in early life (tuberculosis, pellagra) ;
metabolic derange-

ments (chlorosis) ;
cardiac disease (pulmonary and mitral insuffi-

ciency) ;
and finally, as the result of unhygienic surroundings

and insufficient nourishment in early childhood.

A closer study of infantile myxcedema and cretinism, and
the recognition of the pathogenetic significance of the thyroid

gland in these conditions, led Brissaud, and after him a number
of French scientists (Meige, Thibierge, Hertoghe, c.), to in-

vestigate the close relationship which exists between the abortive

forms of myxcedema and certain forms of infantilism. Brissaud
named these conditions infantilismus myxcedematosus, or myx-
infantilisuius, and he believed that both the dystrophic and the

myxcedematous types were thyrogenetic in origin.

Many authors, especially Hertoghe, ascribe all forms of

infantilism to disturbance of the function of the thyroid. But
there are others (De Sanctis, Ferranini, Anton) who lay stress

upon the fact that, in many cases of infantilism both slight and

severe, the thyroid is comparatively normal. Brissaud's type is,

however, well known, and its pathogenetic relation to the thyroid
is very generally conceded.

Since the discovery of the interactivity of the internal secre-

tory organs and of the influence which certain of these organs
(hypophysis, suprarenals, generative glands) exercise upon
physical and mental development, we are accustomed to ascribe

those forms of infantilism which are not dystrophic in their origin
to an arrest of development consequent upon the abnormality of

one or more internal secretory organs.
These developmental disturbances must not be confused with
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those of another group, which are also characterized by insufficient

sexual development and sometimes by mental deficiency. The
latter are recognized as more or less clearly defined clinical entities.

Of these the most important is true dwarfism, the nanismus,

microsomia, or nanosomia of Virchow. The pathological, as

distinguished from the ethnological, aspect of true dwarfism has

been minutely studied by A. Paltauf. D. v. Hansemann dis-

tinguished between two distinct forms of nanosomia. In the one,
the individual at some stage of his development ceases to grow
(nanosomia infantilis) ;

in the other, the lack of size may be

traced back to the earliest beginnings of foetal life (nanosomia

primordialis). Individuals belonging to the latter group are very
small when born and remain, through life, smaller than normal
individuals of the same age, but they attain to a definite comple-
tion of their development. The epiphysial cartilages ossify,
sexual maturity supervenes, and the characteristic signs of in-

fantilism are absent. In infantile nanosomia, on the contrary,
the individual is normal in size when born, but at some point
in his history he ceases to grow. This cessation takes place

gradually and in spite of the fact that the epiphysial synarthroses
remain unclosed during life (Schaafhausen, Joachimsthal).
But here also, the proportions of the body are maintained and
the mental development is usually normal. Bayon describes these

individuals as having the appearance of normal people when seen

through the wrong end of an opera-glass. It is possible to

mistake true drawfism for infantilism in those cases only where
there is idiocy combined with anomalous formation of the bones,

probably the result of rickets, though the latter condition is rare.

Achondroplasia (chondrodystropliia liyperplastica fostalis,

rachitis fcetalis, micromelia after Kassowitz) also presents cer-

tain clinical signs which resemble those of infantile myxcedema.
Achondroplasia presents no mental symptoms, however, and is

characterized by a lack of proportion between the shortness of

the extremities and the extreme length of the head and trunk,
which sufficiently distinguishes it as a distinct clinical type. The
condition represents an arrest of the processes of longitudinal

growth, caused by the absence, at the points of apposition, of

the vertical cell groups of the cartilages of the long bones.

The differential diagnosis between sporadic myxcedema and
so-called mongolism is a more difficult matter. Mongolism is an
arrest of the natural processes of longitudinal growth, accompanied
by abnormality of the structure of the skull

; depression of the

bridge of the nose; open fontanelles
;
thickened tongue; defective

development of the sexual organs; and especially mental derange-
ment, which at first takes the form of apathy and somnolence,
and finally passes into insane desire for movement. According
to Kassowitz, mongolism is distinguished from infantile myx-
cedema by the absence of myxcedematous cuticular changes, by
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the oblique angle of the eyelids, by the normal development of

the epiphyses and the centres of ossification of the short bones,
and more especially by the fact that the exhibition of thyroid is

attended by negative results. In mongolism the thyroid gland
is usually normal, and suppression of its function cannot be re-

garded as pathogenetic in this condition. Alt and Schuller are

of the opinion that mongolism results from an affection of the

sexual glands and is, in fact, a primary dysgenitalism.
A condition resulting from thyroid insufficiency, which is of

far greater clinical and social significance than those which have
been described, is endemic cretinism. Its distribution alone makes
it of importance. In 1883, the number of cretins in Italy was
12,882, and in Austria west of the Leitha, 12,815. In France in

1873, there were 120,000 cretins, distributed over Savoy, the

Maritime Alps, and the Pyrenees.
Endemic cretinism is characterized by clinical signs similar

to those which have been repeatedly described as resulting from

athyrosis. Of these, the most noticeable is the disturbance of

the processes of growth of the skeleton and soft parts, which is

well seen in the more or less characteristic changes which take

place in the face. Owing to the premature cessation of develop-
ment of the base of the skull, the root of the nose is broad and
sunken; the stature is dwarf-like; and the development of the

genitals remains at the infantile stage. The texture of the skin

and the cuticular trophic changes are similar to those of myx-
cedema. But the most characteristic symptoms are arrest of

mental development, idiocy, and disturbances of the sensorium.
Of the latter, deaf-mutism is the commonest manifestation.

The thyroid gland plays an important part in endemic cre-

tinism, though its responsibility in this direction has been

variously defined. Several authors describe cases in which the

thyroid was absent altogether and, according to v. Wagner, this

occurs in 10 per cent, of the cases of typical cretinism. But this

finding is purely clinical, and post-mortem evidence of a thyroid-
aplasia, or of the total atrophy of an already developed thyroid,
is not as yet forthcoming. Congenital absence of the thyroid
comes under Pineles' definition of congenital myxcedema. As a

general rule, the post-mortem finding in cretinism is goitrous
degeneration and, more rarely, atrophy of the thyroid (v^ Eisels-

berg). Histological investigation shows either goitrous hyper-
trophy, or simple or chronic inflammatory atrophy of the thyroid
parenchyma, though both conditions are occasionally present in

the same subject. W. Scholz lays special stress upon the fact,

however, that in all his cases as well as in some of those of his

predecessors, a proportion of normal, active thyroid tissue re-

mained.
Both the origin and the nature of endemic cretinism have

formed the subject of a multiplicity of hypotheses. As early as
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1867, St. Leger mentioned forty-two different theories, propounded
by 378 different authors, concerning the genesis of goitre and of

cretinism. These possess at this date no interest other than a

historic one.

The attitude which is now universally adopted towards the

results of thyroid insufficiency, finds its expression in the theory
advanced by Kocher and v. Wagner. They maintain that the

cause of cretinous degeneration is to be sought in a disturbance

of function of the thyroid gland, a chronic athyrosis ; or, in other

words, where the thyroid is normal cretinism is impossible

(Ewald).
Whether, however, endemic cretinism is identical with athy-

rosis, and whether the pathological condition of the thyroid gland
is the primary cause of all the symptoms, or is itself the outcome
of other general degenerative processes, are questions upon which

opinions differ.

W. Scholz adopts the view that cretinism and athyrosis are

not identical conditions. He bases his conclusion upon his find-

ing of active thyroid tissue in cretins, and upon the different

effects upon metabolism and general condition produced by
thyroid exhibition in cretins and in thyroidless subjects. In

Scholz's opinion, endemic cretinism is "a goitrous degenera-
tion, accompanied by cerebral disturbances of unknown origin,
to which the inhabitants of certain localities are subject."

The demonstrable differences between the results of partial
and total thyroid insufficiency and those of endemic cretinism,
are commented upon with varying emphasis by different authors.

Ewald lays great stress upon the fundamental difference in the

growth of the bones. Athyrosis gives rise to a general and equal
retardation of endochondral ossification, which results in

dwarfism. In the cretin, however, skiagrams show that there is

unequal retardation of ossification and deformity of the bony
structure, which may be accompanied in isolated cases by pre-
mature synostosis. There is, moreover, an unmistakable differ-

ence in the clinical course, for cretins may live to old age, the

condition after a certain time remaining stationary; but myx-
cedema, in all its forms, is progressive and leads ultimately to

death.

An even more important factor is that furnished by the

difference in the etiology of the two conditions. In endemic cre-

tinism, as the name implies, certain territorial factors are operative
and we have to assume the existence of an endemic noxa, the
nature of which is at present unknown. It is possible that this

harmful agent does not affect the thyroid gland only; it is even

probable that it does not affect it primarily. Ewald concludes that

endemic cretinism
"

is a condition of chronic physical and mental

degeneration, which is dependent upon local causes, in combina-
tion writh a more or less pronounced degeneration of the thyroid
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gland. As the latter factor develops under the influence of the

former, a distinct clinical type is evolved, which is to be regarded
as the resultant of both the operating causes."

There is undoubtedly a close etiological relationship between
endemic cretinism and endemic goitre. Virchow pointed out that
"

true endemic cretinism always appears in goitre areas, and we
do not know of a single spot on the inhabited earth where true

endemic cretinism occurs which is not also the seat of endemic

goitre." In addition to this territorial relationship, there is a

large number of facts which point to a close etiological connection

between the two conditions. The most suggestive of these is the

fact, mentioned by Fodere in 1800 and since repeatedly confirmed,
that in the greater number of instances of cretinism, the parents
are either cretinous or goitrous, but that goitre is invariably

present in the antecedents. From these observations Fodere con-

cluded that goitre was the first stage of a degenerative process,
the last stage of which was cretinism. This view is supported by
the large majority of observers, and is now very generally

accepted.
The results of recent investigations supply certain factors of

indisputable importance in the etiology of endemic goitre and
endemic cretinism. The occurrence of both conditions is confined

to specific localities. These are the higher mountainous districts

in Europe, more particularly the region of the Central Alps;
in Asia, the Himalayas; in Central America, the Cordilleras; in

Africa, all the mountainous regions. A comparison of the con-

ditions shows that the distribution of these endemics is dependent
neither upon climatic nor meteorological factors, but upon the

composition of the soil. Bircher's investigations led him to con-

clude that endemic goitre and cretinous degeneration occur only
upon the marine deposits of the Palaeozoic (Devonian, Silurian,

coal, dyas), Triassic and Tertiary periods ;
while the crystalline

formations of volcanic origin of the Archaean period, the sedi-

mentary deposits of the Triassic, Cretaceous and Quaternary
periods, as well as all fresh-water deposits, are free from goitre.
Kocher found that this classification required a certain amount
of modification, but he agrees with Bircher that the causal factor

lies, not in the mineralogical composition of the soil, nor in the

chemical composition of the rocks, but in a certain definite con-

tamination inherent in the soil, as the result of its geological
formation. The direct causative agent of goitre and cretinism is

water, derived from certain geological formations, and rendered

impure by specific by-admixtures.
The etiological importance of drinking-water cannot be

doubted when we remember that goitre may be developed in a

short time by drinking from so-called "goitre springs"; while,
on the other hand, even in districts where goitre is endemic,

persons who refrain from drinking the "goitre water" are free

6
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from the disease. Conclusive experiments were conducted on a

large scale at Bozel in the Tarantaise and at Rupperswil in

Aargau, to which localities a fresh water supply was brought from

goitre-free soil. In both districts goitre and cretinism were

formerly rife, but since the institution of the new water supply
these conditions have, in the space of twenty years, entirely dis-

appeared. Further observation, and especially the discovery that

goitre may be prevented by boiling and filtering the water, seems

to point to the conclusion that the diseases are originated by one

or more living agents. The chemical composition of the water

and the presence or absence of certain substances, such as iodine,

phosphates, lime or magnesium salts, can hardly be taken into

account.

Though it seems highly probable that goitre and cretinism

are chronic infective diseases, the originator of which is to be

found in the drinking water, there is as yet no entirely satisfactory

proof of this. Moreover, we have no conclusive proof that the

diseases are due to a living agent. Kolle, who employed the

most perfect of modern methods, was unable to prove the presence
of a specific originator in either the intestinal flora, the goitrous

thyroid gland, or in blood taken from goitrous subjects. He also

endeavoured to prove' the presence of specific substances by means
of immunization and immunity reactions, as well as by anaphylac-
tic reactions, but without success. Attempts to transmit goitre

by surgical means were also negative in their result.

Animals in goitre districts frequently develop goitre, and

though certain experiments have been undertaken with the object
of producing the condition artificially, the material at our dis-

posal is very scanty. Lustig and Carle found that they were able

to produce a slow progressive enlargement of the thyroid in a

horse and a young dog (the only one out of 13) by means of

goitre water from the Val d'Aosta. The enlargement disappeared
when the animals were given filtered water.

Grassi and Munaron found that the results of their

experiments varied considerably. In certain dogs brought from

goitre-free localities to localities where goitre was endemic, goitre

developed even after the food and drinking-water were boiled
;

while others, which wTere given goitre-water and the sediment
obtained by filtering such water, remained free from goitre. But

dogs which were kept in enclosures in which there was a

quantity of damp earth and rotting material obtained from districts

where goitre was endemic, developed unmistakable goitre. Grassi

and Munaron conclude from this that goitre and cretinism result

from toxins produced by a specific microbe, which does not inhabit

the organism, but lives free in the outer world, always in damp
material and preferably in the soil. These toxins enter the

organism by way of the alimentary canal, to which they are

conveyed in different media, of which the drinking-water is

probably one.
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v. Wagner and Schlagenhaufer were unable to produce goitre
in young dogs by means of sediment obtained from the water

of a goitre-spring in Zeltweg (Styria).
McCarrison affirms that goitre can be produced in man by

the exhibition of the residuum left after filtering goitre-water.

Interesting experiments, intended to throw light on the

etiology of goitre, were latterly undertaken by Wilms and
E. Bircher. They found that it was possible to produce both

nodose and parenchymatous goitres in apes and dogs, and, more

particularly in rats, by giving them water from certain springs.
Moreover, when filtered by means of a Berkefeld filter, this water

invariably produced goitrous degeneration of the thyroid gland,
while the deposit was inactive. From these results the authors

conclude that goitre is of toxic, not miasmatic, origin.
v. Wagner and Schlagenhaufer were unable to confirm the

results described by Halsted, Lanz, Marine and Lenhart, namely,
that the descendants of female animals with reduced thyroid

activity frequently show goitre, thyroid insufficiency and stages
of cretinism.

v. Wagner and Schlagenhaufer supply some interesting facts

concerning endemic cretinism in animals. Goitres are of by no
means rare occurrence in certain species (pig, calf, dog), but

cretinism in animals appears to be extremely rare. v. Wagner
and Schlagenhaufer give descriptions and very instructive

drawings of five cretinous dogs which came under their notice.

The conspicuous symptoms were clumsiness of shape, broad short

skull, dry, scaly skin, hairless tail, defective sense of hearing,

.apathy, indolent and clumsy movements, lack of appetite, and
retarded metabolism. Microscopic examination revealed a peculiar

change in the skin, namely, considerable deposits of a substance

which, when treated with ruemotoxylin-eosin, coloured blue.

The same substance was found in the skin of thyroidectomized

goats. The thyroid gland of these cretinous animals varied in

.size but slightly from the normal, and showed no histological

changes worth mentioning. The colloid contents were large, the

follicular epithelium scanty, but there were no symptoms of

degeneration. The thymus showed signs of premature involution.

Both the clinical symptoms of cretinism and the cutaneous changes
disappeared after the exhibition of thyroid gland, to reappear,
however, as soon as the treatment was suspended.

SUBSTITUTION THERAPY.
The results which have been obtained from time to time by

the substitution of the thyroid gland have a clinical, as well as a

physiological, importance. Schiff was the first (1884) to whom
the idea occurred of overcoming the symptoms of suppression

by means of transplantation. He transplanted fresh thyroid

glands into the peritoneal cavity of thyroidectomized dogs, and
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found that the animals remained alive for a considerable time.

Later, by means of very exact experiments, v. Eiselsberg showed
that the implanted glands will heal into place and will remain
active. Prompted by the success which attended Schiff's experi-

ments, Kocher attempted thyroid transplantation with the human
subject, but with negative results; while Bircher (1890) obtained
a transitory relief of the symptoms by the same means in the

case of a woman with cachexia strumipriva. Horsley next pro-

posed the implantation of thyroid glands from sheep, not only
in post-operative myxcedema, but in true myxcedema and in

cretinism. The attempt was made by several surgeons and was
followed by favourable results, which lasted for a varying period
of time. Operative transplantation is, however, a comparatively
difficult and not altogether a harmless undertaking ;

hence the

introduction of a method of substitution by means of thyroid
extract marked an important advance in technique. Moreover, the

results of this method have added considerably to our knowledge
of the functions exercised by the thyroid apparatus.

In 1891 Vassale, who was soon followed by Gley, discovered

that the symptoms which follow thyroidectomy may be aborted by
the intravenous injection of the watery thyroid extracts. In those

days, the tetanic symptoms were believed to be the most important,
if not the only, signs of suppression, and it was just these

symptoms which were relieved by the treatment. Tetany and
cachexia were at that time still regarded as identical clinical

conditions. But we now know that the acute nervous derangement
which follows extirpation of the thyroid apparatus is due to the

removal, not of the thyroid, but of the parathyroids ;
and it is

obvious that the results of the older substitution experiments,
whether by transplantation or by exhibition of thyroid extract, are

much in need of revision.

The results obtained in tetany by transplantation of the

parathyroids and by the exhibition of thyroid extract have already
been fully discussed. It is proposed to quote here only those

results which have been obtained by the transplantation of the

thyroid gland itself.

The experiments of Schiff and v. Eiselsberg were followed

by numerous others (Carle, Ribbert, Ferratti, Fano and Zanda,
Zuccaro, Bourchard, Lamari and Sgobdo, Cannizzaro, Ughetti,
Ferrari, Sultan, Pantaleone, Enderlen), and every method of

auto- and hetero-transplantation, with subjects of a great variety
of species, was attempted. The site of implantation was usually
the preperitoneal or subcutaneous tissue. Payr preferred the

spleen on account of the peculiarly favourable circulatory con-

ditions. Kocher proposed the cancellous tissue of the hollow

bones, bordering the epiphysial line the metaphyses of the tibia

as sites of implantation, and the results of such implantation
are described by Sermann. Salzer (1909) described the results of

peritoneal transplantation in rabbits.
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Nearly all authors are agreed that the healing-in of the

transplanted organ is preceded by a degenerative process, slight
at the periphery, but becoming more intense towards the centre,

where it culminates in complete necrosis. Soon blood-vessels find

their way from the periphery into the interior of the organ, which

shows a comparatively healthy peripheral zone passing into a

granulation zone, and a necrosed centre. Regeneration starts

in the peripheral follicles, and groups and rows of epithelial cells

appear, which are transformed into follicles. The granulation
tissue is replaced by glandular substance, while the necrosed

centre becomes a connective tissue scar. Finally, as the organ
becomes completely healed in and the vascularization improves, it

shows a structure precisely similar to that of the normal thyroid.
Christiani showed, and his results were confirmed by those

of Salzer, that the healing-in of the implanted gland does not

take place in the same way in thyroidectomized as in normal
animals. After extirpation, the process is more rapid and
vascularization proceeds so quickly that about three weeks after

transplantation the gland is large in size and proliferates actively ;

a condition which, in the normal animal, is not reached until

seven to eight weeks after transplantation. Some degree of

difference is apparent for five to six months. It is obvious

that the rapid healing-in of the transplanted thyroid in

the case of the thyroidless animal is due to the more rapid
vascularization. Thus it appears that an early physiological
demand upon the function of the organ promotes its

rapid healing-in. Christiani also found that portions of

thyroid implanted into the ear of normal rats, healed in well
;

while in the case of animals to which thyroid tabloids were given,

only cicatricial tissue with no trace of glandular structure was
found at the site of implantation. He concludes from this that

the physiological demand of the organism upon the thyroid
function facilitates and hastens the reorganization of the trans-

planted tissue, and he agrees with Salzer that the large healthy

implanted gland of the thyroidectomized animal is an instance

of vicarious hypertrophy.
The rapid healing-in of the implanted thyroid is accompanied

by equally favourable results in regard to its function. Imme-

diately after transplantation, the implanted organ is merely &

chemical storehouse of active thyroid substances
;
with increasing

regeneration, however, it is gradually enabled to fulfil the com-

plete function of the normal thyroid gland. For this reason,
animals having one implanted lobe, but which are otherwise

thyroidless, may live for months without showing symptoms of

suppression. Payr found that after extirpation of the spleen,
into which the thyroid had been transplanted, several animals

developed not only post-operative tetany, due to removal of the

parathyroids, but also cachexia (emaciation, roughness of the

coat, falling of the hair).
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Payr describes one case of remarkable interest, that of a

child of 6 with extreme infantile myxcedema. The child was given

thyroid gland for 3^ years without result, but the implantation
in the spleen of a large portion of thyroid tissue taken from the

mother was followed by a marked improvement in both the

physical and mental conditions.

Under certain conditions, and more particularly where the

exhibition of thyroid extract is negative, the transplantation of

healthy thyroid tissue has a distinct therapeutic value. As Salzer

conclusively shows, the site best suited for implantation is the

'subcutaneous or preperitoneal tissue, for here the colloid secretion

is adequate, while the vascularization is certainly as profuse
as when the thyroid occupies its normal site, if not more so.

Moreover, as Christian! points out, in order to obtain a thera-

peutic result, it is frequently necessary to repeat the implantation,
and for this reason alone the subcutaneous or preperitoneal tissue

is preferable to the spleen or the bone.

There is, however, but a limited field for surgical intervention,
the medical method supplying, in the great majority of cases, a

thyroid substitution which is not only of equal reliability, but

is far safer.

The results of the treatment, by means of extracts and other

preparations of thyroid gland, of the pathological conditions

which follow the suppression of the thyroid function are not only
of profound interest, but they have a very important practical

application. The experimental material, though considerable, is

largely valueless, owing to the fact that substitution was almost

invariably attempted with a view to its effects in post-operative

tetany. It is certain that neither the exhibition of thyroid

preparations nor of the fresh thyroid gland can permanently
replace the complete thyroid apparatus ;

that is to say, thyropara-

thyroidectomized animals cannot be kept alive by this means.
There is a small amount of material forthcoming concerning

the beneficial effects of thyroid extract upon the pathological

changes, and especially the changes in growth in young animals,
which follow the suppression of the thyroid. Pick and Pineles

found that, in the case of thyroidectomized goats, the pathological

signs disappeared after the animals were given thyroglobulin and
the thyroid glands of swine.

According to Coronedi, the functions of the thyroid and

parathyroids may be replaced by artificial organic halogen com-

pounds, fats containing biniodide and dibromide of stearic acid,

as well as by the iodine compounds contained in the thyroid
itself. Animals which are treated with these fats before thyro-

parathyroidectomy are said to be immune for a certain time from
its results. For instance, the hypertrophy of the hypophysis,
otherwise a constant feature, is not observed under these

conditions.
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According to Pick and Pineles, the secondary peptones
obtained from pig's thyroid after a forty-eight hours' digestion

by pepsin and hydrochloric acid, have very little influence upon
the pathological symptoms of suppression. The primary
albumoses, and the products of prolonged pepsin and trypsin

digestion, are also inactive. They found, moreover, that

iodothyrin was inactive, which appears to contradict the view
that iodothyrin is the only active principle of the thyroid secretion.

There is a large amount of evidence in favour of the clinical

value of substitution. Since the really surprising results obtained
in myxcedema by Murray (1891) with subcutaneous injections of

sterile glycerine thyroid extract, and by Howitz, Mackenzie and
Fox with thyroid gland given by the mouth, thyroid extract has
become an indispensable factor in the management of certain con-

ditions. The thyroid substances are specific remedies in all

those pathological conditions which arise from absence or

insufficiency of thyroid function.

Brilliant results were obtained by Kocher in cachexia

strumipriva. The uninterrupted administration by the mouth of

thyroid extract will prevent the appearance of cachexia, and may
for years completely replace the function of the absent thyroid.
Moreover, the treatment may be continued for any length of

time without fear of ill-effects. Such subjects are as capable of.

work as those who are
"
the happy possessors of a thyroidin

factory in their own bodies." But pathological symptoms make
their appearance if the treatment is suspended, even for one day.

The results of thyroid extract are no less striking in myx-
cedema

;
sometimes the symptoms disappear almost immediately,

sometimes not until after months of treatment. As a general
rule, the exhibition of thyroid extract is followed by a reduction
of the cuticular swelling and the patients lose their puffy appear-
ance. The sweat-glands begin to secrete and the hair grows
again upon the proper places. The temperature rises to the

normal, sexual activity is renewed, and, in women, menstruation
returns. The apathy and lack of interest disappear, and the
whole personality changes to such an extent that the patient
seems to be a different person. In infantile myxcedema and in

cretinism, there is a remarkable promotion of the vertical processes
of growth, and this may be seen in cretins even at a comparatively
advanced age. Suspension of the treatment is followed, first, by
a cessation of improvement, and, later, by a return of the

pathological symptoms.
The systematic treatment of endemic cretinism by thyroid

extract is warmly advocated by v. Wagner. His experiments
extend over a period of at least five to six years, and the results

show that every degree of cretinism is favourably influenced,
even at an advanced age, by thyroid treatment. The slighter
forms may completely recover and, provided that the treatment
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is continued for a sufficient length of time, the improvement will

be maintained. In the severer forms, where the cases do not

come under treatment until very late, the improvement is confined

to certain symptoms. The administration of over-doses of

thyroid may, however, be a cause of failure (W. Scholz). The
state treatment of cretinism in Styria by means of thyroid extract

has been followed in every case since 1907 by satisfactory results

(v. Kutschera). In 85.7 per cent, of the cases, the growth was
in excess of the normal growth proportionate to the age ;

in

42.8 per cent, there was a considerable improvement in all the

cretinous symptoms; and in 48.6 per cent, there was a distinct

improvement in certain symptoms.
Thyroid treatment has also been employed in the manage-

ment of a large number of pathological conditions which are be-

lieved, frequently upon no very clear grounds, to have an

etiological connection with insufficiency of the thyroid. Such
are : Trophic oedema, scleroderma, several skin affections,

osteomalacia, obesity, c.

THE METABOLIC CHANGES IN HYPOTHYROSIS
AND THE MANNER IN WHICH THEY ARE
INFLUENCED BY THE EXHIBITION OF THYROID
EXTRACT.

The metabolic changes in hypothyrosis in man are minutely
described by Magnus-Levy. In this condition, the entire energetic

output (Kraftwechsel) of the organism is reduced, and patients
increase in weight, even with a very small amount of nourish-

ment. The diminution of the energetic output (Gesamtumsatz)
is not entirely due to physical indolence, but is largely the result

of the enormous reduction in the amount of the physiological
turnover (Grundumsatz) the physiological expenditure of the

resting body. This falls to 50 to 60 per cent, of the normal,
a figure unknown in any other chronic condition. The low

metabolism of myxcedema is accompanied by a proportionate
decrease in assimilation and in the metabolism of albumin. The

daily excretion of nitrogen amounts to only 8 or 9 grammes. An
increase in the amount of nourishment, and especially in the

amount of albumin, may add to the amount of nitrogen.
This remarkable reduction of metabolism in myxcedema

disappears as soon as the condition yields to treatment with

thyroid gland. The gas metabolism reaches the normal and may,
indeed, exceed it. Under the ordinary treatment, with one to

three tabloids a day, this change is completed in three to four

weeks. If the treatment is then suspended, the expenditure of

oxygen will be again reduced, only to increase again as soon
as the treatment is recommenced. In slight cases of myxcedema,



THE THYROID APPARATUS 89

where the gas metabolism approaches the normal, thyroid treat-

ment increases the amount up to 15 per cent. The use of thyroid

preparations produces a complete change in the conditions

governing the metabolism of albumin. As a consequence of the

improvement in appetite, the amount of albumin ingested is much

larger, and the excretion of nitrogen becomes very much in-

creased; consequently, there is an appreciable loss of nitrogen
which is counteracted only by raising the entire caloric supply.
The larger part of the N-excretion is derived from pathological

deposits, which, at the same time, disappear. The increased

supply of albumin may, at a later stage, occasion a deposit of

albumin as tissue.

Scholx concludes that the metabolic conditions of cretinism are

singularly like those of myxcedema. But the effect of thyroid
extract upon the metabolism of nitrogen is not the same in

cretinism as in myxcedema. In the former condition it closely
resembles that seen in Graves's disease. Nevertheless, Scholz

does not conclude from this that myxcedema and endemic cretinism

are opposed conditions
;
he is of the opinion that, as far as

metabolism is concerned, cretinism is a similar condition to

myxoedema, but is more advanced.

THE PHYSIOLOGICAL EFFECTS OF THYROID
SUBSTANCES.

Of the physiological effects of thyroid extract, the first to be

considered is the effect which it produces upon the circulatory

system. Oliver and Schafer (1894) pointed out that the injection
of watery or glycerine thyroid extracts into the veins was followed

by a reduction in blood-pressure, the cardiac activity remaining
unchanged. This is confirmed by the observations of many
others (Haskovec, Georgiewsky, Guinard and Martin, Feny-
vessy, Ocana, Patta, v. Fiirth and Schwarz, Farini and Vidoni).
Certain authors (Heinatz, Livon, Patta) noticed that an increase

in blood-pressure was brought about by thyroid extract. Farini

and Vidoni found that, during artificial circulation through the

hinder extremities of cats and rabbits, the effect wras vaso-contractor,
never vaso-dilator. Though Schafer declares that the cardiac

rhythm is unaffected by thyroid extract, yet Haskovec, Guinard
and Martin, and Svehla all found that the decrease in blood-

pressure was accompanied by a marked acceleration of the heart's

action. Others, again, report a definite slowing of the pulse.
The effects of iodothyrin and of iodothyroglobulin upon the

circulatory apparatus were tried by v. Cyon and Oswald. They
found that, when injected into the veins of dogs and rabbits, these

substances produced a fall in blood-pressure, together with a

stronger and slower heart action, and that these phenomena
persisted after resection of the vagi and after administration of
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atropine. v. Cyon believes that iodothyrin has a powerful effect

upon the irritability of the terminals of the vagi and of the

depressors, and that it also has an antagonism for atropine. v.

Cyon's findings have been confirmed by those of others (Boruttau,

Ocana, Besmertny, Kraus and Friedenthal, Coronedi), but

Harnack casts a doubt upon the antagonism of iodothyrin to

atropine and ascribes the restoration of vagal irritability to the

rapid passing of the effects of the atropine. Further investigation
showed (Fenyvessy, Isaac and van der Velden, v. Fiirth and

Schwarz) that the irritability of the apparatus which inhibits

cardiac activity is not affected by iodothyrin. v. Fiirth and
Schwarz also proved that the fall in blood-pressure which follows

the exhibition of thyroid extract is not specific. As they point

out, the thyroid gland, in common with many other organs

(suprarenals [Lohmann] ;
brain [Vincent and Cramer] ; spleen,

thymus, lymph glands, intestinal glands, kidney, ovary, pancreas

[Gautrelet]), contains choline, a substance which is concerned in

the composition and decomposition of the lecithins and other

lipoid substances
;
and it is probable that the reduction in blood-

pressure which follows the exhibition of thyroid extract is due

to the presence of this substance. They believe, moreover, that

this effect of thyroid extract has no relationship to the physio-

logical activity of the thyroid gland.
The direct and characteristic effect of iodothyrin upon the

circulatory apparatus is absent in dogs and rabbits, but is seen

to a very marked extent in cats. The intravenous injection of a

quantity of iodothyrin corresponding to 0.2 to 0.3 mg. iodine

is followed by a fall in pressure and by large slow vagus beats,

lasting for several minutes. These "
Aktionspulse," as they are

called, result from stimulation of the vagus centre in the medulla.,

for they disappear after resection of the vagi. The reduction in

pressure is due, not only to stimulation of the peripheral vessels

but, as oncometric experiments show, to a direct action upon the

heart itself. Further study of these phenomena shows, however,
that they are not specific to the action of iodothyrin, but are also

observed after the intravenous injection of iodized albuminoids,

v. Fiirth and Schwarz conclude that iodothyrin is a condensation

product of melanoid nature obtained by the action of acids from

the iodine albumin of the thyroid; and that its effects upon the

circulatory apparatus do not in any way suggest a specific activity

of the thyroid gland.
In addition to the immediate effects of thyroid extract, there

are certain other phenomena which are produced by its continuous

exhibition. Hyperthyroidism has been frequently produced

experimentally, with a view to ascertaining its effects upon the

circulatory system, and a more or less marked tachycardia appears
to be the almost invariable result, v. Fiirth and Schwarz pro-
duced considerable tachycardia in dogs and cats by the sub-
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cutaneous injection of large quantities of iodothyrin, but the result

was by no means invariable. In many cases, in spite of flooding
with iodothyrin, there was neither tachycardia nor any other sym-
ptom of thyroid poisoning. They believe that the production of

tachycardia is not specific to the thyroid gland, but that it is

common to iodothyrin and to certain other iodized derivatives of

albumin. In the case of thyroid extract, they explain the effect

by the large amount of iodized albumin which the thyroid gland
contains.

Coronedi regards thyroid extract as a physiological diuretic.

He bases his view upon results obtained with thyroparathyroidec-
tomized animals having a reduced activity of the kidneys. A very
marked diuresis was produced with thyroid extract in cases where
the usual diuretics had failed.

The effects of thyroid extract upon metabolism are constant.

It has already been shown that the exhibition of thyroid substances

in myxcedema and other conditions arising from suppression of

the thyroid gland, is followed by an enormously increased meta-

bolism. Similar changes, though less marked in character, are

produced in normal subjects, both man and animals, although the

physiological turnover (Grundumsatz) is very little affected by
thyroid extract. If, however, thyroid extract or iodothyrin are

given continuously for two to three weeks, the amount of the CO 2

excretion will be increased by 15 to 25 per cent. The nitrogenous

interchanges, however, are invariably disturbed by the exhibition

of thyroid extract. The increased decomposition of albumin is

expressed by an increased excretion of nitrogen, hence the nitrogen
balance is a negative one. By increasing the caloric food supply
the nitrogen losses may be avoided. In obesity, owing to the

large reserve, the loss of albumin is not as great as in the normal

subject.

Thyroid preparations have been largely employed in the

therapeutics of obesity and, in many instances, with success.

Magnus-Levy thinks that the increase in oxidation during the

resting state (Ruhegaswechsel) is not sufficient to account for the

reduction of adipose tissue which follows the exhibition of thyroid.
He believes that the result is largely due to an increased expendi-

ture; for the effect of thyroid extract is to increase the capacity
for nervous reaction and, as a consequence, these otherwise

phlegmatic people display a greater energy in movement. There
is a good deal of evidence to show that thyroid extract has an

effect in reducing constitutional obesity, but that it has very little

influence upon obesity due to overfeeding; and this seems to point

unmistakably to the conclusion that, in this case also, we have

to do with a
"
substitution," by means of thyroid extract, of the

diminished function of the normal thyroid gland.
With regard to the metabolism of salts, Falta, with Bolaffio

and Tedesco, showed that the administration of thyroidin produced
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in dogs in the fasting state a marked increase in the quotient
N :P 2O 5 ,

which is expressed by a rise in the amount of nitrogen
and a fall in the amount of phosphorus excreted in the urine.

Thyroidin also brings about a considerable increase in the amount
of calcium excreted in the fasces, the calcium carrying off with it

a large proportion of phosphorus. Scholz had previously shown
that the exhibition of thyroid extract produces in man an increase

in the amount of phosphorus excreted in the fasces.

EXPERIMENTAL HYPERTHYROIDISM.
The continued exhibition of the expressed juice of the thyroid

gland, or of thyroid extract, is followed in animals by a number
of pathological symptoms, though the appearance of these is by
no means constant or to be relied on. The tachycardia of hyper-

thyroidism has already been described. There are, however, other

and various changes both in the body generally and in individual

organs ;
such are : derangement of metabolism (emaciation, in-

creased oxidation, increased requirement of albumin, polydypsia,

polyphagia, polyuria, glycosuria) ; derangement of digestion

(diarrhoea, intestinal haemorrhage) ; trophic disturbances (cedema-
tous swelling of the connective tissue) ; changes in the thyroid

gland itself
;
and a large number of symptoms which point to

a change in the activity of the nervous system. Kraus and
Friedenthal found that the intravenous injection of thyroid juice
almost invariably produced in rabbits enlargement of the palpe-
bral fissures, projection of the eyeball, retraction of the membrana
nictitans, and enlargement of the pupil. Hoennicke succeeded in

producing exophthalmos in rabbits by the continued exhibition

of thyroid juice. Eppinger, Falta and Rudinger then showed that

it is possible to produce adrenalin mydriasis in both normal and

thyroidless dogs by continued treatment with thyroid juice or

thyroid preparations, exclusive, however, of iodothyrin. These
authors regard the symptoms seen in hyperthyroidism as the

expression of an increased hypersensibility of the sympathetic
nerve. Certain symptoms point, however, to an influence affect-

ing the autonomous nervous system, and indeed the symptom-
complex of hyperthyroidism is so extremely varied that it can

only be explained by the assumption of a polyvalency of the

thyroid secretion.

HYPERTHYROIDISM IN MAN.

As PRODUCED BY THE EXHIBITION OF THYROID GLAND.

Since the introduction of the thyroid preparations into clinical

medicine, instances of artificially produced hyperthyroidism have

frequently come under observation. The continued employment
of thyroid extract, even in small medicinal doses, is frequently
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followed by various symptoms of derangement, such as a sensation

of heat, increased perspiration, palpitation and, sometimes, by
glycosuria. The most remarkable are those cases where toxic

symptoms appear after a single large dose or the prolonged
administration of moderate doses. In isolated instances a single

large dose has failed to produce any evil effects
;
such is the case

of a child of n, who swallowed 100 tabloids of 0.3 grm. each.

But Boinet and Ferranini found that the prolonged administration

of six to eight tabloids a day provoked serious symptoms of

intolerance. Conditions of psychic exaltation, sleeplessness,
violent trembling, extreme emaciation and anaemia, digestive dis-

turbances, extremely unpleasant subjective sensations, deranged
cardiac activity, and tachycardia, are all described as symptoms
of thyroid intolerance, v. Notthaft describes a case of artificially

produced Graves's disease. A man, aged 43, suffering from

obesity, w*ho took nearly 1,000 thyroid tabloids in five weeks,

presented all the symptoms of true Graves's disease
;

these

gradually disappeared, however, after the thyroid was suspended.
These cases suffice to show the enormous influence which the

thyroid substances exercise upon the organism. It is obvious that

their employment as therapeutic agents must be in rigid conformity
to the clinical indications, the pathological conditions, and the

idiosyncrasy of the subject.

CONDITIONS WHICH MAY BE CLASSED AS THOSE
OF TRUE HYPERTHYROIDISM.

Of the pathological conditions arising from a disturbance of

function of the thyroid gland, the most important is undoubtedly
Graves's disease or exophthalmic goitre. Karl v. Basedow, in

1840, first pointed out that the combination of exophthalmos,

goitre and tachycardia constituted the syndrome of a definite

clinical condition. To these three, other more or less characteristic

secondary symptoms have from time to time been added, and the

clinical definition of Graves's disease is now made to include the

so-called forme fruste and the condition lately described by Stern

as
" Basedowoid."
The nature of Graves's disease has formed the subject of

various conflicting hypotheses. The older neurogenic theory,

which regarded the condition as an affection either of the sym-
pathetic (more particularly the vago-sympathetic) nerve or of the

medulla, was based upon inconclusive experiments and isolated

and contradictory post-mortem findings. The thyrogenic theory,

as first propounded by Gautier and ably confirmed by Mobius,

produced a revolution in the point of view regarding the patho-

genesis of this condition, though individual authors still continued

to support the bulbar theory. Tedeski, for instance (1902), be*
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lieved that his experiments pointed to a lesion of the anterior

portion of the restiform body as the originating factor of Graves's

disease, but that the symptoms are manifested by the agency of

the thyroid gland. The later attempts to prove the neurogenic

origin of the disease were based upon a more complete knowledge
of the innervation of the thyroid gland. Experiments to this end

were undertaken by Briau at Morat's laboratory and they show
that the sympathetic nerve of the neck contains fibres which act

as vaso-dilators to the blood-vessels of the thyroid. Wiener has

recently expressed the view, based upon his discoveries concerning
the innervation of the thyroid, that the thyroid derangement is not

the primary feature of Graves's disease, but is a secondary con-

dition brought about by abnormal innervation of the gland.
Whether the thyroid affection is primary or is a secondary

feature of nervous origin, one thing is universally conceded, and
that is, that the thyroid gland is the pathogenetic centre from

which the symptom-complex of Graves's disease proceeds. A
rational explanation of the condition is offered by the assumption
of a functional anomaly on the part of the thyroid gland. The

grounds for this assumption are as follows : (i) The invariable

occurrence of a pathological enlargement of the gland the

anatomically and histologically characteristic goitre ; (2) the

coincidence of the first clinical symptoms with the swelling of the

gland, especially as seen in those instructive cases (acute inflamma-

tion, syphilitic changes, metastases of neoplasms) where the

sudden affection of the gland is attended by the immediate appear-
ance of the clinical signs; and (3) the remarkable therapeutic
results by which partial extirpation is invariably attended.

The thyrogenic theory of the origin of Graves's disease

receives remarkable support from the antagonism, described by
Moebius, between the clinical symptoms of athyrosis as manifested

in myxcedema and in Graves's disease. This is well seen in

A. Kocher's comparison of the symptomology of Graves's disease

with that of cachexia thyropriva.

CACHEXIA THYROPRIVA.

Absence or atrophy of the

thyroid gland.

Slow, small, regular pulse.

Absence of vascular congestion
and coldness of the skin.

Indifferent expression, lacking
in movement and vitality.

Narrowed eyelids.

GRAVES'S DISEASE.

Swelling, generally diffuse, of

the thyroid gland, hyper-
vascularization.

Rapid, frequently tense, jerky,

occasionally irregular pulse.
Extreme excitability of the

vascular nerves.

Anxious, roving glance which

appears angry when fixed.

Wide open eyelids, exophthal-
mos.
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CACHEXIA THYROPRIVA. GRAVES'S DISEASE.

Retarded digestive and excre- Abundant excretion, generally

tory processes, small appe- abnormal appetite, in-

tite, slight need for food. creased need for food.

Slow metabolism. Increased metabolism.

Thick, opaque skin, dry or Skin thin, transparent, finely

scaly. injected, moist.

Short, thick fingers, frequently Long, slender fingers, with

broadened at the tips. pointed tips.

Sleepiness and desire for sleep. Insomnia and restlessness dur-

ing sleep.
Retarded sensation, perception Intensified sensation, perception

and action. and action.

Mental vacancy and indiffer- Mental whirl, excitement to the

ence, lack of emotion. point of hallucination,

mania, melancholy.
Awkwardness and slowness of Perpetual restlessness and

movement. haste.

Stiffness of the extremities. Tremor of the extremities, in-

creased mobility of the

joints.
Retarded skeletal growth, Slightly built skeleton, occa-

short, thick, frequently sionally soft or thin bones,

deformed bones.

Constant chilliness. Unbearable sensation of heat.

Difficult and slow respiration. Superficial respiration, slight

expansion of the thorax in

inspiration.
Increase in weight. Loss of weight.
Senile appearance, even of Youthful, luxuriant develop-

young people. ment, at least in the earlier

stages.

The antagonism between the principal symptoms of the two
conditions is very marked, though occasionally in severe cases of

Graves's disease symptoms appear which bear a close resemblance
to those of cachexia strumipriva.

Other momenta, such as the deleterious effects of the exhibi-

tion of thyroid extract in Graves's disease and the artificial pro-
duction of the symptoms of Graves's disease by hyperthyroidism,
are to be regarded, not as direct proofs of the thyrogenic origin
of this condition, but as powerful arguments in its favour.

We will now pass to a consideration of the symptoms and

organic changes characteristic of Graves's disease.

The thyroid enlargement the goitre is one of the constant

symptoms of the condition. Cases where the thyroid changes are

absent are, in the opinion of all observers, extremely rare. The
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enlargement of the thyroid is not, as a rule, very considerable,
and is generally readily distinguishable from other forms of goitre.

Histologically, the goitre of Graves's disease is defined as a

parenchymatose hypertrophy of the gland, with profuse vascu-

larization. In addition to the active new formation of tissue there

are retrogressive processes ;
and side by side with young follicles,

formed by epithelial proliferation, old follicles are seen to be

breaking up by means of cell desquamation. In older goitres
there is also a marked increase of interstitial connective tissue.

The goitre of Graves's disease is differentiated from all other

goitres by the nature of its histological changes. But it must be

borne in mind that the signs of an increased secretory activity
are the same as in the colloid goitres.

Erdheim regards certain young cell formations with fat

granules as characteristic of the goitre of Graves's disease
;
while

according to Lobenhoffer, the acidophile granules in the proto-

plasm, which must be regarded as the secretory product of the

epithelial cells of the thyroid, are increased in exactly the same

way in Graves's disease as in colloid goitre.
Of the pathological anatomical findings in Graves's disease,

hypertrophy of the thymus is among the most frequent (Thor-
becke, v. Hansemann, Boit, Monkeberg, Gierke, Capelle, Rossle).
The enlargement of the thymus is a centra-indication for

thyroidectomy, for after operation such cases frequently get
worse, owing, it is believed, to thymogenic auto-intoxication

(Gierke). The thymus hypertrophy is said to arise from a

vicarious endeavour on the part of the thymus to make good the

deficiency in the amount of secretion elaborated by the hyper-
trophied thyroid (Rossle). But the persistence or enlargement of

the thymus may be explained by the fact that the victims of

Graves's disease are frequently of lymphatic constitution; and
the presence of the thymus as well as the hypoplastic arrest of

development of the genitals, like the frequent swelling of the

lymph glands and the formation of lymphatic deposits in the

thyroid gland, may only be the signs of a status thymicolympha-
ticus.

The heart shows all the clinical signs of hypertrophy; more

rarely, there is dilatation of the left ventricle with fatty degenera-
tion or brown pigmentation of the muscle fibres. According to

Askanazy, an interstitial lipomatosis of the voluntary muscles,
which develops variously with the severity and age of the case,
is a constant finding.

The other organic changes, and particularly the pathological

changes in the central nervous system, are not constant.

The origin of the exophthalmos, which is almost patho-

gnomonic of Graves's disease, has always been the most difficult

problem in connection with the disease.

The exophthalmos consists in an enlargement of the palpebral
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fissure, which may be due to contraction of the levator palpebrum
muscle, together with a protrusion of the eyeball, brought about

by contraction of Miiller's protrusor bulbi muscle, the existence

of which in man has been proved by Landstrom. The latter

muscle has a sympathetic innervation, while the levator palpebraj
muscles are innerved by the autonomous oculomotor nerve. The
irritation of the sympathetic at the neck causes a protrusion of

the eyeball, in the course of which the space between the lids

undergoes a certain amount of secondary mechanical enlarge-
ment. The exophthalmos is undoubtedly a symptom of the in-

creased irritability of the sympathetic nerve, and this view is

supported by the adrenalin mydriasis which O. Lowi saw in

persons with Graves's disease. The enlargement of the space
between the lids, which sometimes takes place independently of

the protrusion of the eyeball, and Grafe's symptom, which con-

sists in the absence of synergy between the movements of the

eyeball and of the upper lid, are both signs of irritation of the

autonomous system (Eppinger and Hess).

Tachycardia is also a constant symptom in Graves's disease,

though, as Chvostek points out, of very varying clinical signifi-
cance. The results of experimental research point to the sym-
ptom as a sign of increased irritability of the sympathetic nerves.

An irritation of the nervus accelerans, which hastens the heart's

action and belongs to the sympathetic system, suggests itself in

this connection. Experimental systematic hyperthyroidization
almost invariably produces tachycardia, and there is ground for

the belief that the acceleration of the pulse due to the increased

activity of the sympathetic nerve, is an effect of the increased

amount of thyroid substances circulating in the blood. The

hypertrophy of the cardiac muscle is sufficiently explained by its

continued hyperfunction.
Other signs of the increased activity of the sympathetic

system are to be found in the greater vasomotor excitability,

the increased secretion of the sweat glands, the tendency to a

heightened temperature, and the increased production of heat.

The increased amount of adrenalin in the blood points to the

same conclusion. Kraus and Friedenthal discovered that the

serum of persons with Graves's disease caused the pupil of an

enucleated frog's eye to dilate, and later A. Fraenkel, by exact

biological experiments with the uterus removed from the living

body (" iiberlebend "), found that the blood of persons with

Graves's disease contained a very much increased amount of

adrenalin.

Eppinger and Hess brought together a variety of symptoms
which they believe to be signs of irritation of the autonomous
nervous system. In addition to the enlargoment of the palpebral
fissure and Grafe's symptom, they include derangement of the

respiratory rhythm and diarrhoea among the symptoms of an

7
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increased vagal activity ; they also attribute (though somewhat

arbitrarily) the increased perspiration, the congestions and the

circumscribed oedema to irritation of the autonomous nerves.

These authors divide their cases of Graves's disease into two

groups ; one, in which the symptoms of sympathetic excitement

predominate, they describe as sympathetico-tonic ;
while the other

is described as vago-tonic, from the fact that here the most

marked symptoms are those proceeding from the autonomous
nervous system. Falta, Eppinger and Riidinger assume a poly-

valency of the thyroid secretion and they regard the hyper-

thyroidism of Graves's disease as the outcome of a simultaneous,

though probably independent, stimulation of both the sympathetic
and autonomous nervous systems.

A special interest attaches to the metabolic changes of

Graves's disease. In simple goitre, the metabolism is in no way
different to the normal, and it is affected by thyroid extract in a

manner precisely similar to that of other persons with normal

thyroids. In Graves's disease, on the other hand, the metabolic

changes are so characteristic of the condition that they constitute

important diagnostic criteria. The metabolism of Graves's disease

is characterized by an increased expenditure of energy. The

respiratory interchange of gases shows an increase of 50 per cent.,

and even 70 to So per cent., in the amount of oxygen
consumed (Magnus-Levy, Salomon), and these results are

confirmed by Steyrer, who continued his experiments over

a long period of time. The increased consumption and the

increased and remarkably fluctuating caloric production, is

partly the result of the augmented cardiac and respiratory

activity; in part, and to an even greater degree, it is due
to the nervous excitement and motor unrest, more particularly
the tremor. But, after making due allowance for the operation
of these factors, it will be found that in complete muscular repose
there is still a large increase in the interchange of gases. When
we remember the effect of thyroid extract upon metabolism, it

seems obvious that this augmentation is only to be accounted
for by a hypersecretion of the thyroid gland. That the caloric

production may be still further increased by the exhibition of

thyroid extract, has not as yet been proved (Magnus-Levy,
Steyrer). It may be noted here that the administration both of

rhodagen and of Moebius's anti-thyroidin serum is not followed

by any demonstrable effect upon metabolism. This applies also

to treatment with thymus extract, at one time much vaunted for

its curative effect in Graves's disease. The enormously increased

metabolism accounts for the emaciation, which is often very
extreme. The increased caloric explains the subjective sensation

of heat, the profuse outbreaks of perspiration, and the tendency,
commented upon by Charcot, to a heightened temperature. That
the increased caloric does not produce hyperpyrexia or even fever
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is probably due to an adequate degree of activity on the part of

the apparatus which regulates heat production. The rise in tem-

perature which occurs shortly before death (Kocher) is probably
due to failure on the part of this apparatus.

The increased production of heat is frequently associated with

an augmented demand for, and consumption of, albumin, together
with a negative N-balance, though the latter is not invariable. The
metabolism of nitrogen varies with the fluctuating course of the

disease and may, for longer or shorter periods, approximate to

the normal. The albumin losses and the toxic decomposition of

albumin may be counteracted, even when the disease is at its

height, by a diet containing albumin, or by a diet containing

carbohydrates but free from nitrogen (Riidinger). The fats also

undergo decomposition. In connection with the metabolism of

the carbohydrates, it must be borne in mind that the assimilation

of the carbohydrates is reduced in Graves's disease, and that for

this reason an alimentary glycosuria is easily provoked (Ludwig
and F. Kraus). The feature which characterizes the metabolism
of Graves's disease is the increase in the total amount of oxidation.

An increased metabolism of mineral salts has not as yet been

proved, though A. Kocher describes an increase in the excretion

of phosphorus. Investigation in this direction has recently been
undertaken by Scordo and Franchini.

Certain features of Graves's disease are the clinical opposites
of those seen in myxcedema. These are : the thin, soft, smooth,
moist skin

;
the general nervous excitability ;

the restlessness and
haste

;
the tremor

;
the exaggerated reflexes

;
and the mental

exaltation and psychic changes, which may even amount to

psychosis.
There are certain symptoms wrhich are common to both

Graves's disease and cachexia strumipriva as, for instance : trophic
disturbance of the skin; oedema; dryness, falling and blanching
of the hair; friability of the nails; abnormal pigmentation; and
increased salivary and lachrymal secretions.

The changes in the blood are the same in both conditions.

There is an increase of mononuclear leucocytes and a remarkable
increase in the eosinophile cells. And in both conditions there are

changes in the activity of the sexual glands, which are shown, in

women, by a cessation of the menstrual processes.
It is interesting to note, in this connection, that symptoms

resembling those of Graves's disease are associated with other

pathological conditions. Such are the forme fruste seen in

chlorosis (Chvostek) ;
the pseudo-chlorosis, encountered in

goitrous districts, and characterized by swelling of the thyroid,
increased cardiac activity, mental excitement, fatigue, and pallor,

without, however, chlorotic changes in the blood (F. v. Miiller) ;

and, finally, the symptoms resembling those of Graves's disease,
which are seen at the climacteric (Gluzinski). On the one hand,



100 INTERNAL SECRETION

therefore, hyperthyroidism leads, as in Graves's disease, to

changes in the function of the ovaries; on the other, primary

changes in the activity of the sexual glands may exercise a

secondary influence upon the thyroid, and as a result, symptoms
resembling those of Graves's disease are produced.

The brilliant results obtained by modern surgery in the

treatment of Graves's disease illustrate very clearly the etiological

connection between this condition and the thyroid gland. The

operative method is based upon the view that a reduction in the

volume of the gland, together with a decrease in, or prevention

of, its abnormal vascularization, must reduce its secretory activity
and so abolish the results of hypersecretion. The methods em-

ployed are : the ligature of one or more enlarged thyroid arteries
;

the extirpation of one-sided vascular goitres; and the resection

or excision of more than one half. Kocher found that these

measures were followed, in 76 per cent, of his cases, by complete
cure, and in another 14 per cent, by improvement. Similar

results are described by others. But there is a strong feeling
in many quarters that not all cases are suitable for operative

treatment, and that success largely depends upon the constitution

of the patient and, most important of all, upon conditions affecting
the thymus. Surgical treatment is accompanied by certain

dangers per se, and in a certain percentage of cases (3 to 4.7 per

cent.) operation has resulted in death.

Another method of limiting the secretion of the goitrous

gland and perhaps, also of destroying the hypertrophic

parenchyma, is by means of the Rontgen rays (Gorl,

Stegmann, Holzknecht, &c.). Up to the present, however, no

very conclusive results as to the therapeutic value of this method
have been forthcoming.

The results of organo-therapy in Graves's disease are

interesting only in so far as they furnish direct evidence against
the assumption of a hypothyrosis in this condition (v. Cyon,
Oswald). The effect produced by thyroid extract is, invariably,
the aggravation of the disease.

Attempts to treat Graves's disease with extracts of the thymus,
ovary and suprarenal capsule, have a certain theoretic interest, but
are of no practical significance.

The serum-therapy, first tried by Ballet and Enriquez, and
afterwards developed by Moebius, is founded upon the belief

that the surplus secretion formed by the hypertrophied thyroid
of Graves's disease can be employed to neutralize the toxins

contained in the serum of thyroidectomized animals. It is thought
that in this way the surplus is removed from the tissues which
have a specific affinity for the thyroid secretion, the reaction of

which would otherwise be manifested by pathological disturb-

ances. The serum of thyroidectomized animals, known as

Moebius's antithyroidin serum, and rhodagen, which, upon the
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assumption that the toxins pass into the milk (Lanz), was pre-

pared from the milk of thyroidectomized goats, were at one
time very widely employed, and, it is said, with good result.

But the earlier enthusiasm for this method appears to have some-
what abated; at least, very little has latterly been heard of it.

Isolated attempts have also been made to treat Graves's
disease by means of thyrotoxic immune serum (Thompson,
Stradiotti).

From the nature of the evidence before us, the etiological

relationship between Graves's disease and the thyroid gland cannot

any longer be doubted. The further question, as to whether the

etiological factor is to be found in a quantitatively increased

secretion, a hyperthyrosis, or in a qualitatively altered secre-

tion, a dysthyrosis, is not so easily answered. Although the

greater number of facts appear to be in favour of hyperfunction,

yet the absence of any histological signs of an increased secretion,

the failure of all attempts to produce a complete clinical picture of

Graves's disease by means of experimental hyperthyroidization,
and more particularly, the not infrequent occurrence of symptoms
of thyroid insufficiency in Graves's disease, are factors not readily

explained by a theory of hyperfunction. According to Moebius's

theory, the thyroid secretion of Graves's disease is not only
increased, but it is also perverted.

Nevertheless, an increased knowledge of the nature of thyroid
secretion and, more particularly, of its chemical composition
and physiological activity, together with a more accurate analysis
of the clinical symptoms and of their significance, renders the

probability of a dysthyroidism in Graves's disease more and more
remote. As Kraus points out, this is a problem which, for the

present at any rate, cannot be explained beyond a certain point.
The evidence in favour of a qualitative change in the nature

of the thyroid secretion is becoming gradually less significant.
The absence of any signs of hypersecretion, more particularly
the small amount of iodine present in the goitres of Graves's

disease, is sufficiently explained by the assumption of an

abnormally small capacity on the part of the gland for the fixation

of iodine, and by the over-rapidity with which the active substance

is expended (Kocher, Kraus). The failure of hyperthyroidization
to produce the entire symptom-complex of Graves's disease in

animals, can scarcely be regarded as unequivocal evidence, when
we remember that by the methods employed, only very imperfect
imitations of the clinical conditions as seen in man were repro-
duced. The positive results of experiments with animals have a

much greater value in their relation to individual cardinal

symptoms. With regard to the symptoms of thyroid insufficiency
sometimes encountered in Graves's disease, it must be remembered
that similar phenomena are seen in pathological affections of other

internal secretory organs as, for instance, the hypophysis and the
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sexual organs, signs of hyper- and hypo-function occurring some-

times side by side. There is a possibility that the continued

increased activity gives rise to a temporary functional insufficiency,

which may, later, find anatomical expression.
It is possible to account for all the symptoms of Grav.es's

disease by the continuous circulation in the blood of thyroid sub-

stances in abnormally large quantities. For it must be borne in

mind that, not only do the extent and intensity of the symptoms
depend upon the degree of thyroid affection, but they also depend
upon the modifying effect which the thyroid secretion itself exer-

cises upon the different organic tissues and functions. As Eppinger
and Hess with justice point out, the symptoms of derangement
will vary according to whether the subject is sympathetico-tonic
or vago-tonic.

Graves's disease is the direct outcome of the flooding of the

organism with thyroid substances. These exercise an elective

stimulating effect upon the sympathetic, and partly also upon the

autonomous, portions of the vegetative nervous system ;
and they

also influence the activity of those other internal secretory organs
which have functional interrelationships with the thyroid gl-and

(thymus, hypophysis, suprarenals, sexual glands). The question
now arises as to whether the primum movens of Graves's disease

is to be sought within the thyroid or without it. The etiology of

the condition is still shrouded in darkness. The remarkable
incidence of the disease in women, and the frequency with which
its occurrence is associated with functional changes of the sexual

glands, are undoubtedly factors of significance. Moreover, the

comparative frequency \vith which Graves's disease occurs in

persons with status thymicolymphaticus is probably something
more than coincidental. A more complete knowledge of the

innervation of the thyroid gland suggests the possibility that the

cause of the anomalous secretion is to be sought in a primary
affection of the sympathetic nerve, or of the nervous areas in which
it takes its rise. Thus we arrive at a neurogeno-thyrogenic theory
of the origin of Graves's disease.

Another pathological condition which is associated with
clinical hyperthyrosis, is simple goitre. Goitre is a latent swelling
of the thyroid gland, unaccompanied by inflammation.

Anatomically, the degenerative process consists in hypertrophy
and hyperplasia of the gland, by which different parts of the
tissue may be affected in a varying degree. The functional dis-

turbances arising from a derangement of the internal secretion

are, however, comparatively unimportant. The profound meta-
bolic changes produced by the hyperfunction of Graves's disease
are absent in simple goitre, and up to now, an appreciable de-

parture from normal metabolism has not been observed. More-
over, the etiological connection between the pathological signs of
the disease and a change in the function of the thyroid, is very
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slight. At a first glance, it might appear that the cardiac and

respiratory disturbances were referable to this cause. But more
careful investigation shows that the respiratory disturbance

results, partly from stenosis of the trachea due to pressure, and

partly from mechanical injury of the nerves of the larynx. The
cardiac derangement consists, anatomically and clinically, in

hypertrophy and dilatation, more particularly of the right heart.

It is brought about, partly by mechanical injury of the venous
circulation (Rose's goitre heart), and partly by the difficulty of

respiration (Kocher's goitre heart with dyspnoea) ; compression of

the nerves of the heart may also be a contributing factor.

The cardio-vascular symptoms are the only ones which can

be regarded as of hyperthyrotoxic origin. These are : palpitation,
some tachycardia, slight cardiac enlargement, glittering of the

eyes, slight tremor, liability to perspire, and dermographism
(Kraus's goitre heart).*

There is undoubtedly an analogy between the symptoms of

Graves's disease and those which are experimentally produced in

animals by hyperthyroidization. Moebius describes a pathological

sequence, commencing with simple goitre, the evidences of Graves's

disease afterwards developing one by one, until the complete
clinical picture of that condition is reproduced. Kraus, however,
does not consider that there are sufficient clinical grounds to

justify such a sequence. For, in the great majority of cases,

the characteristic signs of Graves's disease are absent in simple

goitre, and this applies very particularly to the typical metabolic

changes, a fact of primary importance.
The functional aspect of simple goitre is not identical with

that of hyperthyroidism, and the hyperfunction suggested by
the anatomical conditions is most undoubtedly absent from the

clinical signs. But it must be remembered that the goitrous

degeneration of the thyroid gland represents the anatomical

diagnosis only ;
that hypersecretion is not always demonstrable,

even histologically ;
and that, though some portions of the gland

are hyperplastically changed and are more actively secretory,
others again are degenerated in such a way that their function

is reduced or even abolished. That "goitre" and "goitre," as

Kocher points out, "are not always identical," is proved by the

fact that, after thyroidectomy, symptoms of suppression may be

in some instances provoked, in others abolished, by the

development of a goitre from a portion of the gland left in situ.

That the anatomical hypertrophy of the thyroid may be

associated either with slight symptoms of hyperfunction or

* E. Bircher (March, 1910) has recently shown that in rats with

parenchymatous goitres produced by means of goitre water, there is in-

variably an enlargement of the heart, shown by the increased weight and
the thickened walls. Bircher believes that the noxa of goitre has a direct

influence upon the heart.
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severe symptoms of reduced function, is illustrated by endemic

goitre and endemic cretinism, the etiological relationship between

which is well known.

THEORY OF THE THYROID FUNCTION.

We now proceed to utilize the foregoing descriptions of the

results of hypo- and athyrosis, of the activity of thyroid extract,

and of the appearances which accompany hyperthyrosis in man
and animals, as material for a more detailed account of the

functional activity of the thyroid gland.
The thyroid gland was the first organ to be credited with an

internal secretory function, and it was in connection with the

thyroid that the two-fold aspect of this function was first sug-

gested. On the one hand, we have to do with a positive pro-
ductive activity on the part of the gland ; and, on the other, with

its neutralizing activity, or negative secretory function. Thus
two theories regarding the function of the internal secretory

organs arose, the one advocating a positive and metabolic activity,

the other what may be called a negative or antitoxic activity.

Both theories derived a measure of support from the neutralizing
function of the thyroid gland. And, to-day, it is very generally
believed that the secretion elaborated by the thyroid gland serves

to neutralize the toxic products which are formed in the course

of normal metabolism, or which are believed to be formed

abnormally, either qualitatively or quantitatively, upon sup-

pression of the function of the organ. The two theories are

opposed only in regard to the actual place where the process of

neutralization occurs. The secretion theory assumes that this

process takes place in the blood-stream, \vhile the antitoxin theory

places the seat of operation within the thyroid gland itself.

With an improved knowledge of the results which follow sup-

pression of the thyroid function and, more particularly, of the

acute nervous symptoms induced by thyroidectomy, it was very
natural that the idea of an auto-intoxication should present itself.

It was not until the discovery of the presence in the thyroid
gland of a body containing iodine, that its secretory activity
assumed a physiological significance. The results of a sub-
stitution therapy were, however, invariably regarded as due
to a neutralizing and antitoxic action on the part of the thyroid
extract. This view is still so widely accepted that it is expedient
to enter into a more detailed consideration of it.

The antitoxic theory was first propounded by Notkin, and
was afterwards developed by F. Blum. It can have but few

supporters at this date among scientists whose views are based

upon their own clinical or experimental experiences. It is as well,

however, that the theory should be reviewed, because it was ad-
vanced by Blum in opposition to the views which he formerly
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held, and which he himself declared to be erroneous; and it

constitutes, in a sense, an attack upon those views.

Blum failed to recognize that the thyroid apparatus is not a

single organ. According to his theory, the
"
thyroid gland is

not a secretory gland, but is a neutralizing organ, which acts

by withdrawing certain toxins from the blood-stream, which are

neutralized within the gland, the process serving, more par-

ticularly, to protect the central nervous system." The toxins

(entero-toxins) are supposed to be formed within the intestines,

and to be largely derived from flesh foods
; they become fixed

in the thyroid gland, and are there gradually neutralized. In

the course of this process, intermediate products (thyrotox-

albumins) are formed and these, when completely neutralized, are

eventually discharged from the gland in the form of harmless

excreta.

The serious pathological disturbances which follow the sup-

pression of the thyroid function the acute tetany, with

degenerative changes of the central nervous system, the cachexia,

idiocy and mental derangement, the interstitial nephritis and

grave ocular troubles these can all, according to Blum, be inter-

preted only as manifestations of a toxic condition. The influence

which diet has upon post-operative symptoms, commented upon
by Horsley, is regarded by Blum as proof of the activity of a

toxic agent which, under normal conditions, would be retained

and neutralized by the thyroid gland. Neutralization is supposed
to take place by iodization of the toxic albuminoid, whereby an

unsaturated thyrotoxalbumin, containing iodine, is formed as an
intermediate product. This body has a toxic influence upon the

heart and upon metabolism. In view of the fact that the amount of

iodine contained in the iodized albuminoid of the thyroid gland
varies very considerably, and that the amount of organically fixed

iodine may be increased by iodide of sodium given by the mouth,
it must be assumed that a continuous process of iodization goes
on in the gland. The process of iodization is continued to the

point of saturation, the saturated iodized albuminoid being non-
toxic. Blum assumes a specific property of isolating iodine an
iodasis on the part of the thyroid gland, and he believes, further,

that the iodine stored up in the gland does not again leave it.

He was unable to find the smallest trace of iodine in the lymph
of the thoracic duct of animals which had been given iodide of

potassium in large quantities. As Magnus-Levy points out,

however, a careful examination of the quantitative condition robs

this result of its significance, for the amount of lymph analysed

by Blum was only 100 c.cm., and it \vas certainly not all derived

from the thyroid. Moreover, Gley and Bourcet found that iodine

was a constant constituent of the blood, and their finding is

confirmed by Bonninger.
Blum maintains that iodine is retained in the thyroid gland;
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for he found iodine in considerable quantities in the thyroid gland

of dogs which had, for months, been given food which contained

no halogens. If the thyroid furnished a continuous supply of

iodine to the blood, it would in time, under these conditions, part

with the whole of its supply. But, as Kraus points out, this

argument is not convincing, for, judging by the analogy of other

substances which are present in the organism in small quantities

only, it is by no means improbable that the iodine which leaves

the thyroid gland is again returned to it by the agency of the

blood-stream. Further, Baumann, and also Miwa and Stoltzner,

showed that, under conditions similar to those described by Blum,

the amount of iodine present in the gland is actually reduced.

If Blum were right in his original assumption that the thyroid

gland supplies a vital principle to the blood-stream, we should

expect the ligature of the veins and lymphatics leading away from

the gland to be followed by symptoms of suppression. Not only is

this'not the case, but Blum found that this operation was followed

by an increased oxidation, a stimulated cardiac activity,

destruction of the red blood-corpuscles, and serious lesion of the

liver, the bile pigment passing into the urine. He deduces from

this that the ligature of the vessels leading away from the gland
causes obstruction, and consequent overflow, of its contents

;

that this produces a partial insufficiency of the organ, which gives
rise to appearances similar to those which follow the exhibition of

thyroid juice. But the results of these experiments contain no

proof that an incomplete, and therefore toxic, toxalbumin proceeds
from the gland. It is much more probable that, under the changed

circulatory conditions, which do not, however, completely arrest

the flow of blood from the gland, the amount of the normal active

substance which passes into the blood-stream is very much
reduced.

That Blum was unaware of much that has recently been

discovered concerning the nature and function of the thyroid

gland, is suggested by the fact that he speaks of the parathyroids
as bodies composed of undeveloped thyroid tissue, which con-

tribute nothing of importance to the general economy. He draws
his conclusions from his own and Kishi's experiments with dogs,
which lived for a considerable time after extirpation of the para-

thyroids, a small proportion of thyroid tissue having been left

in situ. Blum describes the post-mortem findings as follows :

" After a certain time, the remains of the thyroid showed a

remarkable increase in the number of the interior cells, which

produced a certain resemblance to the parathyroids. The follicles,

with occasional isolated exceptions, had entirely disappeared, and
the colloid substance was absent. Closer investigation showed that

the cell-agglomerations formed a tubular structure, similar to that

seen in true glands." After a comparison of this description with

the plates reproducing the microscopic findings, it is not possible
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to repress a suspicion that the
" remnants of the thyroid gland

'

left in situ were not thyroid tissue at all, but were the actual para-

thyroids themselves.

Blum also claims that he was able to cure, or at any rate very
much ameliorate, acute tetany by means of a milk diet. In the

chapter on tetania parathyropriva, instances were given of the

effect upon this condition of certain forms of diet
;
a more careful

investigation of this point is very desirable. As far as we can

see, however, Blum's observations do not furnish grounds for

the assumption of an auto-intoxication. They may add to our

knowledge of the function of the parathyroids, but they cannot
be said to supply any evidence as to an antitoxic activity on the

part of the thyroid gland.
The pathological conditions which follow affections of the

thyroid gland result, according to Blum's theory, from the

interruption of the steady procedure of the process of

neutralization. As soon as, owing to suppression of the thyroid

gland, the fixing of the free poison ceases, tetany, cachexia,

strumipriva, myxcedema, and other thyroid affections make their

appearance. If the entero-toxins are fixed, but are not sufficiently

quickly, or not completely, neutralized, the thyroid becomes over-

loaded". This gives rise to those forms of goitre which are favour-

ably influenced by iodine the neutralizing agent of the thyroid

gland.
If, however, the fixation of the toxin continues uninter-

ruptedly, but the toxin, as thyrotoxalbumin, passes into the blood

before it is completely neutralized, a partial thyroid insufficiency

results, similar to that produced experimentally by the exhibition

of thyroid gland or by ligature of the vessels and lymphatics, and
identical with the clinical picture presented by Graves's disease.

Blum advances this as the clinical ground for the treatment of

Graves's disease by means of an absolutely flesh-free diet, as

opposed to operative treatment.

It must be evident from the preceding pages, that Blum's
theories concerning the thyroid gland are not only insufficiently

grounded, but that they are not adequate either to explain the

physiological and pathological phenomena with which we are

already acquainted, or to pave the way for further knowledge.
Blum's theories offer no explanation of the undoubted effects of

"substitution'
1

in conditions arising from thyroid insufficiency,
and he himself must admit the possibility of the neutralizing pro-
cess being performed by the thyroid substances themselves. For
the increased oxidation, by which Blum explains the beneficial

effects obtained with thyroid extract in myxcedema, is the result of

an activity on the part of the thyroid substance, which takes

place externally to the gland, and is not, therefore, dependent

upon the presence of the thyroid cells. Moreover, Blum takes no

account of the significance of the suppression of the parathyroid
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function in the causation of tetany. For this reason, his doctrine

represents a step backwards, and, though the risk of post-operative

tetany is now, happily, much less than formerly, the acceptance

of Blum's theory might very conceivably add to the seriousness

of that risk.

The arguments which have been brought forward, and the

observations which have been described, demonstrate very clearly

the erroneous nature of Blum's theory of the antitoxic activity of

the thyroid gland. At the same time, these results show that the

function of the thyroid gland is, by means of its internal secretion,

to supply a chemically active substance to the economy. What is

the nature of the specific activity of the thyroid secretion ? The

theory advanced by Baumann and his pupils and, more par-

ticularly, by Oswald, is based upon the assumption that the

specific activity of the colloid present in the thyroid secretion is

directed to the neutralization of toxic substances, and that this

neutralization takes place within the blood-stream. This is a

combination of the theories of secretion and of neutralization. All

attempts to obtain this toxin from the blood of thyroidless animals

has, however, been attended by as little success as the search

for the toxin of tetany.
The evidence in favour of a neutralizing function on the

part of the thyroid gland is wholly indirect. It has been pointed
out that thyroidectomized animals have a smaller resistance to

inorganic poisons (calomel, according to Perrin and Jeandelize)
than normal animals, and that experimentally induced tuberculous

and post-tuberculous processes are favourably influenced by pro-

longed exhibition of thyroid extract (Frugoni and Grixoni).
The most important evidence in favour of an antitoxic activity

on the part of the thyroid gland and the thyroid substances, is

supplied by Reid Hunt's investigation of the neutralization of

cyanmethyl (acetonitril, CH 3CN). He showed that, after the

exhibition of a minimal quantity (i/io mg. of the dry gland) of

thyroid extract by the mouth, the resistance of white mice to the

subcutaneous injection of acetonitril was increased from two- to

ten-fold. Thyroid gland which is free from iodine exercises a

certain amount of influence in this direction, but as a general
rule the neutralizing activity of thyroid extract increases in direct

proportion to its Iodine contents. It is, however, hardly possible
that the process of neutralization consists in a chemical com-
bination of the cyanogen components with the sulphur present
in the gland. For, in the first place, the thyroid substances do
not neutralize the other cyanogen compounds, such as hydro-

cyanic acid and sodium nitrocyanide ;
and in the second place, the

amount of acetonitril neutralized bears no relationship to the

amount of thyroid substances.

Reid Hunt himself points out that the results of his

experiments cannot be regarded in any sense as proofs of the
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neutralizing activity of the thyroid gland. He thinks that these

results are sufficiently explained by the changes in metabolism

produced by the thyroid substances. And, certainly, the evidence

in favour of a neutralizing activity on the part of the thyroid

gland cannot yet be regarded as sufficient, seeing that such

activity is manifested only in regard to acetonitril, and only in

mice. Moreover, the resistance of animals, including mice, to

other toxins, as, for instance, morphine, is not only not increased,
but is appreciably lowered by thyroid extract. It is interesting
to note in this connection that the blood of persons with Graves's

disease produces the same increased resistance to acetonitril in

mice as thyroid extract. This may be regarded as evidence in

favour of a hyperthyrosis in Graves's disease.

It is evident, then, that direct proofs of the neutralizing
function of the thyroid gland are not forthcoming, and that the

indirect proofs advanced by Reid Hunt are capable of another

interpretation. Such being the case, the hypothesis of an anti-

toxic thyroid function must be allowed to remain sub judice.
At the time when the symptoms of thyroid suppression were re-

garded as manifestations of an acute auto-intoxication, this

hypothesis was obvious and perhaps even necessary. To-day, it

not only appears unproven, but, in the light of our present know-

ledge of the function of the thyroid gland, it is in reality

superfluous.
All the known phenomena, both physiological and patho-

logical, associated writh the activity of the thyroid gland, are

sufficiently accounted for by the following interpretation of the

thyroid function.

The thyroid gland is a secretory organ, the end-product of

the secretory activity of \vhich is supplied to the blood in the

form of an iodized albuminoid. Inasmuch as it modifies the

activity of distant organs, this substance behaves as a hormone.
As far as we know at present the thyroid secretion, by promoting
katabolism and increasing normal function, plays the part of

disassimilatory hormone to a large number of tissues and pro-
cesses. This disassimilatory activity principally affects the

metabolic processes, the cardiac activity, some portions of the

sympathetic system, and certain of the internal secretory organs

(hypophysis, suprarenals). Certain phenomena in other parts of

the body suggest, however, that the thyroid secretion also

possesses an inhibitory function and contains, therefore, an

assimilatory hormone. The promotion of skeletal growth, the

development of the sexual glands, and the limitation of the internal

secretory function of the pancreas, are instances of such assimila-

tory activity.
The question arises as to whether this two-fold and

antagonistic activity on the part of the thyroid secretion is due

to the action of two different hormones
;
or whether the results
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are brought about by a single homogeneous hormone capable of

producing two opposite sets of effects, according to the apparatus

influenced. The nervous system supplies the only field for such

activity, and so the further question suggests itself : Is the

hormonic activity of the thyroid gland direct, or is it effected

only by the agency of the nervous system? That it is possible

for an organ to send out chemical stimuli which, in different parts

of the body, produce entirely different results in one part pro-

moting assimilation and in another inhibiting it cannot be

doubted. It must further be taken into account that the end-

results will also be different in cases where the influence upon
the end-organ is not direct, but is effected by the agency of

another internal secretory organ. Thus, for instance, the changes
which take place in the sexual organs after suppression of the

thyroid might easily result, not directly from the absence of an

assimilatory thyroid hormone, but indirectly and as secondary

results, due to a change in the function of the hypophysis. The

solution of these problems demands a far more complete know-

ledge of the interactivities of the internal secretory organs than

we at present possess.
The second theory, which explains the antagonistic activities

of the thyroid gland by a single thyroid hormone, acting primarily

upon the nervous system, demands serious consideration. Certain

phenomena seem to point to the conclusion, that the changes in

organic function brought about by the agency of the thyroid

secretion, are, in reality, only the physiological expression of a

changed condition of irritability of the vegetative nervous system.

Although the thyroid secretion principally stimulates the sym-

pathetic system, it does not affect it alone, for it also stimulates

certain portions at least of the autonomous system ; moreover, the

sympathetic and autonomous innervation is, certainly in many
parts, antagonistic. This antagonism is sufficiently explained by
the assumption of a single homogeneous thyroid hormone, which

exercises a disassimilatory effect upon the vegetative nervous

system in other words, increases its functional activity. But it

is very important to remember that our knowledge of the manner in

which the nervous system acts upon the processes of metabolism,
and especially upon the new formation of tissue and the processes
of growth, is extremely meagre. Investigation of recent date,

especially that undertaken by the Vienna school of scientists, has

been concerned solely with the chemistry of metabolism, while the

morphological aspects of these, processes have up to now received

but little attention.

THE THYMUS GLAND.
THE thymus (German : Briesel) develops in man as a paired

sac-like diverticulum of the ventral portions of the third and
fourth, and perhaps also partly from the second, pharyngeal
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clefts. It proliferates into the pleural space until it reaches the

heart, at the same time becoming gradually separated from

the branchial clefts. This sac-like primordial beginning of the

thymus is entirely epithelial in structure; the lumen is very small

and the cortex is composed of several layers of epithelial cells.

Branch-like processes are early thrown out from the lower edge,
the organ in man assuming a lobular structure at the second or

third month of foetal life. Connective tissue and blood-vessels

now begin to form and the communication between the central

lumen and the pharyngeal cleft closes up. At birth, the two

halves are grown together in the median line, and the thymus
lies between the sternum, the pericardium and the great vessels,

with the upper end extending upwards into the region of the

neck.

The complete thymus is a greyish-red organ composed of

lobes and lobules, the lobules being surrounded by a delicate

sheath of connective tissue. The change which, in the course of

development, takes place- in the length and breadth of the organ,
is accompanied by changes in its histological appearance, and
the original epithelial organ develops into a structure resembling
the lymph glands.

There are two theories as to the manner in which this

histological change takes place. According to the one, the trans-

formation theory, the epithelial cells divide and subdivide, be-

coming smaller and smaller so as to resemble leucocytes. Accord-

ing to the other, the theory of pseudon'orphosis, the epithelial

beginning of the primordial thymus is, with the exception of a

small portion, entirely replaced by elements from the central

germinal layer. From investigations carried out with a large
number of animals of different species, Hammar concludes that

the reticulum the supporting and stellate cells, believed to be

derived from the central germinal layer is in reality also of

epithelial origin. He regards the reticulum as the most important
element of the thymus parenchyma.

Development is accompanied by changes in the epithelial

thymus, both regenerative and degenerative in nature. In the

human embryo, signs of involution appear in the course of the

fourth month, the flat, horny epithelial cells becoming transformed

into the concentrically disposed layers of Hassal's corpuscles. At
the same time, leucocytes pass from the blood-vessels for the pur-

pose of absorbing the broken-down medullary masses. According
to Stoehr, the earlier view of the thymus as a lymphoid organ is

no longer tenable. And he also points out that the so-called

lymphocytes, upon the existence of which the analogy of the

thymus with the lymph glands rests, are of epithelial origin and
are epithelial in their permanent characteristics.

In many animals, the complete thymus is apparently entirely

composed of lymphoid tissue, the epithelial cells having almost
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completely disappeared. In man, the medullary substance con-

tains larger or smaller groups of epithelial cells, which are studded
with leucocytes. The thymus also differs chemically from the

lymph glands. Ivar Bang showed that the thymus cells have a

different chemical reaction to that of the leucocytes, the bone-

marrow cells, and the cells of the spleen. That the thymus cells

are not identical with those of the lymph glands is proved by
the fact that the amount of the nucleinates, the substances which
are characteristic of the nuclear structure of the true glands, is

at least five times as large in the thymus as in the lymph glands.
The older idea, that the thymus was the seat of origin of the

leucocytes (Beard), is disproved by the investigations of Stoehr.

INVOLUTION OF THE THYMUS.
The thymus is an organ which maintains its structure (as

described above) for a certain period of life only, and its function

is necessarily exercised only during that period. After a short

period of progressive development and growth which, according
to Friedleben, lasts in man until about the second year of life,

retrogressive changes set in, which lead eventually to a complete
disappearance of the parenchyma. The adenoid tissue is gradually
replaced by adipose tissue, the original lobulated formation being
retained until old age, and the fatty substance frequently enclos-

ing small remnants of true thymus tissue. Involution of the

thymus in man coincides normally with adolescence.

Hammar shows that, in addition to the involution of adoles-

cence, there is also an accidental involution, which may occur
at any period of life and leads to a rapid reduction in the size

of the gland. He found that the thymus gland of rabbits in

the fasting state fell, during the first three days, to one-half its

normal weight, and that toxic influences operated in the same
direction. This accidental involution is characterized histo-

logically by a diminution in the lymphocytes of the cortex, a

reduction in the bulk of the lobes, a disappearance of the dif-

ferentiation between cortex and medulla, and a remarkable richness
in blood. In the involution of adolescence, the microscopic
changes are very similar, though the process sometimes affects

certain portions only of the parenchyma and these may be of

varying extent. The formation of adipose tissue takes place in the
interlobular or vascular connective tissue.

The process of involution may, however, be arrested at any
age, and a remarkably large and well-preserved thymus, the so-

called persistent thymus, is sometimes seen in man. In these

cases, according to Schaffer, the original organ is not preserved,
but there is a new formation of thymus tissue, the original medul-

lary substance assuming a fresh cortical layer. Friedleben and,

latterly, Basch, found that after partial extirpation of the thymus,
there was hypertrophy of the remaining portions.
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The normal weight of the thymus in man is shown by the

following table (Hammar) :-

At birth 13.26 grammes.
Between the ages 1-5 ... ... 22.98 ,,

,, ,, ,, 6-10 26.1 ,,

.. 11-15 37-5 2 M
,, 16-20 ... 25.58

,, ,, ,, 56-65 ... 16.08 ,,

,, ,, ,, 66-75 6.0 ,,

At a more advanced age the organ is principally composed
of adipose tissue.

The size of the thymus in the dog is estimated by Baum as
follows : At birth, the weight of the thymus is to the body as
i 1250. In the first two weeks the proportion changes to i 1170.
Involution now begins, and in the course of the first two to three

months, the proportion falls to i :i2oo, or i : 1600. Remnants
of the thymus are found in dogs up to the second or third year.
Basch found that the most frequent proportional figures were :

in dogs in the third to fourth week, i : 300; and in rabbits in the

third week, i :5oo or 600. According to Basch, the development
of the thymus in dogs, during the same period, is at least twice

as favourable as in rabbits and cats, and for this reason, dogs
are more suitable subjects for experimental extirpation.

According to Noel Paton and A. Goodall, guinea-pigs are

the best subjects for this purpose. In these animals the thymus
appears in the form of two flat lobes; it is situated in the neck

upon both sides of the trachea and does not extend into the

thoracic cavity. In new-born animals, its average weight is

0.19 grm. to about 80 grm. of body weight, and the \veight of the

organ continues to increase until the weight of the animal is

about 300 grm., which occupies about two months. At this age
the animal becomes sexually mature and retrogressive changes in

the thymus begin to take place; in animals weighing 400 grm.
and over, its average weight is only 0.03 grm.

According to the investigations of Soederlund and Backmann,
the thymus of rabbits attains its maximum relative weight at the

end of the third week after birth
;
and its greatest absolute weight

during the fourth month, while the organism is preparing for

spermatogenesis. The involution of the thymus seems to coin-

cide, in rabbits as in guinea-pigs, with the completion of the

development of the sexual organs.

PHYSIOLOGY OF THE THYMUS.

In 1858, a monograph by Friedleben appeared, entitled
" The

Physiology of the Thymus Gland in Health and in Disease."

8
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This work was based upon the results of experimental investi-

gation and clinical experience, and it must still be regarded as

the text-book upon the subject. It not only brings together all

that was previously known about the thymus, but it contains

descriptions of the author's anatomical, physiological and chemical

experiments, together wdth an account of his clinical experiences.
He tested the physiological significance of the thymus by means
of experimental extirpation, and he mentions that he was antici-

pated in this method by Restelli who, in 1845, experimentally
removed the thymus from sheep, dogs and calves. The greater
number of Restelli 's animals died after a short period of fever.

Friedleben operated upon twenty dogs and three goats, his method
of procedure being first to expose the jugular fossa, then to open
the apex of the pleura, thus bringing the thymus into view. After

this it was an easy matter to remove the organ, either whole or

in portions, by inserting the forceps on the inner surface of the

manubrium sterni. Friedleben found that none of his animals

died, and he concludes from this that extirpation of the thymus
does not affect the life of the organism any more than extirpation
of the spleen. He describes metabolic changes, however, affecting
the amount of albumin contained in the blood, the respiratory

interchange of gases, and the products of decomposition found
in the urine. But these results do not stand the test of the more

perfect methods of our day, and the only findings of Friedleben 's

which can be regarded as really important are the changes which
he noticed in the bones of thymectomized dogs (profusion of

blood, pronounced tendency to bend, retarded growth).
It is not until thirty-five years later that we hear of the next

attempt at experimental extirpation of the thymus. Langerhans
and Sawaliew removed the thymus from rabbits three to six weeks
old and found that this wTas not followed by symptoms of sup-
pression. In 1894, Gluck described the results of extirpation of

the thymus after complete resection of the sternum, the animal

remaining perfectly healthy. According to Ambrosini, Thiroloix
and Bernard found that total extirpation of the thymus of young
rabbits was followed by progressive emaciation, the animals dying
three or four weeks later with symptoms of hyperthermia and
convulsions.

Tarulli and Lo Monaco (1894-1897) describe the results of

thymus extirpation in young dogs and young hens, and they
conclude that, in the dog, the thymus is not an organ which is

essential to life. They found that in very young dogs its removal
was followed by nutritional disturbances; reduction in muscular
power; reduction in the volume of the blood, in the number of red

blood-corpuscles, and in the quantity of haemoglobin ; derange-
ment of the growth of the bones; and rickets-like changes in the
skull and bones of the extremities. The changes were, however,
quite transitory, and disappeared as the animals grew bigger.
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In young hens, operated upon when two to five days old, there was
weakness of the legs, tremor of the entire body, and, finally, a

somnolent condition ending in death. The removal of one lobe

only of the thymus was followed by a transitory weakness, from
which the birds quickly recovered. In birds of more than a week

old, the removal of the whole of the gland, like that of one lobe,

was not followed by pathological signs.
Abelous and Billard (1896) describe the remarkable results

which follow extirpation of the thymus in the frog. According to

these authors, frogs live from three to, at the outside, fourteen days
after total extirpation ;

death is accompanied by intense muscular

weakness, trophic disturbances of the skin (pallor, ulceration),

changes in the nature of the blood (decrease in the number of

red blood-corpuscles, leucocytosis) and general oedema. Removal
of one lobe of the thymus is not dangerous to life, but extirpation
of the portion left in situ is followed by the symptoms described.

If the remaining portion is not removed until fifteen to twenty
days after extirpation of the first, it will show a certain amount
of hypertrophy.

Camia is the only author who is able to confirm these results.

The careful investigations of S. Vincent, ver Ecke and, more

particularly, of Hammar, led them to different conclusions,

Hammar found that, during an observation period of twelve to

fifty-nine days after total thymectomy, his frogs showed no

symptoms of pathological disturbance. It seems probable from
Pari's experiments, that the symptom-complex seen by Abelous
and Billard was due to the accidental infection of their subjects.

Moreover, Hammar and ver Ecke found that removal of one side

of the thymus was not followed by compensatory hypertrophy
of the other side; on the contrary, owing to reduced nutrition,

there was a more or less clearly defined accidental involution.

Hammar concludes that the thymus is not more necessary to life

in the frog than it is in mammals.

Experiments with mammals are described by Carbone, Ghika,
Ventra and Angiolella. Carbone found that thymectomized
rabbits and a thymectomized dog did not differ in their develop-
ment from control animals of the same litter, and that they
showed only a passing reduction in the number of their red blood-

corpuscles. Ghika removed the thymus from eight cats and
thirteen rabbits; he found that in the first few days there was
emaciation and arrest of development which lasted for weeks,

though in some of his animals the losses were afterwards made

good. In his opinion, the thymus is concerned in the formation

of blood and the promotion of growth. Ventra and Angiolella
saw cachexia, similar to that which follows extirpation of the

thyroid, in young animals after thymus extirpation.
In 1903, K. Basch first published the results which he

obtained by experimental extirpation of the thymus ;
he added
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to these results later, and in 1906 published a detailed account

of his investigations. Before discussing his discoveries in detail,

however, it will be well briefly to describe the results obtained by
means of extirpation by certain other authors.

Cozzolino removed the thymus from young rabbits weighing
300-400 grm. and, in the first two months after operation, was
able to find no change in their condition. In a second com-

munication, however, he describes crookedness of the legs, arrest

of growth, swelling of the tendons, and progressive cachexia

in an animal upon which he had operated three months previously.
The histological changes were : irregular proliferation of the

cartilage in the region of the epiphyses, which were swollen, and
considerable new formation of vessels in the bones.

S. Vincent did not observe any change in the condition of

guinea-pigs after extirpation of the thymus.
Noel Paton and Goodall found that extirpation of the thymus

produced no effect upon the growth and development of new-born

guinea-pigs. The number of the red blood-corpuscles was un-

changed, but up to the age of 2 months there was a reduction

in the number of all kinds of leucocytes. Thymectomized animals
showed the same leucocytosis, inflammatory conditions and
artificial infections in pregnancy as normal animals

;
their resist-

ance to the diphtheria toxin was normal, but to streptococci and

staphylococci it was slightly reduced.

Noel Paton arrived at some remarkable results concerning
the behaviour of the sexual glands after thymectomy. That the

removal of the sexual glands of rabbits is followed by hypertrophy
of the thymus, was discovered by Calzolari in 1898. J.

Henderson next showed that early castration is associated in

cattle with a stimulation of the processes of growth and a retarded

atrophy of the thymus. The normal atrophy of the thymus,
which begins at the age of puberty, may be considerably hastened
in cattle by using the young bulls for stud purposes and by
allowing the heifers to become pregnant. Paton found that the

atrophy of the thymus was arrested in guinea-pigs after castration.

He also made the interesting discovery that if thymectomy is

performed on guinea-pigs before they reach the age of puberty,
the operation is followed by a rapid development of the testicles.

U. Soli found that the weight of the thymus in capons was
much larger than in cocks; in the latter it averages 0.6 grm. to

each kilogramme of body weight; while in the capon its weight
is 1.16 grm. to each kilogramme of body weight. In Soli's

cocks, the removal of the thymus produced a reduction in the

weight of the testicles.

It seems probable from these results that the thymus exercises

an inhibitory influence upon the development of the testicles, and
the appearances seem to show that the involution of the thymus
is consequent upon the maturity of the sexual glands.
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The results obtained by R. Fischl from his experiments with

goats, rabbits and dogs were purely negative, and he concludes

from this that the removal of the thymus has no effect upon the

development of the subject. Basch, however, is of the opinion
that Fischl 's experiments were carried out under quite wrong
conditions, and for this reason cannot be regarded as con-

clusive.

Basch points out that the method of extirpation practised by
Friedleben, and by the greater number of investigators after him,

that, namely, of removing the thymus by way of the suprasternal

fossa, is not a good one, at any rate in the case of dogs. He
preferred a median section of the sternum, and was careful to

assure himself before finishing the operation that every particle of

the thymus had been removed. Post-mortem examination some
time after operation does not yield the same results as the

exploration of the living animal. The almost inevitable pneumo-
thorax does not, in his experience, produce unfavourable results.

Of the animals upon which he operated (frogs, doves, rabbits,

cats, guinea-pigs, dogs), dogs are most sensitive to the removal
of the thymus. As in dogs the thymus continues to develop only

during the first weeks after birth, and, at the second month

undergoes rapid involution, Basch always employed suckling dogs
for his experiments, from the same litter as control animals. In

seventeen out of twenty litters, he succeeded in keeping at least

one subject and one control animal alive for longer than four

weeks. He destroyed the greater number of the animals operated

upon in the second month after extirpation ;
a few were kept

for a longer period and, in one instance, the animal was kept for

six months.
The most important changes which Basch observed in his

thymectomized dogs were those affecting the skeleton. From the

second to third week after operation the bones were generally

distinctly softer and more pliable than in the control animals, and
the thymectomized animals were more straddling and awkward in

their gait. The hinder part of the body was weaker and more

emaciated, and the upper and lower legs were turned outwards
;

there was less liveliness of movement than in the control animal,
the thymectomized animal mostly sitting upon its haunches. A
few weeks later, the front legs also became bandy ;

there was a

broadening in the region of the lower radial epiphysis ;
and the

animal walked on the flat of its feet. The animals were backward
in development as compared with the control animals, and some-
times showed a change in the mental condition

;
there was less

movement and less intelligence. There was, moreover, in the

course of the first and second months, a distinct backwardness
in weight.

In order to test the conditions of ossification, Basch fractured

a leg-bone at the same time and under similar conditions in both
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the thymectomized and the control animals. He found that the

amount of strength required to break the bone was much less in

the case of the thymectomized than in that of the control animal.
Five to seven days after the fracture the callus in the control

animal was large, and felt more like a spindle-shaped swelling
of the bone; in the thymectomized animal it was ring-shaped and

considerably smaller. The difference in the development of the

callus was perceptible for several weeks. The changes in the

bones were well shown in skiagrams. In the thymusless animal,
the periosteal apposition at the seat of the fracture was slight, the

change of the soft parts into bone being only indicated. The
difference in the formation of the callus was best seen in

suckling puppies, more particularly in cases where the fracture of

the bone took place three to four weeks after the extirpation of

the thymus. This seems to show that the change in the re-

generative processes of the bones does not make itself felt until

after a certain time has elapsed. The changed character of the

bones is most clearly seen in the hollow long bones, especially in

the tibia and femur, and after them in the humerus and the fore-

arm bones
;
the ribs and the bones of the hand and the foot are, in

general, much less affected.

The examination of anatomical preparations also revealed a

distinct backwardness in the development of the bones. In the

animals from which the thymus had been removed, the bones
were slighter and smaller than in control animals, while the

epiphysal lines were frequently broadened and irregular. In

two cases there were pronounced changes similar to those seen in

the spontaneous rickets of dogs. Microscopic examination showed
the changes typical of retarded ossification. In the thymectomized
animal, the bone-compact is narrower and contains less lime than
in the control animal

;
and the bony trabeculas are more fragile

and contain a larger proportion of the original cartilaginous
formation. There is a larger proportion of cartilaginous tissue

at the epiphysal diaphysis line than in the normal animal. The
cartilaginous coating of the epiphyses is thicker and more
voluminous, and the ossified bony portion is smaller. The long
bones of the thymectomized animal take longer to develop;
calcification progresses slowly, and this causes the retardation of

growth, the softness of the bones, and the imperfect apposition of

the periosteal bony layers after fracture.

Basch does not regard the changes which follow extirpation
of the thymus as being in any way related to rickets. He is much
more inclined to look upon them as disturbances of the develop-
ment of the skeleton, more especially affecting the calcification

of the bones, and having an etiological connection with the

suppression of the thymus gland. The thymus function being
only temporary in its nature, it follows that the changes brought
about by its suppression are temporary also. Basch believes
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that the changed conditions of ossification resulting from the

suppression of the thymus may be the forerunners of rickets.

Basch endeavours to find an explanation of the changes
in the bones, in the metabolic conditions which obtain in

thymectomized animals. As C. Bracci pointed out (1905), the

removal of the thymus of rabbits causes a reduction of Ca in the

bones and other tissues. Basch investigated the amount of cal-

cium salts excreted in the urine; he found that, during a period
of eight days and under precisely similar conditions, the

thymectomized animals excreted more than twice the amount of

calcium excreted by control animals. This difference disappeared
some considerable time after extirpation.

In contrast to this, however, Sinnhuber found that neither

the extirpation of the thymus nor the exhibition of thymus gland
was followed by an increased excretion of lime in the faeces or

the urine. Basch explains this discrepancy with his results by
a difference in the conditions under which the experiments were

performed, Sinnhuber's control animal being taken from a

different litter to that from which the thymectomized animal was
taken

; and, moreover, the control animal had previously suffered

from a serious nutritional disturbance characterized by exception-

ally high excretion of lime.

Basch also describes a litter of puppies, a few weeks old, in

which the development of the bones was proportional to the

growth of the thymus, while there was no apparent modification of

the development of either the thyroid or the testicles.

He also found that, where a portion of the thymus was left

in situ, there was less difference in the formation of the callus and

that, in some instances, it was quite normal. In one such case

he observed a hypertrophy of the remaining lobe of the thymus.
U. Soli also found that thymectomy was followed in young

rabbits by changes in the development of the skeleton, these

changes affecting the hollow long bones and the ribs.

Sommer and Floerken (1908) described the results of

thymectomy and transplantation of the thymus in both dogs and
cats. The thymus was removed from the animals at the age of

two months
; they lived for six to seven months, and differed from

the control animals of the same litter in awkwardness of shape,
clumsiness of movement, and roughness of coat. Skiagrams
showed that the long bones were much shorter and clumsier than

those of the control animals. In the case of animals in which
a thymus had been implanted, the long bones showed, on the

contrary, an increase in the processes of longitudinal growth.
Ranzi and Tandler (1909) showed some dogs from which the

thymus had been removed by a median section of the sternum.

To prevent pneumothorax, this was done in Sauerbruch's

negative-pressure chamber. Three and a half months after

operation the animals weighed less than control animals from
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the same litter
;
their bones were remarkably soft

; they had a

peculiar straddling walk; and they had not lost their milk-teeth.

There was no enlargement of the testicles.

The implantation of the thymus in young dogs was followed

by contradictory results. The continued subcutaneous injection
of an extract of the thymus glands of sheep, produced in sheep a

backwardness in development and in weight. Ranzi and Tandler

assert that when applied to the enucleated eye of frogs, thymus
extract produces enlargement of the pupil.

With regard to the influence of thymus extirpation upon the

nervous system, Basch (1908) proved that, in young dogs, the

well-known galvanic excitability of the peripheral nervous system
is distinctly increased after extirpation of the thymus. In animals
before thymectomy, or in control animals of the same age, the

kathodic closure contraction takes place at i to 2 milliamperes,
the kathodic opening contraction at over 5 milliamperes; after

thymectomy, the kathodic opening contraction figures gradually
fall, reaching their lowest, 3 to 4 or even 1.5 to 2 milliamperes, in

the third week, and at this they remain for several weeks. In two
cases there was an increased irritability at the cortex of the

brain of the motor-points affecting the anterior extremities.

The hypersensibility of the nerves to electric stimulus is less

intense after thymectomy than after thyroparathyroidectomy, and
for this reason only a small proportion about one-tenth of

thymectomized dogs die of convulsions.

According to Sabatini, and his view is confirmed by Basch,
in normal animals the direct application of soluble calcium salts

reduces the irritability of the cortex of the brain
;
in thymectomized

animals, the subcutaneous injection of these salts produces a

distinct reduction of peripheral hyperirritability, and their re-

peated injection may even restore the kathodic opening contraction

to its normal figure.
In normal animals, the injection of thymus extract is believed

to increase the sensibility of the peripheral nerves; in

thymectomized animals, both thymus extract and suprarenal ex-

tract rather reduce this sensibility.

According to Basch, the thymus gland is physiologically
associated with a definite reaction of the motor apparatus to the

electric current. He is of the opinion that the causative factor

of infantile tetany lies, not only with the parathyroid glands,
but with the entire group of branchiogenic organs, of which the

thymus is probably the most important ;
for not only is it very

sensitive in its reaction to general disturbances, but it is

functionally active in the first years of life only.
Now that we know that, in many species of mammals, the

thymus gland contains accessory parathyroids (Pepere), it seems

probable that the latent tetany associated with Basch 's experi-
ments wras purely parathyroprive in origin, and not in any
way due to suppression of the function of the thymus.
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EFFECTS OF THYMUS EXTRACT.

Svehla (1896) found that the watery extract of the thymus of

man and of certain animals (pig, dog, ox), when injected into the

veins of dogs, produces an acceleration of the pulse and a re-

duction of arterial tension. The fall in pressure is the expression
of an enfeebling, or of a paralysis, of the vasoconstrictors, while the

acceleration of the heart's action is the result of the direct influence

of the extract upon the cardiac muscles themselves, and not upon
the nervous apparatus which accelerates cardiac activity. The
arrest of respiration and of cardiac activity which sometimes
follow large closes of thymus extract, are secondary results of the

peripheral vaso-motor paralysis.
Svelha showed further that this specific substance is not pre-

sent in the thymus of the human embryo, but is formed after

birth. Its activity apparently becomes stronger with time and,
even at the age of 40, the thymus in man still retains its specific

activity. Both the toxicity of thymus extract and its influence in

reducing pressure have been confirmed by other investigators

(Basch, Livon, Vincent and Sheen). Vincent and Sheen, how-

ever, emphasize the fact that substances with similar depressant
effects are obtained from many tissues besides the thymus. Farini

and Vedoni also describe the depressant action of thymus extract
;

they found that blood containing thymus extract, when circulated

by artificial means through the hinder extremities, did not produce
a vaso-dilation, but a vaso-contraction, which lasted, however,

only a short time. R. Popper (1905) discovered that the marked
reduction of blood-pressure which, together with suffocation and
heart failure, follows the intravenous injection of homologous
thymus extract, is not the result of a specific toxic activity of the

thymus extract upon the circulatory apparatus, but is due to a

property common to all tissue extracts, that, namely" of producing
intravascular coagulation and so giving rise to circulatory disturb-

ances. He found that, in rabbits which died after the injection
of thymus extract, there were extensive areas of coagulation in

the vascular system and in the heart
; dogs, however, usually re-

covered, the formation of thrombi being confined to single vessels.

If the coagulation of the blood is prevented by means of extract

of leeches, the action of the thymus extract ceases to be toxic, and
the reduction in blood-pressure appears only after very large

doses, and then in a very slight degree.

Thymus extract remains active after boiling, and this shows
that its active principle is not, in itself, a ferment, but that it is a

substance which causes the formation of a ferment having the

property of coagulating blood.
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MORS THYMIA AND THE STATUS THYMICO-
LYMPHATICUS.

The laryngeal spasm of infants was termed asthma thymicum
by the older physicians, and its sudden fatal termination was

supposed to result from changes in the thymus. After very care-

ful investigation, Friedleben came to the conclusion that
"

neither

the normal nor the hypertrophied thymus is able to provoke laryn-

geal spasm, and that there is no such thing as asthma thymicum."
This view was, at first, very generally accepted. The fact, how-

ever, that in many cases of sudden death, post-mortem examina-

tion showed a distinct hyperplasia of the thymus, led Grawitz to

conclude (1888) that, in such cases, death was due to suffocation

from a mechanical compression of the trachea, and this explana-
tion is still, in many instances, held to be rational and sufficient.

Another explanation was, however, offered by Arnold Paltauf

(1889). He insisted upon the existence of a specific constitutional

anomaly, suggested in Rokitansky's text-book (1861), and which

Paltauf describes as follows :

"Pallor of the skin; well-developed panniculus adiposus ;

hyperplasia of different parts of the lymphatic system, the

lymphatic glands of the neck, axilla, mesentery; enlargement of

the follicles of the naso-pharyngeal cavity, the intestinal walls,

the base of the tongue and the spleen ;
the thymus larger than the

average. This finding points to a general pathological condition

of the body which is generally termed the lymphatic constitution.

The hyperplasia of the thymus and its abnormally prolonged
duration are not the causes of death, but are symptoms of the

general nutritional derangement, which is further evidenced by
the enlargement of the lymph-glands, tonsils, &c."

Svehla next concluded, from the effects of thymus extract

upon the heart and the vessels, that the mors thymica of children

is due to hyperthymization ;
that is, to the action of a substance

circulating in the blood, which is supplied in an increased quan-

tity by the hyperplastic thymus.
The fact that the effects of thymus extract are not specific,

withdraws from Svehla's theory its most important support. And
yet Hart, writing quite recently, considers the theory of an accu-

mulation in the organism of the toxic products of metabolism as

the result of thymus hyperplasia, to be quite plausible. He
tions, there was paresis of the hinder extremities,

"
the cardiac

persistent thymus, rubbed down and prepared under sterile condi-

tions, there was paresis of the hinder extremities,
"

the cardiac

activity was much accelerated, the animals sat forward and stiffly

upright, as if in cardiac distress, in which attitude, after a few

moments, they died." Post-mortem examination showed that,

apart from hyperasmia, all the organs were healthy ; the supra-
renals showed signs of extreme hypera?mia with some ha^mor-
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rhages. Calf's thymus, rubbed down and prepared under sterile

conditions, produced negative results when injected into the peri-

toneum of control animals.

Wiesel ascribes sudden death in the status thymicolym-
phaticus to a hypoplasia of the chromaffine system, as seen in the

post-mortem finding of changes in the suprarenals. He thinks that

the secretion of the chromaffine system, which raises blood-

pressure and stimulates the heart and the vessels, is supplied in

insufficient quantity, and that, in such individuals, slight noxae

may cause paralysis of the vessels and heart failure.

It is evident, then, that sudden death in children and adults

as the result of laryngospastic convulsion, .as well as those cases

where death takes place at the commencement of chloroform

anaesthesia, the post-mortem findings frequently being negative,
are referable to a status thymicolymphaticus. The investigations
of Richter, as well as those of v. Sury, show, however, that great
caution should be exercised in identifying sudden death in child-

hood with mors thymica. Richter points out that an acute capil-

lary bronchitis, unrecognized during life, may easily be the cause

of sudden death.

We have, as yet, no sufficient explanation of the pathogenetic

significance of the thymus in mors thymica, or of the manner in

which this is brought about. And the part played by the thymus
in the production of the so-called status thymicolymphaticus is

equally unexplained.
Bartel recently interpreted the status thymicolymphaticus as

one of the symptoms of a more or less general hypoplastic constitu-

tion. He describes the post-mortem findings in over 100

cases. The superficial fascia was in all cases well developed;
the height was frequently above the average for the

sex and age; there was marked swelling and hyper-

plasia of the lymphatic glands, the lymphatic deposits
of the mucous membranes (tonsils, lymph follicles of the

tongue, stomach and intestines) and the follicles of the spleen ;
the

bone marrow was frequently red, and there was, in the very large

majority of instances, a much enlarged thymus. The average

weight of the thymus considerably exceeded the average figures

given by Paitauf and Mettenheimer, namely : from 15 to 25 years
of age, 22.1 grm. ;

from 25 to 35, 3.1 grm. Bartel's figures
do not differ greatly from those of Hammar, which are, however,

remarkably high. Bartel also found congenital smallness in the

lumen of the aorta and of the peripheral vessels, remarkable small-

ness in the size of the heart, comparatively large brain (hyper-

trophia cerebri), colloid degeneration of the thyroid gland and

fragile structure of the bones. The only details needed to com-

plete the clinical complex of the hypoplastic constitution are :

hypoplasia of the genitals, defective growth of pubic hair; in the

female, narrow vagina, infantile uterus, usually abnormally large
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and smooth ovaries, menstrual anomalies and frequently
anomalies of pregnancy ;

in the male, deficient growth of pubic
hair and smallness of the external sexual organs.

Out of 15 cases of Addison's disease, Hedinger found 7 with

marked status thymicolymphaticus, 5 in whom the condition was
not so marked, and 3 in whom it was uncertain.

The pathological significance of the constitutional anomalies

presented by the status thymicolymphaticus is shown, in the first

place, by the greater sensitiveness of such individuals to harmful

disturbances of all kinds (Laub). Their greater vulnerability is

shown by the fact that more than half of these subjects die early
in life (14 to 25) of infective diseases. Of these the most frequent
is tuberculosis, but nephritis, eclampsia and diabetes are all to

be met with
;
and suicide is a not infrequent termination to these

lives (Bartel).
The older pathologists regarded this condition as a pre-

disposition to tuberculosis and to certain other infective diseases
;

this view is confirmed by the results of modern investigators

(Kundrat, Ort, Bartel).

THE SUPRARENAL SYSTEM.
THE INTERRENAL AND ADRENAL SYSTEMS.

HISTORICAL.

THE suprarenal capsules were first recognized as separate

organs by Bartholomeus Eustachius Sanctoseverinatus, the great
anatomist of the Renaissance, in the year 1563. It is commonly
believed that these organs are mentioned in different passages in

the Bible, but the notion is an erroneous one arising, as Blanchard

points out, from incorrect translation of the Vulgate.
The manner in which our knowledge of the suprarenals has

grown is interesting from many points of view. This is fully
described in another place, the present intention being to give

only a very brief summary of the more important historical data.

The work of Eustachius was followed up by a number of

authors, who made exhaustive investigations into the anatomy and
functions of the suprarenal capsules. It is nevertheless curious

to find that many anatomical and medical works of the iyth and
i8th centuries contain no mention of these organs (Vesalius,

Fallopius, Fabricius, Aquapendente and van Swieten).
In 1716, the Academic des Sciences of Bordeaux offered a

prize for an answer to the question :

"
Quel est Tusage des glands

surrenales?" The judge was Montesquieu, then 29 years of age,
who found himself unable to award the prize to any of the con-

flicting and, in some instances, very extraordinary theories offered

in solution of the problem. He closed his searching criticism of

these theories with the words :

" Le hazard fera peut-etre quelque
jour ce que tous les soins n'ont pu faire."
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This fortunate chance was a long time in coming. In 1819,
Caillau made Montesquieu's judgment public, at the same time

reviewing the work of the century following it, and his summary
was this:

" Les anatomistes n'ont pas pu decouvrir 1'usage des

glandes surrenales . . . Nous ne sommes pas plus avances

aujourd'hui sur les glandes dont il est question que du temps du
fameux Eustache qui en parle le premier."

Caillau's view was right in so far as it concerned the function

of the suprarenals; but it must not be forgotten that the iSth cen-

tury added largely to our knowledge of the anatomy of these

organs. In 1752, J. B. Winslow published an exact description
of the anatomy of the human suprarenals, and at the beginning of

the i gth century (1806) J. F. Meckel's comparative anatomy of the

suprarenals appeared, a work the importance of which it is difficult

to over-estimate.

In the course of the next fifty years, important additions were
made to the morphology of the subject. In 1846 A. Ecker gave
an exact description of the minute structure of the suprarenals as

revealed by the microscope. Leydig's work in comparative mor-

phology (1851-1853) and A. Kolliker's epoch-making description
of the histological structure of the suprarenals (1854) \vere of the

highest importance to the later development of our knowledge of

the subject.
The year 1855 marks both a turning-point and the commence-

'ment of a new era in suprarenal research. All that had gone
before served merely as the foundation for a profound and far-

reaching doctrine concerning the physiological and pathological

significance of these organs, a doctrine which to-day is,

in certain directions, still awaiting completion. At that

date, the work of nearly three centuries had supplied
all that was to be known macroscopically of the anatomy of

the suprarenals; there was a certain small amount of knowledge
of the embryology, teratology and pathological anatomy
of the subject ;

the keen research of the fifty previous

years had supplied important data in the department of com-

parative anatomy; whilst as much was known of the minute
structure as the means of that day permitted. But the physiology
of the suprarenal capsules was a sealed book. The older authors,
it is true, formulated vague and generally insufficiently grounded
hypotheses concerning the functional significance of these organs;
more modern observers, basing their views upon the results of

investigation in comparative anatomy and histology, arrived at

more or less well-founded suppositions; but in no case did either

observation or experiment bring to light a single fact concerning
the functional activity of these organs in any direction whatsoever.

It was in 1855 that Thomas Addison published his book
" On the Constitutional and Local Effects of Disease of the Supra-
renal Capsules

'

a work in which a clinical condition observed
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in man was, upon pathologico-anatomical grounds brought into

relationship with a disturbed condition of the suprarenals.
Addison described the condition, which was afterwards named

after him, as an idiopathic anaemia, associated with extreme

apathy and adynamia, disturbances of the digestive tract and of

the nervous system, and a bronze-coloured pigmentation of the

skin and mucous membranes
;
whose course was chronic

;
which

presented all the features of a progressive cachexia, frequently

accompanied by violent symptoms, such as uncontrollable diar-

rhoea, coma and convulsions; and with a termination which was

always fatal. In every case examined, the post-mortem findings
showed serious disease, generally tuberculous in character, of the

suprarenals, and Addison concluded from this that both the patho-

logical condition and its fatal termination were due to suppression
of the suprarenal function.

Addison's observations supplied the first contribution, from
clinical experience, to the physiology of the suprarenals ; they
showed that these organs are essential to the life of the individual

;

and they furnished certain inferences as to the nature and method
of their functional activity.

Addison's discovery gave an immense impetus to research

which, for the first time in the history of this subject, was con-

ducted upon physiological lines; that is to say, by means of ex-

periment with the living animal. It \vas believed that extirpation
of the suprarenals of animals planned earlier by various investi-

gators (Ecker, Meckel) but never carried out would supply the

much desired information as to the function of these organs.
Moreover, this method alone could decide whether the clinical

condition observed by Addison in man, could be induced in

animals by the experimental destruction of their suprarenals.
These expectations were, however, not fulfilled. Although a

large number of communications were forthcoming \vhich con-

firmed the coincidence of the classical symptom-complex pig-
mentation of the skin, muscular weakness, gastro-intestinal de-

rangement, anaemia, with a disease of the suprarenals in man,
yet in no case was it possible experimentally to reproduce a similar

group of symptoms in animals. All that experimental investiga-
tion was able to achieve, was a definite answer to the question as

to w'hether animals could survive after extirpation of the supra-
renals in other words, as to w'hether or not the suprarenals \vere

essential to the life of the animal.
The first accounts of such experiments were published in the

year 1856. The results described were capable of various inter-

pretations and led to a vast amount of discussion which, helped on

by numerous experiments, lasted until about the middle of the

'sixties. It seemed at that time that the part played by the supra-
renals in the animal economy was not a vital one.

The interest of physiologists was, however, permanently
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aroused, and the suprarenals have since formed a constant subject
of investigation. A strong impetus was furnished by the new
doctrine of the internal secretions and, more particularly, by the

discovery of the remarkable physiological activity of the watery
extract of suprarenal.

Since 1896 a large number of publications have appeared
(Brauer, Diamare, Fusari, Giacomini, Grynfellt, Kohn, Kose,
Pettit, Poll, Soulie, Srdinko, Vincent, Wiesel) in which the

suprarenal question is treated from the genetical and from the

comparative morphological points of view.

COMPARATIVE MORPHOLOGY AND EMBRYOLOGY.
The study of the comparative morphology and of the embry-

ology of the suprarenals led to a complete revision of the older

theories, and created a new physiological foundation. The results

of these investigations are, briefly, as follows :

Neither morphologically and genetically, nor physiologically
and pathologically, are the suprarenals homogeneous organs, but

they are the result of the combination of two different and inde-

pendent organic systems. The suprarenal complex is derived,
not from the whole of these systems, but from different larger
portions of them.

The earlier view, which regarded the suprarenals as inde-

pendent homogeneous organs, having a topographical relationship
to the kidneys, was a perfectly justifiable one, for it was based

upon purely anatomical data obtained from man and the higher
mammals. That the physiology and pathology of the suprarenals
are largely derived from this anatomical standpoint and continue
to be affected by it, is readily comprehensible; but that this is a
cause of much of the haziness by which the subject is surrounded
cannot for a moment be doubted.

The conception of the suprarenals as homogeneous organs,

early underwent a certain amount of modification
;
for in addition

to the principal organs, other structures were frequently observed
to be present, sometimes associated with the principal organs and
sometimes isolated from them, which could only be regarded as

accessory suprarenals. Although the presence, position and
structure of these bodies is subject to considerable variation, yet

they occur so frequently that they must be regarded as normal
structures. The fact that their existence has so often been ignored
and their physiological significance insufficiently understood, has
been a very fruitful source of error.

If the conception of the suprarenals as homogeneous organs
was shaken by the discovery of these accessory bodies, a con-
sideration of their structure served to shatter the theory entirely.
Section of the suprarenals shows, even to the naked eye, that they
are composed of two sharply defined portions, differing from one
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another both in colour and consistency. This difference was

recognized by the earlier investigators, by whom the two portions
were distinguished as the

"
medulla

" and the
"
cortex." These

terms are not merely topographical, but possess a histological

significance. The microscopic examination of the more minute

structure shows that the medulla and the cortex of the suprarenals
are composed of two different tissue formations.

The cortex is composed of rows and columns of cells contain-

ing a varying quantity of shining granules, which are partly
double-refractive. The characteristic reactions of these granules
show that they contain fat or are closely related to lecithin, and
for this reason they are known as lipoid granules. They colour

strongly with the specific analine dyes for fats (alkanet, sudan III,

scarlet R.); they stain black with fluids containing osmium; and

they are more readily soluble than fats in fat-dissolving agents
(chloroform, xylol, ethereal oils).

The medulla consists of a tissue well furnished with nerves

and vessels, and composed of spheroid or cord-like cell-agglomera-
tions, the cells of which possess a specific affinity for chromium
salts. The contents of these cells are very evanescent, but they

may be preserved in chromic acid and solutions of the chromic
acid salts, by which they are coloured a light yellow to dark brown

(Henle, 1865). The finely granular cyptoplasm has a marked

affinity for the specific stains for nuclei (carmine, hasmatoxylin,
safranin) and colours a black-green with ferric chloride.

Thus, the anatomically homogeneous suprarenals consist his-

tologically of a peculiar combination of two different tissues, the

cells of one being characterized by their lipoid contents and those

of the other by their chromaffinity.
This differentiation is not sufficient, however, when we come

to the anatomical comparison of the homologous organs of the

different classes of animals. It is only in the higher mammals
that well-defined paired organs are met with which, from their

position and partly also from their structure, can be identified as

suprarenals. In birds these organs consist of the two characteristic

kinds of tissue, but the topographical arrangement of medulla and
cortex is absent. It is rather the intimate interweaving of two
nets of cell-columns of which one the system of principal
columns has all the histological characteristics of the suprarenal
cortex, the other the intermediary system presents those of the

chromaffine medulla. The conditions in reptiles are essentially
the same, but it is worth noting that here the tissue with lipoid
cell-contents is largely predominant; it is only in the hydro-
sauria and chelonia (crocodile and tortoise) that these cortical '

threads are interwoven with fine medullary threads. In the lepido-
sauria (lizards and snakes), isolated balls of medullary substance
are scattered in a ventral direction in the cortex, and the greater
part of the chromaffine tissue occupies a dorsal position.
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This, at least anatomically, isolated suprarenal of the

am n iota is absent in the anamniota, where it seems to be replaced

by a number of small bodies, partly connected and partly entirely

separate. The amphibia represent, to a certain extent, the tran-

sition stage between the higher and lower vertebra?. In the anura

(frogs, toads), the yellow bodies which represent the suprarenals
are united to form a thin plate which is attached ventrally and

medially to the kidneys ;
in the gymnophiona (blind worms), they

are united at least at the head end to form a largish mass, and
the cordal part only is broken up into separate portions; in the

urodela (salamander, newts), they are divided into numerous small

islands, situated close to the kidney and along its entire length.
The histological relationship between these organs of the amphibia
and the suprarenals of the amniota is shown by the fact that, in

addition to the larger portions, composed of rows of cells with

lipoid contents, chromaffine tissue is also present in isolated

groups of cells and cell-masses which, in the anura, form an inter-

communicating network of intermediary columns.
In all vertebrates lower than the batrachians, the suprarenals

are replaced by two topographically separate systems of small
bodies.* The only exception is the amphioxus, in which no

cell-groups of a structure similar to suprarenal tissue have as

yet been found.

The one system includes the entire body, described in the

Selachii under the name of
"

interrenal body," lying between the

caudal end of the kidneys ;
in the Teleostii, the so-called

'

corpuscle of Stannius
"

;
and in the Ganoidei, the corpuscles dis-

tributed throughout the whole kidney, likewise described by
Stannius; as well as the small structures which, in cyclostomata,
are attached to the walls of the posterior cardinal veins and
extend from the region of the pronephros (head kidney) to the

tail. Histologically, all these bodies are exclusively composed
of cells arranged in vesicles or tubules. The cells contain lipoid

granules and their structure is therefore similar to that of the

suprarenal cortex.

The second system is chromaffine in character and comprises
those paired bodies, associated with the sympathetic ganglia and

lying dorsally to the kidneys in the caudal rump-part of the body,
which, in the Selachii, are called the suprarenal organs. But as

this terminology is liable to lead to confusion (the German
* The question as to whether or not the invertebrates possess organs

equivalent to the suprarenals was first propounded by Leydig. He observed

peculiar cells with yellow granular contents against the nerve fibres and
ganglia of Paludina, Pontobdella and Mermis, and regarded these as the

counterparts of the suprarenals. Poll and Sommer found chrome-brown
cells in the central nervous system of leeches, and Poll 'found similar cells

in the abdominal ganglia of Hirudo, Aulastoma, Placobdella, and Xephelis.
I myself found that the extract of the abdominal ganglia of Hirudo
mcdicuialis and Lumbricus terrcstris contained adrenalin, and this may be

proved by biological methods.

9
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Nebennieren being called in English
"
suprarenal bodies "), it is

expedient to call them, from their histological characteristics,

chromaffine or phasochrome bodies; or, from the nature of their

function, they may be termed adrenal organs.* In the Teleostei

and Ganoidei, these adrenal bodies are situated in the walls of the

cardinal veins. In the Cyclostomata, the adrenal system extends

from the neighbourhood of the second pair of gills to the tail
;

it takes the form of bands, which are situated between the aorta

and the cardinal veins, and are intimately associated with the

blood-vessels.

Comparative anatomy shows that the two fundamental tissues,

which in mammals are distinguished as cortex and medulla, are

present in all vertebrates, and are therefore to be regarded as

structures which are component parts of the vertebrate body. In

fish, the two kinds of tissue appear as two different organic

systems, anatomically separate from one another, and known as

the interrenal and adrenal systems. The interrenal system includes

all the structures which, like the suprarenal cortex, are composed
of cells with lipoid contents; the adrenal system comprises all

tissues the cells of which, like those of the medullary portion of

the suprarenal, are characterized by their chromaffinity.
In the higher vertebrates, however, these systems have, to a

differing extent, lost their independence, and have also become

very much reduced in size. A partial amalgamation of both

systems is seen in the amphibia, the independent portion of the

adrenal system here forming isolated cell-agglomerations, which

are intimately connected with the sympathetic system. In reptiles

and birds, the association between the two systems is more
intimate

; though independent portions of the adrenal system are

found, in the form of chromaffine bodies, throughout the sympa-
thetic system in birds, while in reptiles they lie along the great
abdominal vessels. In mammals, the amalgamation of the two

systems is complete. This is the result of the topographical

arrangement by which the adrenal system becomes the medullary

portion, while the interrenal system becomes the cortical portion,
of the suprarenal capsules. But even here, a considerable pro-

portion of the adrenal system remains independent. It is

distributed along the sympathetic system, partly in the form of

isolated pha?ochrome cells and larger or smaller chromaffine

bodies, and partly in the form of larger structures, invariably
found at the bifurcation of the carotid artery and at the abdominal

* The terms "
chromophile

"
(Stilling), "chromaffine" (Kohn),

"
phzeo-

chrome " or " chrome-brown "
(Poll) tissue, indicate a special histological

characteristic; the term "
paraganglia," suggested by Kohn, has an etiological

significance; while the term "adrenal system," in so far as it is not a

topographical description but is used as a synonym for " adrenalin-

producing organs," expresses the functional significance of these glands.
The chrome-brown cells are very aptly termed " cellules adrenalogenes

"
by

Bonnamour.
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division of the aorta and named respectively the carotid gland and
Zuckerkandl's accessory organs of the sympathetic system.

The greater number of \vhat are usually called accessory
suprarenal organs are rather, from their histological structure,
free portions of the interrenal system, and should by rights be
called accessory interrenal bodies. They are found in the neigh-
bourhood of the suprarenals ;

in the substance of the kidneys ;

and distributed through the whole of the retroperitoneal space
and extending downwards into the pelvis, in women chiefly in

the ligamentum latum, in men in the vicinity of the spermatic
cord and the testicles.

A homogeneous suprarenal is found only in the higher verte-

brates, and even here it is only certain portions of the two systems,

varying in different classes, which combine to form the apparently
homogeneous organ. The suprarenal of mammals, with its cortical

and medullary parts, represents a combination of portions of

the adrenal and interrenal systems. The terms
"
cortex

" and
" medulla

'

merely represent the topographical conditions in

mammals; in reptiles and birds the systems are differentiated

into "principal" and "intermediary columns"; in the lepido-
satirii and amphibia a portion of the

"
medullary substance

"
lies,

not in the interior, but upon the surface of the
"
cortex." As

histological definitions, 'cortex' and ''medulla" are synony-
mous with interrenal and adrenal tissue, but being only parts of

these systems, they can never be employed to describe the

systems as a whole.
It has been shown by means of comparative anatomy and

histological investigation that the bodies of vertebrates contain

two different and independent systems, certain portions of which
combine to form the suprarenals of the higher orders. This is

confirmed by the results of comparative embryology. In all

orders of vetebrates during organogenesis, two independent and
autonomous organic systems are evolved from two different

primordial beginnings. These are the adrenal and interrenal

organs which, according to the further development of their tissue,

maintain their independence either wholly or in part (as in cyclo-
stomata and fish). In the course of histogenesis, and after mani-

fold changes, large portions of each system combine to form either

a number of small bodies, as in the amphibia, or a single homo-

geneous organ, such as the suprarenals of the amniota.

The interrenal system is the direct descendant of the meso-

derm. It is developed from the ventral portion, that part which

forms an epithelial sheath, covering the lateral plates of the ccelom

in the so-called interrenal zone. At about the time when the

sexual glands first begin to appear, thickenings of the peritoneal

epithelium are formed by means of mitotic cell-proliferation at

circumscribed areas. These thickenings take the form of buds,

the cells of which early acquire a characteristic appearance. Later
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on, the buds become detached from the parent membrane and
assume the status of interrenal organs which, in the form of

isolated cell-agglomerations, lie free in the supporting tissue and,

by their change of position, acquire fresh topographical relation-

ships to the surrounding organs. At the same time, as growth
continues, processes of degeneration and of coalescence take place,

leading, in the former case, to a reduction in the length of the

system, which originally extended over comparatively large por-
tions of the body of the embryo ;

and in the latter, to the partial

or complete negation of the primary discontinuity of the system.
Thus, vigorous growth and the coalescence of separate buds is the

primary origin of the principal organs, while accessory organs are

primarily the result of imperfect involution. Accessory bodies

may, however, be formed secondarily at a later date by fission of

the principal organs.
The embryonal interrenal cells undergo further histological

and cytological differentiation until the specific structure is

assumed. In cyclostomata and in fish, the interrenal system
remains in this condition of independence.

The adrenal system is derived from the ectoderm ;
it shares its

primordial beginning with the sympathetic system and develops
as a part of it. In the course of the histogenesis of the sympathetic

ganglia, two different cell-types are formed from the apparently
homogeneous and undifferentiated seat of origin of the primitive

ganglia. Of these, one is the prototype of the sympathetic nerve-

cells, while the other includes certain specific elements of a peculiar
character which are the first chromaffine cells (phueochromoblasts).
The latter occur either singly or in larger or smaller groups in the

midst of the nervous tissue and not divided from it. The
apparently homogeneous primitive beginning may, however,
divide into t\vo in such a manner that the chromaffine tissue lies

within or near a sympathetic ganglion, and may occasionally be

separated from it by a sheath of connective tissue. In the Selachii,
the elements of the adrenal system remain stationary at this stage
of development, and are represented by the so-called suprarenal
bodies of this order. Finally, there may be a complete topo-

graphical separation of the adrenal elements from the sympathetic
system, the chromaffine bodies, as soon as they become separate
structures, showing only very slight traces of their genetic asso-

ciation with the sympathetic. Separation of all three kinds is

seen in amniota and in amphibia. In these orders the adrenal

system consists of depositions of chromaffine tissue within the

sympathetic ganglia and plexuses; of deposits of chromaffine
bodies attached to the sympathetic; and of relatively autonomous
structures like the so-called accessory organs. The slight dis-

position to a separate existence by which the organs of the adrenal

system in general are characterized, is also shown by the fact that

portions of this tissue associate themselves at an early develop-
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mental stage with other heterogeneous tissues, such as the carotid

gland and the interrenal tissue.

The development of the suprarenal represents a later chapter
in the history of both systems; it is the last genetic event in which
a combination of interrenal and adrenal tissue takes place. It is

seen for the first time in the amphibia, where groups of character-

istic cells, released from the sympathetic ganglia, wander along
the wall of the aorta in a ventral and median direction, finally

reaching the interrenal bodies, which are already fully formed
and clearly defined. In the gymnophiona, these cell-groups place
themselves by the side of the interrenal cell-bodies, but in the

urodela and anura they become either partially or wholly inter-

mingled with them. The result is the formation, not of a supra-
renal, but of a number of small suprarenals.

In reptiles and birds the process is analogous. At the begin-

ning, the interrenal system consists of isolated buds; at a later

period, sympathetic elements associate themselves with the meta-

morphosed and well-defined interrenal body and, in the course of

histogenetic development, this association becomes more intimate.

Almost the entire interrenal system is used up in the formation of

the suprarenal bodies, and the accessory interrenal bodies, which
are rare in these orders, are probably formed by secondary division

of the principal organ.
In mammals, at the time when the interrenal system has be-

come clearly defined and histologically differentiated, which in

the human embryo is at about the fifth week, undifferentiated sym-
pathetic elements wander from the principal mass of the abdominal

plexuses to the cell-columns of the interrenal bodies. These cells

break through the capsule upon the median side and make their

way between the cell agglomerations and columns of the interrenal

tissue, at the same time keeping their structural relationship with

the abdominal sympathetic. In the external mass, a differentia-

tion between nerve-cells and chromaffine cells is soon perceptible;
but the cells which made their way into the interior remain for a

long time in their primordial state. This intrusion of sympathetic
elements is continued during the whole of fcetal life, the interrenal

tissue becoming entirely interwoven with these elements, as seen

in the completed suprarenal of birds. It is not until later, when
the histological and cytological transformation of interrenal tissue

into the three-layered suprarenal cortex is complete, that the inter-

polated sympathetic elements become, in a topographical sense, the

suprarenal medulla. At about the beginning of the fourth month,

they acquire the chrome-brown colour which is their chief histo-

logical characteristic. That in mammals, as in the other higher
orders of vertebrates, the whole of the interrenal tissue is not used

up in the formation of the suprarenals, is shown by the fact that

accessory suprarenals frequently occur which contain no trace of

chromaffine tissue. These structures, which should rightly be
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termed "accessory interrenal bodies
fl

(Beizwiscbennieren), may
be formed primarily by the persistence and after-growth of isolated

interrenal buds placed in a caudal direction
; they may also be

formed secondarily by fission of the principal organ, due either to

interproliferation of the sympathetic elements, or to circumscrip-
tion of growth and consequent division as the result of connective

tissue formations.

It is obvious that wherever, in the course of embryonal
development, portions of the interrenal and adrenal systems come
into close topographical relationship, true "accessory suprarenals"

(Beinebennieren) may be formed
;
that is to say, organs composed

of a cortex and medulla with a structure the exact counterpart of

that of the suprarenals. The accounts of such bodies are, how-

ever, very scanty. In 1884, d'Ajutolo found a true accessory

suprarenal in the plexus pampiniformis of a newly-born boy ;
and

Delamare found one in 1904, in the solar plexus. Aschoff (1903)
describes chromaffine bodies and interrenal structures lying side

by side in the paradidymis and parovarium of newly-born children.

Comparative embryology supplies etiological proof of the

existence within the body of animals of two independent supra-
renal systems ;

it also shows .how, in the course of philogeny, these

systems tend to an increasing and more perfect unification. The

question arises as to whether this coalescence results in an organ
the homogeneous character of which is purely morphological, or

whether this combination of the two heterogeneous systems is theo *

expression of an intimate functional relationship of the two, the

suprarenal being perhaps functionally a higher organic entity.
But physiology, whose province it is to solve this problem,

was from the beginning confronted with an anatomically homo-

geneous suprarenal and, up to the present, has occupied itself

solely with the suprarenal function.

The following tables illustrate the suprarenal systems as

they occur in all the animal classes. Table A shows all that is

at present known concerning the invertebrate animals and the

vertebrates up as far as the bactrians inclusive. In addition to

the permanent conditions affecting the interrenal system, it shows
those which obtain in the embryonal interrenal. Table B includes

all vertebrates higher than the bactrians ;
it illustrates the condi-

tions which govern the embryonal interrenal, those affecting the

free portions of both the interrenal and adrenal systems, and the

conditions governing those portions of both systems which unite

to form true accessory suprarenals.

PHYSIOLOGY OF THE SUPRARENALS.
EXPERIMENTAL EXTIRPATION.

It has already been pointed out that Addison's epoch-making
discovery of the results which, in man, arise from the suppression
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of the suprarenal function, was followed by a large number of

experiments, undertaken with the object of discovering whether or

not the suprarenals are essential to the life of the organism. The
lack of a sound anatomical basis was, however, a great bar to

physiological investigation. It was not until after nearly fifty

years of experimental work of the most searching kind, that the

conflicting evidence was reconciled and a satisfactory solution of

the problem finally discovered.

A brief review of the evolution of the subject is not without
interest.

As the result of his experiments with animals, Brown-Sequard
came to the conclusion that the removal of both suprarenals, or

even of one, as he originally believed, resulted in death within a

very short time (average 34 hours), and that death in such cases

was due to suppression of the suprarenal function. It was not

long, however, before this view was disputed upon many sides.

It was pointed out by Gratiolet, Philipeaux, Berrutti and
Perusino, and Harley that the death of the subjects might easily
result from secondary affections, such as surgical shock

;
the lesion

of numerous nerves and plexuses, the semilunar ganglion
more particularly; hepatitis and peritonitis. But more impor-
tant than this was the fact that numerous accounts were given by
different authors (Martin-Magron, Berrutti and Perusino,

Philipeaux, Harley, Chatelain, Schiff) of cases where animals, as

mice, rabbits, cats, dogs, horses, and especially rats, lived with-
out pathological signs for weeks and months after extirpation of

both suprarenals.
With this negative solution of the problem of the vital im-

portance of the suprarenals, general interest in the subject
declined, and to such an extent that between 1863 ar>d 1879 no

publication dealing with the experimental side appeared.
Nothnagel's experiments in 1879 supplied a fresh stimulus

to investigation. He, together with other scientists both of his

own and of a somewhat later day (Foa, Burg, Russo-Giliberti
and Di Mattei, Tizzoni, Alezais and Arnaud), endeavoured

by means of lesions of the most varied description (crushing,
cauterization, c.) to produce chronic inflammatory processes of

the suprarenals, in the hope of obtaining experimentally the

clinical complex of Addison's disease, as seen in man. These

experiments were of little value in determining the vital import-
ance of the suprarenals, for, in the large majority of cases, there
is no proof that by the methods employed the whole of the supra-
renal tissue was removed. It is much more probable, and the

experimental evidence points directly to it, that where the animals
lived for some time after operation, portions of suprarenal tissue

had been left in situ, and that, as a result of regenerative pro-
cesses, these remnants became enlarged later. This accounts also
for the statement that animals will live for some time after sup-
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pression of both suprarenals, provided that they are destroyed

separately, several weeks being allowed to elapse between the two

operations.
From the results of his experiments with dogs and rabbits,

Tizzoni came to the conclusion that the destruction of one or both

suprarenals is followed by death. He believed that death may
occur soon after operation or. that it may be postponed for weeks
and even months, and that it occurs as the result of serious changes
of the central and peripheral nervous systems. He describes far-

reaching disturbances of the nerve-fibres and ganglion-cells,

accompanied by pronounced congestion, changes in the vessel

walls, haemorrhages, and leucocyte infiltration into all parts of

the nervous system. Tizzoni 's experiments do not prove that the

suprarenals are essential to life, for his animals sometimes sur-

vived experiment for months and even years. Moreover,
definite proof of a relationship between the operative procedure
and the post-mortem findings would have to be forthcoming.
Such proof is lacking; and, in view of the method of operation

employed, by which total extirpation of the suprarenals has rarely
been accomplished, Tizzoni's experiments seem rather to show
that animals with even serious lesion of the suprarenals may live

for a long time without pathological signs, provided that these

organs are not entirely destroyed.
Tizzoni's statement that, whether one suprarenal or both were

extirpated and, in the latter case, whether they were removed

together or singly, the results were in all cases the same, is a

proof of the unreliability of his conclusions. This statement

was challenged by H. Stilling in 1890. Stilling found that

young rabbits, in which the left suprarenal had been destroyed,
lived for several months to over a year without showing signs of

disturbance.

Stilling was able to show that, after extirpation of the one

suprarenal, the other became very much larger, and in fact

showed compensatory hypertrophy. This is a discovery of the

greatest importance in determining the functional significance of

the suprarenals.

According to Stilling, the weight of both suprarenals in the

rabbit is on an average o.i grm. to 1,000 grm. of body
weight, but after extirpation of the left gland he found that in

six cases the right gland weighed 0.17 to 0.43 grm. per kilo of

body weight. He also found that after the removal of both supra-
renals, the remnants of tissue which it is almost impossible to

avoid leaving upon the right side, may by proliferation of the

undamaged cells, become as large as the normal suprarenal.

Stilling, like Canalis, found accessory suprarenals in normal rab-

bits in two cases out of forty, and in every case where the principal

organs had been removed; he makes the interesting statement

that, after extirpation of one suprarenal, accessory suprarenals are
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very frequently found in the vicinity of the vena cava and
vena suprarenalis. In his view, the suppression of the suprarenal
function causes a strong proliferation of the isolated suprarenal
bodies which, in the embryonal stage, split off from the main

organs. This proliferation produces a compensatory hypertrophy
which may end by completely replacing the suppressed suprarenal
function.

Stilling's suggestive work contains the important statement
that these newly-formed, accessory suprarenals possess a structure

resembling that of the cortical substance, and that they contain no

medullary tissue. Stilling, moreover, was the first to describe cells

structurally similar to those of the suprarenal medulla. These
cells stain brown with the chromium salts

;
and they are found,

sometimes singly and sometimes formed into small bodies with a
structure similar to that of the medulla, in the ganglia of the

abdominal sympathetic and in the intercarotid ganglion.
Stilling thinks that, owing to the presence of these cells, a pro-

portion of medullary substance is present in animals from which
both suprarenals have been removed. This, in combination with
the fact that the cortical substance is always built up again by
accessory suprarenals, explains the impossibility of completely
destroying the suprarenals and of producing the clinical complex
of Addison's disease experimentally in animals. The Addison's
disease of human pathology is due to the destruction of the

suparenals, and perhaps also of the structures by which the

suprarenal function may be replaced. Enlargement of the

accessory suprarenals and of the chromophile bodies would

explain the occurrence of suprarenal derangement unaccompanied
by Addisonian symptoms.

Stilling's work did not receive the recognition which it

deserved. It appeared at a time when physiologists were first

beginning to understand the importance of the blood glands.

Brown-Sequard had introduced his theory of the internal secre-

tions, and had expressed his conviction of the necessity of the

suprarenals to the life of the organism. Stilling's discoveries

seemed to contradict this view.

In Richet's physiological laboratory, a number of experi-
ments were undertaken with the object of determining the essential

character of the suprarenal function. Special attention was
devoted to the technique of these experiments, and the removal of

the suprarenals was effected according to the most approved rules

of modern surgery.
Abelous and Langlois (1891) next showed that, in frogs, the

destruction of one suprarenal is not attended by results
;
but that

the destruction of both glands invariably causes death, winter

frogs living for twelve to thirteen days and summer frogs dying at

the end of forty-eight hours. The animals also die after partial
destruction of both suprarenals, unless at least a quarter of each
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organ is left intact. In such cases the animals live the same length
of time as after one-sided extirpation.

Albanesi and Gourfein obtained similar results. The latter,

however, was unable to confirm the difference in the duration of

life in summer and winter frogs.

Experiments with tritons showed that one-sided suprarenal
extirpation was borne without ill-effect, while the removal of both

organs invariably caused death at the end of a few days. When,
however, a portion of tissue the size of a pin's head was left

in situ, the animals lived from eighteen days to nine weeks.
Abelous and Langlois obtained similar results from their

experiments with guinea-pigs, and Langlois with experiments
upon rabbits. Removal of one suprarenal was attended by
transient emaciation only ;

removal of both was followed within

quite a short time, nine to twelve hours, by death. The animals
lived for a few hours longer if an interval of one to twro weeks was
allowed to elapse between the removal of the glands. Donetti
found that guinea-pigs lived from fifteen to forty-eight hours.

Somewhat later (1897) Langlois published the results of a

large number of experiments with dogs. He found that, after

total extirpation, the maximal length of life was forty to fifty-

two hours
;
where an interval was allowed to elapse between the

removal of the glands, the average length of life was twenty-eight
hours, and still shorter where both glands were removed at once.
There is some diversity of opinion as to the length of life in dogs
after total suprarenal extirpation. De Domenicis (1893) gives it as
two to four hours; Szymonowicz (1896) gives an average of fifteen

hours; Thirololois (1893) gives twenty-five to forty hours; Kuclin-

zew (1897) gives eighteen to twenty-four hours. Soddu (1899)

and, more recently, Mariani (1906) describe experiments on dogs
where the animals lived one to two days.

From the results of their experiments with dogs, Pal (1894)
and Santi Rindome Lo Re (1895) disputed the essential character

of the suprarenal function in the life of the organism. Pal found
that of eight dogs from which the suprarenals had both been re-

moved, three lived for two to three days; two lived for six days;
and one lived for four months and eight days. He was unable to

discover in this animal either remnants of suprarenal tissue or, at

least within the area of operation, accessory suprarenal bodies.

One of Santi Rindone's dogs lived for thirty-six days after

total extirpation.
Numerous reliable extirpation experiments upon dogs, cats,

and rabbits are described by E. O. Hultgren and O. A. Andersson
(i8g8).

They found that extirpation of one suprarenal together with

partial destruction of the other, was followed by a passing
emaciation, but that the animals did not die. The removal of

both suprarenals at the same time was followed, in cats, by death
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after an average of sixty-eight hours
;
where the suprarenals were

removed in two sittings, death followed after 134 hours; and
where by three, in eighty-eight hours. In rabbits, after removal
of both organs at the same time, death followed in five to six days ;

where, however, the organs were removed separately, with a long
interval between the operations, the animals remained alive for

months. These authors also state the remarkable fact that previous
castration doubles the length of life of such animals. According
to Krychtopenko (1906), rabbits frequently survive the total

extirpation of their suprarenals.
From the results of their very careful experiments, H. Strehl

and O. Weiss (1901) concluded that all animals, from which
both suprarenals have been removed, die. The following table

shows the results of their experiments :

Length of Life after Number
Species Operation; in hours of Animals

Dogs
Dogs
Cats
Cats
Rabbits

Guinea-pigs
Rats
Mice
Hedgehog
Weasel

22-75 7

75-138 3

15-28 15

28-47 2

8-14 ... 26

4-9 20

15-19 4
8-13 10

14 t

21 ... ... I

Frogs 22-45 25

One cat lived for a week after operation without showing
signs of pathological disturbance. After death, a suprarenal of

about the size of a pea was found attached to the spermatic
vein. The other animals died in every case, and the post-
mortem finding was negative.

Where the suprarenals were removed separately, with an

interval of a month between the operations, the animals lived

longer. Thus, four dogs lived 109 to 214 hours; five cats 30 to

170 hours; nine rabbits 21 to 76 hours; twenty-one frogs from 30
to 66 hours. In every case the suprarenal which was removed
last was enlarged.

My own method of extirpation, and one which I have

practised on numerous dogs, cats, and rabbits, differs from those

of the earlier investigators in certain important particulars. In

each case, I first performed a lumbar section by which I was
enabled to dislodge the suprarenals in a dorsal direction. Leaving
the glands attached by means of the blood-vessels, I sewed them
in between the cuticle and the muscular structure of the back.

In this way they remained alive, and were readily accessible

without the necessity of opening the peritoneum. Three or four

days later, they were exposed by cutting through the cuticle ;

the vessels were ligatured, and the organs removed in the easiest
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manner possible. Many animals bore the extirpation of one

gland without any sign of derangement, and lived for months
afterwards. After the removal of both glands death invariably
followed within two to four days. In two rabbits which lived

respectively sixteen and twenty-eight days, there were accessory

suprarenals of about the size of a pea, situated close to the vena

cava, below the renal veins.

These experiments undoubtedly prove that the suprarenals
are essential to the life of the organism. For not only was the

extirpation of the dislodged organs followed shortly by death,
but the operation was performed in such a manner that there

were no secondary lesions, and there was no danger of infection.

The results of experimental extirpation of the suprarenals in

rats and guinea-pigs require to be discussed separately. It

must be remembered that, in the first accounts which were given
of animals which survived the extirpation of both suprarenals, the

subjects of the experiments were rats (Harley).
In a large number of his publications, Boinet lays particular

stress upon the fact that grey rats will live for one to six months
after extirpation of both suprarenals, whether these are removed

separately or simultaneously, though many animals die a fewr

days after operation. Abelous and Langlois explain this peculiar
state of things by the fact that, in ten rats out of eleven, two
to three accessory suprarenals are present in the neighbourhood
of the principal organs and the hinder surface of the renal

vein. Boinet next tried the effect of removing these accessory
structures as well as the principal organs; he found that, out of

twelve animals, seven survived the operation, and of these some
lived for several months. He concluded from this that the

vicarious function of these accessory organs is generally over-

estimated, and he emphasizes the fact that these accessory supra-
renals contained no medullary substance.

Wiesel found that accessory suprarenals without medullary
substance, or, as they would now be termed, accessory interrenals,
were present in about 50 per cent, of the rats which he examined.

They were situated between the testicles and the lower pole of

the epididymis, and he found that, after removal of the

suprarenals, these structures undergo compensatory hypertrophy.
We shall again refer to the significance of this finding
in the light of the remarkable frequency with which rats

survive double extirpation of the suprarenals. It must, however,
be pointed out that, contrary to the opinions of H. and A.
Christiani who found that, after total extirpation of both supra-
renals, rats died in ten to twenty hours (out of twenty-nine animals

only three survived) white rats, especially male animals which
have attained sexual maturity, in the greater number of cases,
bear the removal of their suprarenals without evil results. It is

evident from this that results obtained from experiments with rats
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do not furnish conclusive evidence as to whether or no the supra-
renals are essential to the life of the animal organism.

A peculiar interest is attaching to the guinea-pig as the

subject of experimental epinephrectomy, owing to the fact that

there is no record of any instance where guinea-pigs survived the

removal of both suprarenals ; moreover, it is generally believed

that accessory suprarenals are never present in these animals.

A. Velich has devoted special attention to the study of the

guinea-pig, and he found that, out of 100 animals over the age
of six months, only five possessed accessory suprarenals. In each

case the structure was extremely small, about 1.5 mm. in diameter,
and was placed, in four cases upon the right and in one case upon
the left, of the vena cava, at the spot where the renal vein opens into

it. He also found that, in young guinea-pigs, after extirpation
of one suprarenal there was not only a compensatory hypertrophy
of the other together with partial regeneration of the tissue

left behind from the extirpated organ, but that accessory supra-
renals, 2-3 mm. in diameter, were invariably formed at the right
of the vena cava, and that these new structures were entirely

composed of cortical tissue. The further development of the

minute accessory suprarenals which frequently consist only of

isolated cortical elements after the partial extirpation of the

principal organs, shows that even these structures are capable of

compensatory activity. They are not able, however, entirely to

replace the complete suppression of the principal organ, and for

this reason total extirpation of both suprarenals of guinea-pigs
invariably results in death.

Experiments have been undertaken quite recently which aim
at the destruction of the suprarenals by means of specific cyto-
toxins. Several investigators (Bigart and Bernard, Abbot, Yates,

Sartirana, Gildersleeve, Van Calcar) have endeavoured to pro-
duce an epinephrotoxin or suprarenolysin, but their attempts
have been principally confined to a description of the pathological

changes which take place in the suprarenals, and little has been
added to our knowledge of the function of these organs. A,

Bogomolez recently obtained a suprarenolytic serum from rabbits

with the suprarenals of dogs, and from dogs with the suprarenals
of cats; he found that the injection of this serum was followed

by a marked increase in blood-pressure, a stronger cardiac impulse,
an acceleration of the pulse and of the respiration, and later, by
a period of prostration, which was, however, transient. He
regards these symptoms as the result of the increased activity of

the suprarenals and their consequent exhaustion, and of the

medullary substance more particularly. Histological examination
showed profound changes in the suprarenals of animals which had
been treated with injections of suprarenolytic serum. The proto-

plasm of the cells of the medulla had become markedly spongy
and vacuolized, and was, in parts, entirely dissolved. Amorphous
deposits of basophile substance, which the author regards as
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the products of secretion, were not present in the medullary cells.

With the exception of moderate enlargement of the vessels, the

cortical substance presented no signs except those of an increased

secretory activity.
L. della Vida employed immune serums obtained separately

from the cortex and medulla of the suprarenals of guinea-pigs.
He states that the action of the medulla-serum was toxic to his

animals and produced hyperaemia of all the organs, together
with degenerative changes in the suprarenals, kidneys, and liver.

It is more than probable that the cytotoxic sera employed by
della Vida were strictly specific in vitro, but that at the same time

they were more or less haemolytic in their activity ;
this renders

it difficult to distinguish the toxic effects of the haemolysis from

any specific disturbances which may have taken place in the

suprarenal tissue.

From the results which have been obtained by extirpation of

the suprarenals the following conclusions may be drawn :-

(1) From the fact that it is followed by no pathological signs,
the removal of one suprarenal must be regarded as negative in

its effect upon the organism. The compensatory hypertrophy
which invariably takes place in the remaining organ and in any
accessory organs which may be present, shows that this negative
effect is not due to an absence of functional significance, but to

the fact that the suppressed function is replaced by the vicarious

activity of the remaining organ and of other similar tissues. This

hyperfunction is expressed anatomically by hypertrophy.
(2) Extirpation of both suprarenals is as a rule followed by

the death of the animal, whatever its species, within a very short

space of time (hours or a few days). That this is not due to the

severity of the operation or to secondary causes, such as infection,

&c., but occurs solely as a result of the suppression of the func-

tion of the organs, is shown by the constancy of the result
;
for

death follows even in those cases where, the organs having been

previously dislodged, the operation is a slight one. It is evident

then, that the suprarenals are not only important to life, but that

they" are essential to it.

(3) Whether the suprarenals are removed together or singly,
with a longer or shorter interval between the operations, the final

result of complete epinephrectomy will be the same. But where
both the organs are removed at once, the duration of life is much
shorter, and it would appear from this that the sudden suppression
of the suprarenal function is not compatible with a continuation

of life. That the duration of life is longer where the suprarenals
are removed separately is explained by the fact that, in the

interval, any accessory suprarenal tissue which may be present

undergoes compensatory hypertrophy and, after removal of the

second suprarenal, does what it can to replace the suppressed
function, though necessarily to an insufficient extent.

10
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(4) In certain exceptional cases, where animals have survived

the extirpation of both suprarenals and where the result is not due

to imperfect extirpation, it arises from special anatomical con-

ditions. In some animal species, as the dog and cat, such excep-
tional cases are extremely rare; in others, as in the rabbit, they
are of more frequent occurrence ;

in rats, they are rather frequent,
and extremely rare in the case of guinea-pigs. In these cases the

survival of the animals is doubtless connected \vith the presence
of accessory organs.

These structures are very rare in dogs and cats
; they occur

in about 15 to 20 per cent, of rabbits; in nearly 50 per cent, of

rates; in guinea-pigs, at the most, 4 per cent.

(5) Partial destruction of the suprarenals, either by the removal
of one and large portions of the other, or by partial destruction

of equal portions of both, may be borne without results, or it

may cause death. Survival depends, in the first instance, upon
the amount of tissue destroyed.

Repeated experiments have been made with the object of

discovering the amount of suprarenal substance necessary to life.

Mathematically precise results were hardly to be expected.

Langlois found that, in the case of rabbits and dogs, one-sixth to>

one-eleventh of the total weight was sufficient. I myself found
that cats, rabbits, and dogs always survived if, after the removal

of one suprarenal, one-quarter of the second was left in situ

that is to say, one-eighth of the whole amount of suprarenal sub-

stance. In isolated cases even smaller quantities sufficed. H.
and A. Christiani found that, in the case of rats, the extirpation
of one suprarenal together with half of the other, \vas born&
without ill-effects. If more than half of the second suprarenal
was removed, they found that some animals survived, while others

died. These authors are of the opinion that a very small quantity,
less than one-quarter of the total weight, of suprarenal tissue may
suffice to support life.

THE RESULTS OF THE EXTIRPATION OF THE
CORTICAL AND MEDULLARY SUBSTANCES.

I found in the course of my experiments that partial supra-
renal extirpation was followed by certain phenomena, which led

me to the conclusion that the amount of tissue left in situ is not

the only factor of importance, but that the part of the organ from
which the remnant is derived is also of considerable significance.

Experiments undertaken with the object of determining whether
or not the suprarenals as homogeneous organs are necessary to

animal life, served also to determine the significance of the

different parts and the vital importance of the interrenal and
adrenal systems.

The question as to whether it was the cortex or the medulla
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which rendered the suprarenals necessary to life, seemed at first to

have already received an answer. The specific physiological effects

of suprarenal extract, to which we shall refer later, were known. It

was also known, or at any rate suspected, that the active principle
of the extract was derived from the medullary substance, and that

this essence passes intra vitam into the blood-stream by way
of the suprarenal veins.

In view of the known physiological activity of the medullary
substance, the conclusion seemed obvious that animals from

which both suprarenals had been removed, died from the lack of

an essence, elaborated by the suprarenal medulla, which is neces-

sary to the performance of a large number of bodily functions.

According to Cybulski, this essence maintains in a state of

normal tonus, the activity of those nervous centres which control

the cardiac and vascular muscles, the respiratory musculature,
and perhaps the muscular tissue of the entire body. After re-

moval of the suprarenals the animal dies, because, in the absence

of perpetual stimulus, these nerve centres, the activity of which

is essential to the life of the organism, cease to act.

The evidence in support of this theory is that, in dying animals

from which the suprarenals have been removed, the blood-

pressure is extremely low, while interference with respiration, as

by occlusion of the trachea, does not produce either a dyspnceic
increase in blood-pressure nor dyspnceic cramps. The injection
of suprarenal extract is followed by an increase in blood-pressure

accompanied by a certain improvement in vitality, and the

dyspnceic blood produces the usual symptoms of suffocation.

These experiments have no great value as evidence, especially
when we consider that, in all moribund animals, there is a low

arterial blood-pressure and a slight reaction to dyspnceic stimuli,

and that the injection of suprarenal extract into moribund animals

is always followed by a rise in blood-pressure and a certain return

of vitality.
What seems to be more reliable proof of the part played by

the medullary substance in death from suprarenal suppression,
is the fact that extirpation of both suprarenals is immediately
followed by a considerable reduction in arterial tension. Strehl

and Weiss attribute this fall in blood-pressure to the cessation

of the supply of the substance which stimulates blood-pressure.
Their views are founded upon the results of the following experi-

ment with rabbits.

If, after removal of one suprarenal, the vein leading from

the other is severed or ligatured, in certain cases,
"
though in a

small minority only," there will be a marked fall in blood-pressure.
If the ligature is released, the blood-pressure will rise to the

normal. Young and Lehmann performed a similar experiment

upon dogs; they found that the ligature of both suprarenals

gradually produced a slight reduction in arterial pressure, and
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that the loosening of the ligatures was followed, in from ten to

thirty minutes, in three out of eight cases, by a distinct rise in

blood-pressure.
The results of Strehl and Weiss's experiment, though in-

teresting, have in my opinion been very much overrated. The

experiment really only shows that the specific substance elaborated

by the suprarenal is perpetually conveyed into the blood-stream

by the blood from the suprarenals. If, after complete extirpation
of the suprarenals, death is due to the absence of this substance,
or rather to the reduction in blood-pressure caused by its absence,
we should expect the operation to be immediately followed by
a somatic sinking of the animal, accompanied by a continued

fall in blood-pressure. The fall in blood-pressure described by
Strehl and Weiss was, however, only transient, the authors

describing it as lasting several seconds. Lewandowski found
that thirty minutes after extirpation of both suprarenals the

blood-pressure was normal.

I myself found that, after removal of the suprarenals from
the extraperitoneal situation in which I had placed them, there

was a fall in blood-pressure lasting fifteen to thirty minutes,

except in cases when the animal was much affected by the opera-
tion and the anaesthetic. At the end of that time the blood-

pressure gradually rose and, by the next day, had reached the

normal. Where the anaesthesia is more profound and the supra-
renals are removed by laparotomy, the blood-pressure becomes

very much reduced and in some instances there is no recovery.
As a general rule, however, where the method of operation is

technically above reproach, animals from which both supra-
renals have been removed usually appear to be perfectly well,

with normal blood-pressure for two or three days, after which

they die (Hultgren and Andersson). This applies more particu-

larly to cases where the suprarenals have previously been dis-

lodged, the ultimate removal taking place extraperitoneally. A
few hours before death there is a distinct gradually increasing
fall in blood-pressure, though the same phenomenon is observed
in all moribund animals. As neither ligature of the veins nor
removal of the suprarenals is followed by an appreciable decrease

in blood-pressure, there is no actual proof that death is due

solely to the suppression of the agent which stimulates blood-

pressure. The cause of death after complete extirpation of the

suprarenals is, at present, unknown.
The assumption that death after total suprarenal extirpation

may, in some measure, be due to intervention of the cortical

portion or, in other words, that the interrenal tissue is

essential to life is justified upon various grounds.
It has been repeatedly proved that the accessory organs

which, after removal of the suprarenals, suffice to maintain life,

are entirely composed of cortical tissue, or, in the terminology
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of the present day, belong exclusively to the interrenal system.
There is also undoubted proof that, after extirpation of the supra-
renals, this tissue undergoes compensatory hypertrophy. These
are the two points upon which 1 base my assumption that the

interrenal tissue has a vital significance in the economy of the

organism.
In the course of my investigations into the question of the

amount of suprarenal tissue necessary to the maintenance of

existence, I found that mammals (rabbits and dogs) would live

with one-eighth, or less, of their suprarenal substance, provided
that the portion left behind was composed of cortical tissue.

Further experiment showed that, after removal of one suprarenal
in toto together with the medullary substance of the other, more
or less of the cortex being left in situ, the animal not only
continued to live, but showed no signs of pathological disturbance.
I found in one of five surviving rabbits two small accessory inter-

renal structures situated to the right of the vena cava. In a
number of other instances, the destruction of the medullary por-
tion, in so far as this was possible by operative means, was

entirely negative in its results
;
but I have never succeeded in

keeping animals alive after removal of the cortex and preserva-
tion of the medulla, no matter how carefully the operation was
carried out.

These results are not, however, confirmed by those of Vassale
and Zanfrognini (1902). They found that the complete destruc-

tion of the medulla was followed, in cats and rabbits, by death
in exactly the same way as total extirpation of both glands ; while,
after partial destruction of the medulla, the animals lived for

three weeks and then died, showing signs of pronounced cachexia.

This fatal termination was ascribed by these authors to the

absence of the medullary tissue, while in those cases where the

animals survived, they attribute the result to the presence of

extracapsular chromaffine bodies.

H. and A. Christiani concluded from their experiments with

rats, that in the case of these animals very minute portions of

suprarenal tissue suffice to support life, always provided that the

remnant contains a sufficiency of sound medullary tissue. Larger
portions, if composed wholly of cortical substance, will not pre-
vent a fatal termination.

Without a knowledge of the method of operation, it is very
difficult to judge of the value of the results obtained by Vassale
and Zanfrognini. The experiments of H. and A. Christiani,

though apparently free from objection, are of little value in the

present connection, owing to the fact that accessory interrenal

structures are frequently present, especially in the testicles, of

the species which they employed as subjects. Rats always
possess a large amount of interrenal tissue and in some recent

experiments I found that these animals, especially adult males,
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very frequently survive the removal of both suprarenals. This

shows that the remnants of tissue left in situ by Christiani have

no appreciable functional significance. A. Kohn, who emphasizes
the physiological importance of the chromaffine tissue and lays

special stress upon its importance to life, is inclined to doubt

the value of the last-mentioned experiments. He says : The

complete destruction of the medullary substance is supposed to

cause death. But in many mammals, such as cats and rabbits, a

considerable quantity of chromaffine tissue lies externally of the

suprarenals upon the ventral surface of the abdominal aorta.

Why is it that these structures do not prevent death, if a small

portion of medullary tissue when left in situ is able to do so?"

According to Kohn, it is even more difficult to reconcile this

view with the results of experiments on amphibia.
"

In the

amphibia, the amount of extracapsular chromaffine tissue in the

sympathetic is considerably in excess of the medullary substance,
and yet after complete destruction of the suprarenals, frogs and
newts (tritons) invariably die. How is it that the large amount
of extracapsular chromaffine tissue which remains after operation,
does not prevent the death of these animals, if a minute propor-
tion of suprarenal tissue, which may not even contain chromaffine

cells, is able to maintain life for many weeks?" My answer to

this question is : That the animals will survive without medullary
tissue, for, in the free portions of the adrenal system they possess
a sufficiency of extracapsular chromaffine tissue. If it were

possible to extirpate all the free portions of the adrenal system,
which is, of course, technically impracticable, then and then only
should we be justified in referring the death of the animal to

suppression of the function of this system.
The specific activity and physiological significance of the

adrenal system, together with that of its subdivision, the supra-
renal medulla, cannot, in face of the evidence, be doubted. That
it is important and even essential to the life of the organism we
know, but the proof of this is not supplied by the results of

experimental extirpation. These experiments tend rather to show
that the cortex, or more correctly the interrenal tissue, is necessary
to the life of the animal.

EXPERIMENTAL EXTIRPATION WITH FISH.

During my stay at the zoological station at Naples, in 1899,
I undertook a series of experiments with the object of determining
the vital importance of the interrenal tissue in fish. The most
favourable conditions appeared to me to be provided by the topo-

graphically separate interrenal and adrenal organs of the Selachii.

I was compelled at the outset, however, to abandon all attempts
at extirpation of the adrenal system on account of its intimate
association with the cardinal veins. Even the first pair of large
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adrenal bodies, formerly called the "axillary heart," cannot be

removed. Conditions relatively more favourable for extirpation
.are offered by the interrenal system.

The interrenal body of sharks (Squalidas) is a long narrow

band, situated between the kidneys and partly covered by
them

;
it is continued towards the cranium as a detached band, or

in separated dot-like bodies. The interrenal body is exposed by
raising the kidneys from the dorsal abdominal wall. In some

species of Squalidae, the interrenal body is embedded in the sub-

stance of the kidney and is only visible in preparations. I em-

ployed small specimens of Scyllium cattulus and Scyllium canicula

.as subjects for my investigations, and in twelve cases I succeeded

in removing the interrenal body. Of these, one lived for eight
and one for ten days, while the remaining animals lived for three

weeks, after which they were destroyed. Anatomical examination

of the first two animals showed an entire absence of interrenal

tissue. In all the other cases, post-mortem examination showed
remnants of interrenal tissue of a varying size, which upon histo-

logical examination were found to be hypertrophied.

Experiments with Raiidas (skates and rays) were more in-

structive, and the anatomical conditions were decidedly more
favourable. In most Raiido?, round or oval paired bodies are

found to right and left of the middle line between the kidneys ;

occasionally they are united by a bridge of varying width. In

the species which I employed (Torpedo marmorata, T. occellata,

Raia batis, R. punctata, R. clavata), there is generally a largish
interrenal body, situated either to right or left, generally at the

caudal point of union of the kidneys; while upon the other side,

more in a cranial direction and at the medial border of the

kidneys, a row of smaller bodies is sometimes found. For anyone
who is acquainted with the anatomical conditions it is possible to

remove the whole of the interrenal tissue ;
care must be taken, how-

ever, to avoid any isolated interrenal bodies which may be present.
In t\venty-seven cases out of thirty-two, post-mortem examina-

tion revealed no trace of interrenal tissue; in one case there was
a portion of about the size of a grain of millet seed, and in four

cases portions as large as a pea. Animals which died within

forty-eight hours were excluded, for these cases always showed

changes which sufficiently explained the cause of death. Apart
from violent haemorrhage and destruction of the renal tissue, the

severing of the abdominal sutures and consequent prolapse of the

viscera was the most frequent cause of death. In successful cases,

for the first three to four days after operation, there was no

appreciable change in the condition of the animals, the first sym-
ptoms making their appearance at about the seventh or eighth day.
The animals first showed a loss of liveliness and readiness to move
about

; spontaneous swimming about the aquarium became less

frequent; and, compared with control animals in the same
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aquarium, they were much paler in colour
;
fourteen to eighteen

days after operation they had become so weak muscularly that they
could scarcely be induced to swim at all

;
their colour was very pale ;

and they lay all day in a corner of the aquarium, refusing all

food. Their reaction to stimuli almost entirely disappeared, and
at the latest, three weeks after operation they died with all the

symptoms of general prostration. Post-mortem examination re-

vealed no definite cause of death
;
the stomach was invariably

empty and the blood pale in colour.

Of the five fish in which portions of interrenal tissue were

accidentally left behind, one lived for over four weeks without

symptoms of muscular weakness. It was finally destroyed, and
was found to possess an interrenal body the size of a pea. Both
in this case and the other four, all of which showed symptoms
of suppression of the interrenal function, there was distinct

histological proof of hypertrophy of the interrenal tissue left in

situ.

In my opinion, these experiments incontestably prove that

the complete destruction of the interrenal tissue is incompatible
with the continuation of life; and that death occurs under condi-
tions similar to those which follow extirpation of the suprarenals.

The results of my experiments with cartilaginous fish appear,
however, remarkably antagonistic to those obtained by Pettit and

by S. Vincent with osseous fish. Both these investigators found
that eels lived for months after extirpation of the suprarenals and
showed no change in their general condition. They considered
that the suprarenals of osseous fish were represented by the cor-

puscles of Stannius, situated upon the ventral or dorsal surface

of the kidneys and composed exclusively of interrenal tissue. These

experiments with eels appeared to contradict the results which I

obtained with Selachii, and the discrepancy seemed to me the

more significant in view of the careful methods adopted by both
Pettit and Vincent and the remarkable unanimity of their results.

I was unable to detect the slightest inaccuracy either in their

methods or observations, and for this reason it seemed that a

repetition of their experiments was hardly likely to yield fresb

results. For some time, I was unable to find an explanatioa of

this difference in the behaviour of Teleostii and Selachii, but

Giaconimi's recent anatomical work has explained the mystery
in the most satisfactory manner. Giacomini shows that in the

eel, in addition to Stannius's body and the interrenal tissue dis-

tributed in its vicinity, which he calls the posterior or caudal
interrenal organ, an anterior cranial interrenal system is also

present, composed of isolated bodies situated at the anterior edge
of the head kidney and attached to both the anterior and posterior
cardinal veins. The wide distribution of this anterior interrenal

system, together with the large amount of interrenal tissue present,
makes it very certain that the removal of Stannius's corpuscles
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alone supplies no evidence as to the essential character of the

interrenal tissue in the economy of the organism. The large
amount of tissue remaining in the system explains why eels

invariably survive the removal of their suprarenals.*

SYMPTOMATOLOGY OF SUPPRESSION OF THE
SUPRARENAL FUNCTION.

The symptoms which, in different animal species, follow the

removal of the suprarenals, have been variously described. This
is chiefly due to the fact that the duration of life after operation
is so short, that it is difficult to determine which symptoms arise

from suppression of the organ, and which are complications result-

ing from the operative intervention. The clinical complex pre-
sented by suprarenal suppression is by no means uniform, and
is, moreover, so ill-defined in character that its classification as

a clinical entity is impossible. Where operation is immediately
followed by pronounced muscular weakness, extreme nervous

depression which may amount to a paralytic condition, reduced
cardiac and respiratory activity, and a lowered temperature, the

idea which inevitably presents itself is that we have to do with the

after-effects of serious surgical disturbance.

If, however, the suprarenals are removed by less drastic

surgical means, the operation is not followed by any of the above

symptoms, the animals appearing quite normal a few hours after

their recovery from the anaesthetic. Where the suprarenals have
been previously dislodged, they may be removed from their

position under the skin of the back without an anaesthetic, and
the animals will remain free from symptoms for one to two days.

Upon the second day in some cases, though usually not until the

third, there is loss of appetite. About twenty-four to forty-eight
hours before death, which occurs four to six days after operation,
the animal becomes spiritless and wears a pathetic look; it ceases

to move about and refuses all food. The apathy and muscular
weakness increase and there is considerable stiffness and uncer-

tainty of movement of the hind legs. Extreme prostration follows,
the animal becoming too weak to move

;
it has a flaccid paresis

of the hind legs and lies in a peculiar position, flat on the

abdomen with the extremities extended. At this stage the tem-

perature is very low, respiration becomes increasingly difficult and
laboured, the heart's action is irregular and weak, and the animal
soon dies. Immediately before dissolution, single muscular con-
tractions are sometimes observed and, though more rarely, con-

vulsions.

* In a recent publication (Ascher-Spiro, Ergebnisse der Physiologic,
Qth year, IQIO, p. 537) S. Vincent compares his experiments with eels with
mine with Selachii, and he concludes that the cortex of the suprarenal is

not essential to the life of the organism. It is evident from this that
Giacomini's anatomical work (1908) has not come to Vincent's notice.
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Let us take these symptoms singly and examine them more

closely.
The initial symptom, a reduction of 2-4 in temperature

immediately after operation, has very little clinical significance.
This fall in temperature is quite transient, the figure becom-

ing again normal twenty-four hours after operation. Personally,,
I have never observed the initial fall in animals operated upon
by my method. In cases, however, where the results of operation
are complicated by haemorrhage, prolonged narcosis, &c., the

initial fall in temperature may be continued and progressive. As
a general rule the temperature begins to drop forty-eight hours
before death, after the asthenic symptoms have appeared. From
then onwards the reduction is progressive. The normal rectal

temperature of 39 C. drops to 34 C., and immediately before

death to 30 C. and under. Hultgren and Andersson regarded
this abrupt fall in the temperature curve before death as charac-

teristic of animals from which the suprarenals had been removed.
The emaciation which follows removal of the suprarenals may,

with greater justification, be regarded as characteristic of the con-

dition. There is a considerable reduction in \veight immediately
after operation, and thus reduction is slowly progressive. The
loss is undoubtedly partly due to the lack of appetite, the animal
in the later stages refusing all food. That a relationship exists

between the emaciation and the suppression of the suprarenal
function is proved by the fact that the removal of the suprarenal
from one side only is followed by a considerable loss of weight.
This lasts from two to three weeks, when an increase in weight
takes place. It is an interesting fact that intestinal derangements
and diarrhoea are not usually associated with the condition.

Investigation of the metabolic conditions and systematic
examination of the urine of animals from which the suprarenals
have been removed, has rarely been undertaken. According to

Alezais and Arnaud, the amount of phosphates in the urine of

rabbits is increased after extirpation of the suprarenals. Noth-

nagel considers that the indican reaction, sometimes afterwards
observed in the urine of rabbits, is due to secondary conditions.

Many authors report polyuria.

Investigation of the metabolism of albumin was first carried

out with rabbits and cats after both single and double suprarenal

extirpation by Hultgren and Andersson. They found that there

was no change in the metabolism of albumin. Where the animals
were able to take nourishment, food containing a large proportion
of carbohydrates possessed the same property of storing up
albumin as in normal animals. Where the animals refused to

take food, the decomposition of albumin was the same as in the

normal fasting animal.

Interesting information concerning the metabolism of the

carbohydrates in suprarenalless animals has recently been pub-
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lished. Bierry and Malloisel (1908) describe hypoglyca^mia in

dogs. O. Forges found that, a few hours after double suprarenal

extirpation, the sugar contents of the blood are subnormal. He
also found that, in three cases of Addison's disease in man, the

sugar contents of the blood were below the average. Frank and

Isaak, who experimented with rabbits, deny that there is a con-

nection between hypoglycsemia and suprarenal suppression, but

their experiments cannot be regarded as conclusive.

Eppinger, Falta and Rudinger showed the phlorizin pro-
duces only slight glycosuria in suprarenalless dogs. They also

found that, in certain cases of Addison's disease, the toleration of

sugar is remarkably high ;
while L. Pollak was unable to produce

glycosuria with 2 mg. adrenalin in a case of Addison's disease.

Similar doses when" exhibited in normal people invariably pro-
duced glycosuria.

Andre Meyer describes his failure to obtain results by means
of adrenalin injections; his results are confirmed by those of

Kahn.
It appears from the foregoing that the regulation of the

sugar contents of the blood is a function of the suprarenal, or

rather of the adrenalin-secreting, tissue.

In a communication dated December 17, 1909, O. Schwarz
describes certain appearances which follow extirpation of both

suprarenals. He found that in sexually mature male rats, which
it is well known live without any symptom of disease for long

periods after removal of both suprarenals, phlorizin exercised

its full glycosuric action
;
but that it produced toxic effects which,

under certain conditions, were counteracted by the exhibition of

adrenalin. Rats deprived of both suprarenals also showed a

marked reduction in the amount of glycogen, an increased decom-

position of albumin, and, in spite of these factors, an increase in

weight.
These findings of Schwarz have a peculiar interest, but in

my opinion they represent the results, not of suprarenal suppres-
sion, but of the suppression of a portion of the adrenal system.
It is probable that many symptoms should properly be ascribed

to a decreased function of the interrenal system ;
this applies parti-

cularly to the remarkable change in the behaviour of rats, wild

and ferocious animals frequently becoming tame and quiet after

operation. Schwarz thinks that, o\ving to the frequency with

which accessory interrenals occur in white rats, these animals are

not suitable subjects in which to study the functions of the supra-
renal as a whole. Rats which have been deprived of their supra-
renals are not in reality suprarenalless, they merely possess a

more limited adrenal system than normal animals. Moreover,

they cannot be regarded as suffering from the absence of adrenalin,
but and perhaps only temporarily merely from scantiness of it.

We know from the experiments of v. Haberer and Stoerk that

adrenal tissue may undergo a very high degree of hypertrophy.
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In connection with these findings of Schwarz's, O. Forges
reports that he found a diminution in the quantity of glycogen in

dogs without suprarenals.
These results, when taken in conjunction with observations

to be described later of the glycosuric activity of adrenalin, point
to the fact that the internal secretion of the adrenal system affects

the mobilization of the sugar in the blood as \vell as the new
formation of glycogen in the economy.

The most conspicuous symptoms of suprarenal suppression
are undoubtedly the muscular weakness, asthenia, and apathy,
which increase to complete paralysis shortly before death. The
extreme indolence of the muscular movements is very conspicuous
in frogs ;

it makes its appearance upon the second day after

operation and in the case of the hinder extremities passes ulti-

mately into paralysis. Abelous and Langlois compare the condi-

tion with the effects of curare poisoning, for they found that the

sensibility of the muscles to indirect electric stimulus by way of

the nerves disappeared shortly before death, while the sensibility

to direct stimulus remained. These results were not confirmed

however by later investigators (Gourfein, Hultgren and Anders-

son, Biedl) with either frogs or warm-blooded animals. It is

very important to remember that the clinical picture presented by
suprarenal suppression bears not the slightest resemblance to that

of curare poisoning, either at the beginning, when the condition

is characterized by extreme muscular weakness and prostration,
or later, when total paralysis has made its appearance. On the

other hand, a liability to fatigue, first pointed out by Albanese,
and an extreme sensitiveness to violent muscular exertion, are

undoubted characteristics of all animals with suprarenal in-

adequacy. To compel such animals to extreme muscular effort is to

greatly shorten their lease of life, and, in many cases, the animal

falls dead while making the muscular effort.

The blood of animals which have lost their suprarenals is

said to possess a peculiar toxicity. According to Brown-Sequard,
the blood of such animals shortens the life of animals of the same

species which have likewise lost their suprarenals, while the life

of the latter is prolonged by the blood of normal animals. Abelous

and Langlois found that symptoms of exhaustion were produced
in frogs, guinea-pigs and dogs, and, in the case of epinephrec-
tomized animals, death was hastened, not by the blood only of

animals which had lost their suprarenals, but also by alcoholic

extracts of their muscles, especially of tetanized muscles
;
similar

effects were produced by extracts of tetanized muscles of normal

animals. The intravenous injection of these extracts into healthy
animals produced transient symptoms of poisoning. These find-

ings are confirmed by Boinet and Mariani. Boinet also found

that the viscera of epinephrectomized animals was markedly toxic,

while Mariani found that there was an increased toxicity of the

urine.
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Mariani affirms that the increase in blood-pressure, which is

induced by the exhibition of suprarenal extract, is immediately
abolished by the blood of epinephrectomized animals. According
to Strehl and Weiss, there are certain data which point to the

conclusion that the toxic action of the blood of suprarenalless
animals may be counteracted by means of suprarenal extract.

These findings, together with those of Soddu concerning the

favourable effects of blood-letting and saline infusion upon supra-
renalless animals, would seem to show that the peculiar prostra-
tion of such animals and their eventual death is due to an

accumulation, more particularly in the muscular structure, of the

harmful products of metabolism. These results supply the foun-

dation for the theory that it is the function of the suprarenals to

render innocuous certain toxic products of metabolism, the

chemical nature of which is as yet unknown. According to

Charrin and Langlois, the suprarenals exercise this neutralizing

activity upon other toxins also, such as nicotine and the bacteria

toxins. This is a point, however, wThich we shall have occasion

to discuss more fully later.

To return to the signs of suprarenal suppression ;
there still

remain the conditions governing the morphological elements of

the blood, and the question as to the deposition of pigment after

suprarenal extirpation.

Brown-Sequard's original view was that death followed

epinephrectomy as the result of an accumulation of pigment in the

blood, whereby emboli and haemorrhages were produced in the

brain. This view did not find favour with later authors. Boinet

alone held the opinion that, after removal of the suprarenals, a

black pigment accumulated in many organs and tissues, and for

this reason he employed the term "experimental' Addison's
disease. Pigmentation of the skin and mucous membranes of

rabbits was observed by Nothnagel in three cases, by Tizzoni in

thirteen (twelve cases of single and one of double suprarenal

extirpation). F. and S. Marino-Zucco found that fourteen to

twenty-four days after the removal of one suprarenal from rabbits,

slate-grey patches the size of a linseed appeared upon places
where the skin had been shaved. These patches at first increased in

size, but at the end of two months had entirely disappeared. Similar

patches were seen in rabbits which were not albinos after inocu-

lation of the suprarenals with Pfeiffer's pseudotubercle bacilli and

Eppinger's cladothrix, as well as after the subcutaneous injection
of neurin. But it has been pointed out by many that these

pigmented patches are quite accidental, and are frequently
observed in rabbits which are not albinos. Of the later investi-

gators, no one has been able to record anomalies of pigmentation
in animals after removal of one or both suprarenals.

The blood of epinephrectomized animals presents no analogy
with the anomalous conditions seen in Addison's disease in man.
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Szymonowicz found that removal of the suprarenals was followed

by an increase in the number of the red blood corpuscles, while

Bornet describes a decrease in the red and an increase in the white

blood cells. But Hultgren and Andersson found that after very
exact experiment they were unable to show any change in the

haemoglobin contents of the blood and in the number of its cellular

elements.

SUPPRESSION OF THE SUPRARENAL FUNCTION
IN MAN.

Complete suppression of the suprarenal function may occur

in man as the result of the congenital absence of these organs.
The accounts of the older authors of the absence, believed to be

congenital, of the suprarenals from the cadavers of adult persons
are entirely valueless, and are, in any case, very scanty. More

recently such a finding has been described in the case of one

person, aged 40, who had died of phthisis (Martini), and in one

boy aged 6 (Averbeck) ;
but in these instances no account was

taken of the probable presence of accessory suprarenals. The
absence of one suprarenal which, as experiment seems to show, is

by no means dangerous to life, is of the rarest occurrence.

With regard to hypoplastic infantilism of the suprarenals,

many instances of malformation have been described by J. F.

Meckel. Weigert, Lomer, Zander, point to the hypoplasia of the

suprarenals as a frequent occurrence in certain disturbances in

the embryological development of the brain, more especially in

anencephaly and hemicephaly. According to Zander, a reduction

in the size of the suprarenals is to be expected in cases where, at

a certain stage of embryonal development, the anterior portions
of the cerebral hemispheres have perished. Czerny found that, in

the five cases of congenital hydrocephalus which he examined,
there was complete absence of the medullary substance of the

suprarenals, the cortex remaining intact.

Total aplasia of the medulla in adults has been occasionally
described as an accidental finding (Ulrich, Klebs). In these

cases the suprarenals were atrophied, and consisted only of cortical

substance. The condition of the extracapsular chromaffine tissue

was not described.

vSpecial interest is attaching to Wiesel's findings of hypo-
plasia of the chromaffine system. One case was that of a girl of

eighteen with posteriolateral curvature of the spine, who died of

cardiac insufficiency. The second was in a case of sudden death

after heat stroke, and the third was in a youth of eighteen with

status thymicolymphaticus. Hedinger describes hypoplasia of

the chromaffine system in a number of cases of sudden death in

the status thymicolyphaticus.
Acute suprarenal suppression is not infrequently brought
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about in man by haemorrhage into the organ. Such suprarenal

haemorrhages are seen in still-born children, and these may per-

haps occur intra partum. Sudden destruction of the suprarenals

may, however, take place in later life as a result of haemorrhage or

suppuration of the organ.
The symptom-complex of this form of suprarenal disease was

first described by Virchow. There are very severe nervous

symptoms, together with peritonitis, and these end rapidly in

death. Post-mortem examination shows that, in the greater number
of these cases, the haemorrhage is due to trauma, emboli, or

thrombi
;

in rare cases, acute suppuration was found. Acute

suprarenal suppression to a certain extent resembles the condition

produced in animals by the extirpation of both suprarenals. In

subacute cases pigmentation of the skin is rarely absent.

The cases of chronic suprarenal suppression which have been

described have a greater significance. Bittorf has recently
classified chronic suprarenal insufficiency under two headings.
The first group includes those cases in which the disease is primary
and is due to atrophy, hypoplasia, or cirrhosis of the organ. The
second comprises those cases where the suprarenal insufficiency
is secondary, and occurs as the result of tuberculosis, syphilis, or
tumours. In the literature of the subject, Bittorf found accounts of

forty-seven cases of primary atrophy, and to these he added five

cases which came under his own observation, and of which two
were clinical only. Anatomically, these were all cases either of

simple atrophy or of chronic, inflammatory, connective tissue cir-

rhosis. The degenerative changes were not confined to any particu-
lar portion of the organ. In some instances the cortex only was
affected

;
in others the medulla only ; but in the majority of cases

both portions were affected, though unequally. Clinically, all

these cases were characterized by more or less clearly marked

symptoms of Addison's disease; the pigmentation of the skin,

in particular, was always present, though in a varying degree.

Primary disease of the suprarenals is of comparatively rare

occurrence, secondary conditions such as those which form the

groundwork of Addison's disease being of far greater frequency.
The typical anatomical finding in Addison's disease is tubercu-

losis of both suprarenals, which may be the sole finding, or it may
be associated with a tuberculous condition of other organs. As a

general rule, there is complete, or nearly complete, caseation and
fibrous induration with chalky deposits or caseous softening.
More rarely, syphilitic processes and tumours have been
observed.

This extreme and very typical suprarenal degeneration is,

however, not present in all cases. As early as 1885, Lewin col-

lected 381 cases of typical Addison's disease, and of these the

suprarenals were affected in only 281 cases, in 37 they were
intact. In a later communication he describes 316 fresh cases,
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and in 25 of these the suprarenals were sound. The occurrence of

cases which present all the clinical signs of Addison's disease with

anatomically sound suprarenals, when taken in conjunction with

certain pathological changes which have been observed in the

sympathetic system, suggest that the pathogenetic factor in this

condition does not lie with the suprarenals, but is to be sought
in the sympathetic system itself. Nevertheless, a critical con-

sideration of the material at his disposal compelled v. Kahlden

(1896) to adopt the view that the changes in the sympathetic
system, and especially in the spinal cord, generally slight in

character, though occasionally severe, are without any patho-

genetic significance in this condition.

The nervous or sympathetic theory assumed that Addison's
disease originated in a pathologically demonstrable affection of the

nervous system, but in its original form this theory is no longer
tenable. A certain measure of etiological responsibility is ascribed

to the sympathetic system by Neusser, who regards Addison's
disease as a systemic affection which may take its rise in any
portion of the chain in the spinal cord, the sympathetic nerves, or

the suprarenals. Neusser's view is supported by a fact which I

have proved, namely, that certain fibres of the splanchnic nerves

act upon the suprarenals as vaso-dilators, while others may exer-

cise an influence upon suprarenal secretion.

Owing to the advances which have been made in anatomy and

embryology, the sympathetic theory has necessarily changed
in form, but in certain directions it receives a measure of support
from Wiesel's recent publications. Wiesel does not find, how-

ever, that the cause of Addison's disease lies with the nervous

system itself, he believes that it is to be sought in the adrenal

system, so intimately connected with the nervous system
genetically, anatomically, and functionally. He describes six

cases in which there was serious degeneration and even destruction

of the chrome-brown cells, not in the medullary substance of the

suprarenals only, but also in the free parts of the adrenal system
in the neighbourhood of the sympathetic. In one case, that of

severe double tuberculosis of the suprarenals unaccompanied by
symptoms of Addison's disease, not only was there no absence of

the chrome-brown tissue, but there was distinct hyperplasia of

it. If these findings show that Addison's disease is due to a

pathological condition of the chrome-brown tissue, then all the

earlier observations of cases of
" Addison's disease with sound

suprarenals
"

lose their significance. For those observations were
founded upon an imperfect knowledge of anatomy, the adrenal

system being at that time little understood. Moreover, there was

always the possibility that in such cases the intracapsular portion
of the adrenal system, the suprarenal medulla, had at first remained

sound, the free portions only being primarily or more severely
affected. On the other hand, cases of

"
suprarenal affection un-
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accompanied by symptoms of Addison's disease
"

are to be ex-

plained, in the light of our present knowledge, by a pathological
condition of the cortex only. Where, however, there were demon-
strable changes in the medullary substance, the functional activity
of the adrenal system might be carried on by its extracapsular
portions.

Wiesel's findings are confirmed by those of Beitzke, but
both v. Hansemann and Karakascheff are opposed to his views.

The latter even goes so far as to ascribe Addison's disease to a

pathological condition, not of the chromaffine tissue, but of the

cortex of the suprarenals. He describes a case in which, notwith-

standing complete caseation of both suprarenals, the symptoms of

Addison's disease were absent. But in this case there was an

accessory suprarenal consisting only of cortical substance an

accessory interrenal. Bittorf and Beitzke are of the opinion,
however, that not only does Karakascheff's case prove nothing
against Wiesel's theory, but that it does not establish his own,
that, namely, of the paramount importance of the cortex in the

etiology of Addison's disease. Bittorf believes that the patho-
genesis of Addison's disease does not lie solely with the

chromaffine system. He bases his view upon the localization in

the suprarenals of the atrophic disturbances described above; and

upon one case in which distinct symptoms of Addison's disease

were present, in spite of the fact that the chromaffine tissue

was intact, the suprarenals being only partially destroyed by
hypernephrometastases. As Karakascheff and Bittorf pointed
out, the chief evidence against Weisel's theory lies in certain

findings by him and Hedinger of extreme hypoplasia of the

chromaffine system, unaccompanied by any symptoms of

Addison's disease.

It is still more difficult to account by Wiesel's theory for

those typical cases of Addison's disease where there is either

complete disorganization of the suprarenals or pronounced
destruction of the cortex, the medulla being comparatively sound.
In the latter class of case, considerable portions of the medullary
substance and of the extracapsular chromaffine tissue may still be
intact. Wiesel explains these cases by the assumption that, owing
to the intimate topographical relationship between medulla and
cortex and the fact of their common circulatory system, the

affection of the cortex is a secondary condition resulting from the

primary disease of the adrenal system. But until very definite

grounds upon which to base such an assumption are forthcoming,
the only tenable theory concerning the pathogenesis of Addison's
disease is that which refers it to the suprarenals as a whole, and
not to certain portions of them. From such a point of view, whether
the medulla or the cortex is the part primarily affected is

immaterial, for the functional disturbance of one part is invariably
followed by that of the other

;
and it is the disease of the entire

ii
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organ, whether the destructive process is partial or entire, which

produces the typical symptom-complex of Addison's disease.

Bittorf, like Neusser, adopted the view that derangement of

suprarenal function may be caused, not only by disease of the

organ itself, but also by a pathological condition of the secretory

nerves which regulate its function. Those cases of Addison's

disease in which the suprarenals were apparently sound, are

readily explicable by the assumption of a primary affection of the

secretory nerves. Moreover, as Bittorf points out, and his view

is confirmed by Beitzke, the recent literature of the subject con-

tains no conclusive accounts of cases such as these, and he believes

that the frequency of the findings is in an inverse ratio to the

accuracy with which the cases were observed.

Cases of one-sided partial destruction of the suprarenals

unaccompanied by Addisonian symptoms, are readily explained

by the presence, either of functionally active suprarenal tissue in

larger or smaller quantities, or of accessory suprarenals. It is

a more difficult matter to account for those cases where one-sided

suprarenal disease is accompanied by symptoms of Addison's

disease. Neusser believes this to be due to trie transmitted

influence of the diseased organ upon the sound one, but Bittorf

believes that the influence is rather chemical. He regards as

analogous the
"
transmitted

"
anuria which, with other symptoms

characteristic of total suprarenal suppression, is seen in one-sided

suppression ;
and he points moreover to those cases of one-

sided suprarenal tuberculosis, \vhere the removal of the diseased

capsule is followed by complete cessation of all symptoms of

Addison's disease.

This theory derives no support, however, from the results of

experimental pathology. One-sided suprarenal suppression is

not attended here by symptoms of a deranged organic function,
and there is no insufficiency of the half of the pair which
remains intact. On the contrary, there is rather a functional

hyperactivity, which may ultimately be expressed by anatomical

hypertrophy, of the sound capsule. It is evident from this that

the pathogenesis of Addison's disease, where associated with the

destruction of one suprarenal capsule, is in need of further

investigation.
We are in a more favourable situation in regard to those

cases, formerly so much discussed, in which, though the clinical

signs of Addison's disease are absent, post-mortem examination
shows a more or less complete destruction of both suprarenals.
As Bittorf with justice points out, these are usually cases where
the clinical observation has been faulty, the absence of the

pigmentation of the skin in many instances being regarded as

sufficient ground for the exclusion of Addison's disease, other

clinical signs passing unnoticed. The clinical observation of

these cases, if it is to be of value, requires to be scrupulously exact.



THE SUPRARENAL SYSTEM 163

Moreover, it must be borne in mind that, though the destruction of

the suprarenals means the suppression of a considerable portion
of an organic system, the suprarenals form a portion only of that

system, the probability being that the adrenal system is not

appreciably affected by such suppression. Moreover, consider-

able portions of interrenal tissue, which vary in size in individuals,

may be present as accessory interrenals.

A critical survey of the facts which we possess concerning
the pathogenesis of Addison's disease leads inevitably to the

conclusion that Addison's theory, according to which the clinical

complex presented by the condition is the result of an anatomical

disease of the suprarenals, explains the large majority of cases,

and that the instances in which the functional derangements are

not associated with appropriate anatomical findings are excep-
tional. But the pathological anatomy of Addison's disease is as

yet unable to explain the physiological and pathological signifi-
cance of the different parts of the suprarenal system. We are

not at present in a position confidently to assert that the

suppression of a definite suprarenal system is the cause of the

condition, and we are even less justified in forming conclusions

upon the homogeneity of the suprarenal function from the

pathological-anatomical conditions as seen in man.

THE SYMPTOMATOLOGY OF ADDISON'S DISEASE.

Addison's description of the clinical symptoms of chronic

.suprarenal derangement is so significant and comprehensive that,

though the exhaustive clinical investigation of the last fifty years
has strengthened and defined his view, it has added little to the

symptomatology of the condition.*

Experimental pathology has not as yet provided a satisfactory

explanation of the genesis of individual symptoms. As we have

already pointed out, the destruction of the suprarenals is not

followed in animals by a symptom-complex analogous to that seen

in man
;
such an analogy, as we know, exists in the case of

thyroid suppression. The well-defined and characteristic signs of

Addison's disease as seen in man are represented in animals by
'vague and ill-defined symptoms of acute suprarenal suppression.
This difference is most easily accounted for by the radical differ-

J f'

ence in the two subjects in the duration of functional suppression.
It seems almost as if, in the case of the animal, there was not

sufficient time after acute destruction of the suprarenals for the

development of symptoms of chronic disease. Owing to the fact

that partial destruction of the suprarenals gives rise to regener-
ative processes and to the vicarious activity of the sound portion,

* A comprehensive description of the clinical appearances in diseases
of the suprarenals is given in a monograph by Bittorf, and also by v. Neusser
and Wiesel.
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it is not possible to produce chronic progressive suppression of

the suprarenal function experimentally and, by this means, acquire
a more intimate knowledge of the consecutive symptoms.

Moreover, as the results of extirpation of the suprarenals do

not in any way resemble the clinical symptoms of Addison's

disease, our reference of the individual symptoms of the latter

condition to a suppression of the suprarenal function is, neces-

sarily, more or less hypothetical.
What is known of the physiological activity of the internal

secretion of the adrenal system makes it easy to understand that

the reduction or suppression of the function of that system should

be followed by hypotonus, reduction in blood-pressure, and the

consecutive symptoms of cerebral anaemia. There was also at one
time a disposition to explain the adynamia the extreme

muscular weakness so characteristic of Addison's disease, which
has been demonstrated objectively by Langlois by means of

Mosso's ergograph by a lack of the tonic suprarenal secretion.

But a better acquaintance with the physiological effects of

adrenalin shows that there is no justification for ascribing to this

substance a controlling influence upon the tone of the striated

muscles. As we shall see later, adrenalin affects the sympathetic

nerve-endings only. The muscular asthenia of Addison's disease

is to be explained only by the most complicated hypotheses. The
most tenable theory is that, adrenalin being essential to the

metabolism of the carbohydrates, its reduction is attended by a

loss in the metabolism of glycogen, glycogen being essential to

the performance of muscular function.

The asthenic symptoms and the gastro-intestinal disturbances

are by many authors attributed to the antitoxic activity of the

suprarenal cortex. The sole symptom wrhich invariably follows

suppression of the suprarenal function in both man and

animals, is emaciation. Up to the present, however, we have
no knowledge of the metabolic changes in animals to which
this emaciation is due. The information which we possess con-

cerning the metabolic changes in Addison's disease in man is of

too scanty a nature to supply an answer to the problem.
The origin of the pigmentation of the skin and mucous

membranes, the typical bronze skin (melanoderma) of Addison's

disease, is very difficult of explanation. Once again let it be
said that, up to the present, no one has succeeded in producing,
under experimental conditions free from objection, a pigmentation
of the skin in animals. The pigmentation of the skin is a fairly

constant, and frequently a very early, symptom in Addison's
disease. It first shows itself in the face and hands, then it affects

the neck and arms and, finally, spreads to the trunk and lower

extremities. The parts of the skin which are normally pigmented
are usually attacked first and acquire a deeper colour. The distri-

bution is affected by external conditions, such as exposure to-
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strong sunshine, pressure, and friction. Even more characteristic

than the discoloration of the skin, is the affection of the mucous
membranes of the cheeks, lips and gums, and of the conjunctiva.

Anatomically, the pigment is principally deposited in the cells of

the rete Malpighii, and, as far as we know (v. Kahlden, Riehl,

Schmorl) is conveyed there from the blood-vessels of the cutis by
means of wandering cells (chromatophores). It is almost

exclusively deposited in the lower epithelial layers, the upper cefls

generally remaining free from pigment.
The pigment is free from iron, but nothing further is known

regarding its chemical constitution, though, as far as we can

judge, it is identical with that of other cuticular pigments. Its

formation is generally believed to be associated with a colourless

pre-stage in the blood, though certain observers consider that it

may be formed autochthonously within the epithelium. It has

also been referred to the increased destruction of blood corpuscles
in Addison's disease, together with the retarded flow of the stream

due to the decrease in blood-pressure, but there is no ground to

warrant such an assumption.
The effects of adrenalin upon the pigment of Addison's

disease have recently been investigated. v. Furth and H.
Schneider found that, when tyrosinase was added to tyrosin, the

latter acquired a red, then a violet, and finally an ink-black

coloration. Neuberg next discovered that the extract of a

melanotic suprarenal tumour acted upon adrenalin in such a

manner that pigment was formed; and he discovered a ferment in

the ink-bag of Sepiidas which converted adrenalin into a black

product of oxidation. Adami supports the view advanced by
Halle and Frankel that tyrosin is the matrix of adrenalin, and he

believes, further, that in suprarenal disease the matrix (tyrosin and
allied bodies) is unable to form adrenalin, and therefore accumu-
lates in the tissues. Where the skin is exposed, these substances

become converted by the action of oxydases into a black-coloured

pigment. The entire question of pigmentation in Addison's
disease is urgently in need of further investigation.

SUPRARENAL SUBSTITUTION.
Numerous experiments have been undertaken with the object

of counteracting the results of suprarenal suppression in animals

by means of a substitution therapy. This has been attempted by
two methods, the one by the exhibition of the organic extract

(organo-therapy), the other by transplantation.

ORGANO-THERAPY.

Speaking generally, experimental organo-therapy has not

been attended by satisfactory results. Abelous and Langlois

attempted, but without success, to keep frogs, from which both
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suprarenals had been removed, alive by means of watery supra-
renal extract obtained from animals of the same species. They
obtained better results with guinea-pigs, and succeeded in pro-

longing the lives of these animals for a few hours by means of

injections of suprarenal extract, given immediately after removal

of the second capsule. In a later publication, Abelous asserts

that he succeeded in keeping suprarenalless frogs alive for as

long as twelve days, by the injection of alcoholic extract of the

suprarenals of dogs. At almost the same moment, Brown-

Sequard communicated the fact that the injection of suprarenal
extract will produce a marked improvement in the condition of

moribund epinephrectomized guinea-pigs.
Numerous accounts are forthcoming of the favourable effects

of organotherapy upon both the general condition and individual

symptoms, in animals reduced to extreme prostration after extir-

pation of their suprarenals. Many authors lay special stress upon
the fact that the intravenous injection of suprarenal extract raises

the low blood-pressure and improves the much impaired respir-

atory activity. Hultgren and Andersson found, in addition, ftiat

the subcutaneous injection of suprarenal extract prevented the

terminal fall in temperature, that it improved the general condition,

and to a certain extent relieved the extreme muscular weakness.

But in face of what is now known of the physiological activity of

suprarenal extract, these results cannot be regarded as in any way
establishing a specific substitution therapy. The results which
follow the exhibition of suprarenal extract in suprarenalless
animals are identical with those observed in normal animals and
in dying animals, whatever the cause of death. To establish the

value of a suprarenal substitution therapy, it is not sufficient to

point to the results observed after a single exhibition

(Einverleibung) of suprarenal extract. In my opinion such a

conclusion would be justified only if it were possible to show, as

in the case of substitution by the other organic extracts, that the

exhibition of suprarenal substance is able to prolong the lives of

suprarenalless animals. The material which is forthcoming does

not, however, provide any such proof. Langlois's epinephrectom-
ized rabbits and Hultgren and Andersson 's epinephrectomized
cats lived, after treatment with suprarenal extract, for at the most

twenty-four hours. Strehl and Weiss were able to keep the

animals which they treated with suprarenal extract alive for

only nine hours longer than the control animals. I have
treated a large number of animals, by feeding them with

suprarenal tabloids previous to epinephrectomy, for periods

varying from a few days to several weeks, the treatment being
continued after operation by means of subcutaneous injections of

the watery extract of suprarenal. But in spite of the flooding of

the organism in this manner with suprarenal substance, there

was little difference after operation in the condition of these
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animals from that of the control animals. Also, the average length
of life of the animals under treatment was very little longer than
that of the control animals. From the results which I obtained I

was led to conclude that suprarenal substitution is not practicable

by these methods.

Seeing that the exhibition of suprarenal extract is attended

by doubtful results in experimental suprarenal suppression, it is

not surprising that in Addison's disease the method has not

accomplished all that was at first expected of it. Charrin and

Langlois were probably the first to attempt the treatment of this

condition by means of subcutaneous injections of the glycerine
extract of suprarenal, obtained from dogs and horses. Since then
the effects of organo-therapy in Addison's disease have been tried

by many.
According to Gilbert and Carnot, the clinical material may

be classified, according to the results obtained, in four groups.
(1) Those cases in which organo-therapy was attended by

harmful results, the general condition becoming aggravated and
the fatal termination hastened (Rendu, Foa and Pellacani, Zucco,
Pitres, Posselt). Boinet, more particularly, has drawn attention

to the symptoms of intolerance which follow treatment with

organic extract in Addison's disease. He found that prolonged
treatment produced nervous symptoms, the most frequent being
a tremor similar to that of Graves's disease.

(2) The large group of cases in which the results of treat-

ment were negative (Langlois, Chauffard, Grainger-Stewart,
Murrel, Darier, P. Marie, Galliard, Allaria and Varanini, Bendix,
Turner, Trevithick, Box, Huismans, Christomanos, Lange,
Bockhaus, Osier, Ringer and Phear, Sibley, Bittorf).

(3) Those cases in which an improvement in certain sym-
ptoms was observed. The most frequent signs were a diminution
of the muscular asthenia, improvement of the digestive derange-
ments, and an increase in weight (Langlois, Mahe, Maragliano,
Dieulafoy, Marie, Schafer, Rolleston, Osier, Vidal, Hayem,
Yollbracht, Dupaigne, Spillmann, Edel, Faisans, Anderodias,

Althaus, Byrom-Bramwell, Gullau, Vernescu, Foster, Raven,
Decks, Engelhardt, Ebstein, Sellier and Verger, Posselt).

(4) Those rare cases in which complete recovery is reported.

Schilling found that, in the case of a patient 16 years old, a three-

months' treatment with suprarenal (^ to i suprarenal capsule per

day) was followed by the disappearance of all previous Addisonian

symptoms, namely, the asthenia, anorexia, diarrhoea, and even
the pigmentation of the skin and mucous membranes. The

weight rose from 69 to 99 Ibs. Some time after recovery the

patient died suddenly from pneumonia, and the post-mortem
examination showed that there was sclerosis and softening of both

suprarenals.

Beclere, Hirtz, Lambotte, and Androdias also describe cases
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of recovery from Addison's disease. Kinnicut publishes the

statistics of forty-eight cases of Addison's disease which were

treated by organo-therapeutic measures. Of these, in two cases

there was aggravation of the condition
;
in eighteen, the condition

remained unchanged; in twenty-two, there was an improvement;
and in six cases there was complete recovery.

It is evident from this that the treatment of Addison's disease

by means of suprarenal extract is very variable in its results. The
few cases of recovery are nullified by those where an aggravation
of the condition ensued. In the large majority of instances the

treatment produced negative results or the amelioration of single

symptoms only. The muscular weakness and the digestive

derangements appear to be the symptoms most favourably
influenced.

That suprarenal extract, when given by the mouth, should

affect the reduced cardiac activity, and the lowered blood-pressure
is hardly to be expected. Nevertheless, Griinbaum asserts that,

although suprarenal extract, when given by the mouth, does not

raise the blood-pressure of normal subjects, it does have that

effect when given to persons suffering from Addison's disease.

Falta has recently shown that in man, the subcutaneous injection

of adrenalin brings about a rise in blood-pressure.
The symptom which is least affected by this method of treat-

ment is undoubtedly the pigmentation.
The foregoing accounts of the effects of suprarenal extract in

Addison's disease suggest certain definite ideas. Of these, the

most important concerns the influence of adrenalin upon the

symptoms. But a certain measure of efficacy must be ascribed to

other substances present in suprarenal extract, and notably those

which are derived from the suprarenal cortex. Experiments with

animals seem to suggest that the exhibition of suprarenal
substances in Addison's disease provokes hypertrophy of the

portions of the organ which, in this condition, undoubtedly
remain intact, and that by this means the functional inadequacy
of the organ is reduced in a quantitative sense. The negative and
harmful effects of suprarenal treatment are probably seen in those

cases where the suprarenals have become completely destroyed.

TRANSPLANTATION OF THE SUPRARENALS.

The second method of suprarenal substitution is that of the

surgical transplantation of the organ. In 1887 Canalis attempted
the implantation in the kidney of small portions of suprarenal

tissue, but the results which he obtained were purely negative,
the implanted portions becoming necrosed and undergoing

resorption. The experiments of Abelous, and later those of

Abelous and Langlois, with frogs were equally unsuccessful.

Courfein implanted the suprarenals of frogs and guinea-pigs in
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the lymph-sac of frogs, but in all his cases the implanted organ

perished. Boinet implanted suprarenals intraperitoneally in

rats and found that the implanted organ became atrophied and, in

some instances, resorbed. De Dominicis removed the left supra-
renal of dogs, leaving the vascular stem intact, and implanted the

organ below the kidney ;
he found that, at the end of nine to

ten days, there was no change. Jabulay implanted fresh

suprarenals from dogs in two patients suffering from Addison's

disease, and in each instance death followed after twenty-four
hours. Hultgren and Andersson implanted suprarenals in three

cats, in each case without result.

There is a special interest attaching to H. Poll's transplanta-
tion experiments. He removed the left suprarenal of rats and

implanted it under the skin, or in the muscles of the back, of the

same animal or another of the same species. By this means he

was enabled minutely to follow the histological changes in the

transplanted organ.
Poll found that, during about the first week, regressive

changes preponderated. A largish necrosed focus appeared in the

centre of the implanted suprarenal. In addition to the central

medullary tissue, the zona reticularis of the cortex and the inner

portions of the zona fasciculata underwent degenerative changes,
and were destroyed.

During the second week, a large part of the necrosed tissue

became gradually resorbed, giant cells being formed in the

process. At the same time the cells of the zona glomerulosa and
the external portion of the zona fasciculata became destroyed,
while peculiar, light, transparent cells, filled with vacuoles, were
formed in the cortical tissue, which afterwards disappeared, leav-

ing a pigmented scar.

From the third week onwards, signs of progressive new
formation appeared. Minute regenerative foci were formed which

lay, partly internally and partly externally of the thickened con-

nective-tissue capsule. They developed into largish bodies,

shaped like the segment of a sphere, with cord-like arrangement
of cells. Later on, these cell agglomerations assumed the exact

appearance of cortical substance.

The regeneration of the cortical tissue and the degeneration
of the medullary tissue were observed by Christiani in experi-
mental transplantation performed on rats. And Stilling found

that, when the suprarenals of rabbits were transplanted in their

testicles, they showed typical cortical tissue for as long as one
and a half to three years.

Further information concerning the results of transplantation
is given by Imbert. He implanted the suprarenals of dogs in their

kidneys and found, in one instance, a pseudolipoma, in another, a

cyst, at the site of implantation. Strehl and Weiss sewed the

suprarenals into pockets between the muscular structure and the
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abdominal cavity; they also placed them free in the abdominal

cavity; and they implanted them in vascular organs, such as the

kidney and liver. But in every instance the implanted organs
perished. Small portions of implanted suprarenal tissue did not,
in the vast majority of cases, heal in.

Better results were obtained by Schmieden, who implanted
small portions of suprarenal tissue in the kidneys of rabbits and,
in a large number of cases, these healed in. But he does not
believe that these implanted portions are likely to remain alive

for any length of time, and his experiments seem to show that

one year is the maximal period.

Payr used the spleen with considerable success as the site

of implantation for the thyroid, but in the case of the suprarenals
the choice of this locality was followed only by transient healing
in, no permanent results being obtained (Coenen, Kreidl, Biedl).
Shiota found that a suprarenal, when transplanted into the spleen
or kidney of rabbits and cats, contained adrenalin during the

first forty-eight hours only, the substance disappearing at the end
of this time. Although the cortex will remain in a fairly healthy
condition for from ten to seventeen weeks, the medullary substance
ceases to slain with chromium twenty-four hours after implanta-
tion.

The admirable experiments of v. Haberer and Stoerk resulted

in successful suprarenal transplantation with complete functional

activity. Their method was to remove the suprarenal without

severing its vascular peduncle and to implant it in the kidney.
De Dominicis had already dislodged the left suprarenal without

cutting through the peduncle (his experiment has been described

in a previous chapter) and I had removed the suprarenals to an

extra-peritoneal position, leaving their vascular stalk intact. These
results undoubtedly showed that, if the normal nutritional con-

ditions were maintained, the transplanted organ would preserve its

functional activity. In 50 per cent, of their cases, v. Haberer and
Stoerk succeeded in producing permanent results which were

functionally, as well as anatomically, demonstrable. In the un-

successful cases, the result was invariably attributable to insuffi-

cient nourishment of the .implanted organ.
Microscopic examination of these successfully transplanted

suprarenals showed that in no case did the organ retain its original

structure, but that, in addition to sound and hypertrophied tissue,

it invariably contained regressive and necrosed substance. In the

first few days after transplantation with preservation of the

peduncle, there is a regressive metamorphosis of the organ which
is occasionally so widespread that the only part which remains
alive is that in the immediate vicinity of the peduncle. Com-
paratively soon after operation, generally in the first week, active

proliferation commences at this spot, the proliferating parenchyma
spreading into the regressive or necrosed portions of the organ.
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From this a chaotic mixture of living and hypertrophied, and

regressive and necrosed tissue results.

The hypertrophied tissue may in a later stage again become

regressive and, in some cases, even necrosed. This interchange
of proliferation and regression goes on for some time, and
necrosed tissue may be observed for as long a period as three

months. The newly-proliferated cell agglomerations may assume
the structure characteristic of the normal suprarenal ;

or there may
be a re-arrangement, not only in the cells of the cortex, but also

in the relative position of the cortex and medulla. The medullary
substance frequently breaks through the cortex and forms en-

closures between the cortical cell complexes ;
or these enclosures

may be placed sub-capsularly, and even extra-capsularly. In

many instances the regenerated cortex, when complete, assumes
a form similar to that of suprarenal adenoma. It was formerly
believed that, in successful transplantation, the cortex only re-

mained intact, but it is now certain that the medullary substance

also retains its vitality and its capacity for regeneration, and that

it undergoes hypertrophy in the same manner as the cortex.

About five months after transplantation, the alternation of

regenerative and degenerative processes ceases and the conditions

become more stable. In the majority of cases an entirely new

suprarenal has been formed
; by proliferating into the old structure

and becoming regeneratively hypertrophied, the newr cortical and

medullary tissue crowds out the regressive, necrosed tissue and

replaces it.

The tests which have been made of the functional capacity of

the transplanted suprarenal yield the following results : In experi-
mental one-sided transplantation and this applies to cases where
the histological findings are unequivocal it is not possible to

pronounce upon the functional activity of the healed-in organ, for

there is always the possibility of the function having been under-
taken by the sound one of the pair. One-sided implantation is

usually borne without symptoms by dogs, rabbits and cats,

v. Haberer describes a control-experiment with a dog, in which
one-sided suprarenal extirpation was accompanied by distinct

symptoms of suppression, namely, pronounced spastic paresis of

the hind extremities, failing appetite and general depression. The

dog died at the end of eight days, the post-mortem examination

showing that the second suprarenal was slightly hypertrophied.
In a second group of experiments, both suprarenals were

transplanted into the kidney, each capsule being transplanted

separately and a varying length of time allowed to elapse between
the two operations. In many cases, where the first suprarenal
had become necrosed or atrophied and had ceased to function

while the preliminary regressive changes were still in progress in

the second, the animals died as the result of suprarenal inade-

quacy. This group of experiments also brought the interesting
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fact to light that after suppression of one capsule, the condi-
tion of the second does not render it more favourable for trans-

plantation ;
it does not, as a priori assumption would suggest,

become hypertrophied but, on the contrary, it almost completely
perishes.

The functional capacity of a transplanted suprarenal is tested

by removing the second capsule some time after the first. In

cases where there was pronounced necrosis of the implanted supra-
renal, the animals lived for a short time only after the second

operation. In nine cases, animals with only one transplanted
suprarenal remained alive for many days and even for months.

Subsequent microscopic examination revealed, in these cases, a

splendid healing-in of the implanted capsule with new formation
and reconstruction of the suprarenal tissue, together with com-

plete degeneration of the original peduncle and a new vascular

system derived from the kidney. As accessory suprarenals were
in no case present, it is certain that these animals continued to

live with their only suprarenal implanted in their kidney and
that they showed no pathological signs. But these cases, as well

as those of double transplantation, supply another remarkable

fact, namely, that the animal has a better chance of life if an
interval of about eleven to sixteen days is allowed to elapse be-

tween the transplantation of one suprarenal and the extirpation
and implantation of the other. Where the interval is longer, the

results are frequently unsuccessful. The impression conveyed is

that the suprarenal function is so completely taken over by the

sound capsule, that the regenerative processes in the second,

damaged capsule are retarded. If the sound capsule is injured
or removed at a moment when the regenerative process in the

second organ is at its height, the new formation of tissue will

receive an additional stimulus.

Yet another group of experiments comprises those in which
the transplantation of both suprarenals is undertaken separately,
and one kidney, together with the suprarenal implanted
in it, is removed by means of a third operation. Of eleven
animals experimented upon, six died after the third operation as

the result of suprarenal inadequacy. In each of these cases, how-
ever, it happened that the suprarenal removed was well healed in

and hypertrophied, while the condition of the second, as seen

post mortem, was regressive. Five dogs lived for years after the

third operation and showed no pathological signs, and in these

instances the extirpated transplanted suprarenal was also hyper-
trophied.

The degree of functional activity of the transplanted supra-
renal has been further tested, by examination of its adrenalin
contents by means of blood-pressure experiments and experiments
with frog's eyes. The results showed a complete agreement be-

tween the microscopic structure and the adrenalin contents.
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The value of the experiments of v. Haberer and Stoerk, which
will be described more fully later, lies in the proof which they

supply that the suprarenal may be transplanted with success, both

functional and anatomical, provided its vascular stem is left

intact. Further, these experiments were the first to show that,

after transplantation, the medullary substances lives and becomes

hypertrophied in exactly the same manner as the cortical sub-

stance. The conclusion drawn by the authors from these findings,

namely, that the part played by the medulla in suprarenal function

is of equal importance with that of the cortex, is the more in-

controvertible seeing that other observations have supplied proof,
not only of the vital necessity of the medulla, but also of its

functional significance. But, in my opinion, the successful trans-

plantations of v. Haberer and Stoerk are decided evidence against
the view, that the medulla is the only part of the suprarenal capsule
which is essential to life. This theory was based upon experiments
where transplantation, though technically successful, was followed

by death, and it depended upon the fact that degeneration of the

medullary substance, together with preservation of the cortex, were

always found in such cases. All that these older experiments prove,

however, is the greater sensibility and lability of the medulla.

They show, and this is confirmed in other directions, that a

reduction in the vascular provision and a limitation of the nutri-

tional conditions invariably kills the medulla, but that the cortex

has greater powers of resistance.

Free grafting of chromaffine tissue is successful in those cases

only where this tissue is normally situated upon a free surface

as, for instance, the dorsal surface of the kidney in reptiles

(Christiani's experiments with lizards). Parodi's experiments
show that embryonal suprarenal tissue, in which the medulla lies

upon the surface, possesses very little regenerative power ; and,
in an experiment recently described by Neuhauser, the trans-

plantation of embryonal tissue into the kidney of a rabbit was
followed by a tumour-like growth.

The results of experimental transplantation, as far as they go
to-day, not only prove the internal secretory function of the supra-
renals and their vital importance to the organism, but they also

justify the hope that the clinical symptoms produced by supra-
renal suppression may be more successfully treated by surgical
means than has been possible, up to now, by organo-therapeutic
measures.

THE ACTIVITY OF SUPRARENAL EXTRACT.

Investigation of the clinical activity of extract of the supra-
renals, has effected a clearer insight into the function of these

organs.
As early as 1879, Pellacani demonstrated the toxic action of
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subcutaneous and intravenous injections of the watery extract

of suprarenal. He did not believe that this action was specific,

for he found that similar results were produced by means of

other organic extracts. But very soon after, Ziino and di Mattei

denied the toxicity of suprarenal extract and they referred the

results which followed its exhibition to infective processes, more

particularly the influence of products of the decomposition of the

albuminoids introduced into the system with it. On the other

hand, Pellacani and Foa (1883) proved that the toxic substance

in the suprarenal cannot be identical with the fibrin ferment,
which is present even in the alcoholic extracts of these organs
and is specific to the suprarenal. Guarnieri and Marino Zucco

(1888) confirmed the extreme toxicity of the watery extracts and

they considered that the active agents were neurin and the organic

phosphorus compounds. The brothers Marino Zucco even went

so far as to believe that the symptom-complex of Addison's

disease could be produced by means of neurin injection. These

authors, together with Dutto, proved that neurin was present
in the urine of persons with Addison's disease, and,
towards the end of the 'eighties, a hypothesis arose that

the physiological function of the suprarenals consisted in

the neutralization of neurin, which was a product of the decom-

position of the nervous tissue. This doctrine seemed to find a

support in Albanese's experiments with frogs. But both Boinet

and Langlois were unable to confirm the experiments upon which

the theory was founded; while Supino further showed that the

toxic conditions which follow the injection of neurin are entirely
different from the clinical complex produced by suprarenal extir-

pation. Alezais and Arnaud, and later Tizzoni, denied the exist-

ence of a toxic agent in the suprarenal, confirming the view of

an earlier observer, namely, Alexander. They attributed the

effects of suprarenal extract to post-mortem changes in the tissues.

The discovery by Oliver and Schafer (1894) f the specific

physiological action of suprarenal extract, drove all previous con-

clusions as to the general toxic activity of these organs into the

background. The experiments which followed were, naturally

enough, chiefly concerned with the more minute analysis of in-

dividual pharmacodynamic effects. But since the discovery that

these effects are principally due to an active substance present
in the medulla and, more particularly since the isolation of this

active principle in the form known as adrenalin, inquiry into the

general effects of suprarenal extract has somewhat languished.
The lack of any method of exact dosage is a serious drawback to

experiment.
A consideration of the material furnished by the subject shows

that there is no sufficient justification for identifying the general
effects of suprarenal extract with those of adrenalin. For, in

.addition to adrenalin, suprarenal extract contains other substances
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derived from the cortex, concerning the activity of which we as

yet know nothing. Moreover, therapeutic measures, especially
those aiming at substitution in the case of suprarenal suppression
in man, have been attempted almost exclusively with preparations
derived from the whole suprarenal. The fresh raw organ, the

organ dried and powdered, suprarenal tabloids, and the watery
extract of suprarenal, have all been employed in this connection.

Until something is known of the physiological activity of the

cortex, the empirical method of treatment with the whole organ
must be regarded as superior to treatment by means of the active

principle, adrenalin.

The following experiments serve to illustrate the present

position. Oliver and Shafer injected the watery extract of the

suprarenal of calves into dogs, guinea-pigs and cats without pro-

ducing toxic symptoms. In guinea-pigs and dogs, large quanti-
ties of the extract were followed by transient disturbances of the

pulse and respiration, as well as by a fall in temperature. The
subcutaneous injection of large doses into rabbits resulted, after

a few hours and in some instances after a few days, in a fall in

temperature followed by death. In frogs there were symptoms
of central paralysis.

According to Cybulski the toxic action of suprarenal extract

is seen in rabbits only after intravenous injection ;
it affects the

central nervous system.

According to Gluzinski, watery glycerine extracts of the

suprarenals of cattle, calves, pigs, dogs and rabbits produce a high
degree of intoxication in normal animals. Intravenous injection
is followed by paralysis and loss of sensibility in the hinder, and
convulsions in the fore, extremities; there is acceleration of the

respiration and enlargement of the pupils, dyspnoea and wide-

spread paralysis, ending in death. Subcutaneous injection is less

deadly; the animals sicken and the- temperature becomes sub-

normal, but unless the doses are too large they recover.

Dubois found that suprarenal extract derived from rats was

very deadly. When injected in even quite small doses, it pro-
duces lassitude, paresis, and in many cases paralytic symptoms
ending in death. The degree of the toxicity of the extract varies;
it is increased if the animals are fed upon decomposing food, and
after experimental infection. Suprarenal extract derived from
rats kept in captivity is less toxic than that obtained from free-

living animals. The medullary substance contains a larger pro-

portion of toxin than the cortex. The amount of the extract

tolerated varies with individuals, and muscular fatigue previous
to injection renders the animals more sensitive to its toxic action.

According to Dubois, suprarenal extract contains at least two

substances, one of which causes general vaso-dilation and is in-

soluble in go per cent, alcohol
;
while the other, which is soluble

in alcohol, produces widespread paralysis, reduced cardiac

activity, and asphyxia ending in death.
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By treating watery glycerine extracts of the suprarenals of

cattle, sheep and calves with strong alcohol, Gourfein obtained
a precipitate which was insoluble in alcohol and which, when
dissolved in water, was less toxic in its action. The substance
which remained dissolved in the alcohol and which resisted heat,

produced progressive difficult respiration and weakness of the

heart-beats, but it did not produce paralysis. The autopsy showed
that the lungs were severely congested.

According to Wybauw, the extract of the suprarenal of

guinea-pigs is less toxic than suprarenal extracts derived from
other animals.

Very complete experiments are described by S. Vincent. The
extract which he employed was mostly derived from sheep, though
occasionally from oxen, dogs, cats and guinea-pigs, and was
obtained by the agency of saline solution both with and without

boiling. He found that the subcutaneous injection of this extract,
if given in sufficiently large doses (equivalent to 0.5 to 0.6 grm.
of the fresh organ) produced more or less pronounced muscular

weakness, occasional paresis with ultimate paralysis of the ex-

tremities, accelerated and shallow, followed by deep and slow

respiration, occasional dyspnceic convulsions, and a fall in tem-

perature ending in death, in all the animals experimented upon
(frogs, toads, rats, mice, rabbits, guinea-pigs). Hasmaturia and

bleeding from the nose and mouth are not infrequently seen in

rats and guinea-pigs. The injection of small doses of the extract

is followed by a partial immunity lasting several weeks. Thirst
is the first noticeable symptom in dogs, which drink water greedily
and afterwards excrete a great profusion of urine. After a short

stage of excitement accompanied by increased muscular activity
and tremor, these dogs develop paresis and finally paralysis.
The most noticeable symptom in cats is the quickened respiration,
the paralysis being less marked. Late effects, those which only
make their appearance after hours or even days, have never been
observed. The administration of the extract in sufficiently large
doses is invariably followed by symptoms within a few minutes.

According to Vincent, the symptoms take their rise in the central

nervous system, and are the outcome of the activity of the medulla,
no toxic substance being present in the cortex.

Vincent also tested the physiological effects of separate ex-

tracts derived from the interrenal and the adrenal tissues of fish.

He found that the Stannius's body of Gadus morrhua, composed
exclusively of interrenal tissue, and the interrenal body of Selachii

produced no effect when exhibited in mice, while the extract of the

suprarenal body of ScyIlium canicula and Raia clavata, when in-

jected under the skin of mice, produced quickened respiration,
reduction in temperature, and convulsions terminating fatally

within, at most, five minutes. The toxicity of the extract of

the suprarenal bodies of Selachii, when injected into the veins of

dogs and rabbits, is confirmed by Biedl and Wiesel.
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The discovery that the intravenous injection of the watery
extract of suprarenal is followed by specific and well-defined

physiological results, started a new era in suprarenal investiga-
tion. This discovery was announced by Oliver and Schafer before

the Physiological Society of London on May 10, 1894. A year
later, Cybulski and Szymonowicz published their results which,

though obtained independently, coincided in the main points with

those of Oliver and Schafer. An enormous number of experi-
ments followed, which not only explored the physiological and

pharmacodynamic activity of suprarenal extract down to the

minutest detail, but utilized the facts so won to reconstruct in its

entirety the chemistry of the suprarenals.

CHEMISTRY OF THE SPECIFIC ACTIVE SUBSTANCE
PRESENT IN THE SUPRARENALS.

As early as 1856, Vulpian made the discovery that the supra-
renal contains a substance which is distinguished by its remark-
able colour reactions. It colours green with ferric chloride, and
takes on a pink to carmine-red colour when exposed to the air

and treated with alkalies or with oxydizing agents, such as

iodine-water and chlorine-water. Virchow, who confirms Vul-

pian's discovery, found that the characteristic colour reaction is

associated with the medullary substance and that it is demonstrable
in microscopic sections. According to Virchow, the chromogenic
colouring substance is identical with the substance which colours

green with ferric chloride, and is not associated with the morphotic
elements, but with the secretion, the intercellular substance. In

1885, Kruckenberg drew attention to the important fact that this

suprarenal chromogen possesses certain properties in common
with pyrocatechin, and Brunner (1892) believed that the two
substances were identical.

Oliver and Schafer ascribed the peculiar hasmodynamic action

of suprarenal extract to the medullary substance and, following

them, Moore found that the substance which produces increased

blood-pressure is identical with chromogen, but that its pharmaco-
logical properties are entirely different from those of pyrocatechin.
S. Frankel (1896) was the first to suggest that the substance which
raises blood-pressure is a derivative, containing oxygen, of the

pyrocatechin group. The experiments of v. Fiirth and Abel were

of great importance because they prepared the way for the

isolation, in a state of chemical purity, of the active principle of

the suprarenal. In 1901 Jokischi Takamine succeeded in obtain-

ing this substance in a crystalline form, and he gave it the name
of adrenalin. Almost at the same time and quite independently,
Aldrich produced the same substance from the suprarenal, also

in the form of well defined crystals.
The methods of isolating adrenalin are based upon the fact

12
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that,- when alcohol or acetate of lead are added to suprarenal ex-

tract, the by-substances are released, and the addition of concen-
trated ammonia results in the precipitation of adrenalin in the form
of microscopic crystals. These are further purified by repeated
solution in acids and precipitation by means of ammonia, until

eventually, clusters of crystals composed of prismatic needles and
rhomboid scales are formed. These adrenalin crystals dissolve

slowly in cold water and somewhat more readily in hot. They
dissolve freely in diluted acids, and form salts

;
their reaction upon

litmus paper is weakly alkaline. They are not readily soluble

in alcohol, and they are insoluble in chloroform, amylic
alcohol, carbon bisulphide, ether, acetone, and benzine. In

accordance with its phenol nature, adrenalin is soluble in the

caustic alkalis, but not in the alkali carbonates and ammonia. It

cannot be precipitated by means of potassium mercuric iodide,

picric acid, tannic acid, phosphoromolybdanic acid, phosphoro-
wolframic acid, or mercuric chloride

;
but it is reducible by

Fehling's solution and by ammoniated solution of silver. When
exposed to the air, the watery solution colours red and after-

wards turns brown
;
the addition of ferric chloride produces the

characteristic green coloration.*

Numerous experiments were undertaken by Aldrich, Bertrand,
Abderhalden and Berger, Jowett, Friedmann, v. Fiirth, Pauly,
Stolz, with the object of analysing the elements and ascertaining
the weight of the molecules, and these revealed the more intimate

characterization of adrenalin (epinephrin, according to Abel,

suprarenin, according to v. Fiirth). This substance is empirically
formulated as C 9H 13NO3 . The following formula expresses its

constitution :

OH CH 2NH.CH 3

Adrenalin contains a benzol nucleus which is substituted in

the 2, 5, 6- position. Three hydroxyl groups (OH) are present in

the adrenalin molecule and, of these, two are placed in the vicinity
of the benzol nucleus in the 5, 6- position. The molecule contains

a methylimid group.
Stolz succeeded in obtaining a substance, by a synthetic

process, which possesses pharmacological properties exactly
similar to those of adrenalin.

If chloracetopyrocatechin which is obtained from the action

of chloracetylchloride upon pyrocatechin is treated with ammonia

* The preparation known as "Adrenalin Takamine "
(put upon the

market by Parke, Davis and Co.) is adrenalin in combination with hydro-
chloric acid, in a solution (i : 1000) of sodium chloride and chloreton, the
latter being a derivative of chloroform and aceton.
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or with primary aliphatic amine, amino, methylamino-, and

ethylaminopyrocatechin are obtained according to the following
formula :

C 6
H 3(O.H) a.CO.CH a|Cl + H| .NH 2

= C 6
H

3(OH) 2 .CO. CH 2NH 3

Aminoacetopyrocatechin
TH .NH.CH, = C 6 .H 3 .(OH) 2 .CO. CH 2NH.CH 3

Methylaminoacetopyrocatechin

TH[ .NH.C2H 5
= C 6H 3(OH) 2 .CO.

"

CH 2.NH.C 2H,

Ethylaminoacetopyrocatechin

According to Lowi and Meyer, the manner in which these

bodies act is exactly similar to that of adrenalin, but the strength
of their action is very much less. By reducing these ketone bases,
Stolz obtained, by the addition of two hydrogen atoms, the

complementary secondary alcohols, namely, amino-ethanol-,

methylamino-ethanol-, and ethylamino-ethanol-pyrocatechin. In

their action these alcohol bases are not only qualitatively identical

with adrenalin, they also approach it quantitatively. Methylamino-
ethanolpyrocatechin, or orthodioxyphenylethanolmethylamin, is

chemically identical with adrenalin obtained from the suprarenal.*
This synthetic adrenalin differs only from natural adrenalin

in that it is optically inactive, while the natural substance diverts

the polarized ray of direction towards the left. This synthetic
racemic suprarenin is composed of equal parts of d- and 1-supra-
renin

;
it was split up into its component parts by Flacher.

Synthetic 1-suprarenin is, both physically and chemically,

absolutely identical with the natural adrenalin obtained from

suprarenal. The experiments of Cushney, Abderhalden and his

co-workers show that the physiological action of the synthetic
substance is both quantitatively and qualitatively the same as

that of natural adrenalin.

The physiological action of d-suprarenin is in every respect
similar to that of the natural substance, but is very much less

intense
;
while the racemic body, in accordance with its composi-

tion out of d- and 1-suprarenin, occupies a middle position.
The question which now arises is, of which substances is the

organic adrenalin composed? The theory that adrenalin is

formed from the waste products of muscle-metabolism (Boruttau,

Battelli) is unsupported by any known fact. The experiments of

Abelous, Soulie, and Toujans, which appear to confirm this

assumption, and which also point to the cortex as the site of

origin, will be discussed later.

The information which we possess in regard to the chemical

* The Hochster Farbwerke have recently put upon the market a i : 1005
solution of this combination, to which they give the name of "

Supra-
renium hydrochloricum syntheticum." At present they supply the 1-supra-
renin only under this name.
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process by which adrenalin is formed, is very scanty. As far as
its preceding stages are concerned, Friedmann supposed that

adrenalin might be derived from an oxyphenylserin or an

oxyphenylmethylserin, which substances might possibly have
been previously formed in certain albuminoids. According to

Halle and Frankel, tyrosin and phenylalamin may possibly be
waste products. The conversion of tyrosin into adrenalin is

supposed to be a combination of four chemical processes (oxida-

tion, evolution of carBonic acid, methylization of nitrogen, and a

second process of oxidation of the lateral chain in the @ position),
in the course of which para-oxiphenylethylamin is formed as an

intermediary product. This supposition is supported by the

results of experiments showing that the addition of tyrosin to an
emulsion of ox's or pig's suprarenals, is followed after six days
in an incubator by an increase in the adrenalin contents of from

14 to 33 per cent.

Neuberg found that the extract from a melanotic tumour con-
verted adrenalin in a short time into a dark brown product ;

and
he also discovered that a melanin ferment obtained from the ink-

bags of cuttle fish (sepia) gives a similar melanin reaction with

para-oxy-phenylethylamin and tryptophan as with adrenalin. By
means of the tyrosinase from the fungus Prussula delica, Abder-
halden and Guggenheim obtained the same colour-reactions with

tryptophan and the derivatives of tyrosin (d-alanyl-1-tyrosin and

1-leucyl-l-tyrosin) as with 1- and d-suprarenin.
From these results it appears highly probable that the

products of the decomposition of albumin, and especially

tyrosin, are the matrix of adrenalin.

The most important chemical test of the presence of adrenalin

in liquids and tissue secretions is the characteristic colour reaction,

namely, green with ferric chloride and pink with iodine water.

The same reactions have also been employed as quantitative tests

in colorimetric experiments; ferric chloride by Battelli, and the

iodine reaction by Abelous, Soulie and Toujan. But the results

obtained by these methods cannot be regarded as by any means
exact, for they are dependent upon the operation of certain

extraneous conditions. The substance must be employed in a

state of chemical purity and with an almost neutral reaction, for the

presence of free acids and other bodies prevents the ferric chloride

reaction, which, in any case, is common to all derivatives of

orthodioxybenzol, and is not specific to adrenalin. Iodine stain-

ing is prejudiced by the fact that adrenalin solutions which are

exposed to the air and light take on a red colouring.
In the last two years a number of chemical tests for adrenalin

have been published.
The method described by G. Comessatti is based upon the

fact, first observed by Muhlmann, that the addition of sublimate

to suprarenal extract produces a red colour. A few drops of a
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1-2 : 1000 sublimate solution are added to the liquid containing
adrenalin when, after one to three minutes, a diffuse red color-

ation is seen which lasts for several hours. Comessatti employed
his method also as a quantitative test of the amount of adrenalin

present in the suprarenal. In his view, the red coloration is

due to the formation of oxyadrenalin (Battelli), and is identical

with the red colour which adrenalin solutions acquire when

exposed for some time to the air. Of allied substances, pyro-
catechin gives a green reaction with sublimate, salicylic acid and
resorcin produce shades of red. According to Comessatti, this

reaction gives positive results with attenuated solutions, where

Vulpian's ferric chloride reaction is doubtful (0.0025 grm.
adrenalin : 1000; or, one drop adrenalin in twenty distilled water;

or, one drop adrenalin in 100 to 130 cm. 3

tap water). On the

other hand, K. Boas found that, in the case of even concentrated

extracts, the reaction did not take place at room-temperature, but

that it made its appearance only after boiling.
Another chemical method of differentiating adrenalin is that

of Cevidalli. If hydrochloric acid is added to suprarenal extract

prepared with physiological saline solution, the albuminoids will

be precipitated; the filtrate is then rendered alkaline with NH 3 ,

and a few drops of a concentrated solution of ferricyanide of

potassium are added, when a pinkish colour makes its appearance
which, after several hours, changes to a brownish black. By this

method, Cevidalli and Leoncini carried out a series of .investi-

gations into the amount of adrenalin present in the suprarenals
after death from various causes. They found that the

"
docimasia

surrenale
"

is sufficient to decide the medico-legal question as to

whether death has taken place suddenly, or is the outcome of

prolonged illness. In the latter case, the reaction is weak, but it

is very strong after sudden death.

The colorimetric method of A. Zanfrognini depends for its

results upon the fact that, where adrenalin is present, the brown

manganese dioxides are converted into the colourless lower oxides,
in the course of which the solution acquires a red stain. The

intensity of the colouring is proportional to the amount of

adrenalin present in the solution. The reaction is extremely
sensitive, and is clearly perceptible in a solution of i : 1,000,000;
it remains unchanged for hours

;
and takes place independently

both of the reaction of the medium and the presence of

neutral salts. The reagent (3 grm. permanganate of potassium
dissolved in 24 c.cm. distilled water, with the addition of 8 c.cm.

lactic acid) is added drop by drop to the liquid containing
adrenalin, and it immediately loses its characteristic colour and

acquires a distinct pink coloration. An excess of the brown

reagent does not affect the result, the superfluity being
immediately carried off by the addition of a minimal quantity of

peroxide of hydrogen. The colorimetric result is ascertained by



1 82 INTERNAL SECRETION

progressive weakening of the liquid to be tested until a reaction

takes place, which, in regard to the intensity of the stain, is equal
to a standard adrenalin solution of i : 1,000,000.

The amount of adrenalin in the suprarenal is ascertained by
cutting the organ into small pieces and reducing it to a paste

by means of quartz sand; ten times the bulk of a 2 per cent,

acetic acid solution is added, and the mixture is allowed to stand
for about twenty-four hours

;
the filtrate is then twice treated,

each time with five parts of the same acetic acid solution, in a

water-bath at 70 C., and is again filtered. The filtrate, which
still retains its brown colour, is bleached with ammonium sulphate,
and is then ready for use. According to Zanfrognini, the adrenalin

present in the human suprarenal remains unchanged for several

days after death.

S. Frankel and R. Allers describe a new and extremely
sensitive and characteristic adrenalin reaction. It depends upon
the fact that hydroidic-acid, or potassium biniodide and dilute

phosphoric acid, when added to adrenalin solution and heated,

change in such a manner as to produce an eosin pink colour in

weak solutions, and a splendid rose-red colour where stronger
solutions are used. On the further addition of ammonia, the

red colour changes to a rust-brown. The reaction is obtainable

with an n/
50no

- adrenalin solution, which is thus a .00365 per
cent, solution, or, in other words, contains i 1300,000. The
reaction is wholly specific to adrenalin, and none of the substances
for which adrenalin may be mistaken give a similar red stain.

The characteristic coloration is probably due to the formation of

an iodo- or an iodoso-combination on the part of the adrenalin.

As G. Bayer has shown, the adrenalin colour reactions with
ferric chloride and with chromates, as well as with the Frankel-
Allers test, may be rendered more sensitive by the addition of

aromatic amidosulphonic acids (a-naphthylaminosulphonic acid,

p-amidobenzolsulphonic acid). The sulphanil acid modification

of the ferric chloride and chrome reactions ought to have a

distinct value in microscopic and histological work. The iodine

reaction of adrenalin is intensified by alanin and by phenylalanin,
and probably also by other products of the decomposition of

albumin.
A method of testing the urine for adrenalin, recently

described by Schur, makes use of the red iodine reaction in the

following manner : an excess of tincture of iodine is added to the

liquid to be examined; the surplus iodine is then removed by
repeated shaking-up with ether, and this is continued until the

ether ceases to acquire a yellow tinge. Where adrenalin is

present the specimen stains pink, and though this colour is

permanent in pure adrenalin solutions, in urine it disappears after

some time. Adrenalin can be detected by this method in urine, in

a proportion of i : 200,000; in normal saline solution, in a proper-
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tion of 1:1,500,000. Pure urine frequently gives a similar

positive reaction, and Schur thinks it possible that adrenalin is

one of the constituents of normal urine. The sensibility of this

iodine reaction may also be made use of in quantitative adrenalin

tests.

The biological methods employed for the detection of adren-

alin will be discussed later.

THE PHYSIOLOGICAL ACTIVITY OF ADRENALIN.

Of the physiological effects of adrenalin, that which it exer-

cises upon the vascular apparatus is the most important and the

most characteristic. This is readily seen if a certain quantity

(about one-twentieth mg.) of adrenalin is injected into the veins

of an animal, and its blood-pressure registered by means of a

kymograph. The injection is followed almost immediately by
a rapid increase in blood-pressure which rises to a considerable

height, but this is partly concealed by the fact that, soon after

injection, the pulse becomes extremely slow. The increase in

blood-pressure lasts a short time only, from thirty seconds to two

to three minutes according to the dose, and the maximum is

obtained for a few seconds only. The retardation of the pulse
soon disappears also, and is followed by a gradual fall in

pressure, the starting point being reached in two, or at the most

four, minutes.

The increase in pressure is very much more perceptible if the

fall in the pulse-rate is avoided. This is done by eliminating, by
means either of atropine or resection, the inhibitory influence

of the vagi upon the cardiac contractions. If this is done, the

blood-pressure rises to twice, or even three times, the normal

figure. Blood-pressures reaching 250 to 300 mm. Hg. may by
this means be observed in dogs and rabbits, figures which are

not obtainable by the action of any other substance. Where

breathing is spontaneous, the respiratory fluctuations in blood-

pressure disappear during the rise and while the tension is at

its height; they reappear as the tension gradually diminishes.

A rise in blood-pressure follows the exhibition of even

minimal doses; the amount of the increase and its duration are

to a certain extent proportional to the amount of substance

injected. A typical increase in pressure of about 15 to 25 mm.

Hg. is obtainable with .0005 mg., and is certain with .001 mg.,
to every kilo of body-weight, of both the natural adrenalin and
the synthetic suprarenin. A dose of .005 mg. will raise the blood-

pressure 50 mm. Hg. ;
and after .01 mg. it may be increased by

as much as So to 100 mm. Hg. An increase in the dose gradually

prolongs the period of hypertension. The maximal degree of

pressure is usually obtainable with .1 mg. adrenalin, while a

further increase of two to tenfold in the amount of the dose
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frequently produces only toxic effects, such as fluttering or sudden
arrest of the heart, and occasionally cedema of the lungs.

These conditions militate to a certain extent against an
accurate estimation by means of blood-pressure readings, of the

quantitative value of adrenalin solutions. The presence of an
amount less than .001 mg. in i c.cm. cannot be proved with

certainty by means of animal experiments. The approximate
values of solutions containing a larger proportion of adrenalin

may be estimated by means of dilution.

The effect of adrenalin in raising blood-pressure is primarily
the result of vaso-constriction, that is to say, of a contraction of

the walls of the peripheral blood-vessels. This constriction of

the blood-vessels is clearly shown by the pale colour of the mucous
membranes. By means of oncometric experiments, Oliver and
Schafer ascertained the volume of the different organs. They
found that the abdominal viscera supplied by the splanchnic
nerve, such as the spleen, kidney, and intestine, become con-

siderably reduced in volume
;
while the volume of the extremities

becomes increased, owing to the rush of blood into them from
the splanchnic region. A. Velich found by direct inspection that

there was a distinct reduction in the volume of the intestine,

kidney, and conjunctiva.
With regard to the origin of this peripheral vaso-constriction,

Cybulski and Szymonowicz assumed that it resulted from stimu-
lation of the central vaso-motor apparatus in the medulla

oblongata. But other experiments have shown that suprarenal
extract produces an enormous rise in blood-pressure after resec-

tion high up the spinal cord and destruction of the medulla (Oliver
and Schafer), after destruction of the entire central nervous

system (Biedl, Velich), and after resection of both splanchnic
nerves (Boruttau). I have kept the arterial pressure of animals
in which the central nervous system was entirely destroyed, at

140 to 160 mm. Hg. for hours at a time, by means of continuous
transfusion of a diluted solution of suprarenal extract. The rise

in blood-pressure also takes place where, as the result of profound
chloroform or chloral anaesthesia, the intervention of the central

nervous system is excluded (Gottlieb). That the vaso-motor
nerve-centres play a part in the production of the vaso-constriction
cannot be denied, if the quantitatively stronger action in the

sound animal, and the increased pressure which immediately
follows the direct introduction of adrenalin into the cerebral

circulation (injection into the carotid towards the brain, Biedl
and Reiner) are taken into account. It is probable that the

stimulation of the vascular centre is not direct, but is a secondary
effect brought about by the local anaemia.

The vaso-contraction does not affect all parts of the system
equally. The introduction of adrenalin into the general circu-

lation affects primarily those vessels whose innervation proceeds
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from the splanchnic nerve, and these undergo the maximum
degree of contraction. As Jonescu has pointed out, the renal

vessels are the first to contract, and this effect is produced by
doses which are too small to raise the pressure of the circulation

as a whole. If then, constriction within the splanchnic region gives
rise to a marked increase in tension, the increase in pressure will

produce a passive dilatation of the vessels in other parts of the

system, and this dilatation will be most pronounced in those

portions of the circulatory system which are not actively affected

by the constricting agent. Portions of the circulatory system
which are comparatively slightly affected by the vaso-constriction

are, apparently, the vessels of the extremities (passive increase in

the volume of the extremities has already been referred to), the

cerebral vessels and vessels of the retina, the pulmonary vessels,

and the coronary vessels of the heart.

Spina showed that the intravenous injection of suprarenal
extract produces so marked a dilatation of the cerebral vessels,

that the opening of the dura mater may be followed by

hyperagmia amounting to cerebral hernia. But Biedl and Reiner

found that the cerebral vessels may be induced to contract by the

direct application of the agent. As soon, however, as the increase

in tension becomes general throughout the circulation, this

cerebral anaemia disappears as a result of the general high

pressure. That adrenalin causes the cerebral vessels to contract

was proved by Wiggers, who allowed Locke's fluid, to which
adrenalin had been added, to stream through the brain of a dog ;

he found that the liquid, after leaving the brain, was considerably
reduced in quantity.

Velich was the first to discover the effects of suprarenal
extract upon the pulmonary circulation. He found that there was
a slight increase in pressure in the pulmonary artery, but believed

that this might be due to back pressure from the left auricle.

Direct inspection of the lungs showed that neither the intravenous

injection nor the direct application of adrenalin was followed by
the blanching observed in other organs under similar conditions.

Gerhardt also observed a slight increase in tension in the pulmon-
ary artery, and he ascribed it to the fact that, owing to the contrac-

tion of the systemic vessels, a larger amount of blood is carried to

the right heart. According to Gerhardt, the pulmonary vessels

are unaffected by suprarenal extract, and Brodie and Dixon were

unable to prove a vaso-constriction of these vessels after the

employment of adrenalin. They ascribe this result to inade-

quacy on the part of the vaso-motor innervation of the pulmonary
vessels. Plumier found that large doses were followed by distinct

vaso-contraction of the pulmonary vessels, and Petitjean arrived

at the same conclusion in regard to these vessels as Biedl and
Reiner in regard to the vessels of the brain. Petitjean believes

that adrenalin induces the pulmonary vessels to contract, but that
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the contraction is very quickly counteracted by the passive

dilatation.

The effect of adrenalin upon the coronary vessels of the heart

is, in one particular, quite distinctive it does not induce con-

traction. It will be shown later that strips cut from the

coronary vessels react to adrenalin differently from other vessels,

and the cause of this startling phenomenon will be explained.

It will, moreover, be shown upon which factor the localization of

the vascular effects depends.
The vaso-contraction produced by adrenalin may be observed,

in both warm-blooded animals (Pick, Biedl) and in frogs (Lawen),

by allowing the substance to circulate through organs removed

from the living body (iiberlebend) ;
the effect is shown by the

marked reduction in the venous outflow. Lawen transfused a

liquid composed of two parts suprarenin (Hcechst) to ten million

parts Ringer's fluid, through the hinder extremities of Rana

esculenta, and he found a reduction of 87 to 96 per cent, in the

amount of the outflow; while a solution of ten times less concen-

tration produced a reduction of 50 to 81 per cent, in the outflow.

If the vessels are washed out with an indifferent liquid, they
resume their normal size. Owing to the sensitiveness of this

reaction, it is possible to employ artificial circulation through the

excised living organ both as a test for the presence of adrenalin

and as a means of estimating its physiological value.

The effect of adrenalin in producing local vaso-constriction is

well known and forms the basis of its therapeutic employment.
Adrenalin produces a high degree of vaso-contraction in very

vascular, and especially in hyperaemic, localities. It was intro-

duced into the therapeutics of ophthalmics by Bates and Darier,

who employed it as a means for the reduction of the hyperaemia
of inflamed and reddened conjunctivas. It has also been employed
to produce local anaemia in oto-rhinology and dermatology. The
work of H. Braun suggested this substance as an adjuvant to

cocaine and its congeners, and it has been largely employed in

minor surgery for the production of local anaesthesia. Adrenalin

was early employed as a styptic, more especially in paren-

chymatous haemorrhage. As early as 1895, I made use of

the vaso-contractor properties of adrenalin by employing it in

experimental surgery to reduce parenchymatous haemorrhage. I

also recommended, and with good result, tampons soaked with

sterilized suprarenal extract as a remedy in profuse uterine

haemorrhage. To-day, adrenalin is largely employed for the

reduction of hyperaemia; as an adjunct to other measures in the

production of focal anaesthesia ;
for the prevention or reduction of

haemorrhage in operation ;
and as a styptic.

Adrenalin is unable to penetrate the epithelial cover, hence

it produces no apparent effect upon the normal skin and mucosa as

long as these are intact. For therapeutic purposes, adrenalin is
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usually introduced into the tissues by subcutaneous injection ;

where, however, the mucosa are acutely inflamed and hyperasmic,
the local application, either by instillation or by painting the sur-

face, has a similar effect.

J. Baum has pointed out that the effect of suprarenal sub-

stance in producing blanching of the skin will be the more

energetic, prompt, and sustained, the more nearly the condition

of the vessels approximates to the normal. In acute inflammatory
conditions the action is marked

; where, however, the condition of

the vessels is chronically pathological, as well as in all forms of

destructive disease, the anaemia produced by adrenalin is slight
and very transient, and telangiectatic veins do not become

emptied. As soon as the anaemia passes, normal tissue regains
its normal appearance, and hyperaemia supervenes only after

repeated employment of the drug ;
but where there are chronic

pathological changes in the tissue, the first application is followed

by pronounced venous hyperaemia.

Upon which part of the vessels does adrenalin act ? There

is no doubt that, in large and small arteries with muscular wr

ails,

adrenalin produces a contraction of the musculature. It is a

remarkable fact that, where adrenalin is employed locally, those

injections disappear first which are described as parenchymatous,
and it is more than probable that this is due to an enlargement
of the capillaries. Further, it has been observed that, where
adrenalin is applied locally to reduce parenchymatous haemor-

rhage, not only do the great vessels not contract, but, owing
obviously to the increased peripheral resistance, the great arteries

have a stronger beat. If the circulation of frogs is watched

through the microscope it will be seen that, after the introduction

of adrenalin, the circulation in the capillaries is suspended at a

moment when the blood in the arteries supplying them is still

flowing with undiminished rapidity (Bukofzer). When adrenalin

is injected into the veins, the volume of the organ decreases and
the parenchyma becomes pale, but the great arteries which supply
the organ are rather dilated than otherwise, and their beat is

stronger; this is well seen in the mesentery, after the exposure of

a loop of the intestine.

Since the contractility of the capillaries and their motor inner-

vation was proved by Steinach and Kahn, the part played by this

portion of the vascular system in the vaso-contraction produced

by adrenalin, can no longer be doubted. These authors showed
that there is a similarity of process between the contraction of

an artery and the contraction of a capillary; for, in response to

certain stimuli, the branched cells in the capillary wall (discovered

by Rouget and S. Mayer) contract, and may so reduce the vessel

as to entirely obliterate the lumen. An object eminently suited

to observation of capillary conditions is the nictitating membrane
of the living frog; if this is watched under the microscope, it
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will be seen that stimulation of the isolated sympathetic is followed

by a contraction of the capillaries.
The constricting effect of adrenalin upon the veins seems to

be slight, and has, up to the present, received little attention.

The characteristic effect of adrenalin, namely, the increase in

arterial tension, is chiefly the result of an increased peripheral
resistance due to the contraction, and consequent reduction in the

size of the lumen, of the smaller arteries and the capillaries.
The enormous power \vhich suprarenal extract has of pro-

ducing vaso-contraction, forms the rationale of its therapeutic

employment in all those conditions, where the circulation

threatens failure in consequence of the sluggishness of the

stream. Of these, the most comprehensive are : vascular paralysis,
such as may be produced experimentally by destruction or

inhibition, by means of toxins (chloral hydrate, chloroform), of

the vaso-motor centres, and which is frequently seen in the last

stages of some infective diseases and in many toxic states
;
and

cardiac asthenia, in which, owing to inadequacy of the heart

muscle and the vascular paralysis, those symptoms of

decreased circulation make their appearance which are known
as

"
shock

"
or

"
collapse."

Paralysis of the vessels and cardiac weakness both produce a

fall in arterial tension, and lead to a deficiency in the blood

supply to the vital nervous centres, as well as to an insufficient

filling of the chambers of the heart, cardiac anaemia, and ultimate

arrest of the heart's action. By producing contraction of the

engorged vessels in the splanchnic area and so raising the blood-

pressure, adrenalin effects a more favourable distribution of blood
;

it promotes the filling of the chambers of the heart and increases

the supply of blood to the nervous system. I found that, even in

cases where the nervous system was entirely destroyed, suprarenal
extract not only prevented the cessation of the circulation, but

that, by its aid, a normal circulation with a respectable arterial

tension was maintained for some considerable time. It \vas upon
the basis of these findings that, in 1895 at Professor Albert's

Clinic, I injected sterilized suprarenal extract into the veins in

two cases of cardiac and vaso-motor paralysis. In one case, the

results were negative, but here the autopsy showed that death
was due to embolism of the pulmonary artery. The second case

was one of extreme collapse with arrested respiration, the result

of chloroform narcosis, and here the effect of adrenalin was really

startling. The injection was immediately followed by deep, slow-

respirations which gradually became more frequent, and a full

radial pulse was perceptible, which was, however, somewhat slow
at first.

The resuscitating effect of adrenalin has been repeatedly
shown in a large number of animal experiments where, owing to

haemorrhage, or the arrest of cardiac and respiratory activity in
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chloroform anaesthesia, a fatal termination was threatened. Similar

results have been observed in cardiac paralysis induced by potas-
sium salts (Mankowski, Winter, Thenen).

Kothe recommends the clinical employment of an intravenous

injection of J to i c.crn. of a i : 1000 adrenalin solution in extreme

collapse ;
where haemorrhage threatens a fatal termination, he

advises the addition of a few (6 to 8) drops of adrenalin to the

normal saline solution employed for transfusion. Heidenhain
observed that adrenalin in saline transfusions was attended by
favourable effects in septic peritonitis, this condition, according
to Romberg and Passler as well as Heinecke, arising from

paralysis of the vaso-motor centres.

Diluted adrenalin solution in large quantities has been em-

ployed with favourable results in the cardiac inadequacy of

diphtheritic children (Pospischil).

Quite recently, F. Meyer showed that the intravenous injec-
tion of adrenalin saline solution into rabbits poisoned with

diphtheria toxin and already moribund, was followed by a rise in

blood-pressure and in the pulse-rate, an appreciable improvement
in the respiration, and a return of the corneal reflex; death did

not supervene until seven hours later.

In addition to its effect upon the vessels, adrenalin, as we
have already seen, exercises a tonic influence upon the heart

muscle, and for this reason its exhibition is indicated in all forms
of circulatory inadequacy. Kothe's dictum :

' That adrenalin is

the most powerful analeptic which we possess
'

is justified by
clinical experience (Meissl, Rothschild, Calmann, John).

In considering the other physiological effects of adrenalin, it

must be well borne in mind that this substance exercises an

intensifying influence upon a number of muscular and glandular

organs which derive their innervation from the sympathetic sys-
tem. Lewandowsky (1899) was the first to show that the intra-

venous injection of suprarenal extract into cats produces a

contraction of those muscles of the eye and orbit which have a

sympathetic innervation, and this finding was confirmed by Borut-
tau. Langley, and after him his pupil Elliott, next showed by
means of the most careful experiments, that the action of adrenalin

is wholly confined to tissues with a sympathetic innervation
; and,

moreover, that the effect of adrenalin, in any part of the body, is

identical with that produced by electric stimulus of the sympathetic
nerve supplying that part. Where the influence of the nerve is

stimulatory, exciting contraction or promoting secretion, the

action of adrenalin will also be stimulatory. Where, however,
irritation of the nerve is followed by inhibition, the injection of

adrenalin will also produce inhibition.

Before passing to a consideration of the grounds upon which
this hypothesis is founded, it is proposed to give a brief summary
of the doctrine of the innervation of the vegetative organs, as

formulated by the English school of physiologists.
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THE VEGETATIVE NERVOUS SYSTEM.

It has been the custom hitherto upon anatomical and func-

tional grounds, to divide the entire nervous apparatus into two

great systems, namely, the cerebro-spinal or animal system, and
the sympathetic or vegetative system. The first, by means of

efferent nerve fibres, supplies impulses to the voluntary, striated

muscles, and, by means of afferent nerves, receives communications
from the organs of sense. The second controls all the involuntary
functions; it innervates the unstriated muscular tissue throughout
the body, as well as the secretory glands and the striated muscle
of the heart

;
and it also controls certain striated muscle cells at

the beginning and the end of the intestinal tract and in the external

genitals.
From the results of descriptive anatomy it has long been

known that the two systems are not entirely distinct, and this is

confirmed by experiment. The sympathetic system is not in-

dependent, but is connected by means of numerous rami communi-
cantes with both the brain and the spinal cord. The essential

difference between the two systems lies in the fact, that communi-
cation between a striated muscle and its nervous centre is effected

by means of a single neuron, composed of a ganglion cell, a

peripheral nerve-fibre, and the terminal expansion of the latter
;

while in the case of the vegetative system, ganglia are interspersed

along the entire length of the nerve, from its source of origin
in the brain or cord to the organ where it ultimately terminates.

This arrangement is carried out, in the first place, by the ganglia
of the prevertebral chains, and, later, by ganglia of the second
and third order. These ganglia possess a special physiological

significance, for they represent breaks in the continuity of the

neuron, each ganglion cell with its nerve fibre marking the

commencement of a second neuron. Thus the vegetative system
is anatomically characterized by the presence of pre-ganglion and

post-ganglion fibres. That this distinction has a functional sig-

nificance, in other w^ords, that a change in the nature of the

stimulus takes place in the ganglion cells, is shown by the fact

that stimulation of the pre-ganglion nerve fibres before and after

inhibition of the ganglia (as the result of anaemia or of the action

of nicotine, w?hich has a specific paralysing influence upon these

ganglion cells) produces entirely different effects.

The English physiologist, Gaskell, has further drawn atten-

tion to the fact that, though all the anterior roots of the spinal
nerves supply motor nerves to the voluntary muscles, the efferent

fibres supplying the vegetative organs (which Gaskell calls the
'

visceral nervous system ") do not leave the cord in an unbroken

series, but are divided into three groups, separated from one
another by the nerve roots of the plexus of the anterior and pos-
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terior extremities. The system has been variously named "
vegeta-

tive," "sympathetic," "organic," and "
ganglionary," but

Langley abandons these terms in favour of the more comprehen-
sive word " autonomous." Following Gaskell's division of the

system into three groups, he names them as follows : (i) the

cranio-cervical
; (2) the thoraci-columbal

; (3) the sacral. The
central portion of the thoraci-columbal system, together with the

thoracic and ventral chains and their plexuses and branches, forms
the "sympathetic" system in its more limited sense; and with

these must be included the plexuses which Anerbach and Melssner

regarded as forming a separate intestinal nervous system.
The term "autonomous nervous system," as employed by

Langley and the English authors following him, includes, then,
all those nerves by which the involuntary organs are supplied,
and according to this nomenclature the

"
sympathetic system

"
is

a subdivision only of the great autonomous system. Other later

authors, and the Germans more particularly, regard the sym-
pathetic as distinct from the autonomous system ; they include

under the former heading, the prevertebral chains, and those nerve
fibres whose roots are centred in the cord in a series extending
from the first thoracic to the fourth lumbar nerves. Under this

system of classification the autonomous system comprises : (i) the

cranio-bulbar nerve fibres, which are derived from the meso-

cephalon and the medulla oblongata, and which include the

oculomotor (III), the facial (VII), the glossopharyngeal (IX), and
the vagus (X) nerves

; (2) the sacral nerve fibres, which proceed
from the lower lumbar and sacral portions of the spinal cord, and
which combine to form the pelvic nerve.

This system of classification is based upon the fact that nearly
all vegetative organs possess a double innervation.

The sympathetic system supplies the involuntary muscles all

over the body, including those of the organs and of the vessels,
and it also innervates the glands. But an exclusively sympathetic
innervation belongs only to the sw7eat glands, the hair muscles
of the skin, and a portion of the muscular structure of the

intestinal vessels. In all other parts of the body there is, in

addition to the sympathetic innervation, a cranial-autonomous or

sacral-autonomous innervation, and in certain instances, as in the

vasodilators of the extremities, there is also a spinal nerve supply.
In many cases, the autonomous nerves are actually the physio-
logical antagonists of the sympathetic nerves, influencing the

voluntary muscles, the glands, vessels and heart in a manner
diametrically opposed to that of the sympathetic nerves. Where
the sympathetic in such instances promotes activity, the auto-
nomous nerves inhibit it.

It was at first believed that the stimulatory and inhibitory
nerves must be derived from different portions of the nervous

system, the one belonging to the sympathetic, the other to the



VEGETATIVE

Autonomous Nerves.



NERVOUS SYSTEM.

Sympathetic Nerves from the Thoraco-htmbar Roots.



194 INTERNAL SECRETION

autonomous system.* Further investigation reveals the fact, how-

ever, that fibres which produce entirely opposite results are not

necessarily derived from different sources. Indeed, it has been

shown that both systems frequently send nerve fibres to the same

organ and that the function of the fibres is apparently identical
;

on the other hand, nerve fibres producing completely opposite
results appear to proceed from the same system.

We must assume that the complete nervous supply to a

vegetative organ comprises a fourfold innervation, namely: (i)

autonomous stimulatory ; (2) autonomous inhibitory; (3) sym-
pathetic stimulatory; and (4) sympathetic inhibitory. A number
of instances of such fourfold innervation are already known, but

investigation of the subject is of so recent a date that the informa-

tion which is forthcoming is necessarily very incomplete. The
conditions under which the innervation of the various vegetative

organs takes place offer a wide field for inquiry in the future.

The table upon pp. 192 and 193 shows all that is at present
known concerning the innervation of the vegetative organs. They
also show the relationship between the individual organic func-

tions and certain poisons.
The study of the action of certain toxins has brought im-

portant functional characteristics to light, and has revealed func-

tional differences between the animal and vegetative systems on
the one hand, and the autonomous and sympathetic portions of

the vegetative system on the other. These differences are for the

most part fundamental and in accordance with certain Iaw7s
;
and

they depend upon the chemistry of the organs and, more particu-

larly, upon the chemical differentiation of the nerve endings.

Langley showed that nicotine has an elective affinity for

those ganglion cells, which, throughout the vegetative system, pro-
duce an anatomical break in the continuity of the neuron, and in

which a functional change in the nature of the nervous stimulus

takes place. After the intravenous injection of nicotine and the

effect is even more marked if a diluted nicotine solution is applied

directly to a ganglion there is a transient stimulus, followed by
paralysis, of those ganglion cells in which commutation of

stimulus takes place. Electric stimulus produces certain effects

upon nerve fibres of the vegetative system, and the results of this

stimulus, whether applied before or behind a ganglion, are

identical. But the effect of nicotine is to paralyse the obstructing

ganglion cell and its influence is entirely confined to this cell

with the result, that stimulus of the pre-ganglion fibre is negative,
while the post-ganglion fibre responds in the ordinary way.

*
Following a system of nomenclature adopted by English physiolo-

gists, it is proposed to describe any action, whether a muscular contraction,
an increase in the cardiac function, a contraction of the vessels, or the
promotion of the secretion of an organ as motor effect or function (F.).
The prevention of function of whatever nature (muscular relaxation, cardiac
insufficiency, vasodilation) is termed inhibition (I.).
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It is evident from this that the effects of nicotine are confined
to the vegetative nervous system, for the efferent fibres of the

cerebro-spinal system are nowhere interrupted by ganglia. Such

being the case, nicotine may be used to determine whether certain

results are due to stimulation of the vegetative or of the animal

system ; moreover, it will decide the question as to whether or not

certain ganglia act as physiological commutators to certain nerve
fibres. Anatomical investigation shows that each vegetative nerve

contains several ganglia, but it is evident from the effects produced
by nicotine that an actual interruption in transmission occurs at

one point only in its course.

The elective action of other toxic substances upon the vegeta-
tive nervous system serves to differentiate between the activity of

the sympathetic and the autonomous nerves. The elective, and at

the same time antagonistic, effects produced upon certain organs
and organic functions, by atropine on the one hand and by the

so-called muscarine group of substances (muscarine, pilocarpine,

physostigmine) on the other, have long been recognized and have,
in a certain measure, been turned to account for therapeutic pur-
poses. The substances of the muscarine group exercise a stimu-

latory effect upon those functions which are inhibited by atropine.
Closer investigation shows that the organs influenced by these

substances are exclusively those which possess an autonomous
innervation, such as the eye, the salivary glands, and the organs
supplied by the vagus nerve, namely, the heart, the bronchial mus-
culature, and gastro-intestinal canal. The sweat-glands form a

remarkable exception, for, although they are equally affected by
the action of these toxins, their innervation, as far as we know at

present, is entirely sympathetic. Moreover, as will readily be
seen by referring to the table on pp. 192 and 193,
the stimulatory action of pilocarpine, as representative of

the muscarine group, and the inhibitory action of atropine,
do not extend to all the nervous effects produced by
the autonomous system, but are confined to those whose
influence consists in the promotion of function. Pilocar-

pine is, then, a toxin which promotes autonomous activity;

atropine is a toxin which inhibits autonomous activity. In the

case of the heart muscle, on the contrary, the action of pilocarpine
is inhibitory, while that of atropine is stimulating. Frohlich and
Lowi were able to prove that the nitrites are also inhibitory toxins
whose action is confined to the autonomous nerve endings, but
that their influence is extended solely to those whose function is

inhibition.

Adrenalin is a substance possessing an elective affinity for

the sympathetic system. The foundation for this theory will be

fully discussed in the following chapter. It will be seen from
the table given above (pp. 192 and 193) that adrenalin affects those
tissues only which have a sympathetic innervation

;
and that its

effects are identical with those which may be obtained by stimu-
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lating the sympathetic nerve fibres of certain organs. The in-

variable effect of adrenalin upon the sympathetic nerve fibres is

to intensify their activity, whether the nature of that activity be

stimulatory or inhibitory.
With regard to the two last columns of the table, the follow-

ing facts must be borne in mind. The column before the last

shows the effects of ergotoxin upon the sympathetic system, while

the last column shows the effects of stimulation, by electricity and

by adrenalin, upon a sympathetic system which has been poisoned
by ergotoxin. Dale has shown that the toxic influence of pre-

parations of ergot, and especially of ergotoxin, produces a stimu-

lation, followed by inhibition, of the sympathetic nerve endings,
this toxic influence being solely confined to their function-pro-

moting activity, their function-retarding activity remaining un-

changed. An injection of adrenalin given under these conditions

produces, therefore, a paradoxical result. The conclusions to be
drawn from these phenomena will be discussed later.

THE PHYSIOLOGICAL EFFECTS OF ADRENALIN
UPON THE SYMPATHETIC SYSTEM.

The Vessels. The striking effect which the active principle
of the suprarenal has in producing contraction of the vessels,

naturally suggested the question : Is this result due to the direct

action of the substance upon the contractile elements of the

vessel walls
;
or is it a secondary result, the outcome of the

stimulation of peripheral structures included in the sympathetic
system ?

Oliver and Schafer at first assumed a direct action upon the

muscular tissue, and among the proofs which they advanced in

support of this theory was the effect produced by suprarenal
extract upon the heart and upon the striated muscles.

Support is given to the theory of a direct action of the sub-

stance upon the vessel walls by the fact that, at a developmental
stage when nervous elements are not demonstrable in the vessel

walls, a distinct contraction of the vessels may be produced in the

embryo chick by the direct application of a drop of suprarenal
extract (Konigstein).

By the artificial circulation of adrenalin through the hinder

extremities of dogs, I discovered that the contraction of the

vessels, which is shown by the decrease in the venous outflow,
will also take place if the animal is first paralysed by means of

large quantities of curarin, or if curarin has been previously added
to the blood circulating through the extremities. Tillie proved
that curarin produces paralysis of the vaso-constrictor nerve

terminals, and these experiments of mine go to show that the

effect of the substance in producing vaso-constriction is due, at

least in part, to a direct action upon the muscular structure. I
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found that the effect of suprarenal extract is much stronger be-

fore than after the exhibition of curarin, and it seems certain from
this that the peripheral nervous elements play the chief part in

the production of vaso-constriction.

Langley found that, in the case of the submaxillary gland,
even where the post-ganglionary fibres had undergone degenera-
tion, the intravenous injection of suprarenal extract was followed

by constriction only of the vessels, and he believed that the action

of the substance was, in all probability, directly muscular. He
emphasizes the fact, however, that the effects of suprarenal extract

vary in different parts of the vascular system, and he draws atten-

tion to the parallel between the action of this substance and the

effects of electric stimulus upon the sympathetic nerves.

According to Brodie and Dixon, the fact that the influence of

adrenalin upon the pulmonary vessels is negative, is a sufficient

proof that this substance affects the sympathetic nerve endings
and these only, and has no influence whatever upon the unstriated

muscles.
In order to test the effects of adrenalin upon the nerve ter-

minals, these authors first induced, by means of cocaine, curarin,
or apocodein, a paralysis of the systemic vaso-constrictor nerve

fibres. They were unable to obtain satisfactory results with

cocaine, but they found that, after curarin, the action of adrenalin,

although not entirely neutralized, was very much slighter in effect.

Lawen, on the other hand, found that the effects of suprarenin,
when introduced into the circulation of frogs previously treated

with curarin, were in no way diminished; he concludes from this

that there is not a direct antagonism between curarin and supra-
renin, and he believes that suprarenin exercises a direct action

upon the muscular structure of the vessels.

Dixon 's experiments with apocodein bring an even more
certain proof of the effects of adrenalin upon the nerve terminals

of the vessels of both the heart and the intestine. Dixon showed
that apocodein, which is an alkaloid obtained by dehydration from

codein, when given in moderate doses, affects the sympathetic
nerve cells in exactly the same way as nicotine. A moderate dose

of apocodein causes vaso-dilation with consequent hypotension ;

it accelerates the heart's action
;
and it intensifies the autonomous

movements of the unstriated muscles of the intestine. Apocodein
in moderate doses does not in any way affect the physiological
action of adrenalin.

When given in large doses, apocodein produces a paralysis
of the nerve terminals of the striated muscles, similar to that

caused by curarin
;
a paralysis of the vagus terminals in the

heart, similar to that produced by atropine ;
and a complete para-

lysis of the vaso-motor nerve endings. At this stage of apocodein

poisoning, adrenalin does not provoke a rise in blood-pressure
nor does it affect the portions of the intestine which have a sym-
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pathetic innervation. Substances such as barium, which exercise

a direct influence upon the unstriated musculature of the vessels,

produce an increase in blood-pressure even under these condi-

tions. Dixon concludes from this that adrenalin acts on the

sympathetic nerve endings.
That the effect of adrenalin upon the blood-vessels is identical

with that produced by stimulation of the sympathetic nerves could

not be doubted if proof were forthcoming that, where the sym-
pathetic innervation is inhibitory and therefore vaso-dilator, the

effect of adrenalin is also to produce vaso-dilation.

Dastre and Morat point out that the sympathetic system fur-

nishes vaso-dilator fibres to the bucco-facial region, and R. Brad-
ford discovered that it also supplies vaso-dilators to the kidneys.
Elliott was unable to obtain a primary vaso-dilation by means of

adrenalin in any part of the body; upon the principle that the

vaso-dilator nerves react to very slight stimuli, he reduced his

doses to the minimum, but was still unsuccessful. Sollmann and
Pari observed an occasional dilation of the renal vessels after

adrenalin, while Jonescu has recently pointed out that minimal
doses are followed by a constriction of the renal vessels.

Elliott and Dale were successful in proving the vaso-dilator

properties of adrenalin by means of chrysotoxin. After the intra-

venous injection of 100 mg. of chrysotoxin, stimulation of the

splanchnic nerve is followed, not by a rise, but by a fall in

blood-pressure. Under similar conditions adrenalin also produces
a fall in pressure, which lasts for about the same length of time

as the rise which takes place under normal conditions. This fall

in blood-pressure, whether brought about by the agency of

adrenalin or by electric stimulus, is probably due to stimulation of

the vaso-dilator nerve endings.
The vaso-dilator effect of adrenalin may also be seen in the

coronary vessels of the heart. It has long been known that

adrenalin rather increases than diminishes the circulation of blood

through the heart, and this result has been attributed to the in-

creased cardiac activity. Elliott showed that adrenalin will

produce an increased circulation in a portion of ventricle flooded

with Locke's fluid.

Owing to the fact that portions of arteries respond actively
to the influence of adrenalin after their removal from the living

body, a great deal of information has been obtained concerning
the effect which adrenalin has upon the vessels and its dependence
for this effect upon the nature of their innervation. The experi-
ments of Bayliss, MacWilliam and v. Frey show that isolated

blood-vessels, if suitably treated, will remain alive and sensitive to

stimulus for days. Prompted by the results of these experiments,
O. B. Meyer succeeded in working out a method by which the
influence of different drugs upon the vessels might be studied. A
circular strip is cut from an artery and suspended lengthwise in
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some Ringer's solution, which is kept at the temperature of the

body and through which oxygen is allowed to circulate
;
the altera-

tions in the length of the specimen are recorded graphically by
means of a lever. The walls of the large arteries of cattle become

appreciably shortened by the addition of adrenalin, and the degree
of the contraction is, up to a certain point, proportionate to the

amount of adrenalin added. The concentration necessary to pro-
duce an effect was found to be .000015 mg. to 15 c.cm. Ringer's
solution (1:1000 million); by increasing the concentration, the

amount of contraction was increased ;
and maximal results were

obtained with a concentration of i : 50,000.

Owing to its sensitiveness, this reaction is a reliable biological
test both for the presence and the quantity of adrenalin.

Meyer proved the presence of adrenalin in defibrinated bul-

lock's blood or serum by this method. We shall consider later

the extent to which Meyer's method may be employed as a test

for the presence of adrenalin in the heterogeneous blood serum.

I have proved the sensitiveness of the reaction in numerous experi-

ments. I was able, by this means, to detect adrenalin in the

ganglia of the ventral nerve-cord of leeches; and I found that an

extract, obtained from the fresh ganglion chains of ten leeches

in 2 c.cm. of normal saline solution, produces a vascular con-

traction equal to that obtained with io-8 to io- 7 adrenalin con-

centration. In this instance, the ferric chloride reaction was un-

certain. Fraenkel's adrenalin test with the uterus taken from a

living rabbit (to be described later) gave results almost identical

with those which I obtained with portions of arteries.*

Meyer proved by his method that, not only does adrenalin

act upon the customary preparations from the carotid and the

subclavian arteries of bullocks, but that it also reduces the length
of sections taken from the pulmonary artery and of longitudinal

strips from the jugular vein. He also found by this method that

there is an antagonism between the effects of adrenalin and those

of atropin, curarin, and cocaine, and he assumes, therefore, that

adrenalin affects the nerve terminals. As further proofs in sup-

port of his theory, he adduces the following : (i) That adrenalin

is active in low concentration and within certain temperature limits

only ; (2) that it ceases to affect preparations which are a few days

old, at a stage when they are still sensitive to muscular electric

stimulus; and (3) that adrenalin stimulates the vascular muscles,

while it inhibits the contraction of intestinal muscles which have

been removed from the living body.
O. Langendorff obtained conclusive proof, by Meyer's method,

* The statement which appears in a monograph by v. Neusser and

Wiesel, to the effect that "
according to Wiesel " the physiological activity

of the ganglia of the ventral cord of invertebrates exactly coincides with

that of the chromaffine tissue of vertebrates, is the result, Wiesel informs,

me, of a mistake in the name of the author.
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that the effect of adrenalin upon the vascular muscles depends
upon their vaso-motor innervation. The treatment, with adrenalin,
of portions taken from the coronary vessels of the ox is followed,
not by shrinking, but by a distinct lengthening of the specimens.
In this instance, therefore, adrenalin does not provoke contraction

but dilation. This result is explicable if we take into consideration

the fact that the sympathetic innervation of all peripheral vessels

is constrictor, while, according to P. Maass, the sympathetic
nerves supplying the coronary vessels of the heart (which include

the first thoracic ganglion and the ansa Vieussenii) contain only
dilator fibres, the contractors being conveyed by the pneumo-
gastric nerve.

It may be noted in passing that the antagonism, which

Langendorff discovered between the cardiac vessels and the other

peripheral vessels, is demonstrable by means of substances other

than adrenalin. Eppinger and Hess found that, unlike adren-

alin, pilocarpin, physostigmin and cholin hydrochlorate (Merck)

produce a shrinking that is to say, a contraction of portions
taken from the coronary vessels, while in the case of the peri-

pheral vessels, they induce dilation as shown by the increase in

length. Certain substances influence both sets of vessels in the

same manner, barium chloride, calcium salts and the digitalis
bodies producing contraction, while atropine, ergotin and the

nitrites produce dilation. According to Pal, pilocarpin contracts

the coronary, mesenteric and femoral arteries and dilates the renal

artery.
The observations described above justify the conclusion that

the site of the influence of adrenalin is to be sought, not in the

muscular structure of the vessels, but in those apparatuses which
are in communication with the sympathetic nerve endings.

The Heart. As we now know, the full effects of adrenalin

upon the heart are to be seen only after the inhibitory vagal
nerve endings have been paralysed by means of atropine. If the

vagi are allowed to remain intact, the predominant effect will be

the slowing of the rhythm, due to the increased arterial tension.

Even the resection of the vagi at the neck does not entirely over-

come the tendency to a retarded rhythm, interrupted by single

arhythmic beats. The slowing of the pulse and the extra-systolic

arhythmia are sufficiently explained by the increased venous ten-

sion and consequent impossibility of completely emptying the left

ventricle.

The full action of adrenalin may, however, be observed in

the mammalian heart in situ after the vagal terminals have been

paralysed with atropine. There is, as a rule, a further accelera-

tion of the contractions and there is, especially, a stronger ventri-

cular systole which is well seen by registering the contractions

or by means of a plethysmograph. This increased cardiac activity
is the result, not of improved circulatory conditions arising out
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of the heightened blood-pressure, but of the direct action upon the

heart of the substance itself. Thus, the intravenous injection of

suprarenal extract will bring back life into an animal poisoned
with chloral, in which the action of the heart is almost or entirely
obliterated. The injection is followed by a progressive increase

in the rapidity and power of the contractions
;
the blood-pressure,

which had fallen almost to nothing, rises
; and, after a second

injection, the heart resumes its normal activity which is main-

tained. A similar result may be obtained after poisoning with

potassium salts, which bring about a cessation of diastole and
thus are typical cardiac poisons (Gottlieb).

The resuscitating effect of adrenalin upon the heart the man-
ner in which it hastens and strengthens cardiac contraction is

undoubtedly an important factor in the analeptic action, already

described, which this substance has in conditions of collapse due

to paralysis of the vessels or to temporary cardiac insufficiency.
The action of adrenalin mav also be observed in hearts

j

which have been removed from the living body. Oliver and
Schafer experimented with isolated frogs' hearts through which
normal saline solution was allowed to circulate. They found that

suprarenal extract produces spontaneous contraction in a motion-

less heart
;
in the case of a feebly beating heart, the beats become

stronger and more rapid, the irregularity disappears, and rhythm
is restored.

The tonic influence of adrenalin upon the isolated mammalian
heart when flooded by Langendorff's method is very clearly
shown by the acceleration and remarkable increase in power of

the contractions (Gottlieb, Hedbom, Braun and Mager, Cleg-

horn). Weakness of the heart's action, arising from prolonged
deprivation of the nutrient fluid or from the action of toxins, is

invariably corrected by the application of adrenalin, and it is not

until after the method has been continued for some time that the

reduced cardiac activity again becomes apparent in the guise of

arhythmia and reduction in frequency. Hering-Bock found that

an increase in the pulse-rate and a stronger cardiac contraction

also followed the employment of adrenalin in the isolated cardio-

pulmonary circulation.

Gottlieb endeavoured to discover with isolated frogs' hearts,

whether suprarenal extract acts directly upon fhe cardiac muscles
or upon the ganglia. The action of the ventricle was arrested by
means of the first ligature of Stannius between the sinus venosus
and the auricle

; by the injection of a small quantity of suprarenal

extract, it was next induced to contract rhythmically in the same
manner as after the so-called second ligature of Stannius. After

the application of the second ligature of Stannius, however, the

ventricle, which was then entirely deprived of its ganglia, failed

to contract even in response to injections of suprarenal extract,

and it responded to mechanical stimulus with a single contraction
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only. These results led Gottlieb to the conclusion that supra-
renal extract is a powerful stimulant of the vaso-motor ganglia of

the ventricle.

The question as to whether the effect produced by adrenalin

upon the heart represents a direct muscular action, or is due to an

affection of the sympathetic nerve endings which reaches the

heart by way of the nervi accelerantes, has formed the subject of

much recent discussion. The following results are advanced as

evidence in favour of the latter hypothesis.

According to Elliott, the cardiac action of adrenalin is not

observed in all animal species. The heart of invertebrates, as

the crab, does not appear to react to it in any way.
Gaskell's experiments go to show that, in the heart of turtles

and birds, the auricle is provided with augmentary fibres, while

the ventricle possesses neither stimulatory nor inhibitory fibres.

Elliott found that, in the turtle, the effect of adrenalin is to

strengthen and accelerate the contractions of the auricle only,
the ventricle remaining entirely unaffected. When the heart is

undamaged, the acceleration probably affects the ventricular

rhythm only, though this has the effect of shortening the contrac-

tions. The isolated hearts of birds (pigeons) become very much
stimulated if adrenalin is added to the fluid circulating through
them. After separation of the auricles, the ventricular beat is

suspended for a time and adrenalin produces no effect upon the

activity of the ventricles, but portions of the auricle respond to-

the action of adrenalin by accelerated contractions. As a general
rule, those parts of the heart react more readily to adrenalin which
are innervated, either wholly or in part, by the sympathetic

system ;
thus the auricles react better than the ventricles.

The effect of suprarenal extract upon the hearts of fish is to

produce a much stronger contraction of the ventricles. This is

clearly shown in the experiments which I carried out in 1899 with

the object of finding the curve of the cardiac activity of torpedoes.
The rhythm of the heart when in situ is rather retarded than other-

wise. The blood-pressure, which was taken at a branchial artery,,

rose to very nearly twice the normal figure. A similar effect was
obtained \vith extract of the suprarenal bodies of animals of the

same species.

By means of experiments with isolated hearts, Gatin-

Gruzewska and Maciag have recently discovered that the hearts

of cold-blooded animals are much less sensitive to adrenalin than

those of warm-blooded animals. The effect of adrenalin upon the

former is to increase the duration of systole and this is followed

by a slowing of the rhythm ;
while in the case of hearts taken from

rabbits, the use of minimal doses is followed by stronger and
more rapid contractions.

In the case of the embryonal heart, the effect of adrenalin

seems to depend upon whether or not it possesses a separate



THE SUPRARENAL SYSTEM 2OJ

sympathetic innervation. Scott Macfie found that the cardiac

movements of an embryo chick, two to three days old, were

entirely unaffected by adrenalin. According to Kuliabko, the heart

of the human embryo is very little influenced by this substance.

Quite recently, I found that the heart of the embryo chick is

insensitive to adrenalin at a time when the vessels of the vascular

area contract readily in response to this substance. Upon the

fifth to seventh day, when the intrusion of sympathetic elements

has already taken place and a substance which, upon the ground
of its biological reactions, is assumed to be adrenalin, is present in

embryonic extract, the response of the heart to adrenalin stimulus

is clearly shown in the acceleration of the contractions and in

single arhythmic beats.

Dixon's experiments with apocodein supply definitive in-

formation concerning the actual site which adrenalin affects in

the mammalian heart.

The immediate effect of apocodein is to produce a paralysis
of the inhibitory vagal nerve endings in the heart. At this stage,
adrenalin acts in the same manner as upon a heart in which the

vagal terminals have been paralysed by means of atropine ;
that

is to say, it brings about an increase in the rate and the volume
of the beats. Further doses of apocodein have the effect of entirely

neutralizing the action of adrenalin. The increase in the pulse-
rate (from 93 to 211 a minute) produced by adrenalin almost en-

tirely disappears (93 to 101), and a still further application of

apocodein is followed by an actual fall (87). Even when used
in large doses, adrenalin fails to either accelerate or strengthen
the systole. The effect of apocodein is to paralyse the acceleratory
nerve endings, upon which adrenalin exercises a stimulating
influence.

These results seem to show that the action of adrenalin

consists in a stimulation of that portion of the sympathetic

apparatus whose function it is to promote cardiac activity.
This assumption is confirmed by certain phenomena, recently

observed after intravenous adrenalin injection by means of the

electrocardiograph, by R. H. Kahn, some of which phenomena
are also obtainable by means of strong artificial stimulation of

the vagus nerve. Such are the prolonging of the refractory

period, the heart-block, and the automatic and weakened
ventricular beat. The phenomenon which is specific to adrenalin

is the disassociation of the auricular and ventricular beats, which
is continued for some time, and in the course of which the

ventricular beat gives normal electrograms. After resection of

both vagi, all these phenomena disappear, and the rise in blood-

pressure is recorded without important changes in the electro-

cardiogram.
The Digestive Tract. Strips cut from the cesophagus or

stomach of frogs, when fresh, possess considerable tone, but



204 INTERNAL SECRETION

after they are wetted with suprarenal extract they become

relaxed, cease to contract spontaneously, and are less sensitive to

electric stimulus (Boruttau, Botazzi). The inhibitory action

which adrenalin has upon the rhythmic contractions of the

stomach-ring of frogs or eels, is observed with a concentration as

low as i :io-
G

(O. B. Meyer).

Langley found that the intravenous injection of adrenalin

into rabbits was followed by an immediate relaxation of the

cardia, in consequence of which a fluid present in the oesophagus
was permitted to pass. In no case was there a contraction of

the oesophagus muscles, and even the spontaneous contractions

disappeared. The action of adrenalin is the reverse of that of

the vagus, for peripheral irritation of the vagus is followed by
a contraction of the gastric sphincter. If the stomach is

exposed, it will be seen that the action of adrenalin is to produce
inhibition of the spontaneous movements. As soon as the

relaxation of the cardia ceases, rhythmic contractions of the

stomach take place ;
thus the effect of suprarenal extract resembles

that of irritation of the splanchnic nerve. Elliott was also able

to show that the spontaneous movements of the stomach are

inhibited in the same manner, by both the action of adrenalin

and by stimulation of the splanchnic nerve, the entire muscular

structure becoming relaxed; irritation of the vagus, on the other

hand, produces contraction of the stomach and peristaltic move-
ments. The pylorus, in rabbits, contracts in response to adren-

alin in the same way as after stimulation of the splanchnic nerve.

The effect of suprarenal extract upon the small intestine is

shown by inhibition of the peristaltic and oscillatory movements,

though after a few minutes these reappear (Boruttau, Pal).

According to Kuliabko and Alexandrowitsch, adrenalin improves
the tone of the intestinal muscles, and gives rise to oscillatory

movements.
The inhibitory action of suprarenal extract is even more

marked in the case of the large intestine. In the rabbit there is

relaxation of the internal anal sphincter and blanching of the

mucosa. In the cat and the dog there is a contraction of the

sphincter similar to that produced in these animals by irritation

of the sympathetic nerve-fibres.

The similarity of the effects produced by adrenalin and by
stimulation of the sympathetic are demonstrable along the entire

length of the gastro-intestinal tract. With the exception of the

three sphincters (pyloric, ileo-cascal, internal anal), which con-

tract, there is a general muscular relaxation.

This similarity of result persists in the intestines of birds

and amphibians, in spite of the fact that here the innervation

conditions are not the same. The oesophagus of frogs and
turtles relaxes, and the stomach contracts in response both to

adrenalin and to stimulation of the sympathetic. In fowls,
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adrenalin produces a tonic contraction of the duodenum and, to

a certain degree, of the rest of the small intestine; the large
intestine relaxes, and the ileocascal and internal anal sphincters
contract. Irritation of the vagus produces the reverse effects;

and irritation of the spinal roots of the sympathetic produces
results identical with those of adrenalin.

The Urinary Bladder. Lewandowsky found that the

intravenous injection of suprarenal extract was followed by a

relaxation of the detrusor fibres, which was shown by a reduction

of the internal pressure. Langley found that the results which
he obtained were similar to those produced by stimulation of

the inferior mesenteric ganglion or of the hypogastric nerve.

The local application of suprarenal extract produces blanching
accompanied by local contraction, which is, however, followed

by relaxation.

Elliott investigated the innervation conditions of the bladder
and urethra in different varieties of mammals, and he found that

the effect of adrenalin upon the muscular structure of the bladder

was in all cases coincident with a sympathetic innervation.

In all mammals, sympathetic fibres proceed from the lumbar

spinal roots to the urinary bladder by way of the hypogastric
nerve, and autonomous fibres pass to it from the sacral roots by
the agency of the pelvic nerve (errigens). Electric stimulation

of the hypogastric nerve is followed, in cats, by a brief contraction

of the bladder, which principally affects the fundus, and this is

succeeded by considerable relaxation of the bladder accompanied
by a violent contraction of the urethra. The intravenous injec-
tion of adrenalin immediately provokes a short contraction of

the fundus and of the urethra, together with a complete relax-

ation of the body of the bladder. While the effect of adrenalin

lasts, stimulation of the pelvic nerve fails to produce contraction.

In the ape (Macacus rhesus), the effect both of adrenalin and
of hypogastric stimulation is to produce a slight relaxation of

the bladder. In the rabbit, irritation of the hypogastric produces
a slight increase in internal pressure and contraction of the

urethra, similar effects being obtained with adrenalin. The
urinary bladders of the guinea-pig, the hedgehog, and the rat

do not react to adrenalin. In the dog, stimulation of the

hypogastric produces only very slight contraction of the fundus,
and the influence upon the muscular structure is equally insig-
nificant. In the ferret (Mustelus putorius, var. domestica),
irritation of the hypogastric is followed by complete contraction

of the bladder. It is a remarkable fact that, in this animal, the

motor innervation of the bladder is derived from the sympa-
thetic system and the inhibitory innervation from the sacral

autonomous system. A small quantity of adrenalin given intra-

venously is also followed, in this animal, by violent and

prolonged contraction of the bladder. The remarkably strong
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peristaltic movements of the ureters are not influenced either by
adrenalin or by stimulation of the sympathetic. In spite of the

close relationship between the Mustelides and Herpestes mungo,
the bladder of the latter does not react to adrenalin. The urinary
bladder of goats and of the Indian civet-cat (Viverra zibetha)

responds in the same manner as that of the ferret.

This difference in the innervation of the bladder in mammals
serves to show very clearly that adrenalin may exercise an

inhibitory action upon unstriated muscles, if these muscles receive

an inhibitory innervation from the sympathetic. The muscular
inhibition produced by adrenalin is entirely independent of the

blanching provoked by this substance
; for, in the cat, the latter

effect is almost entirely absent, while the relaxation of the

muscles is perceptible in every part of the bladder, and may be

produced by direct local application.
That the specific action of adrenalin is, in the case of certain

tissues, independent of the blanching process, is also seen in the

heart, where the coronary vessels remain uninfluenced, while

the rapidity and strength of the contractions is considerably
increased. The direct effect of adrenalin independently of the

blood supply, namely, relaxation and cessation of spontaneous
movements, may also be observed in a portion of living intestinal

wall after its removal from the body.
The External Genital Organs. After the intravenous injec-

tion of suprarenal extract, these organs become blanched and
contract in a manner similar to that which follows stimulation of

the lumbar sympathetic (Langley and Anderson). The tunica

dartos of the testicle has a different reaction it does not contract

in response to suprarenal extract. According to S. Lieben, the

intravenous injection of adrenalin provokes relaxation of the

tunica dartos.

The Internal Genital Organs. Langley observed a high

degree of contraction and marked blanching of the vagina and
cornua in rabbits and cats, after the intravenous injection of

.adrenalin in small doses. In male animals, there was a contrac-

tion of the vas deferens.

The similarity between the effects of adrenalin upon the uter-

ine muscles, and those of stimulation of the sympathetic, will be

fully discussed later. For the present purpose, the following
will suffice.

The effect which adrenalin has upon the uterus is among
the most perfect and startling of the phenomena which this

remarkable substance calls forth. The blanching and contrac-

tion are well seen in the virgin uterus, but these appearances
are nothing short of astonishing in the uterus of the pregnant or

puerperal animal observed in a normal saline bath. The
intravenous injection of adrenalin produces a degree of uterine

.anaemia and a violence of contraction, not obtainable by the



THE SUPRARENAL SYSTEM 207

agency of any other substance. I found that, in pregnant
animals, the intravenous injection of adrenalin was frequently
followed by abortion. If, in the later stages of pregnancy, a prem-
ature birth is obtained by artificial means, it is usually accom-

panied, at least as far as my experience goes, by serious, or

even incurable, haemorrhage. The intravenous injection of

.1 mg. adrenalin will, however, immediately arrest such haemor-

rhage. It will be seen by direct inspection that adrenalin pro-
duces a high degree of contraction of the uterine muscles as well

as of the vessels, and this is sufficient to account for the

cessation of the haemorrhage. Adrenalin not only produces
uterine contractions, but it increases the excitability of the organ
to such a degree, that it reacts to direct or nervous stimuli to

which it was previously insensitive.

The specific action of adrenalin upon the uterine muscles was
turned to account by Neu in the therapeutics of obstetrics. He
recommended the direct injection of adrenalin into the substance
of the relaxed and enlarged uterus. By this means the desired
contraction was obtained, while the possible ill-effects of intra-

venous injection were avoided. I have found from personal
experience that the method is free from objection.

The action of adrenalin upon the living uterus is also seen
after the removal of that organ from the body. Acconi, and
after him Franz, proved the effects of certain pharmacological
reagents upon both the automatic movements of the uterus, and

upon portions of extirpated uterine tissue obtained from man and
animals. Kurdinowsky next discovered that it was possible to

prolong the life of the uterus of a rabbit for days at a time by
the transfusion of Locke's fluid into the aorta. He found that

adrenalin, even in very weak solutions, acts more powerfully upon
the uterus than any known substance. By adopting Magnus's
method with the intestine, Kehrer obtained graphic tracings of

the spontaneous movements of the uteri of rabbits and cats.

Still more recently, A. Fraenkel employed the uterus removed
from the living body of rabbits as a quantitative test of adrenalin.

He found that adrenalin solutions reacted upon portions of the

uterus in such a manner as to produce a specific change in the

curve of the spontaneous contraction-waves. The lever rises

rapidly and very decisively to a point above the summit of the

highest normal wave; it remains in this position for several

minutes, oscillating slightly; and then falls slowly to the abscissal

line, at the same time making wide oscillations. The curve

produced by the action of adrenalin is the expression of the

transitory maximal contraction effected by this substance. This
contraction takes the form of a tonic stimulation, starting promptly
and increasing slowly until, in some instances, a tetanic condition

obtains. According to Fraenkel, and I am in a position to

confirm his results, the uterus of rabbits responds to an adrenalin
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solution of i :2O million. The amount of contraction is

dependent, within certain limits only, upon the size of the dose.

When employing this method as a quantitative test, the degree of

contraction must not be taken as the standard
;

the latter is

obtained by accurate estimation of the degree of concentration

which will produce a typical tonic increase. Of the biological
tests for adrenalin, registration of the uterine contraction is

undoubtedly the most effective.

The Hair Muscles. As Lewandowsky pointed out, supra-
renal extract produces a contraction of the erector muscles of the

hair in cats, and an erection of the quills in sea-urchins. Langley
next discovered that, in the cat, the erection of the hair of the

head takes place in the same wr

ay after extirpation of the superior
cervical ganglion and degeneration of the post-ganglionary
fibres. Taking this finding in conjunction with the fact that all

the pilomotors are included in the sympathetic system, he con-

cludes that suprarenal extract exercises a direct influence upon
the unstriated muscle-fibres of the hair.

The unstriated muscles of the skin show a remarkable

departure from the phenomena usually associated with the action

of adrenalin and the results of sympathetic stimulation. The
back and tail hairs of cats stand up immediately in response to

stimulation of the corresponding sympathetic fibres, but they
react only slightly and tardily to the injection of even large doses

of adrenalin. In the ape, the hairs are observed to move upon
the temples and forehead only. In the dog, the injection of

adrenalin is followed by the erection of the hairs of the neck,
and in Herpestes mungo by prompt erection of the tail hairs.

Elliott believes that the difference in the behaviour of the

erector muscles of the hair is attributable to differences in the

demand made upon them under normal conditions. The English
domestic cat rarely puts up its hair, while the hair of the mongoose
rises in response to every passing emotion. Thus, in the latter

species, adrenalin acts very promptly upon the hair. The
feathers of birds have a sympathetic innervation, and adrenalin

causes erection in this case also
;

it is best seen in the cock,

and is less clearly marked in hens and pigeons. Elliott found
in the case of his own skin, the hair muscles of which normally

possessed a very sensitive reaction, that subcutaneous injection
of .03 mg. adrenalin produced a stronger effect upon the hair

muscles than upon the vessels.

The Bronchial Muscles. According to Einthoven, Beer,

Brodie, and Dixon, the involuntary muscles of the bronchi receive

their innervation from the vagus nerve. Stimulation of this

nerve produces a contraction of the bronchi, and consequent
contraction of the bronchial tubes. According to Roy and

Brown, and also to Sandemann, the vagus contains fibres which

cause the bronchial muscles to expand. As far as we know at
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present, then, the innervation of the bronchial muscles is

autonomous in the sense of motor stimulation, while the presence
of a sympathetic innervation has not, up to now, been demon-
strated. From Dixon and Brodie's careful experiments, it seems
as if suprarenal extract exercised very little effect upon the

bronchial muscles. Small doses do not produce either contraction

or expansion of the bronchioles, while large doses have been
followed in isolated cases by transient contraction. These

findings are confirmed by my own experiments with adrenalin.

In anaphylactic shock (Auer and Lewis) in guinea-pigs, as well

as after the intravenous injection of peptone (Biedl, Kraus), there

is acute cramp of the bronchial muscles which is promptly
relieved by atropine, the action of which is to paralyse the vagus.
In cases such as these, the intravenous injection of adrenalin is

negative in its result. According to Jagic, bronchial asthmatic

spasm in man may be checked by the subcutaneous injection of

i c.cm. adrenalin. Eppinger and Hess explain this result by the

assumption, that the stimulation of the sympathetic by adrenalin

overpowers the muscular cramp arising from the increased stimu-

lation of the vagus. In view of these divergent findings,
further investigation of the innervation conditions of the

bronchial muscles and of the effect which adrenalin has on them,

appears to be imperative.
The Eye. The intravenous injection of adrenalin provokes

retraction of the nictitating membrane, elevation of the eye-lid,

exophthalmos, and dilation of the pupil. Thus, the musculus

palpebras tertius, the unstriated muscles of the eye-lid, the

musculus protrusor bulbi, and the musculus dilatator pupillas, are

all induced to contract in the same manner as after electric stimula-

tion of the sympathetic nerve in the region of the neck.

Adrenalin produces effects which are similar and even more

powerful, after extirpation of the superior cervical ganglion and

consequent degeneration of the post-ganglionary fibres (Lewand-

owsky, Langley). It seems certain from this that the site

directly affected by adrenalin is peripheral.
The effect which adrenalin has in enlarging the pupil was

next studied, and from two points of view. In the first place, it

has been turned to account as a test for adrenalin and as a

method of determining its physiological significance. Wesseley,
and later Meltzer and Auer, found that, when applied to the eyes
of frogs, adrenalin produced mydriasis, and the latter authors

suggested (1904) the frog's eye as a suitable adrenalin reagent.

They pointed out that the reaction takes place even after enu-

cleation of the bulb. Ehrmann next showed that, when preserved
in isotonic fluid, the enucleated frog's eye is considerably more

sensitive than the bulb in situ, and upon these findings he based

his quantitative adrenalin test. Ehrmann found that adrenalin

reacts upon the dilator muscles of the pupil in a solution of i :2O

14
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million
;
in other words, the dilation of the pupil demonstrates the

presence of adrenalin in a quantity as small as .000025 m "-

This mydriasis of frogs' eyes was subsequently employed as a
test for adrenalin in liquids of the most varied description (blood,

urine), but the results were not in all cases unequivocal ;
that is

to say, they were not characteristic of adrenalin only.
It has since been discovered that, in addition to adrenalin,

a large number of substances provoke dilation of the pupil of

isolated frogs' eyes. Waterman and Boddaert produced this

effect with weak watery solutions of pyrocatechin, with salicylic

acid, hydrokinone, and resorcin
; they think the reaction is

dependent upon pyrocatechin. Ehrmann found that acetic acid

and ammonia produce irregular dilation of the pupil, but that

the pupil also contracts in response to these reagents. According
to Pick and Pineles, tyrosin and phenylalanin produce mydriasis
of the frog's eye ; Cramer, Borchardt and Pal attribute the same
effect to pituitary extract; Ranzi and Tandler to thymus extract.

Pick and Glaessner obtained a mydriatic reaction with the pan-
creatic juice of man and of dogs, which was particularly marked
where - these subjects had been previously fed upon meat.

According to Comessati and Diem, the mydriasis of frogs' eyes,
when employed as a test for the presence of adrenalin in urine-

or in concentrated saline solutions, has very little value.

We shall have occasion to speak later of the mydriatic action

of the blood serum, and of the theories which have arisen concern-

ing the presence of adrenalin in the plasma under both normal and

pathological conditions. For the present, it is sufficient for us

to notice the fact that the mydriasis of frogs' eyes is, in itself,,

not a conclusive proof of the presence of adrenalin in the blood

serum
;
this test should always be reinforced by other biological

and chemical reagents.
The action of adrenalin has also been put to practical use

in another direction. Lewandowsky was the first to discover

that the instillation of suprarenal extract into the conjunctiva is,

in the case of both man and animals, without effect upon the

pupil. Melzer and Auer next showed that, after extirpation of

the superior cervical ganglion of both rabbits and cats, the

instillation of adrenalin produces a considerable enlargement of

the pupil. We know that the sympathetic contains fibres which

promote contraction of the dilator muscles of the pupils. If,

therefore, stimuli which are inactive or only slightly active in

the case of normal eyes, react strongly upon eyes which have
lost their ganglion, we must assume the presence of sympathetic

inhibitory fibres which take their rise in the ganglion and by
which the peripheral irritability is reduced. O. Lowi assumed
that the occurrence or non-occurrence of mydriasis after adrenalin

instillation, was an expression of the functional activity of the

sympathetic inhibitory nerves. He therefore endeavoured to find
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out whether mydriasis takes place under certain special conditions,
in which a suppression of the sympathetic inhibition is assumed.
He found that, after the instillation of adrenalin into the con-

junctiva, enlargement of the pupil was invariable in dogs and
cats from which the pancreas had been removed

;
that it was

occasional in artificial pancreatic insufficiency; and that it was

present in many clinical instances of diabetes and Graves's
disease. Lowi assumes from this that the inhibition of certain

organs with a sympathetic innervation is a normal function of

the pancreas. He regards the mydriasis produced by adrenalin

in Graves's disease as the expression of an increased irritability
of the sympathetic, brought about by hyperthyroidism. This
increased irritability is as readily attributable to a suppression
of the inhibitory nervous function, as to an increase in thf>

stimulatory nervous function. Eppinger, Falta and Rudinger
succeeded later in producing adrenalin mydriasis in normal and

thyroidectomized dogs by continuous treatment with thyroid
extract.

The Glands. Langley found that, when suprarenal extract

is given in moderately large doses, it provokes a profuse secre-

tion on the part of all the salivary glands, as well as of the

mucous glands situated in the mouth, oesophagus, and trachea.

This increased secretion becomes apparent a little later than the

rise in blood-pressure, it quickly reaches the maximum, and then

gradually subsides. Hence the irritability of the cervical sym-
pathetic and of the chorda tympani is not by any means reduced,
that of the latter being, in fact, rather augmented. That the

secretory stimulus does not proceed from the central nervous

system, is shown by the fact that it continues unchanged after

resection of the superior cervical ganglion and of the chorda

tympani. It is the outcome of peripheral stimulation, and it

remains constant, "though somewhat diminished in intensity, after

comparatively large doses of nicotine. Moreover, atropine, in

a quantity sufficient to paralyse the fibres of the chorda, does

not inhibit the increased secretion, though this disappears in

response to atropine in large doses. It is evident, from these

results, that suprarenal extract stimulates those elements whether

nerve terminals or glandular cells which are inhibited by the

action of atropine. Adrenalin excites the secretion of saliva even

after extirpation of the ganglion and degeneration of the post-

ganglionary fibres, and this makes it certain that the effect cannot

be due to stimulation of the sympathetic nerve terminals.

Under the influence of adrenalin, the vessels of the sub-

maxillary gland contract and the gland blanches; after an interval

of thirty seconds it becomes increasingly red until its colour is

deeper than before the injection. The blanching is less than

after stimulation of the sympathetic, the flushing less intense

than after stimulation of the chorda. Here also, vaso-constriction
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takes place after degeneration of the post-ganglionary fibres and

must, for this reason, be regarded as the outcome of the direct

action of suprarenal extract.

The intravenous injection of suprarenal extract produces an
increased secretion on the part of the lachrymal glands, and this

persists after removal of the superior cervical ganglion.
Suprarenal extract increases the secretion of bile. This result

is not apparent, however, unless the cystic duct is occluded
;

otherwise the relaxation of the gall bladder permits the gall to

escape down it.

According to Langley, adrenalin does not apparently induce

pancreatic secretion, but it does promote the activity of a secret-

ing pancreas. In large doses, adrenalin inhibits pancreatic
secretion (Bendicenti, Glasener and Pick).

According to a communication by Yukawa, the gastric
secretion increases under the influence of adrenalin.

As we know, the blood supply to the kidney is very much
affected by the action of adrenalin. Minimal doses produce an

appreciable reduction in the volume of the organ, consequent
upon the contraction of the vessels; this is succeeded by pro-
nounced vaso-dilation and increase in volume. The experiments
of Bardier and Fraenkel show that the urinary secretion is in-

fluenced in such a manner that there is, first, a reduction in the

amount of urine excreted by the ureters, or there may even be

complete cessation of the flow
;

this is followed by marked

polyuria which lasts for some considerable time. These authors
found that, in those cases where vaso-constriction is absent, the

primary reduction in secretion also fails to appear, and it seems
evident from this that the changes in renal secretory activity
which are brought about by the agency of adrenalin, are largely
attributable to changes in the circulatory conditions.

According to Schlayer, adrenalin, when given intravenously,
acts under certain conditions as a diuretic upon animals con-

taining much fluid.

Biberfeld found that the subcutaneous injection of suprarenin,
in doses of 1.5 to 2.5 mg. per kilo, produced a marked diuresis

in rabbits, together with a considerable decrease in the sodium
chloride contents of the urine.

The manner in which the suprarenals themselves react to

the influence of adrenalin has, up to now, received but little

attention. As far as the suprarenal circulation is concerned, I

found that the intravenous injection of suprarenal extract pro-
duced an increase, followed by a decrease, in the venous outflow.

These changes in the circulation are due only in part to the

altered hamiodynamic conditions. In part, they represent the

results of the action of the extract upon the vessels themselves,
and they are comparable to those effects, partly constrictor and

partly dilator, which are obtained by stimulation of the sym-
pathetic nerves supplying the organ.
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The increase in the amount of lymph excreted from the

thoracic duct which, according to Camus, follows the intravenous

injection of adrenalin, is in all probability largely due to changes
in the circulatory conditions. It cannot be denied, however, that

adrenalin may possibly exercise an effect upon the formation of

the lymph itself.

After the subcutaneous injection of adrenalin, oedema fre-

quently appears at the site of injection, and the lymphatics lead-

ing away from it are sometimes found to be full. If the same

quantity of adrenalin is employed, but in a very dilute solution,
the cedematous swelling becomes much more marked and may
last for some time. These phenomena must be largely due to a

reduction in resorption, brought about by a local constriction of

the vessels at the site of injection. This accounts for the fact

that the subcutaneous injection of adrenalin produces so little

effect upon the blood-pressure ;
to a certain extent, the substance

blocks the way of its own resorption.
The gradual resorption of the adrenalin in minimal quantities

explains why it is that the subcutaneous injection of even large
doses does not produce a rise in blood-pressure, but is followed

by considerable periodical changes in pressure (Biedl). Lowi
and Meyer found that when methylaminoketone, which is closely
related to adrenalin, is injected subcutaneously in large doses,
the blood-pressure becomes elevated and will continue so for

over an hour. This result is explained by the fact that methyl-
aminoketone is considerably less active than adrenalin, hence
the possibility of its better resorption. Meltzer and Auer found
that the intramuscular injection of adrenalin produced an increase

in blood-pressure ;
but Patta pointed out that, whether given intra-

muscularly or subcutaneously, the injection of adrenalin is not

followed by a rise in blood-pressure in animals, unless the sub-

stance is introduced by accident into a blood-vessel. In man,
the subcutaneous injection of adrenalin produces an increased

blood-pressure (Falta).
A. Exner showed that the intraperitoneal injection of

adrenalin is followed by a reduced resorption on the part of the

lymphatics of the peritoneum. For it is not only those toxins

which enter the system by way of the blood-vessels, which under-

go a tardy resorption after the introduction of adrenalin into the

peritoneum or into the stomach; the same is seen in the case of

substances which, owing to their physical properties, reach the

blood-stream through the agency of the lymphatics.

Langley found that the sweat glands of the cat were un-

affected both by the intravenous injection of adrenalin and by
its subcutaneous introduction into the ball of the paw. Elliott

found that a subcutaneous injection of .025 mg. of adrenalin did

not provoke secretion of the sweat glands in the palm of the

hand in man
;
on the contrary, owing to the extreme local anaemia,
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secretion at, and surrounding, the site of injection was rather

diminished than otherwise.

The failure on the part of adrenalin to stimulate the secretory

activity of the sweat glands is undoubtedly a very remarkable

phenomenon, for it is quite certain that these glands are fur-

nished with a sympathetic innervation.

Adrenalin stimulates the sweat glands of the frog to active

secretion. After the injection of small quantities of adrenalin into

the dorsal lymph space, the entire body of the animal becomes
covered with secretion. If the secretory process in the glands of

the nictitating membrane is observed under the microscope
(Strieker and Spina), it will be seen that the introduction of

adrenalin is followed by progressive enlargement of the glandular
epithelium and by the extrusion of drops of secretion, in exactly
the same manner as after stimulation of the sympathetic nerves

(Drasch).
S. Lieben found that adrenalin produced marked contraction

of the pigment cells of the skin of frogs, a dark-coloured frog

becoming light in the space of ten minutes. This effect of

adrenalin upon the pigment cells is not brought about by the local

anaemia, nor is it a reflex effect
;

it is the result of the direct

action of the substance. According to Gaup, the pigment cells

are controlled by the sympathetic.
Adrenalin exercises a similar agglomerating effect upon the

pigment granules in the pigment epithelium of the retina of frogs,
but this is seen only after local application. This agglomerating
action may even, to a certain extent, inhibit the migration of the

pigment in response to the stimulus of light, and where this for-

ward movement has already taken place, a further agglomeration
of the pigment granules will be produced in a varying degree by
the action of adrenalin (Klett).

Among the physiological effects of adrenalin, those must be
included which this substance produces in the composition of the

blood. According to Foa, adrenalin reduces the alkalinity and

produces acidity of the blood. Falta and Berterelli found that the

injection of adrenalin is followed by an increase in the specific

gravity ; by hyperglobulia with isolated erythroblasts ;
and by

marked leucocytosis affecting the neutrophile polynuclear cells, the

eosinophile cells being very much reduced. In dogs with

hypereosinophilia of about 12 per cent., the injection of adren-

alin is followed by a reduction to .3 per cent. Eppinger and Hess
discovered that the physiological eosinophilia of rabbits is reduced

by the action of adrenalin. The morphological structure of the

blood is influenced by adrenalin in a manner the reverse of that

of pilocarpin which, it is well known, produces lymphocytosis and

eosinophilia in both man and rabbits (Neusser).
Metabolism. The influence which adrenalin exercises upon

metabolism demands special consideration. The investigations of
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Kraus and R. Hirsch, as well as those of Quest, show that there

is little alteration in the metabolism of nitrogen in healthy dogs
after the intravenous or subcutaneo.us injection of adrenalin. The
slight increase in N-metabolism is explicable by the glocosuria
which is coincident with it, as well as by the necrosis of the skin

which follows subcutaneous injection. Eppinger, Falta and

Rudinger found that, in starving animals, adrenalin caused a
marked increase in the metabolism of albumin

; feeding with fatty
foods still further increased the effects of adrenalin. The increased

excretion of nitrogen which, in starving animals, immediately
followed the injection of adrenalin and which was also observed

by Underbill and Closson, cannot in the nature of things be re-

ferred to necrosis of the skin. Eppinger, Falta and Rudinger
regard the increase in the metabolism of albumin and of fats as
the expression of an improved thyroid function.

According to the investigations of Ealta, Bolaffio and
Tedesko, adrenalin excites an increase in the metabolism of salt.

The amount of phosphorus excreted in the urine may be increased
to three times, that of potassium and sodium to four times, the

normal. With regard to the metabolism of purin, Falta declares

that the excretion of uric acid and of allantoin are both consider-

ably increased.

This effect which adrenalin has in accelerating metabolism is

regarded by authors of the Viennese school as an expression of the

condition of increased excitability which this substance produces
in the sympathetic system.

That aspect of metabolism which, it is conclusively proved,
lies within the province of the sympathetic system, is the

metabolism of the carbohydrates. The influence which adrenalin

exercises upon these conditions has, therefore, a special interest.

When Blum, in IQOI, made the important discovery that the

experimental subcutaneous or intravenous injection of suprarenal
extract produces glycosuria, which follows with equal certainty in

both starving animals and those deprived of the carbohydrates,
there was a general inclination to regard this result as the mani-
festation of a toxic activity on the part of suprarenal extract.

It formed the subject of keen and very minute investigations, and
these have revealed the fact that the glycosuria which follows the

exhibition of adrenalin, is the expression of a physiological action

on the part of this remarkable substance.

Blum's discovery was tested and confirmed in many direc-

tions. It soon became evident that the glycosuria makes its

appearance after the exhibition both of the extract of the supra-
renal and of adrenalin, its active principle. For this reason, it

was very generally believed that glycosuria is one of the physio-

logical effects of adrenalin. The sole author \vho opposed this

view wras Landau, who ascribed the glycosuria to a substance

derived from the suprarenal cortex.
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The following facts concerning adrenalin glycosuria may be

regarded as proved. The glycosuria makes its appearance after

the exhibition of comparatively small doses (.01 to .1 mg.) of

adrenalin, and is, on the whole, more readily provoked by subcu-

taneous or intraperitoneal, than by intravenous, injection (Lowi).
The cause of this remarkable phenomenon will appear later. The
subcutaneous introduction of i to 2 mg. adrenalin is followed

after half an hour, at the latest after two hours, by a glycosuria

lasting about three hours. The repeated injection of similar

doses into the same animal is not, however, followed by the

regular appearance of the glycosuria. One day the urine will

contain a large quantity of sugar, the next day perhaps none at

all, and in the end the glycosuria may entirely disappear.
It has been observed by several authors that the glycosuria

which follows the exhibition of adrenalin is accompanied by hyper-

glycsemia. The increase in the amount of sugar in the blood

was proved by Bierry and Gatin-Gruzewska, and by Noel Paton,
in the case of rabbits and dogs. These authors also showed
that when given to starving animals, adrenalin diminished the

amount of glycogen present in the liver and muscular structure,

and may indeed be regarded as a certain method of eliminating

glycogen from the system. Drumont and Noel Paton were unable

to produce changes in the glycogen of the liver of well-fed rabbits

by means of small doses of adrenalin, such changes being brought
about by doses large enough to produce acute toxic symptoms.
Later investigations have proved beyond any manner of doubt,
that the glycogen largely disappears from the liver and muscles

where the adrenalin action is very intense (Agadchanianz, Doyon,
Morel, and Kareff). L. Pollak recently pointed out that, after

previous feeding with glycose or levulose, the glycogen
stored up in the liver may be induced completely to disappear by
means of large doses of adrenalin. Small doses of adrenalin differ

considerably in their effect, according to whether the glycogen
accumulated in the liver is formed from glycose or levulose.

Levulose-glycogen is markedly the more resistant.

Since Blum's first communication it has been definitely proved
that, after prolonged fasting, glycosuria is present in all animals.

Pollak's experiments testified to the remarkable fact, that the

repeated exhibition of adrenalin in fasting rabbits and in rabbits

which have been rendered absolutely free from glycogen by means
of strychnine, is followed, not only by sugar in the urine, but by
the accumulation of glycogen in the liver. The amount of

glycogen which collects in the liver is as large as that which is

usually seen only in animals fed with carbohydrates. It has been

shown (Underhill and Closson, Eppinger, Falta and Rudinger)
that adrenalin causes a very considerable increase in the metabol-

ism of albumin in starving animals, and the remarkable phenom-
enon described above is probably attributable to the storing-up of
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glycogen as a result of this increase in albumin-metabolism.
Pollak is not inclined to explain the large quantities of glycogen
which he found, solely by the theory of an increased metabolism of

albumin
;
he is disposed to leave the question open for the present.

In answer to the question as to why the intravenous injection
of adrenalin is not invariably followed by glycosuria, and why
the repeated subcutaneous injection provokes signs of tolerance,

frequently expressed by the absence of glycosuria Pollak dis-

covered that, though the intravenous injection of adrenalin invari-

ably causes hyperglycasniia, this is not sufficiently marked to

produce glycosuria, seeing that there is, under these conditions,
an invariable reduction in diuresis. Where, however, simul-

taneously with the adrenalin injection, measures are adopted with
the object of promoting diuresis, sugar is invariably present in

the urine. After subcutaneous injection of adrenalin, the hyper-
glycasmia is so pronounced that glycogen will be present in the
urine apart from artificial promotion of the diuresis. The repeated
subcutaneous injection of adrenalin produces a high degree of

hyperglycasmia, such as is usually observed only in cases where
there is no simultaneous diuresis. As, however, the glycosuria is

not always present, it must be assumed that, either the kidneys
acquire a tolerance of their large glycogen contents resulting from
the continued employment of adrenalin, or that they are subjected
to some specific influence.

W. Straub and his pupil, H. Ritzmann, have done much to

further a more detailed knowledge of adrenalin glycosuria.
Kretschmer discovered that the remarkable absence of constancy
in the effect of adrenalin upon the vessels, depends upon the
readiness with which adrenalin undergoes oxidation, and that a

permanent adrenalin action upon the tone of the vessels is to be
obtained only by a permanent employment of the drug. Ritzmann
next showed that the glycosuria lasts for exactly the same length of

time as adrenalin is present in the blood. If adrenalin in very
weak solution is allowed to enter a vein and to flow continuously
into the blood stream, it will be found that an adrenalin solution
of a concentration of i :2 million, introduced at a velocity of about
c.cm. to the minute, does not provoke glycosuria. Sugar does
not appear in the urine until the velocity reaches 3 to 4 c.cm.

per minute. Within certain limits, there is a direct proportion
between the concentration of the adrenalin in the blood and the
amount of sugar excreted in the urine

;
so that, other things being

equal, each velocity of a solution of given concentration provokes
a glycosuria which invariably yields the same amount of sugar
within a given space of time. The glycosuria does not make its

appearance immediately, but is preceded by a prolonged latent

stage, which is probably accounted for by the fact, that a certain

amount of time is required for the completion of the chemical

process by which the sugar is set free. There is, moreover, an
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intimate connection between the glycosuria and the amount of

glycogen present in the economy. In animals which have a large
amount of glycogen in their economy, half the usual dose of

adrenalin will produce an excretion of sugar quantitatively equal
to that provoked in normal animals by the full dose. Where,
however, the animal economy is poor in glycogen, similar results

will be obtained only by the agency of much larger quantities of

adrenalin.

According to Ritzmann, where experiments are undertaken
with the object of studying the physiological processes by which
adrenalin glycosuria takes place, it is essential that the adrenalin

should be introduced directly into the blood stream
;

for the

method of introducing it into the economy by a single subcu-
taneous injection does not reproduce the natural conditions. It

has, moreover, been proved that, where adrenalin is injected

subcutaneously, the quantity required to produce certain glyco-
suric effects is considerably larger than in cases where the

substance is introduced by continuous intravenous transfusion.

For example, in one case, a subcutaneous injection of 2 mg.
adrenalin was required to produce 0.64 grm. sugar in the

urine, while the same result was obtained by means of intravenous

transfusion with a diluted solution containing 0.4 mg. adrenalin.

Thus of the 2 mg. which were injected subcutaneously, 1.6 mg.
or So per cent, were destroyed without producing glycosuria.

It is evident from Pollak's experiments described above, that

the glycosuria produced by the intravenous exhibition of adrenalin

is dependent upon the diuresis. And Ritzmann mentions that, in

several of his experiments, the diuresis entirely ceased, and the

animals died without excreting any part of the fluid which had
been introduced into their economy. Even where adrenalin is

introduced continuously into the blood stream, a velocity which
is at first active becomes inactive after a time (this effect being
the reverse of that demonstrated by Kretschmer in the case of the

blood-vessels), and the glycosuria is restored only by increasing
the concentration of the solution. This phenomenon is explained

by a transitory exhaustion, either of the sugar supply or of the

ultimate products of the sugar.
From the results of these investigations into the mechanism

of adrenalin glycosuria, it seems highly improbable that adrenalin

directly affects the formation of sugar in the urine. It is far more

likely that it influences the process of the distribution of sugar
in the blood. We know that, in its influence upon the

blood-vessels, the effect of adrenalin is equal to that of

stimulation of the sympathetic ; and it is also well known
that the diabetes produced by Claude Bernard's puncture is the

outcome of hyperirritation of the sympathetic. The analogy
between the mechanism of the glycosuric and the vaso-constrictor

effects of this substance, suggests the hypothesis that the actual
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site of the direct action of adrenalin is to be found in those fibres

of the sympathetic, the central irritation of which produces effects

similar to those of puncture of the fourth ventricle. Through the

agency of the sympathetic system, adrenalin increases the tone

of the vessels, and in a similar manner it increases the sugar-tone

(Zuckertonus) that is to say, it increases the concentration of the

sugar in the blood, so producing hyperglycasmia, which is

followed by glycosuria.
Blum first pointed out the similarity which exists between the

effects of Claude Bernard's puncture and the glycosuria produced

by adrenalin, and he suggested that the former is expressed

through the agency of the suprarenals. A. Meyer next showed
that puncture of the floor of the fourth ventricle does not produce

glycosuria in rabbits from which the suprarenals have been

removed; and more recently, Waterman and Smit found that

puncture of the floor of the fourth ventricle, similarly to stimu-

lation of the sympathetic, increases the amount of adrenalin

present in the blood. The far-reaching analogy between the effects

of puncture of the fourth ventricle and experimental adrenalin

glycosuria, is still further confirmed by the experiments of

Eppinger, Falta, and Rudinger. These showed that, if the

thyroid gland is extirpated, in neither condition does glycosuria
result

;
but that a mobilization of carbohydrates takes place, as

shown by the decreased excretion of nitrogen, and that this is

consumed by the agency of the now hyper-active pancreas. A
further similarity between the two conditions is shown by the

behaviour of dogs from which the pancreas has been removed.

These animals showed increased glycosuria and hyperglycaBmia,
both after puncture of the fourth ventricle (Hedon and Kaufmann),
and after the exhibition of adrenalin. The authors conclude from

these results, that the excretion of sugar after puncture of the

fourth ventricle represents a discharge from the chromaffine

system .

The difference in the processes by which glycosuria and hyper-

glycasmia result from puncture of the fourth ventricle and from

the exhibition of adrenalin, lies in this : that, in the case of

adrenalin, the results are brought about by peripheral stimulation

of the sympathetic ;
after puncture of the fourth ventricle they are

due to stimulation of the sympathetic centres.

L. Pollak found that, after resection of the splanchnic nerve,

adrenalin invariably produces glycosuria; while the experiments
of Claude Bernard and Eckhard show that, after such resection,

puncture of the fourth ventricle is not followed by glycosuria. In

the case of puncture of the fourth ventricle, irritation of the sugar
centre in the medulla is conveyed by way of the sympathetic

(splanchnic nerve) to the liver, where it excites that organ to part

with its glycogen. Resection of the splanchnic nerve breaks the

communication between the centre and the sugar-forming organ,
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thus hyperglycagmia becomes impossible. Adrenalin, on the

other hand, affects the peripheral sympathetic nerve-terminals in

the liver in exactly the same way as it does those of other organs,
and for this reason, the glycosuria is uninfluenced by the resection

of the communicating nerve.

Observation of experimental adrenalin-glycosuria has revealed

the intimate relationship which subsists between the action of

adrenalin and the internal secretory activity of the pancreas. That

adrenalin-glycosuria is in some way related to pancreatic diabetes

is evident from the results obtained by Herter and Wakeman.
These authors discovered that, if the pancreas is painted with

adrenalin, the resultant glycosuria is more intense than that which
follows the application of adrenalin to other organs. Vosbourgh
and Richards obtained marked hyperglycasmia by the same means.
Herter and Wakeman assume that, whatever the site at which
adrenalin is applied, its glycosuric action reaches the pancreas
and reduces the capacity of that organ for the oxidation of sugar.
If this view is correct, adrenalin should not produce an increase

in the glycosuria present in animals which have lost their pan-
creas

;
and results obtained by Lepine, as well as by Bierry and

Gatin-Gruzewska, seem to point in this direction. Velich, on the

other hand, found that though extirpation of the pancreas is not

followed by glycosuria in well-nourished frogs until after several

days have elapsed, it may be brought on immediately after

operation by means of adrenalin. Noel Paton produced glycosuria

by this means in geese and ducks after the removal of the

pancreas ;
while Doyon, Morel, and Koreff found that the injection

of adrenalin was followed by an increase in the sugar contents of

the blood of dogs which had lost their pancreas.
It is very evident from the results of these experiments that

the theory that adrenalin glycosuria is a form of pancreatic

diabetes, is insufficiently grounded.
Zuelzer adopted a different theory. He found that, in dogs

without pancreas, if adrenalin was prevented from entering the

blood stream by ligature of the suprarenal veins, the glycosuria
was minimal. He succeeded in preventing glycosuria in rabbits

by injecting them with pancreatic extract, and he concluded that

Minkowski's "
pancreatic diabetes

'

is in reality a positive
'

adrenalin diabetes."

In experiments which I undertook with Offer, we succeeded
in producing both inhibition of the adrenalin glycosuria and
inhibition of the adrenalin mydriasis of frogs' eyes, with chyle
from the thoracic duct.

These experiments were based upon some observations (to be

described later) which I carried out in 1898, and which showed
that chyle contains a substance which influences the amount of

the sugar consumption of the organism. I found that, in the

case of dogs which had become diabetic owing to the fact that the
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chyle was prevented from flowing into the blood stream, Lowi's
characteristic mydriasis reaction after adrenalin instillation was
not obtainable. This seems to suggest a parallel between the

origin of pancreatic diabetes and that which follows ligature
of the lymphatic duct. Upon the assumption that chyle
contains the internal secretion of the pancreas, which
is necessary to the normal metabolism of sugar, we tested the

action of chyle in adrenalin glycosuria ;
we found that the subcu-

taneous injection of 80 to 120 c.cm of chyle from dogs, markedly
reduced, and even completely neutralized, the glycosuric action of

adrenalin when exhibited simultaneously. Adrenalin glycosuria
in rabbits is promptly suppressed by the intravenous injection of

hirudin, and also, as I discovered later, of the extract of the

muscular structure of crabs; it is, therefore, amenable to sub-
stances which, according to Heidenhain, are included in the group
Lymphagoga, Order I. By following up our experiments,
Tomaczewski and Wilenko found that all the Lymphagoga pos-
sess the property of suppressing adrenalin glycosuria.*

In the course of their investigations into the interactivities of

the internal secretory glands, Eppinger, Falta, and Rudinger
discovered that, in dogs without pancreas, in which the metabolic

derangement is at its height, the excretion of sugar and of nitrogen
are enormously increased by the subcutaneous or intraperitoneal

injection of adrenalin. The excretion of sugar becomes so much
increased that the proportion of the quotient D : N may rise to

over seven. It is the view of these authors that, in addition to an
excessive and perverted mobilization of the carbohydrates,
adrenalin produces inhibition of the pancreatic function.

The glycosuria which follows the exhibition of adrenalin results

from the operation of both momenta. Zuelzer's experiment, in

which he effected the inhibition of adrenalin glycosuria by means
of pancreatic extract, is explained by the supposition that, in

this instance, the excess of sugar set free by the adrenalin was
metabolized by the action of the reinforced pancreatic hormone.

That adrenalin exercises an inhibitory influence upon the

activity of the pancreas, may be assumed from Bendicenti's obser-
vation that pancreatic secretion is inhibited by large doses of

adrenalin. By experimenting on dogs with pancreatic fistula,

Glassner and Pick proved that the pancreatic secretion completely
ceases after large closes of adrenalin, while, at the same time, a
marked glycosuria makes its appearance.

Acting upon the assumption that the internal secretion of the

pancreas is governed by the autonomous vagal nerve, and that

*
According to Aronsohn, adrenalin glycosuria is inhibited both by fever

and by heat-puncture. According to Richter^ Ellinger and Selig, the heat
puncture does not affect the glycosuria, which seems to be reduced only
where there is simultaneous bacterial infection. After renal injury there is

no glycosuria. (Ellinger and Selig.)
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stimulation of the vagus produces hypersecretion of the pancreas,

Eppinger, Falta, and Rudinger tested the effect of pilocarpin
which is a specific toxin to the autonomous stimulatory system
in adrenalin glycosuria, and found that its action in this con-

dition was completely inhibitory.
The conclusions to which the results described above seem to

point are : that adrenalin exercises an inhibitory influence upon
the internal secretory activity of the pancreas ;

and that the

internal secretion of the pancreas limits the action of adrenalin

in certain directions. The pancreas hormone regulates the

metabolism of sugar in the organism, and its influence may serve

to limit, or even to prevent, the hyperglyccemia and glycosuria
which result from the superfluity of the carbohydrates, brought
about by the agency of adrenalin. Lowi's reaction points further

to the conclusion that the pancreas hormone exercises an influence

upon the inhibition of certain organs possessing a sympathetic
innervation. Where the activity of the pancreas is normal, the

mydriatic action of adrenalin is not manifested, but appears only
after suppression of the pancreatic internal secretion.

The manner in which the action of adrenalin is modified by
the thyroid apparatus has already been discussed at length. It

will be remembered that, according to Eppinger, Falta, and

Rudinger, adrenalin fails not only to produce glycosuria, but also

to raise the blood-pressure in animals which have been deprived
of their thyroid. Ritzmann pointed out that, in animals with an

excess of glycogen, the glycosuric action of adrenalin is less

affected by thyroid suppression than the vaso-constrictor.

Removal of the parathyroids increases adrenalin glycosuria.

According to these authors, then, the thyroid promotes the action

of adrenalin while the parathyroids inhibit it. They ascribe the

increased metabolism of albumin and of fats, which follows the

exhibition of adrenalin, to promotion of the thyroid function
;
so

that it appears that adrenalin, in its turn, promotes the activity
of the thyroid and inhibits that of the parathyroids.

There is yet another direction in which the animal organism
is affected by the action of adrenalin, namely, the temperature of

the body. The subcutaneous and intraperitoneal injection of

adrenalin sometimes produces a considerable rise in temperature ;

the effect of intravenous injection is less marked. Whether this

increase is due to an increased production of heat or to a

diminished radiation, is at present unknown. It may be that

both factors are in operation, the increase in combustion arising
out of the excess of carbohydrates, the decrease in radiation from
the extreme vaso-constriction. The analogy between the conditions

under which the metabolism of the carbohydrates takes place,

suggests a comparison between the effect which adrenalin has

upon temperature and the so-called
"
heat-puncture

"
;
for adren-

alin raises the heat-tone (Warmetonus) by acting upon the
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peripheral terminals of those nerves, the central stimulation of

which produces the effect of
"
heat-puncture."

The tables on pp. 222 to 225 show the effects of adrenalin in so

far as they are at present known. For purposes of comparison,
they also include all that is at present known concerning the

sympathetic and autonomous innervation of the vegetative organs.

THE SITE OF ACTION OF ADRENALIN.

In his rlrst work upon the effects of suprarenal extract (1901),

Langley emphasized the fact that the results produced by this

substance are never identical with those obtained by stimulation

of the cranial-autonomous or sacral-autonomous nerves. Phen-
omena exactly similar to those obtained in the eye, by stimulation

of the oculomotor; in the heart and intestinal canal by stimulation

of the vagus; in the rectum, urinary bladder, and internal genitals

by stimulation of the pelvic nerve, are never produced by supra-
lenal extract. The increased secretion of saliva cannot be

regarded as an exception to this rule, for it is not accompanied
by vaso-dilation such as that which accompanies stimulation of

the chorda tympani. On the other hand, it is noticeable that the

effects which suprarenal extract produces are, in nearly all cases,

similar to those obtained by stimulation of the sympathetic
autonomous nerves. In many instances, the effect of the extract

and that of electric stimulus of the sympathetic are identical. These
results seem to point directly to the view that suprarenal extract

exercises a specific stimulatory action upon the sympathetic nerve-

terminals. Vet, in view of the fact that, in the case of the eye,
the vessels, the submaxillary gland, and the muscles of the hair,

this action is constant after degeneration of the post-ganglionary
fibres, Langley was compelled to admit that suprarenal extract

may also have a direct influence upon the unstriated muscles.

Four years later, Elliott drew attention to the fact that, in

spite of the difference in the method of the sympathetic innervation

in different animal species, the effects of adrenalin upon the

involuntary muscles were everywhere the same as those produced
by stimulation of the nerves supplying them. The strength of the

effect varies only with the frequency of the normal physiological

impulse, which individual muscles receive during life by the

agency of the sympathetic. The physiological stimulatory action of

adrenalin is undoubtedly peripheral, but the question as to which

portion of the periphery is the site of its activity demands further

investigation. This site is most probably to be sought, either in

the peripheral sympathetic nerve-terminals, or in the unstriated

muscles themselves.

That adrenalin exercises a direct action upon the muscles, was

suggested by various phenomena and was, until recently, assumed

by the greater number of authors. Lewandowsky and even
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Langley were inclined to adopt this view, chiefly on account of

the fact, so frequently illustrated, that the action of adrenalin is

unaffected by so-called degenerative resection of the sympathetic
nerves that is to say, in cases where degeneration of the resected

nerve has already taken place. On the other hand, the experi-

ments of Brodie and Dixon show that, \vhere the sympathetic
nerve endings are paralysed by apocodein, adrenalin is inactive,

in spite of the fact that the muscles have retained their contract-

ility, as shown by the effect of agents, such as barium chloride,

which have a direct action upon the musculature. It is hardly

possible to imagine a chemical destruction of adrenalin by
apocodein, hence the only assumption open to us is, that apocodein

suppresses those portions of the tissue which, under normal con-

ditions, react to the influence of adrenalin.

Dixon and Brodie localized the seat of action of adrenalin in

the sympathetic nerve-terminals. These they defined as
"
con-

necting links between muscle and nerve, which do not, however,
form a component part of either the muscular or the nervous

fibres." They assume, moreover, that after resection of the

nerves, this
" neuro-muscular junctional tissue

"
does not undergo

degeneration ;
and that this explains the constancy of the effects

of adrenalin after degenerative resection of the nerves.

The histological evidence in favour of this theory is to be

found in a discovery described by Fletcher (1897). By intra vitam

staining with methylene blue, he discovered a nervous network

in the retractor muscle of the penis of the rat, which does not

undergo degeneration after resection of either the motor or

the inhibitory nerve supplying it, but which does disappear after

resection of both. If such a peripheral network were present in

all involuntary muscles with a double innervation, the constancy
of the action of adrenalin after degenerative resection of the

sympathetic would be explained by the fact of this network

remaining intact.

Elliott next investigated the manner in which different muscles

react to adrenalin after : first, denervation (degenerative resection

of the post-ganglionary sympathetic nerves) ;
and second,

decentralization (degenerative resection of the preganglionary

sympathetic nerves). He found that he was unable to provoke
contraction by electric stimulus of a denervated portion of the

retractor of the penis of the dog, but that adrenalin was more
active upon such muscle than upon that portion in which the

innervation \vas normal. After decentralization and denervation,
stimulus of the hypogastric and pelvic nerves produced no effect

upon the urinary bladder of cats, though relaxation of the bladder

and constriction of the urethra were obtainable by means of

adrenalin. After removal of the superior cervical ganglion and
the ciliary ganglion, together with the ciliary nerves, the instilla-

tion or intravenous injection of adrenalin provoked dilation of the
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pupil of maximal duration, while physostygmin produced myosis
of the normal control eye only. All that these experiments prove
is, that the tissue which reacts to the influence of adrenalin

becomes increasedly sensitive to the action of this substance after

decentralization, and even more so after denervation. But in the

case of the retractor muscle of the penis, which undoubtedly
possesses a double innervation, this result can hardly be due to

the persistence of Fletcher's nervous network, seeing that the

integrity of the latter is dependent upon the nerve cells of the

peripheral ganglion. It is evident from this that the site of the

activity of adrenalin cannot be situated in the nerve endings in the

general sense of the term
;
that is to say, in so far as they are

demonstrable, anatomically by methylene blue, and physiologic-

ally by degeneration after nervous resection.

Upon the other hand, it is very difficult to account for the

effects which adrenalin has upon the unstriated muscles, and

especially for the different effects (contraction and relaxation)
which it produces upon muscles of similar structure, by the theory
of a direct action upon the muscles themselves. Hence, the seat

of the elective influence of adrenalin can only lie in the junction
of the sympathetic nerve-fibres with the muscles. We must, then,
assume that the neuro-muscular system is composed of cell, fibre,

and terminal derived from the nerve, and of muscle-cell and
contractile fibrilla derived from the muscle, and that these two

portions are connected by means of a third, the myoneural
junction.

During the embryonal period, the muscle fibrilla possesses
a direct contractility only, and in certain parts of the unstriated

muscular structure, especially in the lower vertebrates, this

developmental stage persists throughout life. But in the course

of ontogenetic and philogenetic development, the greater number
of the unstriated muscles acquire a relationship to the sympathetic
nervous system. The myoneural junction, derived partly from
the muscular substance, and partly from the sympathetic nerves,

develops to form the mechanism \vhich controls the manner in

which the muscles react in response to nervous stimuli. Whether
the muscle is influenced in a positive or a negative sense, whether
in response to such influence it contracts or relaxes, depends upon
the myoneural junction. Adrenalin exercises a specific stimulatory
effect upon this portion of the neuromuscular system, and this is

proved by the following facts : first, it does not influence muscles
which have not a sympathetic innervation (as, for instance, the

muscles of the bronchi); and second, it does not affect all muscles
in the same way, but produces contraction or relaxation according
to the nature of the myoneural junction through which it acts.

This specific action of adrenalin has revealed the fact, that the

neuro-muscular junction tissue is characteristic of the sympathetic
system and distinguishes it from the cranial and sacral autonomous
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systems. In the case of the latter systems, the relationship

between nerve and muscle is biochemical and similar to that

between nerve and muscle in striated muscles.

The sensibility of a muscular tissue to adrenalin is propor-
tional to the degree in which the myoneural junction is differenti-

ated, and this, in its turn, seems to depend upon the frequency
of the impulses which, under normal conditions, it receives

through the agency of the sympathetic. In other respects, its

irritability is independent of the nervous impulses.

Owing to the fact that its trophic centre is situated, not in the

nerve cell but in the muscular nucleoplasm, the irritability of the

myoneural junction is not destroyed by degenerative resection of

the nerve. On the contrary, we sometimes encounter the startling

phenomenon of a denerved and decentralized tissue having a

hypersensibility to chemical stimulation by adrenalin. The
"
paradoxical dilation of the pupil

'

which, after denervation

(extirpation of the superior cervical ganglion), follows the instil-

lation of adrenalin into the eye of rabbits and of cats, while the

normal eye of these animals does not react to adrenalin, has

already been described. As wre then pointed out, this phenomenon
is explained by the suppression of the inhibitory sympathetic
fibres. Elliott believes, however, that it is rather due to increased

irritability of the denerved peripheral tissue.

After denervation, the blood-vessels, the retractor muscle of

the penis, and the hair muscles all react to adrenalin. That, after

denervation, adrenalin also increases inhibitory activity, such, for

instance, as that of the urinary bladder, is highly probable, but

as yet without definite proof.
This hypothesis explains a number of peculiarities in con-

nection with the action of adrenalin, some of which have long
been recognized. It is wTell known that, in cats, while adrenalin
is active, stimulation of the vagi does not produce cardiac

inhibition, stimulation of the depressors is not followed by a fall

in blood-pressure, nor stimulation of the nervi erigentes by con-

traction of the urinary bladder. As soon as the effect of adrenalin
has passed off, the muscles respond to stimulus in the usual
manner. There was a general disposition to ascribe to adrenalin
a transitory paralysing action upon the terminals of the cranial

and sacral autonomous nerves. We now know that adrenalin
effects an almost maximal stimulation of the myoneural
sympathetic terminals, and that it produces results which are

dependent upon these. It is obvious, therefore, that, in each

organ, the response to electric stimulus can be changed by the
action of adrenalin only in a manner and to a degree such as

would result from a strong stimulation of the sympathetic nerve-
fibres. While adrenalin is active, stimulation of the sympathetic
does not produce more intense activity. When the adrenalin
action has passed off, the results of such stimulation are neither
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increased nor diminished, but represent the normal response. In
those organs, however, in which, in addition to a sympathetic,
there is also an antagonistic autonomous innervation, the result of

the specific action of adrenalin will be so marked an increase in

the strength of the sympathetic effects, that the autonomous inner-

vation will appear to be paralysed. Similar results are observed
after the simultaneous stimulation of the sympathetic and
autonomous nerves of any organ, the sympathetic effects, in this

case also, far outweighing those of the autonomous innervation.
In cases where, while the sympathetic is under the influence of

adrenalin, stimulation of the antagonistic autonomous nerve (vagus,

pelvic nerve) is without effect, the result is due, not to paralysis cf

the latter, but to a preponderance of the chemical over the electric

influence upon the nerve-terminals. Hence, as soon as adrenalin

ceases to act upon the sympathetic, electric stimulus of the

autonomous nerve produces the customary result.

In the course of his investigations into the physiological
action of the ergot preparations, namely, cornutin (Kobert),

sphacelotoxin (Jacoby), chrysotoxin or ergotoxin (Dale), A. H.
Dale discovered certain remarkable departures from the known
method of action of adrenalin, to which a special interest attaches.

The first effect produced by small quantities of the ergot

preparations is a stimulation of all the organs possessing
unstriated muscle structure. Such doses bring about contraction

of the blood-vessels and consequent increase in blood-pressure,

together with contraction of the uterus and of the sphincter muscle
of the iris. We have as yet no certain knowledge as to the site

of origin of this stimulatory action. Larger doses produce

progressive inhibition of the motor elements which were previously
stimulated. At this stage, adrenalin fails to effect either a rise

in blood-pressure or uterine contraction. A still further increase

in the size of the doses of ergot produces the paradoxical result,

that adrenalin in quantities which, in the first instance, effected an
enormous rise in blood-pressure and were negatived where the

ergot dosage was moderately increased, now bring about a fall

in blood-pressure, the degree and duration of which is propor-
tionate to the amount of adrenalin exhibited. In the same way,
a quantity of nicotine which at first increased the tension of the

vessels now diminishes it. Stimulation of the splanchnic nerve or

of the spinal cord, instead of producing the customary rise in

arterial tension, is followed by a fall. Moreover, substances such

as barium chloride, which, under normal conditions, exercise a

direct stimulatory action upon the involuntary muscles, are now
followed by a rapid increase in arterial tension

;
while pituitary ex-

tract, the action of which is to raise blood-pressure, increases the

tension of the vessels in animals at the third stage of ergot

poisoning.
It is, moreover, easy to prove that this effect of adrenalin in
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lowering blood-pressure is not due to a decreased cardiac activity,

but is the expression of a peripheral vasodilation.

A similar gradual inversion of the characteristic action of

adrenalin is also seen in the case of other organs. The behaviour

of the uterus is entirely analogous. After moderately large doses

of ergot, the pregnant uterus will not contract in response either

to adrenalin or to stimulation of the hypogastric nerve
;
on

the contrary, both methods produce considerable uterine relax-

ation. This applies to the rabbit and the ape. In the case of

the cat, stimulation of the sympathetic, whether direct or by
means of adrenalin, inhibits the movements of the virgin uterus,

while, in the pregnant uterus, it produces strong contraction.

Toxic doses of ergot do not alter the inhibitory action of adrenalin

upon the virgin uterus of the cat, but the pregnant uterus responds,
no longer by contraction, but by relaxation.

The spleen which, under normal conditions, responds to

adrenalin by contraction, after ergot poisoning responds by
relaxation. The internal sphincter muscle of the cat, in which
the action of adrenalin normally produces contraction, likewise

relaxes under the toxic influence of ergot. The stimulatory effect

observed in the urinary bladder of the ferret, as the result either

of adrenalin or of irritation of the hypogastric nerve, becomes

inhibitory under the toxic influence of ergot.
Acute ergot poisoning produces no change in the nature of

the results which follow stimulation of the cranial and sacral

autonomous nerves, or of the nerves supplying the skeletal

muscles. Stimulation of the vagus produces the customary effects

of inhibition of cardiac activity and contraction of the stomach,

intestine, and gall-bladder. Stimulation of the chorda tympani
provokes secretion of saliva

;
and stimulation of the pelvic nerve

is followed by the customary contraction of the urinary bladder

and large intestine, and by dilation of the vessels of the penis.
After poisoning by ergot, the skeletal muscle contracts in

response to stimulation of its motor nerves in the same manner
as under normal conditions. It is evident, then, that the

inhibitory action of ergot is confined to the myoneural junctions
of the sympathetic system.

A closer investigation shows, however, that this conclusion is

subject to certain modifications. The following table shows the

effects which adrenal has in stimulating the sympathetic nerves,
both under normal conditions and after large doses of ergot.

The results which this table includes may be classified in

three groups :

(1) Where the sympathetic innervation is exclusively

inhibitory, as in the stomach, intestines, urinary bladder, and

virgin uterus, ergot poisoning produces no change in the effects

brought about by adrenalin and by stimulation of the sympathetic.
(2) Where the sympathetic innervation is exclusively stimu-
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latory (motor), as in the arteries of rabbits, in the heart, the

ileoco^cal sphincter, the urethra, the dilator muscle of the iris,

the pilomotor muscles and the retractor muscle of the penis, the

stimulatory action of adrenalin upon the sympathetic system is

more or less weakened by ergot poisoning, or may in some cases

even be abolished.

Organ

Vessels (cat, dog)
,, (rabbit)

Heart muscle
Spleen (cat) ...

Stomach (cat)
Small intestine (dog, cat, ape)
Large intestine (cat)
Ileocaecal sphincter (cat) ...

Internal anal sphincter (cat)
Gall-bladder
Fundus of the urinary bladder (cat)

,, (ferret)

Urinary bladder and urethra (cat)
Pilomotor muscles
Dilator muscle of the iris

Uterus (virgin, of the cat)
Uterus (pregnant, of the cat)

,, (rabbit, ape)
Retractor of penis (dog) ...

Effects of sympathetic stimulation and
of intravenous adrenalin injection

Under normal conditions After ergot poisoning

s.

s.

s.

s.

I.

I.

I.

s.

s.

I.

I.

s.

s.

s.

s.

I.

N. or weak S.

N. or weak S.

I.

I.

I.

I.

N.
I

I.

I.

I.

N.
N".

N. with adrenalin,
weak S. after electric

sympathetic stimulation.
I. or S. and I. ... I.

S. ... I.

S. ... I.

S. N.

S = stimulation
;

I = inhibition
;
N = negative result.

(3) Where the sympathetic innervation is twofold, both

stimulatory and inhibitory in character, the stimulatory action

preponderating under normal conditions, as in the vessels of

the carnivore, in the spleen, the internal anal sphincter, the

urinary bladder of ferrets, the uterus of rabbits and apes, and
the pregnant uterus of cats, the action of adrenalin and the effect

of electric stimulation of the sympathetic are exclusively inhibitory
after ergot poisoning. It is evident from this that structures

having a sympathetic innervation do not all respond to the action

of ergot in the same manner. Those with inhibitory sympathetic
innervation are entirely uninfluenced; those with stimulatory in-

nervation become paralysed; where both stimulatory and inhibitory
fibres are present, the inhibitory function, which was previously
masked by the activity of the stimulatory fibres, becomes apparent
as soon as these are put out of action.

Dale's experiments show that the same structural elements
are influenced by the active principle of ergot as by adrenalin,
and that the site of this influence lies in the sympathetic myoneural
junction tissue. The inhibitory action of ergot is, however, con-

fined to the motor myoneural junction tissue. Whether or no
in organs with a double sympathetic innervation, the stimulatory
and inhibitory functions are associated with the* same substratum
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or are morphologically differentiated, is a question to which these

observations of Dale's do not supply an answer. The results

included in Group 3 render the former supposition the more

probable; and these results are, moreover, evidence in favour of

Langley's theory of the existence of a
"

receptive substance."

The results described above, together with extensive investi-

gation into the action of nicotine and of curare, suggested to

Langley that the cells possess two component parts: (i) a sub-

stance which performs the specific function of the cell, contraction

and secretion
; (2) receptive substances, which react to chemical

influences and nervous stimuli and which are able, in their turn,

to affect the metabolism of the cells. According to this view,
toxins such as nicotine, curare, atropine, pilocarpine, adrenalin,

and strychnine, which were believed to exercise an influence upon
the nerve terminals, do not act upon the terminals but upon a

constituent of the reacting cell. This theory supplies a final

answer to the question as to whether adrenalin acts directly upon
the muscle itself, as Langley at first supposed, or whether it acts

upon the sympathetic nerve endings. The myoneural junction
forms a portion of the receptive substance, and is situated in

the neighbourhood of the nerve terminal. The cells may contain

either stimulatory or inhibitory receptive substances, or they may
contain both

;
the effect of nervous stimulation will depend upon

the extent to which both receptive substances are influenced by
the nervous impulse.

According to Langley, not adrenalin only but other products
of secretion, such as thyroidin and the internal secretion of the

reproductive glands, react upon receptive substances in the cells-

which are not necessarily connected with nerve fibres.

THE BY-EFFECTS OF ADRENALIN.

In addition to the physiological effects already described,,

adrenalin exercises certain other influences, partly physiological
and partly toxic in character, which it is convenient to describe

as "by-effects."
Such a physiological by-effect is the stimulation by adrenalin

of the vasomotor and vagus centres in the medulla oblongata, to

which reference has already been made. From what we now
know of the action of adrenalin, those phenomena which appear
after intravenous injection as the outcome of the stimulation of

certain nervous centres, are due, not to the direct action of the

substance itself, but to changes which it brings about in the

circulatory conditions. In regard to its action upon the vagus
and the consequent slowing of the pulse, there is no doubt that

the result is due to stimulation of the vagal centre in consequence
of the increased blood-pressure (Biedl and Reiner). The fact

that the slowing of the pulse is immediately relieved by resection
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of the vagus or by atropine paralysis of the vagal terminals, is

almost certain evidence in favour of this theory. It is, however,

a more difficult matter to prove that the influence upon the

vasomotor centres is secondary, though from what we know of

the effects of high blood-pressure upon these centres, the assump-
tion seems highly probable. Moreover, the exhibition of adren-

alin is followed by other phenomena, due to the stimulation of

certain other centres, which are certainly not provoked by the

action of the substance itself, but are the result of the increased

arterial tension.

To this group of phenomena belong the changes which are

observed in the respiratory conditions after the injection of supra-
renal extract or of adrenalin. After the injection of therapeutic

doses, the respiration becomes shallow and diminishes in

frequency. The shallowness is due to diminution of the

inspiratory movements, the reduction in frequency to the pro-

longing of expiration. Sometimes there are isolated gasps and

sighs, or there may be several prolonged expiratory pauses. If

the injections are repeated, the shallowness remains, but the

prolonged expirations disappear, and the breathing becomes

slightly accelerated (Kahn). At the same time, the height of the

expirations remains at the former level. The inspirations

gradually become deeper, until, by the time the blood-pressure
has fallen to the normal, the depth and frequency of respiration

has also reached the normal.

Boruttau attributed this influence of adrenalin upon expir-
ation to a direct inhibitory action, or at least to a reduction in

the sensibility to stimuli of the respiratory centre in the medulla

oblongata. It would be more accurate, perhaps, to speak of
' ' an

increased sensibility to stimulus on the part of the inhibitory

centres," especially since Kahn has shown that the respiratory
reflexes produced by centripetal stimulation of certain nerves,

undergo a marked increase in intensity after the injection of

suprarenal extract. Such are, the improved inspiration which
follows weak stimulation of the central vagus stump ; the improved
expiration which follows stimulation of the superior laryngeal
nerve ; and the suspension of expiration (Kratschmer's reflex)

which follows stimulation of the nasal branches of the trigeminus.
We have no proof that these changes in respiratory activity

are the result of the direct action of adrenalin upon the respiratory
centres; hence we are compelled to regard them, like the changes
which take place in the bulbar and vagal vasomotor centres, as

the result of changes in the circulatory conditions.

Among the effects of adrenalin of which we at present know
very little, are those influences, perhaps physiological, but more
probably toxic, which it exercises upon the striated muscles.

According to Oliver and Schafer, suprarenal extract, like veratrin,

provokes an extension of the graphic curve of contraction of the
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gastrocnemius of frogs, as well as of the forearm muscles of dogs.

According to Langlois, suprarenal extract produces a paralysis of

the motor nerve endings, similar to that provoked by curare.

Boruttau compared the action of adrenalin upon the striated

muscles to the changes which take place in the first stage of

fatigue. On the other hand, Dessy and Grandis believe that

fatigued nerve muscle preparation of the frog is stimulated to

renewed activity by the action of adrenalin. Panella, who con-

firmed this view, found that, in frogs, the action of the active

principle of suprarenal was antagonistic to that of curare; it

neutralizes the inhibitory effect which minimal doses of curare

have upon the muscles, and in cases where curare paralysis has

already made its appearance, it hastens the return to normal

conditions. The results of Joteyko's investigations into the

nature of adrenalin, seem to show that it produces neither stimu-

lation nor inhibition of muscular action, but that it affects the

muscular sarcoplasm in such a way as to render it more sensitive

to nervous stimulus. These changes in irritability are, however,
so slight as to be demonstrable only by special methods.

The experimental evidence which we at present possess is

not sufficient to decide the question, as to whether the influence

which adrenalin exercises upon the striated muscles is physio-

logical or toxic in character. Observation of the heart muscle

yields results which seem to point to the latter conclusion. For,

in addition to the changes which have been described, certain

phenomena are occasionally observed in connection with the

heart muscle, which it is impossible to regard as other than toxic.

In dogs, especially, both large doses of adrenalin and the injection

into the veins of extract of the chromaffine bodies (Biedl and

Wiesel), are frequently followed by arhythmia, and in some
instances by a sudden fluttering which terminates fatally.

TOXIC ACTION.

When given in moderate doses, the influence of adrenalin is

purely physiological, but when employed in large quantities its

action is violently toxic. It exercises a destructive influence upon
a number of tissues, and produces acute symptoms which may
end in death.

The amount of the toxic dose of adrenalin is, to a certain

extent, dependent upon the animal species and upon the method of

exhibition. The intravenous injection of .1 to .2 mg. per kilo

usually proves fatal to dogs, rabbits, and guinea-pigs. Amberg
gives the toxic dose of epinephrin though this is probably not

identical with adrenalin as i to 2 mg. per kilo in dogs. Cats,

as a general rule, tolerate somewhat larger doses of adrenalin, the

toxic ^ose being as high as .5 to .8 mg. per kilo (Lesage). The
size of the dose, the intravenous injection of which is immediately
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followed by death, is larger in proportion to the distance of the

site of injection from the heart.

When injected subcutaneously, ten to fifty times the amount
is borne. The lethal dose is about 8 to 10 mg. per kilo in guinea-

pigs and rabbits, 5 to 6 mg. in dogs. Frogs tolerate a dose ten

times larger in proportion to their weight than rabbits. About
.1 mg. injected subcutaneously is fatal to mice weighing 10 to 15

grms. Abderhalden and Slavu employed a similar dose of

1-suprarenin. These authors found that, in the case of mice, the.

lethal dose was followed, either by convulsive symptoms lasting a

few minutes, or by coma lasting several hours \vith a terminal

fall in temperature. They found the action of d-suprarenin much
less toxic, the fatal dose being .1 to .5 grm. The same authors

also discovered that, if the animals are previously treated with

increasingly large doses of d-suprarenin (.2 to 5 mg.), they

acquire a definite tolerance of the 1-component and will bear an,

amount two to ten times as large as under ordinary conditions.

According to Watermann, the immunizing action of d-suprarenin.
is observed not only in regard to the fatal dose of 1-suprarenin,,
but also in the case of the dose which provokes glycosuria. 2 mg.
1-suprarenin produced little or no sugar in the urine of rabbits,

which had been previously treated with increasing doses (10 to

50 mg.) of d-suprarenin, though under ordinary conditions, such
a dose of 1-suprarenin is invariably followed by glycosuria.

A. Frohlich found that the intravenous injection of d-supra-
renin (2 to 5 mg.) induced a condition in dogs and cats, in which
the blood-pressure \vas entirely unaffected by the injection of

natural adrenalin, by 1-suprarenin in doses of i mg., or

by stimulation of the splanchnic nerve. In this state, death by
asphyxia is not preceded by any rise in blood-pressure. Accord-

ing to Frohlich, the non-toxic d-suprarenin, when given in large
doses, combines with certain nervous or muscular portions of the

blood-vessel cells and renders them completely inaccessible to the

action of 1-suprarenin, to which these cells are, as a rule, very
susceptible. Abderhalden, Kautzsch and Miiller were unable to

confirm Frohlich's findings; they believe that the results of his

experiments wrere largely influenced by the presence, in his ani-

mals, of relative cardiac insufficiency.
There is no doubt that the organism acquires a certain

tolerance of the toxic action of adrenalin, for, by giving it at

intervals of twenty-four hours or longer in increasingly large
doses, rabbits, for instance, will take quantities up to .4 mg.
without signs of untoward effects. Moreover, it has been

definitely proved by Elliott and Durham, that, where animals are

under continuous adrenalin treatment, adrenalin antibodies are

not formed in the organism.
When injected into the peritoneum, the lethal dose of adren-

alin is about the same as when the injection is given subcutan-
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eously. Falta and Ivcovic recently discovered that, if exhibited

by way of the stomach or intestines, or if given intravesicularly,
enormous quantities of adrenalin are tolerated without toxic

symptoms of any kind. No signs of poisoning followed the

introduction with the probang of 20 mg. of adrenalin into guinea-

pigs, 1 6 to 50 mg. into rabbits, and 150 mg. into dogs. The
amount of adrenalin in the urine, after both subcutaneous and

intraperitoneal injection, was insignificant. After exhibition by
the mouth, however, considerable quantities of adrenalin, or of a

substance possessing the chemical, physiological and toxic

properties of adrenalin, were found in the urine. The authors

believe that, when introduced into the stomach, adrenalin becomes

fixed, either in the mucosa of the gastro-intestinal canal, or by
the agency of the digestive secretions

;
that in this manner it loses

its specific physiological and toxic properties ;
and that, when

present in large quantities, it is again released in the kidneys.

Although adrenalin undoubtedly has a wide therapeutic

application, it must be remembered that it is by no means a

harmless substance. In its clinical employment, the subcutaneous

injection of i mg. is frequently sufficient to provoke toxic

symptoms, such as palpitation and headache, while in older

people whose vessels are sclerosed, there may be rigors (Falta).

Some time ago v. Fiirth pointed out the danger attaching to the

indiscriminate employment of suprarenin.
The symptoms shown by animals dying of adrenalin poison-

ing, as well as the cause of death, vary to a certain extent with

the method of employment of the drug. After the injection of

large quantities into the jugular vein, the animals usually collapse
at once and die after a few respiratory movements. In such

cases, death is due to momentary arrest of the heart's action or to

fluttering, consequent upon the cessation of circulation. The

injection of the simple lethal dose, more particularly into

the peripheral veins, frequently produces cedema of the lungs in

rabbits, the animals dying within a few minutes. Many of the

symptoms which appear in connection with the respiratory

apparatus, such as the shallowness and infrequency of the breath-

ing, the progressive dyspnoea, together with the fact that the

animals may be kept alive for a long time by means of artificial

respiration, point to inadequacy on the part of the respiratory
nervous apparatus. This nervous inadequacy may be primary
or, and this is more probable, it may be a secondary result of the

changed circulatory conditions.

The subcutaneous or intraperitoneal injection of sufficiently

large doses is, at first, followed by a stage of intense excitement,

accompanied by repeated vomiting and sanguineous diarrhoea;
later on, there is increasing weakness and, finally, extreme

prostration with complete paralysis ;
death follows after a few

hours twenty-four at the most. The autopsy reveals a high
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degree of hyperaemia of all the internal organs; a serous, and

occasionally sanguineous, fluid is present in the pleural, peri-

toneal, and pericardial cavities; there are sub-pleural, sub-

pericardial, and epicardial ecchymoses, relaxed heart muscle,

pulmonary haemorrhages and, occasionally, pulmonary oedema.
The abdominal viscera, especially the intestine, are not only

markedly hyperaemic, but they are frequently covered with exten-

sive haemorrhagic patches.
There are, undoubtedly, good grounds for ascribing the fatal

termination which follows the intravenous injection of large

quantities of adrenalin, to profound circulatory disturbances; but

where the substance is introduced either subcutaneously or into

the peritoneum, there is no evidence as to the cause of death.

The destructive influence which adrenalin has upon the tissues,

which will be fully discussed later, suggests, however, that the

cause of death in these cases is to be sought in a destruction of

the vital tissues.

Of the toxic effects which adrenalin exercises upon individual

tissues, the most conspicuous is the necrosis which it sometimes

produces at the site of either subcutaneous or intraperitoneal

injection. As far as my observation goes, this process is of very

frequent occurrence; it affects the subcutaneous cellular tissue

and is more marked in proportion to the weakness of the adrenalin

solution employed. The subcutaneous injection of .1 mg. of the

usual solution of i : 1000 into rabbits, rarely produces necrosis;
but necrosis almost invariably appears if the same dose is diluted

with large quantities (50 to 100 c.cm.) of sterilized normal saline

solution. If this method is employed, marked oedema will appear
at the site of injection, and this will be distinctly visible the next

day, becoming haemorrhagic later. In the course of the next few

days, the skin becomes more or less extensively necrosed and

finally heals, after forming a scab.

The subcutaneous or intravenous injection of adrenalin is

followed by inflammatory and degenerative changes, not at the

site of application only, but also in organs distant from it. These

changes are observed after a single injection and are more marked
where the injections are repeated. The kidneys show signs of

inflammation and infiltration, together with haemorrhages and

necrosis; there are haemorrhages and necrotic and cirrhotic

changes in the liver; symptoms of inflammation appear in the

lungs ;
and necrotic processes are seen in the mucosa and muscular

structure of the stomach, intestines and urinary bladder. Schlayer
found that the injection of adrenalin was followed by changes in

the renal tissue resembling those of contracted kidney. Both
Erb and Fischer found that the repeated injection of adrenalin

into the veins of rabbits, was followed by multiple cerebral haemor-

rhages, associated with pathological changes in the substance of

the brain. The cause of these haemorrhages probably lies in a

primary lesion of the cerebral vessels.
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The most conspicuous of the toxic effects of adrenalin is that

which it exercises upon the circulatory organs. The repeated

injection of adrenalin produces serious changes in the heart
;

hypertrophy of the left ventricle, myositis fibrosa, ischa^mic in-

farction, foci which have undergone hyaline degeneration, and
necrosed patches, have all been observed.

Of the changes effected by suprarenal extract, or by adren-

alin, upon the circulatory apparatus, those which may be experi-

mentally induced in the arteries have received the most attention.

It is expedient to the present purpose to enter rather more fully
into this subject.

Josue was the first to show, in 1902, that the repeated injection
of adrenalin into the veins of rabbits produces atheroma of the

vessels. Jores had previously tried to produce changes in the

vessel walls by means of suprarenal tabloids given by the mouth,
but his experiments were quite unsuccessful.

Later, experiments were carried out upon animals of varying
species with the different suprarenal preparations; with adrenalin

obtained from the suprarenal and with synthetic preparations,
such as methylaminoacetopyrocatechin, by Sturli

;
and with syn-

thetic suprarenin and its components, 1- and d-suprarenin, by
Biedl.

Experiments with dogs have produced somewhat variable

results. Fischer and Mori, as well as Pearce and Stanton,
obtained negative results

;
while Tarantini and Braun found that

the intravenous injection of adrenalin was followed by vascular

changes similar to those seen in rabbits immediately after such

injection. According to Loeper, Lissauer, v. Hansemann and
Boveri, the symptoms are intensified by feeding the animals with

calcium
; moreover, animals, the normal diet of which is rich in

calcium, such as the hare, horse and cow, are more susceptible
to vascular changes than animals whose normal food contains

but little calcium (dog, cat).

The rabbit is a very reliable subject for such experiment,*
and has been employed in the great majority of cases. It is

evident that, in the first place, the appearance of changes in the

vessel walls is dependent upon the manner in which the drug is

exhibited. The results of subcutaneous injection have occasion-

ally been positive, but far more often negative, in character. After

intratracheal injection, Kiilbs observed typical changes in the

aorta; Fischer found that intraperitoneal injection was not fol-

lowed by such changes ; Erb noticed slight changes in the aorta ;

d'Amato observed similar changes after the introduction of

Vassale's preparation,
'

paraganglin," into the stomach; and
Tarantini obtained only negative results by the latter method.

' Klotz and Bennecke think that the large calcium contents of rabbits'
blood is significant in this connection.
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The most reliable results have been obtained by means of

intravenous injection (Erb, B. Fischer, K. Ziegler, Lissauer,

Braun, Minorescu, Scheidemandel, v. Koranyi, Pearce and Stan-

ton, v. Rzentkowski, Kiilbs, Hedinger, Loeb, Loeper, v. Frey
and Meyer, Pic and Bonnamour, &c.). Kaiserling is the only
author who is not convinced that the changes in the aorta are

directly due to the action of adrenalin. The vast majority of

authors hold the opinion that the results of adrenalin experiments
are in no sense accidental, and that there is, as far as we know
at present, no reason to doubt that the changes observed in the

vessels of rabbits are the outcome of the action of this substance.

The vascular changes take place in response to quite small

quantities of adrenalin. Braun found that, after a single in-

jection of .1 mg., several calcareous foci were present in the

aorta; he found, also, that the repeated injection of .001 mg. of

Clin's adrenalin, or even of fractions of this quantity, offered the

best means of studying the preliminary stages of "adrenalin
sclerosis."

Speaking broadly, these changes take place more readily in

old animals than in young ones;* there are, moreover, certain

idiosyncrasies peculiar to individuals and to varieties,! but there

is no sex incidence (Bennecke) ;
and it is certain that diet

exercises a modifying effect (v. Koranyi). J

Where small doses are employed, the changes are distributed

throughout the entire vascular system (Braun). Of the observers

who employed larger doses, the greater number describe changes
in the aorta only. The changes appear first and are most marked
in the upper portion of the thoracic aorta, though they are

occasionally met with in a slighter form in the abdominal aorta.

According to v. Rzentkowski, the most frequent site is at the

fork where the vessel branches. The macroscopic findings, as

described by different authors, agree in their main points with

those originally set forth by Josue.
At first, small, whitish, granulated patches, of about the size

of a pin's head, make their appearance upon the inner surface of

the aorta, and gradually combine to form round or band-like

plaques. They early undergo calcification, patches no larger
than a pin's head assuming an indented cup-like form. Later on,

cup-like, round or oval aneurysmal pouchings are formed, often

with rough chalky ridges between them. Diffuse calcification is

also observed, though its occurrence is somewhat rare.

The histological changes (Braun) consist, in the first instance,

*
Josue thinks that young; rabbits are not susceptible to adrenalin.

This view is confirmed by O. Loeb and Githens, but is disputed by Ben-
necke.

t Albinos and the more finely-organized breeds are less resistant to

adrenalin.
+ According to v. Koranyi, rabbits fed on carrots have a greater power

of resistance than those fed on oats.

16
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of serous infiltration of the media; proliferation of and hyper-

trophic changes in the muscles of the vessels, and injury of the

elastic elements in the vessel walls, especially of the lamina

elastica interna, together with consecutive, and probably com-

pensatory, proliferation of this tissue. In its earlier stages, it is

difficult to define the exact nature of the injury to the muscular

portion of the vessel walls. It is certain, however, that at a very

early stage there are softening of the tissue, nuclear changes, and

thickening of the fibres, the latter being probably compensatory.
In the case of vessels of the muscular type, the changes in the

intima the
"
hyperplastic proliferation of the intima

'

are, as

a rule, apparent when the media are only slightly affected. At a

later stage, the proliferation of the intima in vessels of both kinds

becomes degenerative.
The final stage consists in necrosis of the muscle cells (Erb,

Torri, Fischer, Hedinger, Lissauer, Kiilbs, Ziegler, Saltykow,

&c.), together with calcification of circumscribed areas, and
various changes in the elastic fibres. The question as to whether

the muscular changes are preceded by fatty degeneration has been

differently solved by different authors. Klotz, Saltykow, Pearce

and Stanton, Lissauer and Bennecke believe that this is the case;
on the other hand, Fischer, d'Amato and Flagella, and Scheide-

mandel have never observed fat.

Where there are foci of calcification, the elastic lamella? fre-

quently appear to be stretched; their normal undulations dis-

appear; and "granulated, elastic' fibres are observed. Later

on, where the lesion is very pronounced, the elastic lamella? may
tear, or rather break, afterwards splitting and crumbling until

they finally disappear. Fatty degeneration of the elastic fibres

has also been described (Klotz).
Calcification is frequently present at a very early stage.

According to Trachtenberg and Miesowicz, formation of cartilage
also takes place. At the beginning, the calcified foci are, as a

rule, sharply defined from the sound tissue. Where the media
is completely destroyed, a deep and progressive pouching of the

wall gradually takes place and an aneurysm is formed. The foci

and the chalky scales upon the media become surrounded later

by cellular proliferations, which consist of leucocytose and lym-

phocytose infiltration, granulation tissue and proliferation of

muscle cells. It is my own experience (Biedl and Braun) that

all these changes take place. The descriptions which have been

given of giant cells are doubtless well founded. The hyper-
trophic muscle fibres, especially in section, closely resemble

cartilage cells. In the later stages, there is connective tissue

formation (Ziegler), diffuse sclerosis, fibrous degeneration of the

media (Scheidemandel, Torri), reactive inflammation, mesarter-

itis, and endarteritis (B. Fischer).
The changes in the intima consist, at first, of endothelial pro-
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liferation (Erb, Kiilbs, Saltykow) ; fatty degeneration of the

proliferated endothelium (Saltykow, Klotz) ;
and connective tissue

thickening of the intima (Papadia, Watermann). According to

K. Ziegler, the proliferation of the intima is wholly compensatory,
its purpose being to rill up the inequalities of the inner surface

of the vessel. This can apply, however, to a small proportion of

cases only. F. Falk has frequently observed proliferation of the

intima and of its component parts in portions of the small vessels

\\hich had become pouched as a result of the process. Fissure

of the lamina elastica interna is frequently observed, as well as

the occurrence of nuclei (unstriated muscles) in the intima of the

small vessels. It is probable that changes (softening) do not take

place in the media of the small vessels, or if they do, they can

only be of the slightest description. Here and there, pronounced
connective tissue traits appear in the portions of the media border-

ing upon the adventitia (Falk).
K. Ziegler explains the sporadic appearance of the diseased

condition by the implication of the vasa vasorum. With regard
to the primary localization of the disease, all authors, with the

exception of Loeper, Papadia and Boveri, are agreed that the

changes in the media are essential, the changes in the intima

secondary, in character. Whether, however, this rule applies

equally to the small vessels, is a point upon which no certain

pronouncement can at present be given. The tissue which is

first affected is the muscular structure of the vessels (B. Fischer,

Falk, &c.), although v. Rzentkowski, Marchand, Scheidemandel
and Trachtenberg localize the site of earliest affection in the

elastic portions of the vessel walls.

The pathogenetic factors in the changes brought about by
adrenalin in the arteries are : its effect in raising blood-pressure ;

its toxic action upon the vessel walls
;
and perhaps, also, a

direct influence upon the vasa vasorum.

Changes similar to those in the aorta are also observed in

the pulmonary artery, in the veins (d'Amato), and in the

lymphatics (Donzello and Vito Tardo), in all of which the con-

ditions governing pressure could hardly be altered, to any appre-
ciable extent, by the action of adrenalin. These facts militate

against the view that the increased blood-pressure is the sole

pathogenetic factor. Moreover, L. Braun, and later Waterman,
both observed identical changes in the arteries in cases where,

by injecting adrenalin in combination with amyl nitrite, they had
excluded every possibility of increased blood-pressure. Similar
results were obtained where adrenalin was administered simul-

taneously with other substances which lower blood-pressure;
Boveri, for instance, employed adrenalin with opothyroidin ;

Mironescu adrenalin plus euphthalmin, which is a substance of

the atropine group.
B. Fischer proved that changes in the vessels may be also
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brought about by the agency of many substances which do not

raise pressure, if these are administered in a suitable manner.

Such substances are: normal saline solution in large quantities;

hydrochloric, phosphoric, and lactic acids
;
calcium phosphate,

potassium bichromate, uranium nitrate, chloral amide, phlorizin,

trypsin, pepsin, thyroidin, and dried mammary gland. It

must be conceded, however, that these substances never produce

changes as marked as those which result from the action of

adrenalin.

The toxo-chemical action of adrenalin is still further proved

by the results of Falk's experiments. While ignoring the rise in

blood-pressure produced by adrenalin, he succeeded in intensify-

ing or reducing the arterial changes which followed it by
injecting, together with adrenalin, substances which have no

influence upon blood-pressure, their action being purely
chemical.* According to Falk, a repeated, transitory rise in

pressure and functional hyper-stimulation of the muscles of the

vessels, are essentially the predisposing causes of necrosis of the

vessels.
"
High blood-pressure alone never gives rise to serious

injury of the media, that is to say, to regressive changes; for

hyperactivity is, in itself, far more likely to lead to a gradual

hypertrophy of the various layers forming the walls of the vessels.

It is in this way that Falk explains the results of experiments in

which changes in the vessels, in every way resembling those

provoked by adrenalin, were brought about by repeated mechanical

hypertension induced by the injection of gamboge or croton oil,

with simultaneous compression of the abdominal aorta.

In company w*ith L. Braun, I investigated the effect which

purely mechanical hypertension exercises upon the vessels. We
found that, in the rabbit, sheep, and ape, repeated compression of

the aorta above the point of departure of the renal artery gives
rise to lesions of the vessels, which upon the whole, are analogous
to those produced by adrenalin. From the results of experiments
carried out under special conditions, we concluded that the

vascular lesions depend, not only upon the hypertension, but also

upon the extreme pressure fluctuations which take place in the

arterial system, and which make special demands upon the

elasticity of the vessel walls.f

* The arteriosclerosis was either prevented or arrested by the simul-
taneous injection of chemotaxic substances, such as : dead staphylpcocci,
pyocyaneusprotein, oil of turpentine, aleuronate, and sesame oil

;
it was

enormously increased by the subcutaneous injection of croton oil, gamboge,
and bacterial toxins. Falk thinks that the absence of arteriosclerosis is due
to the increase in the amount of lymph. After Biedl and Offer had proved
that the glocosuric action of adrenalin is inhibited by lymphagogue sub-

stances, Falk found that the injection of extract of leeches, which increases
the circulation of lymph, was likewise unattended by changes in the
vessels.

t A detailed account of "
compression sclerosis

" as observed by Braun
and myself appeared in the Sitzungsberichten der k. Akad. d. Wissensch.
in .Wien. Vol. 119. IQII.
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Serious changes in the aorta of rabbits after compression of

the abdominal aorta are described by W. Henwood Henry; and
Klotz observed similar changes in rabbits after they had been

repeatedly suspended with the head downwards.
These experiments illustrate the important part played by

changed haemodynamic conditions in the etiology of lesions of

the vessel walls. They serve, moreover, to establish the prob-

ability of this agent as a factor in the causation of adrenalin

sclerosis. The discovery that similar changes are produced in the

vessel walls by other substances, whose property it is to increase

blood-pressure, such as digalen, digitoxin, strophantin, barium

chloride, ergotin, nicotine, and formaldehyde, may be regarded
as confirmatory evidence, although it is not possible in these

instances to exclude the operation of chemico-toxic factors.

In spite of much searching investigation, it has not been

possible, up to the present, to arrive at any conclusive decision

concerning the pathogenesis of adrenalin arteriosclerosis. But
the increase and the fluctuation in pressure, on the one hand, and
the toxic injury to the vessel walls, on the other, are undoubted
factors in the causation of the condition.

These findings are confirmed by the results of certain experi-
ments which I recently undertook, with the object of discovering
the changes brought about in the vessel walls by means of 1- and

d-suprarenin. I found that, when given in quantities too small to

provoke a rise in blood-pressure, serious sclerotic changes
followed the employment, not only of the 1-component whose

property it is to raise blood-pressure, but also of the d-component
which, owing to its slight toxicity, may be given in larger doses.

In no case did I find that treatment by subcutaneous injection of

d-suprarenin created a tolerance of subsequent intravenous injec-
tion of 1-suprarenin. The changes in the vessels to which

d-suprarenin gives rise are undoubtedly in the nature of toxic

injury, brought about by the agency of a substance, the affinity of

which to certain components of the vessel walls is suggested' by
certain experiments of A. Frohlich's, which have already been
described.

The following facts are known concerning the part played
by certain physical conditions in the causation of a sclerosed

condition of the vessel walls.

Pregnant animals appear to be less susceptible than others

to the influence of adrenalin (Loeb and Githens, Loeper, Boveri,
v. Koranyi). It is certain that the conditions of pregnancy,
castration (Thevenot), cachexia (L. Loeb and Githens, Pic and

Bonnamour), and fatigue (Thevenot), are not favourable to the

development of adrenalin lesions. During the period of lacta-

tion, the resistance to the action of adrenalin is lowered (Pic and
Bonnamour, Thevenot). As far as the effect upon thyroid-
ectomized animals is concerned, opinions are divided. It must
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be conceded that, upon the whole, the effect which different

physical conditions have upon the enlargement of the vessels as

induced by adrenalin, is at present insufficiently investigated.

The influence which certain drugs have upon the changes in

the vessels produced by adrenalin, has formed the subject of

extensive investigation. Of these, iodine has received the most

attention.

v. Koranyi found that the simultaneous exhibition of adren-

alin and iodine inhibits the changes which adrenalin provokes in

the vessels. Boveri arrived at the same conclusion, but Biland

obtained quite opposite results. He found that the simultaneous

exhibition of iodide of potassium and suprarenin favoured the

appearance of changes in the aorta. Hedinger, Loeb, and

Fleisher, as well as Kalamkarow, bring forward a large amount

of evidence in confirmation of Biland's findings; Klienenberger,
on the other hand, is unable to show that the effects of adrenalin

are inhibited by the action of iodine. The inhibitory influence of

iodipin upon the development of adrenalin sclerosis, depends

upon the amount of sesame oil which it contains (Schrank).

According to Mansfield, the simultaneous employment of cholin

with adrenalin does not arrest the changes in the vessel walls.

The vast majority of authors who have occupied themselves

with the question of the changes which adrenalin produces in

the vessels, have discussed this condition in its relation to the

clinical form of arteriosclerosis. The views which different

authors hold upon this subject are, however, very diverse. Josue,

Loeper, Gouget, Gilbert and Lion, Boveri, Braun, etc., believe

that the two conditions are more or less identical ;
while Fischer,

v. Rzentkowski, Scheidemandel, Hedinger, d'Amato, Lissauer,

Loeb, Klotz, Saltykow, etc., lay stress upon the differences which

subsist between the two conditions. Certain signs, such as the

calcification of the media as seen in the clinical condition, are

believed by many authors (v. Erb, Biland, Bennecke, Klotz,

Marchand, Saltykow, etc.) to be common to both pathological
forms.

ADRENALIN AS A SECRETORY PRODUCE OF THE
ADRENAL SYSTEM.

It has been shown that adrenalin is a well defined chemical

substance, minimal quantities of which produce definite physio-

logical results. The next step is to discover whether this sub-

stance is formed and passes into the circulation during life, or

whether it comes into existence post mortem.
The first question to be decided, however, is in which of the

two suprarenal systems is adrenalin formed? As stated in an

earlier chapter, Vulpian and Virchow were able to obtain the

colour-reactions characteristic of adrenalin with the medullary
substance of the suprarenal only; with that tissue, in fact, which,.
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as Henle proved, stains brown in watery solutions of chromic acid

and the chromates. Oliver and Schafer next discovered that the

specific action of suprarenal extract is obtained exclusively with

the extract of the medulla, extract of the cortical substance being
negative. It was shown by both Langlois and S. Vincent, that

blood-pressure is raised by those extracts only which are obtained
from animals, the suprarenals of which are composed of medullary
and cortical portions. Vincent found that extracts of the so-

called suprarenal bodies (Balfour) of Selachii, were physiologically
active and, in combination with Moore, he succeeded in obtaining
with these substances the chemical reactions characteristic of the

chromogen of the suprarenal medulla. Extracts of the interrenal

bodies were partially active owing, Vincent believes, to the

inclusion of a proportion of medullary substance; extracts of the

bodies of Stannius of Teleosteii were completely inactive. These
tests were only employed to prove toxicity.

I next found that extracts obtained from the adrenal organs
of Selachii possess all the physiological properties of adrenalin.

It is a noteworthy fact that, if adrenal organic extract is injected
into the branchial arteries of rays or torpedoes, a rise in blood-

pressure takes place similar to that which follows the injection
of adrenalin. Finally, it was shown by Biedl and Wiesel,
that extracts of the extracapsular chromaffine tissue, more par-

ticularly extract of the accessory sympathetic organs in the

neighbourhood of the abdominal aorta of children (Zuckerkandl),

produce contraction of the peripheral vessels and increased cardiac

activity, by which a rise in arterial tension is effected. These
authors also discovered that the substances exercise a transitory

injurious effect, first upon the right heart, and afterwards upon
the left, which is manifested by the occurrence of arhythmic beats.

They emphasize the fact, and in this they are supported by A.
Kohn, that the physiological reaction which is regarded as the

specific effect of suprarenal extract, is a property of the extract

of the chromaffine cell-group. In view^ of these results, it is

hardly possible to doubt that adrenalin is a chemical component
of that tissue which is distinguished, histologically, by the chrom-

affinity of its cells, and which has received the name of adrenal

tissue.

A certain amount of information as to the quantity of adren-

alin present in the suprarenal and in the free portions of the

adrenal system, is supplied by histological investigation. The

chromaffinity of the adrenal cells, that is to say, the property which
their cytoplasm has of staining brown or yellow-brown with

chromium salts after suitable fixation, is the measure of their

adrenalin contents.

The most suitable fixing fluids are mixtures of potassium
bichromate and formalin (Kohn, Wiesel). The objects must be
as fresh as possible when put into the fixing fluid, for the chrome
reaction disappears with remarkable rapidity after death, the cells



248 INTERNAL SECRETION

refusing to stain after twelve or, at the outside, thirty hours. It

should be further borne in mind that all cells do not stain equally

intensely, and that their chromaffinity is by no means always
parallel to their adrenalin contents, as revealed by other methods.
In the experiments of Schur and Wiesel, in which prolonged
narcosis in rabbits was followed by reduction and total disappear-
ance of the chromaffinity of the suprarenal medulla, I found a dis-

crepancy between the chromaffinity of the suprarenal extract em-

ployed and its effect in raising blood-pressure. For instance, the

hypertensive action of one extract was of about normal intensity, but

the chromaffinity of the suprarenal from which it was derived was

very much reduced. Whether, in these cases, the slight chrome
reaction is due to insufficiency of the adrenalin contents, or to the

presence of non-chromophile pre-stages of adrenalin, is at present
undecided. Whatever the cause, however, findings such as these

show very clearly that Henle's chrome reaction can be employed
at best as a provisional quantitative test only for adrenalin.

Battelli was the first to attempt to record in actual figures the

amount of adrenalin contained in the suprarenals. For this

purpose, he employed a colorimetric method of his own with
ferric chloride, but was able to obtain only approximate results.

Battelli and his pupil, S. Ornstein, measured the amount of

adrenalin in the suprarenals of man, rabbits, and guinea-pigs, by
estimating the increase in blood-pressure produced by the extracts

of those organs. The results of their experiments showed that

the adrenalin contents of both suprarenals are approximately the

same in the dog and the rabbit, but that in the guinea-pig the

amounts differ, the excess being in the right or left organ indiffer-

ently. They also proved that, in the case of the dog and the

rabbit, extirpation of one capsule did not lead, at any rate within
the next few days, to a change in the adrenalin contents of the

other. In the case of the dog, however, a reduction was occasion-

ally observed in the adrenalin contents of the capsule left in situ.

Battelli's tables show that i grm. of suprarenal substance

contains, upon an average, i mg., or slightly more, of adrenalin.
It was estimated that 18 grm. of suprarenal substance of cattle

contained a mean quantity of 4.3 grm. of medullary substance,
and .031 grm. of adrenalin

;
that is to say, .75 per cent, of adrenalin

was present in the medullary substance.

According to Battelli, the adrenalin contents of the suprarenals
of different animals, to every 1,000 kg. of body weight, are as
follows :

Man 0603 grm. adrenalin per 1000 kilo.
Ox .074--077
Horse ... .0816-. 12 ,, ,, ,,

Sheep U5-.I2I ,, ,,

Pig .o;S-.oS4 ,, ,, ,,

Do ... .o666-.ii6 ,, ,, ,,

Rabbit ... .083

Guinea-pig ... .229 ,,
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Although these figures possess an approximate value only,

they show that the adrenalin contents in proportion to body weight
are very much the same in different animals. The guinea-pig
forms the only exception, the adrenalin contents in this instance

being twice, or nearly three times, as large as in other animals.

Quantitative chemical tests for adrenalin have not as yet been

carried out by means of the more improved modern methods. The

following facts have been ascertained concerning the adrenalin

contents of the suprarenals under both physiological and patho-

logical conditions.

Langlois and Rehns found that the suprarenals of foetuses

yielded, at the end of the first half of pregnancy, extracts which

produced a rise in blood-pressure, and also gave a positive reaction

with ferric chloride. Judging by the chromium reaction, the

portions of the adrenal system which are external of the supra-
renals contain adrenalin earlier in the life of the embryo than the

cells of the medulla (Wiesel).
That the adrenalin contents of the suprarenals are affected

by changes in the physiological conditions, was first shown by
Battelli and Roatta. These authors found that the amount of

adrenalin in the suprarenals of dogs, which had been allowed to

run in a treadmill until completely exhausted, was reduced to a

third of the minimal normal amount. Where the muscular
exertion was followed by muscular repose of several hours dura-

tion, the adrenalin contents became increased until far in excess

of the normal.

Schur and Wiesel confirmed these results also with dogs.
They found that, after running at the treadmill for six to seven

hours, there was a distinct reduction in the cells of the medulla
and total disappearance of their chromaffinity ;

there was no
reaction to ferric chloride; and extract of these suprarenals failed

to produce mydriasis. By means of the last-named test, they
proved that, at the same time, the blood contained a large amount
of adrenalin. Schur and Wiesel also discovered that prolonged
anaesthesia, as the result of ether, chloroform, or A.C.E. mixture,

produced in rabbits a reduction, or even complete disappearance,
of the adrenalin in the medulla as well as of the chromaffinity of

the latter, while at the same time adrenalin was found to be

present in the blood. Kahn, however, was unable to confirm the

results of Schur and Wiesel, either after muscular fatigue or after

prolonged narcosis.

Considerable interest is attaching to the manner in which the

adrenalin contents of the suprarenals are modified by pathological
conditions. It has long been known that, in certain infective

diseases, changes take place in the suprarenals, and these have
been studied by means of experiment. Roux and Yersin
described a high degree of hypera?mia in the suprarenals of

guinea-pigs, after experimental diphtheritic infection or poisoning
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by toxins. Charrin and Langlois found that the injection of

pyocyaneus toxin was followed by pronounced hypenemia and
increase in the volume of the suprarenals, and Pettit observed

histological degenerative changes. Bogomolez discovered serious

changes in the suprarenals, namely, necrosed and hemorrhagic
areas, after infection with diphtheria bacilli

;
and Tscherwenzow

observed similar signs after infection with plague bacilli, Labzine

after streptococcus infection.

According to Langlois, the amount of the active substance

which raises blood-pressure is apparently unchanged in the hyper-
aemic suprarenal ; while, after chronic infective conditions, the

capsule, though increased to three or even four times its original

volume, yields extracts which are totally inactive. According to

Luksch, the suprarenals of rabbits poisoned with diphtheria toxin

or by the injection of other bacterial toxins (tuberculosis, typhus),
do not contain a substance which either raises blood-pressure or

produces enlargement of the pupil. This author also found that

suprarenal extract obtained from ura^mic animals or those poisoned
with phosphorus, is inactive, but that positive results were yielded

by extracts obtained after hunger, fever, poisoning with hydro-
chloric acicl, and resection of the spinal cord.

Schur and Wiesel found adrenalin in the blood after double

nephrectomy, and after the excision of wedge-shaped pieces from

the kidneys ;
there was, moreover, a change in the chromaffinity

of the suprarenals, the medullary substance containing cell-

groups which were strongly chromophile, together with other

groups which were achromophile. After prolonged renal injury,
both the suprarenal medulla and the free chromaffine bodies

present appearances which suggest hypertrophy of the chromaffine

tissue.

Molnar and Goldzieher found adrenalin in the blood of rabbits

after the subcutaneous injection of pounded and rubbed-down

kidney. They also found histological signs of hypertrophy in

the suprarenals in thirty clinical cases of chronic nephritis.
There has been, up to now, no systematic investigation of the

adrenalin contents of the suprarenals in different clinical condi-

tions
;
and exact information as to the amount of adrenalin present

in the suprarenals in Addison's disease is particularly scanty. In

two cases of Addison's disease, I found that the extract obtained

from the suprarenals, which had undergone serious pathological

changes, when injected intravenously, produced no effect upon the

blood-pressure. In a clinical case described by Neusser, which
he believed to be one of suprarenal hypertrophy, I found that the

extract obtained from the suprarenal, which had undergone pro-
nounced carcinomatous degeneration, was exceptionally active. A
portion of a suprarenal, obtained from a case of extreme cardiac

hypertrophy, which was handed over to me by my colleague Stork,

yielded an extract with strong hypertensive properties. On the
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other hand, I have always found that extracts of hypernephroma
are negative in their results.

The above data concerning the variation in the adrenalin

contents of the suprarenals, point with some degree of certainty Lo

the suprarenal tissue as the site of origin of adrenalin.

The question as to whether adrenalin is formed during life,

and is continuously supplied to the blood-stream by way of the

veins of the suprarenal capsule, has already been answered in the

affirmative in a communication of Vulpian's. Vulpian found
that the blood in the suprarenal veins contains the substance

which gives a green reaction with ferric chloride. By means of

the vaso-contractor action of blood from the suprarenal veins,

Cybulski showed that the active substance is formed continuously
in the suprarenals and continuously discharged from them into the

blood-stream. His results have been confirmed in several direc-

tions (Langlois, Biedl, Dreyer), and it has, moreover, been shown
that the production of the active substance of the suprarenals is

subject to the influence of the nervous system (Biedl). Ehrmann
next proved, by means of his more sensitive test with enucleated

frogs' eyes, that there is a continuous supply of adrenalin from
the suprarenal to the blood-stream. Fie was able to show, more-

over, that the amount of the substance supplied varies in different

animal species, while in individuals of the same species it is

substantially the same. The adrenalin contents in cats is low,

in rabbits it is high. Ehrmann concludes that, upon the whole,
those animals are most sensitive to adrenalin which have the larger
amount of it circulating in their blood. The amount of adrenalin

present in the blood in the suprarenal veins of rabbits, is equal
to an adrenalin solution of between one in one million and one
in ten million, that is to say, .0000005 rm - ' n l c.cm. of blood

serum.
Watermann and Smit found that blood serum from the vena

cava produced mydriasis when undiluted only, and they estimated

the adrenalin contents of the caval blood at .000001 grm. per
cubic centimetre. They found that electric stimulation of the

suprarenal, by which all the sympathetic nerve fibres e'ntering the

organ are stimulated, produced an increase in the adrenalin con-

tents of the blood in the vena cava, for the serum of such blood

caused enlargement of the pupil, even in a i : 10 or i : 12 solution.

The suprarenal secretory process has long proved a subject
of interest and investigation to the morphologist. The first point
to be considered in this connection is the activity of the chrome-
brown adrenal tissue, which was investigated by Stoerk and
v. Haberer under exceptionally favourable conditions. They
were able to study the secretory process during excessive muscular

exertion, and also to study the hypersecretion which accompanies
compensatory suprarenal hypertrophy. As the result of their

efforts, considerable light has been shed upon the nature of the

secretory process of the suprarenal medulla.
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Seeing that the morphology of the adrenal system is every-
where the same, what is known of the secretory processes of the

suprarenal medulla may be taken as typical of the entire suprarenal

system. Whether forming the medullary portion of the supra-
renal capsules, or present in the form of isolated bodies, either

unattached or associated with the sympathetic nervous system,
adrenal tissue is invariably composed of rows and spheroid

agglomerations of cells, held together by a delicate structure of

connective tissue, and forming a large-meshed net. The

parenchymatous cells are always placed close against the blood-

vessels, and are, as a rule, separated by the endothelium only,

though occasionally also by a delicate connective-tissue sheath,

from the lumen of the capillaries and the enlarged sinus-like veins.

The cytoplasm of the living chrome-brown cell contains extremely
minute granules, which are, however, coarser in certain animal

species. Some of these granules cluster closely together, while

others are arranged more loosely ; they are not so highly refractive

as fat-granules; they dissolve in water and in alcohol, but are not

soluble in ether, acetic acid, the etherial oils, or in xylol. In

fresh unhardened and unstained preparations, these granules are

scarcely visible; they do not stain satisfactorily by any known

method, the best, however, being iron-haematoxylin with which

they colour a pale grey. When unstained, they are most easily

recognizable by means of a mixture consisting of Miiller's fluid

and formaline or by the various osmium solutions. By using
Zenker's fixing fluid, it is sometimes possible to obtain a good
eosin coloration. According to Poll, these granules have a cer-

tain relationship to the nuclear colouring substances. They colour

pale pink with Ziehl's solution, lake by van Gieson's method,
mauve with methylene-blue eosin, and greenish with Unna-

Pappenheim's methylene-green pyronin mixture.

It is principally these fine granules which respond to the

ferric chloride and chromium tests, and give the reaction which
is characteristic of adrenalin. It is true that microscopic prepar-
ations with ferric chloride are not entirely free from objection.
But with fixing fluids containing chromium (chrome formol),

these granules take on a characteristic coloration varying from

yellow to brown, which does not, however, equally affect either

all the cells or all the granules in the cells.

Ciaccio suggests that the granules are of two kinds; that

they at first stain brown with chromium and afterwards pass into

the iron-green stage, which represents the end product of secretion.

The evidence in favour of this theory is, however, wholly

insufficient, and particularly so in face of the fact that adrenalin

itself reacts to both tests.

In addition to the fine granules, other cell-contents, such as

pigment granules, lipoid granules, etc., have been described.

Stoerk and.v. Haberer have described the occurrence of large rods
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and wedge-shaped granules which are arranged in a peculiar
manner in the protoplasm, and which stain black with iron

heematoxylin. But the biological significance of these bodies,

that is to say, their relationship to the secretory process, is by no
means clear.

According to Stoerk and v. Haberer, the process of the secre-

tion of adrenalin takes place in the following manner : the chrome-
brown secretion is formed by the fine granules, which become

gradually more heavily charged until a certain secretory climax

is reached, when the chrome-brown secretion is discharged into

the intragranular cytoplasm. The cytoplasm, which is character-

ized by its pronounced affinity for basic aniline dyes, becomes
saturated with the chrome-brown secretion and, at this stage,

yields the diffuse ferric chloride reaction. The nuclei of the

adrenalin-forming cells are distinguished by their small provision
of chromatin, and by their peculiar situation at that cell-surface

which is farthest removed from the vein against which the cell

is situated. They sometimes react to chromium, which suggests
that they also are saturated with the secretion.

When the cell contents have, up to a certain point, become
saturated with the secretion, the latter gradually becomes diffused

through the cell membrane and the capillary wall into the blood.

At the same time, the cytoplasm and the granules gradually cease

to react to chromium, and the process starts afresh. It appears
from this that, if classified according to the nature of its secretory

processes, the adrenal system belongs to the group of meroendo-
krinal glands (Poll).

After its transference from the cells to the blood-stream, the

substance is easily recognizable in the capillaries by its yellow-
brown coloration. Its tardy solubility in serum, and certain

microscopic appearances, give it a certain resemblance to the

mucous type of secretion. This adrenal substance is characteristic

of the vessels of the suprarenal medulla, and is found neither in

the vessels of the cortex nor in other vessels. It is distinguishable

by its peculiar refractivity in native preparations, and was formerly
observed in the venous blood of the suprarenals as a plastic mass

(Gottschau, Biedl). It was at that time erroneously believed that

the granules in this amorphous mass were the actual secretion. As
Stoerk and v. Haberer showed, these shining granules are not

identical with the chrome-brown granules, though their functional

significance is, up to the present, not clear.

It may be regarded as proved that the product of the adrenalin-

producing cells reaches the blood-stream in fluid form. Stilling

supposes that the transference of the viscid secretion is effected

by means of the numerous and important lymphatics ;
but in this

he is wrong, for this function is performed by the veins. The
suprarenal vein plays the part of excretory duct to the medullary
substance of the suprarenal.
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PHYSIOLOGICAL ADRENALIN.EMIA.
The secretion from the intracapsular portion of the adrenal

system is continuously supplied to the general circulation by way
of the suprarenal vein

;
thus the blood always contains a certain

amount of adrenalin, and a physiological adrenalinsemia is

maintained.

Battelli was the first to prove the presence of adrenalin in the

peripheral blood. After suitable concentration, he tested the vaso-

constrictor action of normal serum from dogs, and found that its

action was equal to that of an adrenalin solution of i :io to i : 20

millions.

Ehrmann was unable to obtain mydriasis of frogs' eyes with

serum from the peripheral blood of rabbits. According to Schur

and Wiesel, both Ehrmann's reaction and the ferric chloride test

are invariably negative. O. B. Meyer, however, proved the

presence of adrenalin in normal blood serum by means of portions
of blood-vessels from the living body, this test being more

sensitive than the above-named reactions. By the same method,

Schlayer proved the presence in human blood-serum of a sub-

stance which produces vaso-contraction.

Fraenkel advanced conclusive proof of the presence of

.adrenalin in the serum of blood in the peripheral vessels. He
found that serum from rabbits and cats, when diluted to twice its

volume, was invariably active in the uterus of rabbits after

removal from the living body. Human sera from healthy subjects,

either undiluted or in solutions of 1:5 and i : 10, produce

phenomena similar to those resulting from adrenalin. Similar

results have been occasionally obtained with solutions of i :2 and
i =40 and, in three instances, with i 150. Judging by the results

of Fraenkel's experiments, the minimal adrenalin contents of

i c.cm. of peripheral blood may be estimated at .0000001 mg.,
the maximal adrenalin contents at about .0000025 mg.

Using these figures as a basis, the total adrenalin contents of

a dog weighing 15 kg. is as follows : The whole of the blood

provision is 1200 c.cm. and contains a minimum of .00012 mg.,
.a maximum of .003 mg. adrenalin. Now compare with these

figures the amount which passes from the suprarenals into the

vena cava. Before this can be done, however, we must know^ the

velocity of the blood circulating in the suprarenals. There is no

direct information as to the volume of the blood in the suprarenal
veins. In certain older experiments of mine, I estimated the

amount of venous outflow by counting the drops as they left the

veins, and I reckoned that, in a dog weighing 15 kilo, the maximal

velocity of the stream was roughly .1 c.cm per second. These

figures are the same, though this is by the way, as those more
exact results which Burton-Opitz obtained with Hurthle's velocity

register (Stromuhr) in the case of the blood flowing through the
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submaxillary gland. According to my figures, then, 6 c.cm. blood

pass per minute from the suprarenals into the general circulation.

If Ehrmann's calculation, that i c.cm. suprarenal venous blood

contains .0000005 mg. adrenalin, is correct and, judging from

the comparatively slight sensitiveness of his method, this figure
is probably too low certainly not too high .000003 mg- adrena-

lin passes into the circulation per minute. The total produc-
tion of adrenalin would be .00432 mg. in twenty-four hours,
but the quantity demonstrable in the blood is only .00012 mg.
about the fortieth part of the daily supply from the suprarenals.
Even by Fraenkel's quantitative test for adrenalin, which is much
more accurate, the maximal total of .003 mg. in the blood is far

less than the amount produced, as revealed by Ehrmann's not

very sensitive reaction.

These figures represent approximate data only, but they show
that a considerable portion of the adrenalin supplied to the blood

very rapidly disappears from it.

The transience of the physiological effects of adrenalin

injection points in the same direction. The increase in blood-

pressure passes off at the end of a few minutes, and this happens
equally after an amount which, when given refracta dost, would
serve to produce vaso-contraction 100 times or more.

What ultimately becomes of the adrenalin in the blood is a

question which early came under discussion. Oliver and Schafer
held the view that, when injected intravenously, the active sub-

stance of the suprarenal accumulates and is, for a time, stored up
in the tissues in which it eventually becomes active. They were,

however, thinking chiefly of the muscles. They believe that the

disappearance of the substance from the blood results, neither from
its destruction in the blood, nor from its accumulation in the supra-
renals, nor yet from its excretion in the urine, but from the fixation

of the substance and its secondary oxidation within the reacting
tissues. This theory is confirmed by Cybulski and Szymonowicz,
with this reservation : that, seeing that after the exhibition of

large quantities of suprarenal extract, the active substance is

demonstrable in the urine, it is to be 'assumed that a certain

proportion of the active substance is excreted by way of the

kidneys.
It seems hardly probable, however, that an appreciable pro-

portion of the adrenalin present in the blood is excreted in the

urine. Urine drawn off from the bladder shortly after the

intravenous injection of large quantities of adrenalin does not

contain a substance which increases blood-pressure (Embden and
v. Fiirth). That a minimal proportion of the adrenalin in the

blood may pass into the urine is undoubtedly possible. Abelous
and Bardier account for the vaso-contractor effect which normal
human urine has, after suitable concentration, by the presence of

a substance identical with or closely related to adrenalin, namely,
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urohypertensin. But it must be remembered that the accounts both

of
"
urohypertensin

" and of
"
urohypotensin," which is described

by the same authors, are in need of further confirmation. As
Comessatti showed, Ehrmann's reaction is useless as a test for

adrenalin in the urine. Whether or not the substance, which
Schur found by his chemical test to be present in normal human
urine, is identical with adrenalin, is a question which must for

the present remain unanswered.
As previously stated, according to Falta and Ivcovic,

adrenalin, when introduced in large doses into the stomach, does

not attain to specific activity within the organism, but is excreted

in the urine.

More important than its excretion by \vay of the kidneys, is

the manner in which adrenalin becomes destroyed within the

organism itself. Such destruction takes place, in the first instance,
in the blood and depends principally upon the alkalinity of the

latter. According to Embden and v. Fiirth, .1 grm. of hydro-
chloric suprarenin, if added to 200 c.cm. of defibrinated ox-blood

and continuously aerated at incubation temperature, disappears,
almost entirely in two hours. In

"
laked

"
blood, the disappear-

ance is even more rapid. A .1 per cent, soda solution has a more

energetic action than either blood or blood-serum. The relatively
lower activity of the blood is probably due to the fact that a

proportion of the alkaline contents of the blood is fixed.

That the degree of the alkalinity of the blood plays an im-

portant part in the disappearance of adrenalin, is shown by
Kretschmer's experiments. By means of the intravenous injec-
tion of acids, he succeeded in prolonging to five or six times the

normal, the hypertension produced by adrenalin in rabbits. The
addition of acid-ions, inhibits the destructive action of the

hydroxyl-ions in the blood and the tissues, upon the adrenalin.

Another factor in the destruction of adrenalin is the liability

of the adrenalin molecule to oxidation, more especially in alkaline

solutions.

Langlois believed that the destruction of adrenalin was princi-

pally oxidative. He and Athanasiu found that the vaso-contractor

constituent of suprarenal extract may be rendered negative by
means of ozonized air (aeration) and by the oxidase of crabs'

blood. The fact that, in cold-blooded animals, the vaso-constrictor

effect may be shortened by warming and lengthened by cooling, is

accounted for, in Langlois's view, by the dependence of processes
of oxidation upon temperature. He believes that all the tissues,

and especially those of the liver, intestine and, to a certain small

extent, the lungs, take part in the oxidative destruction of

adrenalin. He bases his conclusion chiefly upon the results of

experiments in which solutions of suprarenal extract were rapidly
rendered inactive by the addition of the fresh pounded liver and
intestine of rabbits; while, on the other hand, the artificial circu-
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lation through the lungs of saline solution containing suprarenal
extract, produced only a slight lowering of the activity of the

suprarenal extract.

Battelli found that the artificial circulation of blood containing
adrenalin through the liver destroyed the activity of that substance,
the alkali and the influence of oxygen converting it, as in vitro,

into oxyadrenalin. Livon found that, when added to the pounded
liver and striated muscles of guinea-pigs, adrenalin became

rapidly reduced in quantity.

According to Embden and v. Fiirth, however, the addition of

pounded liver, lung or muscle to adrenalin solution and the artifi-

cial circulation of blood containing adrenalin through the liver

or lungs, is followed by only slight reduction, if any, in the

amount of the adrenalin. They suggest that this persistence of

adrenalin has a connection with the formation of acids in the

organs. They do not think that the transience of the effect upon
the vessels is due to a rapid oxidation of the adrenalin, but explain
this phenomenon by the fact that the contraction of the vessel

muscles ceases as soon as, owing to diffusion or dilution with

blood or tissue lymph, the concentration of die suprarenin falls

below a certain point.

According to Elliott, however, the excessive quantities of

adrenalin employed in these experiments render them unreliable

as evidence regarding the disappearance of adrenalin from the

tissues. He himself found that artificial circulation through the

lungs did not reduce the adrenalin contents to any appreciable
extent, but that artificial circulation through the intestine was
followed by a marked diminution in the amount of the substance.

From the results of certain experiments, Langlois concluded
that the liver played an important part in the destruction of

adrenalin. These experiments showed that the amount of supra-
renal extract which, when injected into the jugular vein, produced
marked hypertension, produced no effect whatever when injected
into a mesenteric vein.

Carnot and Josserand found, howr

ever, that the pharmaco-
dynamic effect upon blood-pressure of a given adrenalin solution,
was very much reduced where such a solution was injected into

the carotid or femoral artery and allowed to flow with the stream
in a peripheral direction, the adrenalin thus traversing the vessels

supplied by these arteries before entering the general circulation.

Passage through the liver also affected the action of adrenalin,
but to a less degree. The loss wras greatest after circulation

through the intestine, the injection into a mesenteric artery of

.064 mg. adrenalin to every kilo of body wr

eight producing no
effect upon blood-pressure.

The absence of hypertensive effect on the part of adrenalin
in localities where it normally produces intense vaso-

constriction, may further be explained by the fact that the

17
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substance, to a certain extent, blocks its own passage into the

general circulation. It is able to overcome, to a very small extent

only, the resistance produced by the extreme contraction of the

vessel walls
;
thus the major portion of the substance passes

gradually, by a process of diffusion, into the surrounding tissue.

Elliott, whose experiments confirmed those of Carnot and

Josserand, holds the view that the disappearance of adrenalin from
the blood is in direct ratio to the development of its effects in the

tissues. That a comparatively small amount of adrenalin dis-

appears in the liver, in spite of the large amount of tissue which
that organ contains, is probably explained by the fact that the

vaso-constrictor effect produced by adrenalin in the liver is also

comparatively small.

Although these observations seem to point to the fact that

adrenalin is used up and destroyed by the tissue elements which
it excites, they do not supply a sufficient explanation of the

transience of the 'effect of large doses of adrenalin.

It has been shown by experiments of the most varied descrip-
tion that, after the specific action of adrenalin has passed off, the

substance has not by any means disappeared from the blood.

Weiss and Harris injected adrenalin into the general circulation

of frogs after ligature of one iliac artery and observed the results

in the webs of both feet. After the vaso-constriction had entirely

passed off in the wreb of one foot, they removed the ligature from
the artery and found that intense vaso-constriction appeared in

the web of the other. These authors, similarly to Ehrmann and
Miller, also found that blood taken from an animal after the

effects of adrenalin had passed off, could be used to produce
hypertension in a second animal.

These observations show beyond all doubt that, after its

introduction into the blood-stream, adrenalin neither disappears
nor does it undergo any depreciation of its pharmacodynamic
value.

In face of this fact, the question as to the mechanism by
which adrenalin achieves its effect requires further consideration.

The experiments of Straub and Kretschmer, which supply evi-

dence of the most valuable description concerning the part played
by adrenalin in the physiology of the organism, also throw im-

portant light upon this matter.

These experiments are based upon facts supplied by Straub

concerning the mechanism by which the effects of muscarin are

brought about. These facts are as follows :-

(1) A toxin which has already penetrated the cell which has a

specific sensibility to it, is inactive.

(2) A toxin which has not as yet penetrated such a specific
sensitive cell, is also inactive.

(3) It is only in the course of, and by means of, the penetration
of the toxin into the cell, that the specific toxic action takes place.

The observations, to which reference has been already made,
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of Weiss and Harris and others, seem to show that the action of

adrenalin is similar in type to that of muscarin
;
that when, at

the site of activity, a certain degree of saturation has been reached,
no further effect is possible ;

and certainly that no permanent effec,

is obtainable by repeated exhibition of tlie substance. Kretsch
mer's experiments consisted in the repetition, at regular intervals,

of the intravenous injection of a certain fixed quantity of adrenalin.

They showed that, although the same hypertensive effects could

be produced successively and as frequently as desired, a permanent
rise in blood-pressure was not obtainable by the non-continuous
exhibition of adrenalin, however large the doses. It is evident

from this that, in the case of adrenalin, unlike that of muscarin,
there is no cessation of absorption on the part of the specific cells,

and that a condition of chemical balance does not obtain.

A permanent increase in blood-pressure, lasting for three

hours, was, however, obtained by the continuous transfusion of

adrenalin, the velocity being maintained at .00001 to .00002 grm.
per minute.* The hypertensive action increases the velocity of

the transfusion up to a certain maximal point, beyond which the

increase in velocity does not produce a further rise in blood-

pressure. Interruption in the flow of the adrenalin is followed

by a return of the blood-pressure to the normal, while the duration

of the after-affects will be in proportion to the amount of adrenalin

present in the blood at the moment of interruption. In view of

the fact that the action of adrenalin lasts only as long as the

substance is present in the blood, Kretschmer believes thai

adrenalin acts as an irritant poison, and that the method of action

is, up to a certain point, similar to that of muscarin, trie action

in both cases depending upon the difference between the con-

centration in the blood and the concentration in the cytoplasm.
Adrenalin differs from muscarin, however, in that the balance
between the two concentrations, which takes place in the case of

muscarin, is absent in the case of adrenalin. The disturbance of

balance is probably due to the continued rapid destruction of

adrenalin which goes on in the interior of the cell.

What is known concerning the action of adrenalin upon the

vessels applies equally, as Ritzmann pointed out, to its glycosuric
action. Observation of the method by which adrenalin produces
glycosuria supplies certain data concerning the physiological

significance of this substance. These suggest that the continuous
flow of adrenalin, producing a condition of physiological adrena-

lina^mia, may exercise an immense influence upon the permanent
tone of organs with a sympathetic innervation, more particularly

upon the vascular tone and upon the sugar tone (Zuckertonus).

* By continuous transfusion of very dilute suprarenal extract I suc-
ceeded in obtaining and demonstrating (1805) a protracted vaso-contraction,
so that the blood-pressure which, after destruction of the entire spinal cord,
had fallen almost to zero, rose to 160 mm. Hg. and remained at this level
for several hours.
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The regulation and the maintenance of tone in every depart-
ment of the sympathetic system, is a function of the internal

secretion of the adrenal system.

EXPERIMENTAL SUPRARENAL STIMULATION,
EXPERIMENTAL HYPERSECRETION.

Although the symptoms of suppression which follow extirpa-
tion of the suprarenals have formed the subject of exhaustive study,

experiments in stimulation, by which the organs are impelled to

hyperactivity, are becoming increasingly rare. In the course of

his observations of the innervation of the intestinal movements,

Jacobj (1892) found that extirpation of the suprarenals was fol-

lowed, in fasting animals, by spontaneous intestinal movements;
and that epinephrectomy, similarly to resection of the splanchnic

nerve, negatives inhibition of intestinal movement without, how-

ever, producing paralysis of the vessels. These results induced

him to attempt experimental stimulation of the suprarenals. He
found that electric stimulation of these organs, as well as of the

nerves which connect the suprarenals with the ganglion coeliacum,
has the effect of arresting intestinal movements which are already
in progress. The secretion of urine is at the same time very much
diminished, and in two instances he found that suprarenal stimu-

lation was followed by an increase in arterial pressure. According
to Jacobj, the suprarenal nerves contain fibres which inhibit in-

testinal movement. These observations were not confirmed by
later authors (Pal, Apolant), but in the light of our present know-

ledge concerning the action of adrenalin upon blood-pressure,

peristalsis, and urinary secretion, they have a certain interest.

In 1897, I investigated the physiology of the innervation of

the suprarenals, a subject which, up to then, had received no
attention. I found that the splanchnic nerve contains fibres which
cause vaso-dilation writhin the suprarenal area, and that stimula-

tion of these fibres produces suprarenal hypera?mia, the direct

result of the active vaso-dilation. That the suprarenals possess
also a vaso-constrictor innervation is to be inferred from the

effect which suprarenal extract has upon these organs, although
I was unable to trace the anatomical course of the vaso-constrictor

nerves. I also investigated the secretory process of the supra-
renals, together with the manner in which it might be modified

by the presence of secretory nerves. I made use of the vasotensor
action of the venous blood to determine the amount of active sub-

stance produced, but I was unable to obtain definite proof by this

method of the presence of suprarenal secretory nerves. The results

of my experiments, however, make it appear highly probable that

both the production of the secretion by, and its transference from,
the gland or, more correctly, the medullary portion of the gland-
are subject to the control of the nervous system ;

and that, more-

over, the splanchnic nerves contain suprarenal secretory, in addi-
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tion to suprarenal vasodilator, fibres. My results have since been
confirmed by Dreyer, and completed by the successful demonstra-
tion of an increased vaso-constrictor action of the suprarenal blood

during stimulation of the splanchnic nerve.

Erhmann was unable to discover, by means of the high'ly
sensitive frog's-eye test, that the adrenalin contents of the blood
in the suprarenal veins was changed by the addition of pilocarpin
or atropine. As we have already pointed out, Waterman and
Smit found an increase in the adrenalin contents of the blood in

the vena cava after faradic stimulation. These authors showed
at the same time that puncture of the floor of the fourth ventricle

produces, in addition to glycosuria, an increase in the adrenalin

production, the peripheral blood which is normally inactive

acquiring a mydriatic action after this operation. This finding

completes A. Mayer's discovery, already described, namely, that

after total epinephrectomy puncture of the fourth ventricle

ceases to produce glycosuria.
These experiments prove beyond a doubt that the secretory

process of the adrenal system is under the control of the sym-
pathetic nervous system ;

that the peripheral vasomotor and

secretory fibres are contained in the splanchnic nerve
;

while

their centre is probably situated in the medulla oblongata.
There have been, of course, numerous attempts to produce,

by experimental measures, alteration in the function of the supra-
renals and variation of their adrenalin contents. The results of

such experiments have already been described and, as we have

seen, a reduction in the adrenalin contents may be brought about

by the most varied methods, more particularly by the experimental

production of toxic and infective states. These findings are the

expression of hypofunction on the part of the organ.
It is probable that hypersecretion on the part of the adrenal

system is illustrated by the results of an experiment made by
Battelli and Roatta. They found that, in the interval of repose
which followed exhaustive muscular exertion, there was an increase

in the adrenalin contents of the suprarenals of dogs. It is

probable that the changes in the suprarenal medulla and in the

extracapsular chromaffine substance observed by Schur and
Wiesel after renal injury, and regarded by them as- hypertrophic,
also belong in this category.

An experimental hyperadrenalism is produced in animals
after each exhibition of adrenalin

; owing, however, to the

transient action of the substance the effect is very fleeting. By
means of Kretschmer's method of continuous transfusion of

minute quantities of adrenalin, a condition of hyperadrenalinaemin

may be maintained for several hours. The method seems likely
to throw still further light upon the results of this condition.

The prolonged exhibition of adrenalin by subcutaneous, in-

traperitoneal, or intravenous injection does not, apparently, lead

to hyperadrenalinism. These methods serve, however, to illus-
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trate the effects, either physiological or toxic, according to the

size of the dose, which result from the action of adrenalin. In

addition to the changes in the vessels, chronic glycosuria is

observed, together with progressive emaciation. The autopsy
shows that, in addition to the changes in the vessels and the

organs, there is sometimes a marked increase in the volume of

the suprarenals and hypertrophy of the suprarenal cortex.

PATHOLOGICAL ADRENALIN^EMIA AS SEEN IN
MAN.

Neusser was the first to assume a pathological hyperfunction
on the part of the suprarenals. He based his conclusion upon a

clinical case, in which the symptoms pointed to chronic Bright's

disease, while the autopsy revealed carcinomatous degeneration
of one suprarenal capsule, together with numerous cerebral

haemorrhages. Neusser was inclined to regard the arteriosclerotic

changes and the thickening of the vessels, which Kolisko observed

in young persons with suprarenal affections, as results of the

continued high blood-pressure, brought about by suprarenal

hypersecretion.
A large number of French authors (Darre, Pilliet, Vaquez,

Aubertin and Ambart, Josue, Widal and Boidin, Menetrier,
Monod and Loumeau) emphasize the fact that the hypertension
in chronic nephritis and in arteriosclerosis may be traced back
to hypersecretion on the part of the suprarenals, the latter con-

dition finding its anatomical expression in hyperplastic and
adenomatous changes in those organs. The anatomical changes
which they describe affect the suprarenal cortex only.

Wiesel, wrho was the first to inquire into the condition of

the adrenal system in renal diseases, found that, in all the cases

associated with cardiac hypertrophy of long standing, there was
marked hyperplasia of the chromaffine tissue in the suprarenal
medulla, in the solar plexus, and in the neighbourhood of the

left coronary artery. He assumed from this that the cardiac

hypertrophy present in renal affections, as well as certain cases

of idiopathic cardiac hypertrophy, are of suprarenal origin. This

discovery of WiesePs paved the way for the experiments of

Schur and Wiesel, undertaken with the object of demonstrating
the presence of adrenalin in the blood-serum of persons with

chronic renal disease; they found that such sera produced
mydriasis of frogs' eyes and gave a positive ferric chloride re-

action. The fact that the blood serum of persons with chronic

nephrosis produces mydriasis is confirmed by a large number of

authors (Kaufmann and Mannaberg, Goldzieher and Molnar,
Eichler, Comessati, Reicher, Makaroff, Miesowicz and Macziag).
Pal describes the frequent presence of mydriatic substances in

the urine of pregnant women and persons with nephritis. Accord-
to Diem, however, the urine of persons, both with and with-
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out nephritis, gives a positive Ehrmann reaction in about the

same percentage of cases
; though Comessati believes that the

Ehrmann test for adrenalin has a very limited scope when applied
to urine.

As we have already pointed out, the mydriasis produced by
blood serum is not a conclusive test, that is to say, the reaction

is not confined to adrenalin. Bittorf, for instance, obtained

mydriasis with the serum of healthy persons after the exhibition

of salicylic preparations. That adrenalin is present in the serum
in chronic nephritis, is not confirmed by other biological tests.

Schlayer found that normal human serum produced marked con-

traction of portions of arteries removed from living oxen, while

the contractions produced in such portions of arteries by the

serum of nephritic persons were, in the greater number of cases,

much weaker. The significance of these negative findings is,

however, very much modified by a later discovery of Schlayer's;
to the effect, namely, that O. B. Meyer's test for adrenalin by
means of portions of arteries, is practicable with blood obtained

from animals of the same species only. In the case of blood from

animals of a different species, an increase in the adrenalin con-

tents has the effect of reducing the contractions. That chronic

nephritis is not associated with pathological adrenalinasmia, is

well shown by the results which A. Fraenkel obtained, by the

most reliable of modern biological methods, with the uterus re-

moved from living rabbits. He found that, in chronic interstitial

nephritis with pathognomic hypertonicity, the variation in the

adrenalin contents was the same as in the blood of subjects with

sound kidneys.
It must be borne in mind that, although a pathologically

increased adrenalina^mia, producing abnormal tonicity of the

vessels, would supply a satisfactory explanation of the hyper-
tonicity and cardiac hypertrophy in chronic renal disease, certain

proof of the existence of such a condition is, up to the present,

by no means forthcoming. Schur and Wiesel, who based their

experiments upon the assumption of a direct connection between

hypertension and adrenalinaemia, were compelled to abandon this

theory. They were unable invariably to produce mydriasis with

serum from nephritic patients, and they were unable to establish a

parallel between this reaction and a hypertonic condition.*

The possibility was recently suggested by v. Neusser and Wiesel that
a primary hyperplasia of the chromaffme system might lead to true
renal processes. Conditions which demand an increased consumption of

adrenalin, and of these the most important is forced muscular exertion,
may produce hypertrophic processes of the adrenal system. In such a
case the increased amount of adrenalin would cause a permanent vaso-

contraction, which might give rise to anatomical changes in the renal

vessels, which would prepare the way for the development of a nephrosis.
The authors lay stress upon the fact that, in cases of true contracted kidney,
the etiology of which is still obscure, hyperplasia of the chromaffine tissue

is invariably present.
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An abnormal activity on the part of the adrenal system
would, in my opinion, not only produce a heightened vascular

tone, but would also manifest itself in other signs of irritation on

the part of the sympathetic nervous system. A manifestation of

such a condition, in the form of a well-defined clinical entity, is,

ho\vever, at present unknown. As far as we can judge, Graves's

disease is invariably associated with an increase in the adrenalin

contents of the blood, which is proved both by the mydriatic

property of the serum and by the tonic action of preparations of

the uterus. Fraenkel found that the adrenalin contents of the

blood in Graves's disease were increased to from four to eight
times the normal, the total amount in these patients being 50 to

100 mg., as against the 12^ mg. present in the blood of normal per-
sons. It is remarkable in this connection that an increased blood-

pressure is not, as a rule, associated writh Graves's disease.

THE FUNCTION OF THE ADRENAL SYSTEM.

From the facts which have been presented in the foregoing

pages, the nature and functions of the adrenal system may be

defined as follows :

The adrenal system is an essential portion of the body of all

vertebrate and some invertebrate animals. It has a specific struc-

ture, characterized morphologically and genetically by peculiar
features

;
the nature of its function is distinctive and is probably

dependent upon origin.
The structure of the adrenal system is characterized by the

peculiar nature of the elements of which it is built up, namely, the

chromaffine cells.

The adrenal system is distinguished anatomically by its wide

distribution over the wThole of the body,^as well as by the lack

of independence of its parts. These conditions are explained by
the history of the development of the system.

The chromaffine cells are derived from the same primordial

beginning as the sympathetic ganglia and they develop, up to a

certain point, as part of the sympathetic nervous system. A con-

siderable portion of the adrenal system permanently retains its

genetic relationship with the sympathetic, becoming associated

only in part with the blood-vessels. The so-called free portions
of the system are, however, found distributed all over the body in

connection with the sympathetic nerves and ganglia. They
occur partly in the form of more or less extensive agglomera-
tions of chrome-brown cells, called paraganglia (Kohn) ;

and

partly as isolated structures attached to the great vessels such

as the suprarenal bodies of the Selachians, the carotid gland, and
the accessory organs of the sympathetic (Zuckerkandl) though
the relationship of these bodies to the adrenal system has been

recognized only in comparatively recent times. The lack of in-
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dependence is shown by the fact that, at a very early develop-
mental stage, a portion of the adrenal system attaches itself to

the embryonal interrenal and, in the higher vertebrates, combines
with it to form an apparently homogeneous organ, the suprarenal.
The medullary substance of the suprarenal is merely a somewhat

considerable, intracapsular portion of the adrenal system and, as

Kohn aptly remarks, is to be regarded as a large ganglion, the

suprarenal paraganglion, formed by the fusion of several smaller

ganglia.
In order to understand the functional significance of the

adrenal system, an accurate knowledge of the quantitative value of

the suprarenal medulla is essential. The fact that the medullary
substance of the suprarenal was earlier recognized and has become

altogether better known than the extracapsular portions of the

adrenal system, produced this result, that morphological and

physiological investigation has been almost exclusively con-

fined to the intracapsular adrenal tissue. Investigation re-

vealed the existence of an important internal secretory

process, and this was at first regarded as a function of the

suprarenal as a whole. But even later, after the peculiar

position of the chromaffine tissue had been recognized, the

physiological importance of the suprarenal medulla was very
much over-estimated. There w*as an inclination to ascribe to the

suprarenal medulla all the functions which are the property of

the chromaffine system in general, for the sole reason that these

functions had been proved to be attributes of the medullary por-
tion of the system. For this reason it is very important to re-

member that the free portions of the adrenal system are not only

genetically and structurally identical with the medullary substance
of the suprarenal, but that they possess the same functional signifi-
cance and that there is definite proof of this (the survival of animals
without suprarenal medulla, compensatory hypertrophy of the

extra-capsular chromaffine tissue, the similar effects of para-

ganglion extract). Not only is the suprarenal medulla not the

sole active portion of the adrenal system, but it is not even the

most important part of it. When we remember the wide distribu-

tion of the nervous system in the body, and consider that large
and small groups of chrome-brown cells are attached to every one
of its ganglia, that they lie in many plexuses and are found almost

everywhere where sympathetic fibres and cells occur ; and that, in

addition to these, the adrenal system includes a number of in-

dependent structures we can hardly doubt that the free portions

collectively present a far larger mass of active, functional tissue

than that section of the system which is enclosed in the supra-
renals. These are facts which must not be lost sight of in any
attempt to estimate the physiological significance of the activity
of the adrenal system.

Functionally, the adrenal system belongs to the group of the
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internal secretory organs. The morphology of the secretory pro-

cess is well known. The product of secretion is formed in the

granules in the cells and is transferred to the blood-stream in fluid

form. Not only have we morphological proof of the secretion, but

its presence in the venous blood has been demonstrated chemically ;

in the face of these facts, it is not possible to doubt the

secretory function of the adrenal tissue. The objections which

Kohn advanced upon morphological and genetic grounds against

the inclusion of the adrenal system among the internal secretory

organs, is, however, justified to this extent
;
the chromamne cells

do not conform to the type of the epithelial cells
;
and agglomera-

tions of chromafBne cells do not conform to the type of the true

glands. But from the physiological standpoint, the specific pro-

ductive activity of the adrenal tissue fully justified its inclusion

among the internal secretory organs.
There is a continuous formation by the adrenal system of a

substance of known chemical constitution, named adrenalin, which

may also be obtained synthetically. This substance passes into

the circulation and is carried by the blood-stream into all the

tissues of the body. The passage of adrenalin by way of the

nerves, which Lichtwitz assumed, has no physiological signifi-

cance.

Adrenalin is a typical dissimilatory hormone, which acts

upon certain tissue elements and reinforces their katabolic activity.

The activity of this hormone is exclusively confined to organs with

a sympathetic innervation, and it invariably coincides with the

results produced by electric stimulation of the sympathetic nerves

supplying those organs. Adrenalin produces its effect, not upon
the specific functional portion of the reacting cell nor upon the

nerve-ending itself, but upon a portion of the cell body situated

in the neighbourhood of the nerve-ending, the so-called receptive

substance which, in the involuntary muscles, is termed the myo-
neural junction. The activity of the hormone elaborated by the

adrenal system, is the permanent expression, during the life of the

individual, of the genetic relationship between the adrenal and the

sympathetic nervous systems.
It must not be imagined that adrenalin is merely a sympathetic

stimulant and therefore of use only in promoting the functions of

the organism ; on the contrary, its activity is fundamentally and un-

ceasingly necessarv to the normal function of the entire sym-

pathetic system. The parallel between the developmental pro-

cesses and the dependence, shown in many directions, of the

activity of the sympathetic upon the presence of adrenalin, as

well as the continuous formation of this hormone expressed by
its presence as a physiological constituent of the blood point to

the fact that adrenalin is essential to the maintenance of sym-
pathetic tone and to the normal function of the sympathetic system.
These factors show, moreover, that changes in the condition of
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excitability of the sympathetic system, especially in so far as they
make themselves felt in the periphery, are associated with varia-

tions in the activity of the adrenal system.
That the maintenance of tone by the sympathetic system in

the cardiac and vascular muscles is an important factor in the

normal circulation of the blood, has long been known and has
been duly appreciated. A far-reaching significance is also attach-

ing to the tonic innervation of all vegetative organs, this tone

being maintained, partly by stimulation, and partly by inhibition,
on the part of the sympathetic system. The sympathetic also

regulates the sugar contents of the blood, and in this way exer-

cises a determining influence upon the metabolism of the carbo-

hydrates, which plays so important a part in normal muscular
exertion. It seems probable from recent observations that the

metabolism of albumin and of salt, as well as the composition of

the blood, undergo a certain degree of modification by the. agency
of the sympathetic. Seeing that adrenalin is the hormone by
which the irritability of the sympathetic system is regulated, it

is evident from the foregoing, that the functional significance of

the adrenal system is enormous.
It will be readily understood that the peculiar anatomical

arrangement of the adrenal system renders its total suppression,
wrhether experimentally or by pathological processes, impossible.
Once again it must be pointed out that extirpation of the supra-
renals is followed, not by suppression but, at the most, by in-

adequacy of the adrenal system, and that signs of a lowering of

the sympathetic nervous tone would hardly be the outcome of such
a condition. The most important of the symptoms of a lowered
vascular tone, namely, the fall in blood-pressure, is, as a matter

of fact, absent. It is true that accounts have been given of

changes in the metabolism of the carbohydrates. Moreover, the

symptomatology of Addison's disease does not permit the in-

ference that the condition is exclusively the outcome of the cessa-

tion of activity on the part of the adrenal system. For it is

highly probable that the symptom-complex of Addison's disease

includes the signs of disturbance of the suprarenal cortex, a dis-

turbance of which anatomical proof has frequently been forth-

coming.
The effects which an abnormally increased adrenalina?mia has

upon the organism may be exactly estimated by means of experi-
ment. A condition of acute hyperadrenalinism is invariably

accompanied by symptoms of increased irritability on the part of

the sympathetic system.

THE TNTERRENAL SYSTEM.

The interrenal system is present in all vertebrates
;

it takes

the form of paired or unpaired bodies of various sizes. It is
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distinguished structurally by its lipoid cell contents and genetically

by its mesodermic origin in what is known as the interrenal zone.

During embryonal life, the interrenal system is extended over

large portions of the body, but as development progresses the

space which it occupies becomes more restricted. Principal bodies

are formed by the amalgamation of several suprarenal buds, by
regressive processes, and by the fission of single accessory bodies.

In the cyclostoma and in fish, the interrenal system remains at

this developmental stage. From the amphibia upwards, a large

portion of the interrenal system combines, at the next develop-
mental stage, with certain portions of the adrenal system to form
either a row of small bodies, as in the amphibia, or an isolated

organ such as the suprarenal of the amniota. In mammals and
more particularly in man, the principal mass of the interrenal

tissue is represented by the suprarenal cortex, while the structures

which were formerly regarded as buds split off from the principal

organs, or as accessory suprarenals, are now known to be in-

dependent portions of the interrenal system, or accessory inter-

renals.

Such accessory interrenal structures (see table, p. 1,37) are fre-

quently, though -not constantly, found attached to the suprarenals
and forming part of them

;
in the neighbourhood of the kidneys

and suprarenals; in the genital region the ligamentum latum in

the female (Marchand, Rossa), and the spermatic cord, epididymis,
and testicles of the male (Dagonet, Wiesel, Chiari) ;

and occasion-

ally in other parts of the abdominal cavity.
The accessory interrenals of the higher vertebrates have a

considerable structural similarity with the cortical substance of

the suprarenals. Occasionally these bodies possess all three

layers, though, as a rule, the two outer layers only are present.
In the earlier accounts of these organs, they are described as

having a medullary portion ;
it is probable, however, that the

error arose from mistakes as to the identity of the innermost zona

reticularis.

That the free portions of the interrenal system have a func-

tional significance is proved by the progressive development of the

split-off portions; by the compensatory hypertrophy of the so-

called accessory suprarenals in mammals, after removal of the

suprarenals (Stilling, Velich, Wiesel) ; by the compensatory hyper-

trophy of portions of interrenal bodies left in sitii in Selachians

(Biedl) ;
and by the survival of Teleostians after the removal of

all except their anterior cranial interrenal system (Giacomini).

Experiments with the object of determining the function of

the interrenal tissue are, at the present moment, chiefly concerned

with that portion of the interrenal system which is represented

by the cortical substance of the suprarenal. There is no lack of

hypothesis, but the only fact supported by experiment which sheds

light upon the functional significance of the suprarenal cortex is
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the following : The removal of the cortical substance providing
a 1 \\ays that it is not replaced by the vicarious intervention of

highly developed accessory interrenals, as in some animal species,

notably rats is not consistent with the continuance of life.
j

Some interesting anatomical data are to hand. Elliott and
Tuckett compared the weight of the suprarenals in different

animals and found that, as a general rule, the size of the supra-
renal increases with the weight of the body and with the develop-
ment of the muscles. They found, moreover, that the increase

in the size of the organ is principally due to an increase in the

cortical portion. The lower the status of the species in the order

of vertebrates, the larger in proportion is the adrenal system and
the part which it plays in the formation of the suprarenal ; while,
at the same time, the amount of interrenal tissue, and especially
the suprarenal cortex, is proportionally reduced. There is, more-

over, an increase in the volume of the suprarenal cortex in the

course of the development of the individual. The medullary sub-

stance increases only slightly with the growth of the individual,
but the volume of the cortical substance becomes very much
augmented. In the guinea-pig, for instance, a five-fold increase

in the weight of the body is accompanied by a twelve-fold increase

in the weight of the suprarenal cortex, the medullary portion re-

maining practically unchanged. The exceptional size of the

suprarenals is characteristic of guinea-pigs and is almost entirely
the result of extreme development of the cortical part, this portion

being in the guinea-pig nearly ten times as large as in the dog.
The increase in the size of the cortex during extra-uterine growth
is also observed in the cat, dog and rabbit.

A still further growth of this portion of the suprarenal takes

place during pregnancy. Suprarenal hypertrophy in pregnancy
was first observed by Guieysse in guinea-pigs and has since been

observed in animals of different species (Stoerk and v. Haberer)
and in man. This hypertrophy is not entirely the result of an
increase in the cortical substance, although the cortex is the part

chiefly affected. There is at the same time an increase in the

chromaffine cells, in which numerous karyokineses are observed.

The similarity between the cells of the suprarenal cortex and
those of the corpus luteum verum is specially commented upon
by Mulon, Wallart and others. Mulon even regards the corpus
luteum verum as a temporary suprarenal cortex.

That there is a connection between the suprarenals and the

activity of the sexual glands, is shown by the observations of

Marassini, Cecca, and Teodossieff. These authors found that,

after castration, there was an increase in the weight of the supra-
renal, principally due to hypertrophy of the cortical substance.

Marchand describes suprarenal hypertrophy in pseudoherma-
phroditism. On the other hand, the observations of Bullock and

Sequeira, Adams, Shattock, Linser, Thumin, Brotz, and others >
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have shown that tumours and hypertrophy of the suprarenals are

associated with pubertas praecox ;
and it is believed by many that

the suprarenals, and the cortex more especially, exercise an in-

fluence upon the genital glands and upon the somatic and psychic

development of the individual during puberty. In Addison's

disease (Kyrle) and in congenital hypoplasia of the suprarenals

(Tandler), there are extensive changes in both the generative por-
tion and the interstitial cells of the testicles. According to Elliott

and Tuckett, there is no relationship between the suprarenals and
the reproductive glands.

The occurrence of hypertrophy of the suprarenal cortex and
of tumours of different kinds is by no means rare. Epithelial new-

formations may proceed from the cortical substance of the supra-
renal and also ifrom the accessory interrenal tissue. Of these, the

most important are the renal hypernephroma, described by Grawitz

under the name of struma suprarenalis ;
tumours of the female

genitals, proceeding from Marchand's accessory suprarenals ;
and

epithelial tumours of similar structure in other parts of the body.
All these pathological findings have as yet, ho\vever, supplied
no explanation of the function of the suprarenal cortex.

The physiology of the interrenal system is at present confined

to the investigation of its chemical composition and the more
minute study of its structure and of the structural changes which,
under special conditions, are observed in the suprarenal cortex.

The physiology of the interrenal system as it stands to-day is

chiefly the histo-physiology of the suprarenal cortex.

HISTOLOGY OF THE SUPRARENAL CORTEX.

The connective tissue sheath of the suprarenal is connected

with the centre of the organ by means, partly of thickish strands

conveying the nerves and blood-vessels, and partly by delicate

connective tissue lamellae which radiate from the periphery to the

centre. A short distance from the capsule, these strands and

lamellae become connected by cross and oblique anastomoses, and

by this means the outer cortical zone is defined. Since Arnold's

time this layer has been called the zona glomerulosa. These con-

nective tissue processes, some of which are vertical, while others

are joined together by means of a portion which curves outwards,
enclose long fan-shaped portions, 20, 40 and 60 microns in

breadth, which are again divided into smaller roundish spaces by
means of transverse processes. It is in these rounded spaces thai

the parenchyma cells are situated. In the median portion of the

cortex, the radial arrangement of the connective tissue strands

become more open, enclosing parallel spaces in which isolated

connective tissue septa conveying capillaries are arranged trans-

versely and diagonally (zona fasciculata, Arnold). In the internal

portion of the cortex, the connective tissue processes become still
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more delicate and, in the neighbourhood of the medulla, they
break up into a line net, composed of the finest connective tissue

threads (zona reticularis, Arnold), in the meshes of which single

parenchyma cells are situated. At the boundary between medulla

and cortex there are again a certain number of thicker connective

tissue threads running tangentially.
The fans formed by the lamellae of connective tissue are

divided into meshes of different sizes by delicate septa running
transversely and diagonally. These meshes contain the cortical

cells, not as Ecker described them, in the form of bladders or

tubules, but, both in man and in animals, in typical, solid cell-

columns without cavity the cortical cylinders of Kollicker. These
cell-columns are usually composed of a single row7 of cells, though
occasionally of two or three; they traverse the external layer either

directly or in a winding fashion, and end in the transverse con-

nective tissue processes, or they may curve back like an arch and
terminate in one another. In the median layer, these cell-cylinders
are arranged in drawn-out radiating columns, in accordance with

the shape of the meshes formed by the longitudinal connective

tissue threads. In the interior, the columns break up into a net-

work formed by single rows of cells, in the meshes of which the

tine capillaries are situated. The meshes of the network, which
at first are rounded, become flattened radially as they approach
the medulla.

The form and size of the cells in the individual layers, varies

with the changes in the arrangement of the connective tissue struc-

ture and of the cell columns. The cells in the external zone are,

upon the whole, small in size and are of various shapes. In the

human suprarenal these cells are mostly polygonal ;
in tangential

sections they appear in the form of rounded balls and cell nests

enclosed in connective tissue. The cells in the median layer are

larger in size
;

in form, they are rounded polygons which are

occasionally elongated in the direction of the column
;
and they

are arranged several together, side by side, transversely of the

column. As they approach the internal layer, the cells become
smaller in size and either cubic or polyhedral in form; while the

cells in the innermost cylinders are frequently oblong.
The connective tissue which runs between the cortical cell

cylinders carries numerous capillaries and veins. These vessels

pass between the cell columns and are somewhat dilated in the

outer layer; they are especially numerous in the internal zone.

Actual main arteries are not present in the cortex. The cortical

cells are placed directly against the thin vessel walls, which are

composed of endothelium and are sometimes enclosed in a delicate

connective tissue membrane.
The arrangement of the cortical parenchyma is, in the main

points, the same in all mammals, though the form, size and

arrangement of the cells varies. In many species the zona



272 INTERNAL SECRETION

glomerulosa is absent altogether. The form of the cortical cells

is polygonal in man only; in the greater number of mammals the

cells of the outer zone are long, narrow and cylindrical in shape.
The most perfect cortical cylinders are observed in the horse and
the dog. In microscopic sections taken from these animals the

cell strands appear as perfect rings which closely resemble tubular

glands. Whether or no the cortical cell groups enclose a lumen
is a question of the utmost importance to both pathological and

physiological histology, and one which has recently been sub-

jected to searching investigation by Stoerk. He showed that,

under normal conditions, there is no free space within the loop-
like arrangement of cell cylinders, although the appearance of

these sometimes closely simulates a lumen formation. Where,
for instance, owing to the over-tilling of the suprarenal vessels,

there is extravasation of blood into the external cortical layer, the

cell columns become detached from the connective tissue by which
the vessels are conveyed; thus, appearances are produced which,
where the extravascular blood is not demonstrable as such, bear

a misleading resemblance to transverse and oblique sections from

glands. This effect is heightened by the fact that compression
of the cell contents produces an apparently basal position of the

nuclei. From the nature of his findings, Stoerk is convinced that

the suprarenal cortex does not assume the formation of a true

gland under either normal or pathological conditions (hyper-

trophy, adenoma).
The most important structural characteristic of the cortical

cells is supplied by the lipoid granules which they contain
;
these

resemble fat granules and are usually known as the cortical

granules. The chemical nature of these granules will be described

later; their histological characteristics are, briefly, as follows :-

If the cortex of a fresh mammalian suprarenal is teased out

in physiological saline solution, the result will be a granular mass

containing, in addition to single perfect polygonal cells filled with

granules, an enormous number of free spheroids. These are pale

yellowish in colour, very bright, double refractive, and i to 4
microns in size. Occasionally, these spheroids run together to

form, in some cases, largish drops, in others, what are known
as myelin forms. The large drop formation is very well seen after

the addition of glacial acetic acid, concentrated mineral acids, or

33 per cent, liquor potassa? solution ; though, when diluted, the

same acids and potash solution produce no change. The cortical

granules are soluble in fat solvents (ether, chloroform, xylol,

alcohol, though more slowly by the latter), and the addition of

water to these solutions produces the same globular formations.

The cortical granules do not stain with either fuchsin, methylene
blue, or other similar colouring agents ;

but they stain vividly with

the specific stains for fat (alkanna, sudan III, scarlet R) ;
and in

perosmic acid they colour a profound black. If, after colouring
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with osmium, the preparations are treated with alcohol, chloro-

form, or xylol, or cleared and mounted in Canada balsam or

bergamot oil, it will be seen that the granules have become dis-

solved, leaving a diffuse brown coloration in the cells. Mounted
in oil of cloves, however, they remain black for weeks, and in

glycerine for even longer.
The cortical granules are best seen by means of the specific

dyes for fat, provided that, after fixing the portions of suprarenal,
no powerful fat solvents such as ether, chloroform, or alcohol, are

employed in the further treatment. The best method of preparing
the specimens is to fix in formalin, cut frozen, and stain with
sudan III or scarlet R, when the granules will take on a red

colour. If subsequently treated with osmium (twenty-four hours
in Altmann's mixture), however, the granules in these frozen sec-

tions unlike fat, which usually stains black immediately take on
a brown colour and become black only when further treated with

alcohol. If, however, after treatment with osmium, the frozen

sections are treated with bergamot oil, the brown granules will

immediately dissolve
;

if ether or xylol are used, solution follows

very rapidly ;
chloroform and benzine are slower in their effects,

but solution follows within a quarter of an hour. If, after treat-

ment with osmium, the granules are treated with alcohol until

they become black (twenty-four hours), they will still dissolve

rapidly and entirely in bergamot oil, though to a less extent in

the other fat solvents
; they will still dissolve, though very

slowly, in ether and xylol, but they cease to be soluble in benzine
and chloroform.

For the study of the cytological structure of the suprarenal
cortex, the best results are obtained by fixing in formalin, formalin-

Mtiller, Zenker's fluid, and particularly in the different osmium
solutions. By these methods the cortical granules are at first

browned and become black only after treatment with alcohol.

On account of the solubility of the granules in ether and

xylol, these reagents cannot be used to prepare sections for paraffin

imbedding; the granules are, however, insoluble in chloroform

or benzine, and these may be employed.
Sections should not be cleared in xylol or mounted in Canada

balsam, as the cortical granules are to a large extent dissolved

by these, so that, after a few days, only a few blackened or brown,
osmium-stained cortical cells remain. When mounted in oil of

cloves, the granules last for some weeks. The most satisfactory
results are obtained by clearing and mounting sections which
have been stained with osmium in glycerine or a saturated solution

of potassium acetate.

In addition to the lipoid granules of the cortex, Alt-

mann's fuchsinophile granules stain readily, even in embryonic
suprarenals (Plecnik). These are round bodies of the same size

as the lipoid granules; they are composed of several layers
18
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arranged in such a way that the smallest is nearest to the nucleus.

At the cell periphery they are surrounded by the layer containing
the lipoid granules. Where, however, as the result of the group-
ing of the cortical cells, the juxtaposing cell surfaces are free from

lipoid granules, in fuchsin preparations these areas are seen to be

crowded with fuchsinophile granules. There is no evidence to

show that these granules are changed into lipoid granules. The
effect of ether upon sections is to dissolve, not only all the lipoid

granules stained with osmium, but also a large proportion of

the fuchsinophile granules, the remaining portion of the latter

remaining unchanged (Plecnik).
The cells of the suprarenal cortex also contain pigment. This

is seen in the inner layer, the zona reticularis, where it takes the

form of yellowish granules, even in sections coloured by the

ordinary nucleus and cytoplasm stains. These granules colour

black with Heidenhain's iron haematoxyjin, and a deep grass-

green with Unna's polychrome methylene blue and differentiation

with glycerine ether. In these preparations, even small quanti-
ties of pigment are clearly visible against the blue nuclei and the

unstained cytoplasm. The sections should not have been pre-

viously fixed in osmium solutions. When fixed in Altmann's
mixture the pigment loses its yellow colour, becomes a dirty green,
and is readily distinguished from the intensely black lipoid

granules. The embryonal suprarenal contains no pigment ;

Plecnik found that it was present in very small quantities in the

suprarenal of an infant 6 days old.

The pigment is found both in free cells and in those which
contain cortical granules. If sections which have been stained

with osmium are treated with ether and then coloured with iron

hasmatoxylin, large clear spaces will be observed in the zona
reticularis in place of the black lipoid granules; while the pigment
granules, also coloured an intense black, will still be visible in the

alveolated body of the cell. According to Dostojewsky, this

alveolate network represents, not the filamentous portion only,
but the entire cell-plasm. Thus it appears that the lipoid granules

occupy the plasmic spaces, while the pigment granules are situated

in the cytoplasm itself (Plecnik).

CHEMISTRY OF THE SUPRARENAL, EXCLUSIVE OF
ADRENALIN.

In spite of the immense interest which has been aroused in

the physiologically active substance of the suprarenals, or perhaps
because attention in general, including that of chemists, has been

focused upon the physiological side, the advanced methods of

modern chemistry have, up to now, supplied only the first begin-

nings of a knowledge of the chemical constitution of the supra-
renal.
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Nabarro's experiments have acquainted us with the albu-

minoids of the suprarenal. These experiments show that the

suprarenal contains an albumin which coagulates at 70, certain

globulines which coagulate at between 56 and 75 ;
and one or

more nucleoproteids. Thus far, then, the suprarenals do not

differ from the other organs, seeing that the globulins and the

nucleoproteids are present in all tissues. According to the older

accounts, the suprarenal contains also the following : of the pro-
ducts of regressive metamorphosis it contains hippuric and tauro-

cholic acid (Vulpian and Cloez), benzoic acid and taurin (accord-

ing to Seligsohn, but not confirmed by Stadelmann), leucin,

tyrosin, xanthin bases (xanthin, methylxanthin, hypoxanthin,
epiguanin, according to Okerbloom), inosit (Kiilz) ;

of the carbo-

hydrates it contains glycogen (Lubarsch), a substance resembling
jekorin (Manasse), and salts, of which potassium phosphate is

present in exceptionally large quantities (Halliburton).
A. C. Croftan discovered a diastatic ferment, and M. Jacoby

an oxidative ferment, an aldehydase, in the suprarenal cortex.

The suprarenal further contains a nuclease which splits up nucleo-

proteids, xanthin bases being formed (Jones).
The proof of the presence of cholin in the suprarenal was a

discovery of the highest importance. As early as 1888, it was
stated by Guarnieri and F. Marino-Zucco that w^atery extracts of

suprarenal contain neurin (in the terminology of to-day, cholin)
and they assumed that the neutralization of the neurin in the

body was a function of the suprarenals. Exact proof of the pre-
sence of cholin was, however, first offered by Lohmann (1907).

It wTas Lohmann T

s object to isolate from the suprarenal the

substance present in suprarenal extract which produces an effect

first observed by Giirber, namely, the lowering of blood-pressure.
The suprarenal was first freed from fat and cut into small pieces,

and, by means of hot water with the addition of a small amount
of acetic acid, a triple extract was obtained. The concentrated

extract was purified by Kutscher and Steudel's method with

tannin, baryta and oxide of lead, and afterwards precipitated with

phosphorotungstic acid. The precipitate was split up with baryta
and the alloxur, or purin, bases were first extracted by means of

nitric acid, and a further group of bases,
"
the arginin fraction,"

was afterwards extracted with baryta. The filtrate was again

precipitated with phosphorotungstic acid, the precipitate again

split up with baryta, and, after removal of the superfluous baryta
with carbonic acid, the bases were reduced to a thick syrup. A
concentrated extract of this syrup was obtained by repeated treat-

ment with boiling absolute alcohol. The bases obtained from
the alcohol extract possessed marked hypotensive properties. The
concentrated alcoholic extract was precipitated with alcoholic

solution of platinic chloride. The platinates, which were in-

soluble in alcohol, wrere converted into chlorides with sulphuretted

hydrogen, and then, by the addition of a watery solution of auric
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chloride, the aurate of cholin is obtained. By crystallization twice

repeated, and by ascertaining the melting-point and the amount
of gold present, the insoluble aurate was found to be homogeneous
and was analysed. The result yielded by analysis was cholin

auric chloride. The aurate was converted into the chloride with

sulphuretted hydrogen, and this was employed in experiments

upon animals. It appeared that, when injected into the veins of

a cat in a quantity of .036 grm. in .5 c.cm. of Ringer's solution,

this cholin chloride produced a sudden fall in blood-pressure and
violent lachrymal and salivary secretion, followed by the death

of the animal. That the influence of cholin was antagonistic to

that of adrenalin was shown, not only by the effect upon the

blood-pressure, but also by the effect upon portions of intestine

removed from the living cat. The action of adrenalin in produc-

ing relaxation of the intestine was arrested by the addition of

cholin, and violent muscular contractions followed. In further

experiments, Lohmann tested the effects of adrenalin and cholin

upon the heart when taken from the living rabbit
;
he found that

the increased and accelerated cardiac activity produced by
adrenalin was negatived by the weakening and slowing of the

contractions which followed cholin. The antagonism between
adrenalin and cholin was found to be mutual

;
it was especially

noticeable that the profuse salivary flow produced by the sub-

cutaneous injection of cholin, was absolutely controlled by the

simultaneous injection of adrenalin. Lohmann was no more able

than Frank and Isaac later, to prevent the occurrence of adrenalin

glycosuria by means of cholin. According to Mansfeld, the sub-

cutaneous injection of cholin will arrest the development of the

changes in the vessels brought about by adrenalin.

Lohmann next investigated the distribution of cholin in the

suprarenal and he discovered that it is possible to obtain nearly
nine times as much from the cortex as from the medulla. He
ascribes the cholin contents of the medulla to the presence of

cortical substance and arrives at the conclusion that, in the same

way that adrenalin is formed only in the medulla, so cholin is

formed solely in the cortex.

Lohmann also described the manner in which he obtained
a further auric salt, by the slow concentration of the mother-lye
of the cholin auric chloride obtained from suprarenal extract. This
auric salt was crystallized and found to be neurin gold.* This

* The constitutior.al formula of neurin (trimethylvinylammonium
hydroxyd) is as follows :

CH 3 N

This base is obtained from cholin by the splitting off of a molecule of
water out of the ethylalcohol, by which the latter is converted into the

vinyl residue.
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gold combination was converted, by means of sulphuretted hydro-

gen, into the chloride and was employed in experiments upon
animals. The intravenous injection of .01 grm. of neurin chloride

into rabbits produced a fall in blood-pressure immediately fol-

lowed by a considerable rise. There were at first several strong

expiratory movements, followed by a reduction in the respirations.
That cholin was present in the animal economy had long been

knowr

n, and the nature of its pharmacological activity had re-

peatedly been investigated (Gaehtgens, Bohm, Brieger, Cervello,
Asher and Wood, Formanek).

Cholin (trimethyloxethylammonium hydroxyd) :

CH 2 OH
CH 3-N

formerly called neurin, was first discovered in the bile by Strecker,

and afterwards found, as a product of the decomposition of lecithin

or of protagon, in watery extracts of the brain, and by Mott and

Halliburton, in the cerebro-spinal fluid. The latter authors were

inclined to regard the fall in blood-pressure observed by Schafer

and Moore after the injection of extract of the brain, and by
Schafer and Vincent after the injection of that constituent of

pituitary extract which is soluble in alcohol, as an effect of cholin.

Osborn and Vincent found that the injection of extracts of any
portion of the nervous system produced a distinct temporary fall

in blood-pressure. They concede that these extracts contain cholin

in small quantities, but they do not ascribe the result to the action

of this substance ; for the lowered tension persisted after full doses

of atropine, whereas, according to their experiments, the effect of

atropine upon cholin is invariably to convert the vaso-dilator action

into a vaso-contractor one. Vincent and Sheen next discovered

that a substance which reduces blood-pressure is obtainable from
muscular tissue of all kinds, as well as from the kidney, liver,

spleen, testicles, pancreas, ovaries, lungs, thyroid, thymus, supra-
renals and the hypophysis cerebri. Vincent and Cramer showed
that watery extracts of nervous tissue contain two groups of sub-

stances, both of which, when injected intravenously, reduce blood-

pressure. One group dissolves readily, the other is scarcely

soluble, in absolute alcohol. The alcoholic solution contains two

depressant substances. The action of the one is neutralized by
atropine, that of the other is unaffected by it. The alcoholic

solution yields a slight precipitate with platinic chloride, and this

precipitate, when purified, yields prismatic crystals, the platinum
contents of which are 32.8 per cent., which corresponds to the

platinic double salt of dicholinanhydride. These observers found

no cholin in extracts of the brain, and they are of the opinion
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that the hypotensive action of these extracts is independent of

cholin.

The wide distribution of cholin in the organism was em-

phasized by Claude and Blanchetiere (1907), who also pointed
out that cholin is present in the greater number of tissues and
secretions of the body, though not in a free state but in combina-

tion with lecithin, v. Fiirth and Schwarz showed that cholin is

present in intestinal extract and in secretin (so-called), and that

it stimulates the secretory activity of the pancreas and of the

salivary glands. The effect of cholin upon secretion is com-

pletely neutralized by atropine. They also found that the con-

stituent of the thyroid which lowers blood-pressure, is identical

with cholin. Schwarz and Lederer found depressant substances,
which they identified with cholin, in extracts of thymus, spleen and

lymph glands.

Finally, Gautrelet found cholin in the pancreas, spleen, ovary,

thyroid, kidney, testicle, pituitary and salivary glands, bone

marrow, and gastric and intestinal mucous membranes of animals

of various species. He came to the conclusion that the common
active principle of the extracts of those organs which were included

by Livon in the description
"
hypotensive glands," is cholin, the

activity of which is antagonistic to that of adrenalin. He divides

the internal secretory organs into those which are cholinogenic
and those which are adrenalinogenic (chromaffine), and he believes

that the regulation of arterial pressure is brought about by the

interactivity of these two antagonistic systems.
The evidence which these observations supply of the almost

ubiquitous occurrence of cholin in the animal economy, has largely
diminished the importance of Lohmann's discovery. The

presence of comparatively large quantities of cholin in the supra-
renal cortex can hardly be regarded as proof of the production of

cholin as a specific function of that tissue. It is far more probable
that cholin represents a product of the decomposition of the

phosphatides which all organs contain, and that the comparatively
large quantities of cholin which are present in certain tissues,

merely show that such tissues are very rich in those lipoids. These

phosphatides are very liable to hydrolytic decomposition, in the

process of which they give off cholin. The presence of cholin is

not a proof of its pre-existence under physiological conditions.

But the physiological activity of cholin, and especially its

antagonism to adrenalin, requires more careful investigation.
Modrakowski showed that the cholin (Merck) of commerce brings
about a fall in blood-pressure and a slowing of the pulse, which

may be arrested by means of atropine ;
that it also produces

increased salivary and pancreatic secretion as well as increased

secretion of urine; but that these results are wholly attributable to

products, resembling muscarin, of the decomposition of cholin,
and more particularly to trimethylamin. Pure cholin is a com-
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paratively non-toxic substance and, as Blum pointed out, in doses
of .6 to 2 mg. per kilo of body weight, produces only a transitory
increase in blood-pressure, and has no effect whatever upon
the secretions. I was able to convince myself that Modrakowski
was right in his findings, and they have since been confirmed by
Busquet and Pachon. A pure cholin which was prepared by my
colleague, S. Fraenkel, when injected into the veins of dogs in

quantities of 4 mg. to every kilo, produced a distinct, though very
transitory, increase in blood-pressure. After being kept for a few

days, the preparation acquired a distinct odour of trimethylamin,
and in doses of even 2 mg. produced marked hypotension and

slowing of the pulse. After atropine, a fresh injection of the

substance produced slight hypertension. This substance proved,
after keeping, to be actively toxic, for animals into which it was

injected in doses of i mg. per kilo died within a few hours.

According to these findings, then, cholin is neither specific to

the suprarenal cortex, nor is its action antagonistic to that of

adrenalin.

The suprarenal contains yet other substances, the importance
of which to the vital processes has only recently been discovered.

These are the lipoids. The presence of fat and substances similar

to fat is mentioned in some of the older writings upon the supra-
renals, but at that time our knowledge of the chemistry of these

substances was very scanty. It is only recently, and indeed very
recently, that we have arrived at any definite knowledge of the

nature of the lipoids. The interest which has been aroused in

both physiologists and pathologists by the lipoid substances in

general, has drawn a certain amount of attention to those of the

suprarenal in particular.
I have occupied myself with researches in which I made use

of the most recently discovered chemical methods into the nature
of the lipoid substances; and, in so far as my results concern the

lipoids present in the suprarenals, they may be given here. In

order fully to understand these results, it is necessary briefly to

explain the older views, based almost entirely upon histological
and biochemical material, and to show the manner in which recent

chemical science has modified our views concerning the nature of

the suprarenal lipoids.
It has long been known to morphologists that the suprarenal

cortex, or rather the entire interrenal system, occurring in verte-

brates of whatever species, possesses a remarkable cytological

peculiarity, namely, the presence in the cells of fat-like

lipoid granules, from which the name '

lipoid tissue," used
to describe the interrenal tissue, is derived. However much the

structure and arrangement of the interrenal system may vary
and according to H. Poll these variations are constant in mam-
mals of the same species the lipoid granules, or cortical granules
as they are called, are a constant and characteristic feature both
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of the cortical cells and those of all interrenal tissue. What was

known of the morphological relationships and the microchemical

properties of these granules supplied the material for the investi-

gation of their chemical composition.
This occurrence of peculiar granules in the suprarenal cortex

was first described by Simon and Ecker (1846), and has been

confirmed by all subsequent investigators. The older authors

regarded them solely as fat-granules, and were content to describe

their distribution in animals of different species and the quantities
in which they were to be found in the different parts of the cortex.

According to Kolliker, there are animals, such as carnivora and

rodents, in which the amount of fat in the suprarenals is so large
that it lends a yellow-whitish colour to the entire cortex. There

is also a large amount of fat in the external portion of the cortex

in the horse; while in the swine and in ruminants, on the other

hand, the cortex is grey in colour, the cells being pale and having

apparently little fat. The suprarenal of man occupies a middle

place between the two, there being in youth but little fat, though
this increases by degrees until finally the entire cortex, with the

exception of the inner zone, acquires a yellow-white appearance.
The greater number of authors find that the granules, which they
believe to be fat globules, are most numerous in the median portion
of the cortex; that they diminish considerably in number towards

both the inner and outer cortical boundaries; and that the cells

of the inner layer contain, in addition to the cortical granules,
certain other cell-contents, more particularly pigment.

Moers and Arnold described the resistance which the more

shining of these granules offer to alkalies and acetic acid; "but

A. von. Brunn was the first to inquire into the actual nature of

these bodies. He found that the numerous shining granules in

the cells of the external zone did not dissolve in acetic acid and

ether, and that they did not stain black with osmic acid
;
he con-

cluded from these findings that they could not be composed of

fat. For the same reasons, Braun believes that the more strongly
refractive bodies in the suprarenal cortex of reptiles are only

partially composed of fat. Gottschau also describes the highly
refractive granules, present in the inner layer of the cortex in

mammals, as insoluble in acetic acid and liquor potassa?.
A detailed account of the microchemical relationships of the

cortical granules was first given by H. Rabl. He found that

cortical granules from the suprarenal of the hen were soluble in

alcohol, ether and chloroform
;
that they stained black with osmic

acid and red with alkanna. While, however, fat treated with

osmium was insoluble in choloroform and bergamot oil, the

blackened cortical granules proved to be soluble in these reagents
and in xylol. For these reasons, Rabl held that the cortical

granules, though not fat, were allied to it. These findings were

confirmed by M. Pfaundler in the case of the dog and the
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horse. Alexander, however, lays special emphasis upon the

fact that cortical granules did not stain black with osmium, but

that they acquired a brownish tone, and for this reason must be

composed of a chemical substance other than fat.

In 1895, Kaiser! ing discovered that by far the greater number
of the cortical granules are double refractive to polarized light.

They had long been known to have a high refractivity, and Orgler,
who carried Kaiserling's experiments still further, gives the

following account of their microchemical nature. The granules
measure .4 to 18 microns, and have an average dimension

of 4 to 5 microns. They are soluble in water, readily
soluble in ether and chloroform, and dissolve slowly in

alcohol. They are unaffected by caustic soda solution, acetic

acid, and concentrated sulphuric acid. They stain red with

sudan III., at the same time losing their double refractivity.

When treated with osmic acid they take on a grey-black tone,

and if allowed to remain for a longer period in osmic acid-

fixing by Altmann's method, for instance they stain black.

Treatment with osmium, as well as fixing and hardening by other

methods, destroys their anisotrophy, thus their optic differenti-

ation from the fat-granules disappears. They are soluble in xylol,

chloroform, and bergamot oil, and at this stage this is the only
distinction between them and fat-granules treated with osmium,
the latter being insoluble in these reagents. Orgler concludes

that the cortical granules are not identical with fat
;
from their

double refractivity, the manner in \vhich they are influenced by
osmium, and their resistance to acetic acid and caustic soda solu-

tion, he thinks it highly probable that they are related to the

myelin of the medullary nerve-fibres.

The chemistry of the cortical granules was minutely investi-

gated by Hultgren and Andersson. These authors found that the

microchemical reactions of the cortical granules were in every case

the same as those of fat. Their greater solubility after treatment

with osmium is their only point of difference. Alexander showed
that lecithin is present in the suprarenals in large quantities, and

Hultgren and Andersson incline to a relationship between this

substance and the cortical granules, taking further into consider-

ation the large quantity of so-called myelin forms which appear
in the etheric solution after the addition of water. They W7ere

unable to demonstrate phosphorus in the cortical granules, and
were thus compelled to leave the question of their lecithin contents

unsolved. All that they could say was that the cortical granules
are composed of fat, but that they probably differ in certain

respects from the other known fats. In 1902, P. Ewald discov-

ered that the suprarenal cortex coloured a diffuse pale pink with

scarlet R., and he believed that this was due, not to fatty degener-
ation, but to infiltration of fat.

Plecnik's observations (1902) are of exceptional interest. He
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found that, in the suprarenal cortex of a human embryo 5 cm.

long, all the cells contained granules, though these were smaller

in size and in number than in the adult. In an embryo 12 to 15
cm. long, the granules had increased considerably in size, and
were much more numerous, especially in the peripheral cells.

These conditions are maintained through the later developmental
stages, and change very little during the post-embryonal period.
The comparative maximal number of cortical granules is reached

during the second six months after birth
;
from then onwards the

number is subject to variation which is largely unexplained. But
an increase in the number of granules in the cortex is by no
means to be regarded as the result of fatty degeneration. Plecnik's

experiments shed important light upon the nature of the cortical

granules, because he applied to the suprarenals the test which
Lewinson gives for fats, namely, a modification of Weigert's
chrome-ha?matoxylin stain for the medullary sheath of the nerves.

He found that, after the suprarenals had been hardened for some
time in Miiller's mixture, the granules in the cortex were stained

blue in exactly the same manner as the fat in the interstitial cells

of the testicles, while subepicardial fat and the fat of phosphorus
kidney did not stain by this method. The granules in suprarenals
treated by this method frequently colour black after treatment
with Altmann's mixture and rinsing in water. This is not the

case, however, with subepicardial fat and phosphorus kidney fat.

By means of i per cent, osmic acid, Bernard and Bigart (1902)
were able to differentiate between two cell types, or more properly,
two cell conditions, in the external layer of the zona fasciculata, the
so-called zona spongiosa. Of these two cell types, one contained

larger or smaller globules of common fat which stained in the

usual manner with osmium, \vhile the other contained granules
which, in response to osmium, took on a shade varying from light
to dark grey. Mulon next showed that the grey granules are

soluble in turpentine, xylol, bergamot oil, and cedar-wood oil.

The cells known as spongiocytes are, according to Mulon, cells

the protoplasm of which is filled with granules resembling fat.

Their spongy appearance is merely the result of the secondary
solution of the globules during mounting. Bernard and Bigart
call this substance

"
labile fat," and consider that it is a product

of normal cell-function, while ordinary fat may, under conditions,
be a pathological product. Bernard, Bigart and Labbe believe

that labile fat is lecithin or a mixture of lecithins. By extraction

with ether and alcohol, they estimated both the total amount of

fat and the total amount of phosphorus in the suprarenal, and
found that the proportion of the phosphorus fat to the whole
amount of fat was as follows : 45-3 : 100 in the horse, 48.8 : 100 in

the sheep, 52.7 :ioo in the rabbit. In the horse, the phosphorus
fat forms 6.77 per cent, of the organ ;

in man the proportion of

lecithin fat to the whole amount of fat is 13.1 : 100, the lecithin fat
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amounting to 2.08 per cent, of the total weight. According to

these authors, lecithin is actively produced by the suprarenals.

They found that, during muscular exertion, there was a consider-

able increase in the number and size of the labile fat granules in

the spongiocytes, but that the ordinary fat remained unchanged.
Mulon (1903) points out the double refractivity of the cortical

granules in the suprarenals of guinea-pigs, though this, as we

know, had already been discovered by Kaiserling. Mulon also

comments upon the fact that, as early as 1866, Darest described

double refractive granules in the ovum, in the suprarenals, and in

other tissues
;
and that Dastre, in 1877, showed that these granules

are composed of lecithin. According to Mulon, oleate of soda and
lecithin are the only double refractive granules which are soluble

in ether and alcohol. He calls the zona spongiosa the zone

lecithinogene. He found that the cortical granules, like those of

the medullary sheaths, stain blue by Regaud's modification of

Weigert's ha^matoxylin copper method. Bonnamour and

Policard proved that the cortical granules of the suprarenals of

frogs possess the following characteristics : they stain grey-black
with osmium ; they are afterwards soluble in Canada balsam and
in xylol ; and they colour blue with Weigert's hasmatoxylin.
These authors consider that the cortical granules are composed of

a phosphorus fat belonging to the lecithin group.
These double refractive granules, which were believed to be a

specific product of the suprarenal cortex, were also found by
Kaiserling in an amyloid kidney with pronounced fatty changes;
and Kaiserling and Orgler discovered similar granules in organs
which had undergone regressive and fatty degenerative changes,
for instance, in regressive changes in the thymus, fatty degener-
ation of the intima cells of the vessels, in large white kidney, &c.

They believed these double refractive granules to be identical with

the myelin globules found by Schmidt and F. Mu'ller in the

bronchial mucus, and they described the granules which they had

discovered as
"
myelin

"
without, however, attaching a chemical

significance to the term. Albrecht also described as myelin the

globular formations and the figures which appear in the cell-body
as the result of nuclear decomposition as seen for instance post
mortem in the kidney if kept at the temperature of the body and

which, unlike the nucleus, stain red with neutral red. Dietrich and

Hegler also described the occurrence of myelin figures which

were formed by autolysis in organs kept under aseptic conditions.

By rapidly bringing crushed suprarenal cortex to a moderate

degree of heat under the microscope, Albrecht produced every

possible change in the appearance of the double refractive

granules, from slight increase in size to enlargement equal to that

of the globules seen in fatty infiltration of the liver, together with

pronounced double refraction, and, in many instances, distinct

formation of myelin forms. Certain other authors (Orgler,

Loehlein, Rosenfeld) believed that the double-refractive substance
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seen in fatty degeneration and cloudy swelling is protagon, and
this is in accordance with the theory of Kaiserling and Orgler.

O. Herrmann (1905) minutely investigated the double refrac-

tive substances resembling myelin present in the suprarenal
cortex. The double refractive substances are present in varying

quantities as physiological constituents of the human suprarenal
from the embryonal state until old age. They are present in the

form of round globules of varying size, and they are characterized

by the following reactions : they resist alkalies and acetic acid
;

they stain slightly yellow with Lugol's solution
;
when warmed,

pink with Millon's reagent; they are readily soluble in chloroform

and ether
;
in alcohol they dissolve slowly ; they stain brown with

osmium, at the same time losing their double refractivity ;
when

fixed in Flemming's solution they stain black.

The most important thing about these double refractive sub-

stances, however, is their attitude towards neutral red
; they do not

stain w7ith this reagent. On the other hand, in addition to the

globules, myelin masses are found, and these stain with neutral

red. In badly fixed sections where the nuclei do not stain, the

neutral red staining of myelin bodies is more easily recognized.
It is evident then that the double refractive granules are not

identical with the myelin substances, which colour with neutral

red (Albrecht).
After hardening in formalin, needle-shaped crystals stained

with fat-ponceaux are observed in addition to the globules;
these crystals take up dyes, and are in many instances still refrac-

tive. Double refractive globules similar to those in man are found

in large numbers in rats, but they are not present in guinea-pigs,

nor, as a general rule, in rabbits. The cells of the suprarenal in

rabbits are filled with small, polyhedral granules, which frequently
combine to form largish scales, are not double refractive, and in

fresh preparations do not stain with neutral red.

These granules stain with neutral red in preparations in which

autolytic processes have occurred, either when kept in an

incubator, or in the abdominal cavity, free or enclosed in india-

rubber bags. Their double refractivity is not, however, increased,

and there was no actual proof of the transformation of the poly-

gonal granules into larger myelin forms or into globules. Colour

reactions show that fatty acids are present in the external layer
of disconnected suprarenal grafts. This is most readily explained

by the assumption that the leucocytes in combination with the

fluids of the body which penetrate into the external layer, -bring
about a process of resorption, which is attended with a splitting

up of myelin.
Herrmann was unable to obtain from the results of his

experiments any further information concerning the nature of the

amorphous masses in the suprarenal of rabbits, as well as of the

double-refractive globules which occur in profusion in the supra-
renal of man, and in small quantities in the suprarenal of rabbits.
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Napp (1905) published the results of his investigations into

the fat-contents of the suprarenals in different pathological con-

ditions. He takes no account, however, of the manner in which
the double refract!vity is affected, and he describes as fat only that

portion of the cell contents which stains with sudan red. Babes
and Jonesco have also published communications respecting the

distribution of fat in the suprarenals. These authors assert that

the distribution of fat in the suprarenal cortex differs with the

age and species of the individual, and that its amount is very
much diminished by different pathological conditions, such as

inanition and acute and chronic infective diseases. They found,

further, that there is a reduction in the number of the fat-granules
in the suprarenal cortex of rabbits, if hypertrophy of the organ is

induced by the intravenous injection of adrenalin. Babes finds

that, in suprarenals containing a large amount of fat and in

suprarenal adenoma, the cortical cells are filled with crystalline
double refractive granules, the reactions of which are similar to

those of protagon. These double refractive granules may entirely
crowd out the ordinary fat.

Elliott and Tuckett (1906) undertook minute investigations
into the histology of the cortical granules. They found that the

cortex contains four different substances, all of which may be

regarded as the products of secretion
;
these are the fat granules,

the double-refractive substance, the pigment granules of the

cortex, and the chromaffine substance of the medulla. The fat in

the suprarenal cortex differs from other fats in its ready solubility
in etheric oils; it colours red with scarlet R. The double refrac-

tive substance which is soluble in ether occurs in the suprarenal
cortex in association with true fat, though the distribution of the

two substances is not identical, and they may occur in different

parts of the cortex. In the guinea-pig, true fat is found in the

external third of the cortex only, \vhile the double refractive sub-

stance occurs throughout the whole cortex. In the cat, the double

refractive substance is generally situated in the external cortical

layer, though it is sometimes met with in the internal layer, com-

pletely separated from the fat. In the rabbit, the distribution of

faj, is regular and, when viewed with a polarization microscope,

glittering crystals appear to be also regularly distributed through
the cortex. In the human suprarenal the conditions are the same.
In certain species, though fat is present, the double refractive

substance is absent, as for instance, in the case of the cortex of

the sheep and the whale. In others, on the other hand, as for

instance in the hen, the double refractive substance is present in

such large quantities that the entire cortex appears to be filled with

large needle-shaped crystals, irrespective of the cell boundaries.

According to Elliott and Tuckett, the fat and the double refractive

substance are two different secretory products of the suprarenal
cortex, but are, however, intimately related to one another. When
the body is in the resting state, the amount of the double refractive-
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substance increases, while the fat is reduced in proportion. Where
muscular exertion is prolonged to fatigue, the double refractive

substance disappears, and the fat spreads through the whole of

the cortex. The authors point out, however, that these substances

may neither of them represent the most important general product
of the secretory activity of the cortex, for they may be absent in

certain species, as in the case of the sheep. The brown pigment-

granules are specific to the suprarenal cortex of guinea-pigs.
These accumulate during repose and disappear very rapidly

during exhausting muscular exertion, fat being formed in the

cytoplasm in their place.
These authors give no account of the chemical nature of the

double-refractive substance; but they point out that it cannot be

identical with fat, and they think that its refractive power probably

points to myelin in combination with lecithin.

As we have seen, this double-refractive lipoid substance was
almost invariably believed to be lecithin. The assumption was

justified by Virchow's discovery, as early as 1857, of the presence
of a substance which he described as myelin (medullary) in the

suprarenal, and which, from its chemical nature, he identified

with the substance which Gobley described as lecithin. A little

later, Bennecke pointed out that cholesterin, in combination with

a peculiar substance of fatty nature, plays the chief part in the

formation of myelin substances. But the peculiar richness in

lecithin of the suprarenals was again emphasized by Alexander.

He obtained his exceptionally high figures by multiplying by 8.8,

the phosphorus contents of the etheric extract of suprarenal. The
brothers Marino-Zucco, as well as Guarneri and Marino-Zucco,
obtained neurin and glycerite of phosphoric acid from etheric

extract of suprarenal. Manasse obtained a body from the supra-

renals, the phosphorus contents of which were 4.44 per cent., and

which, after decomposition by means of acids, yielded a carbo-

hydrate. Manasse concludes that this lecithin-carbohydrate com-
bination is jecorin.

Orgler (1904) analysed the suprarenals with the object of

ascertaining if they contained a body resembling protagon.
Liebreich gave the name of protagon to a homogeneous substance

which he regarded as the matrix of the lipoids found in the

brain.* By means of alcoholic and etheric extraction, Orgler

'

7 Later on, protagon was erroneously regarded as a body chiefly com-
posed of cerebrin and lecithin, because it yielded, as the products of

decomposition, cerebrosides, which are free from phosphorus, and phospha-
tides. Cerebrin is a body containing CON, as yet not exactly defined;

while, from the results of Strecker and Diakonow's investigations, lecithin

was commonly regarded as di-stearyl-glycerinite of phosphoric-acid-cholin.
But Thudichum had already suggested, and it was afterwards proved by
Fraenkel, that saturated lecithins of this description do not exist; that all

lecithins are unsaturated phosphatides ;
and that Diakonow himself had

isolated the unsaturated oleic acids from his own lecithin. Thus the finding
of a saturated di-stearyl lecithin must be attributed to erroneous description
of the experiments on the part of the text-books.
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obtained a yellow-white body from the suprarenals, which was
found under the miscroscope to consist of fine, slightly bent

needles arranged in rosette form. After repeated crystallization
he obtained a snow-white body which, as it did not stain with

osmium, he believed to be free from lecithin. The phosphorus
contents were 1.6 per cent.; higher, therefore, than the figure

given for protagon by the majority of authors. Owing to the

small amount of substance at his disposal, he was able to test for

the carbohydrates by colour-reactions only, and the results of

these were positive. From the results of his investigations,

Orgler held the double refractive granules to be protagon.
After, however, Panzer had shown that the double refractive

substances in the kidney are not protagons that is to say, they
are not combinations with phosphorus but are cholesterinesters,
Adami and Aschoff continued the investigations made by
Lehmann and Schenk into the nature of the fluid crystals. They
endeavoured to obtain by synthesis, combinations corresponding
to those of the double refractive globules found in the body, corres-

ponding therefore to the fluid crystals. They found that the

most important ingredients are cholesterinesters, whether pure or

in combination with oleic acids, fats, or cholesterin. These experi-
ments pointed to the probability of the double refractive substance
of the suprarenal being of a cholesterinester-like nature. On the

other hand, Wright pointed out that mixtures of cholesterin with
oleic acids may also yield double-refractive globules, and he lays
stress upon the fact that the suprarenal cortex contains a mixture
of cholesterin with lecithin and oleic acids, and that these are to

be regarded as products of secretion.

Rosenheim and Tebb isolated a white crystalline substance
from the suprarenal cortex of the ox, which contained 3.4 per cent,

phosphorus, and the physical properties of which corresponded to

Thudichum's diamidomonophosphatide, sphingomyelin, the most

important constituent of the so-called cerebral protagon. This

substance possessed a characteristic, which they describe, namely,
that of sphere-rotation, and it crystallized into anisotropic sphere-

crystals.
In 1909 the same authors published their further investigations

into the nature of the suprarenal lipoids.
In the first extract of dried suprarenal obtained with acetone,

they found a large quantity of a crystalline substance which con-

sisted principally of stearic acid, mixed with the cholesterinesters

in small quantities. The latter were not identified, but their

nature wras assumed from analogy with the cholesterinesters which
Panzer isolated from large white kidney. From the matrix of

the cold acetone extract, they isolated free palmitic acid, an

unsaturated oleic acid, and fat.

From the hot acetone extract they obtained a smaller quantity
of a crystalline substance from which they isolated cholesterin
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stearate and cholesterin palmitate in a state of chemical purity.

They obtained, further, the phosphatide, sphingomyelin, and the

non-phosphoric galactocide, phrenosin. The phrenosin was
identified by polarimetric estimation of the galactose obtained
after hydrolysis. Free cholesterin was carefully \vatched

for, but was not found to be present. Even with Windau's
extremely sensitive digitonin reaction, free cholesterin could not

be detected in either the hot or cold acetone extract of suprarenal.
These authors lay stress upon the fact that their results do not

support Powell White's assumption, that the double refractive

substances of the suprarenal consist of a mixture of free cholesterin

and fatty acids. On the contrary, the results of these experiments
confirm another view held by Powell White, to the effect, namely,
that the pure cholesterinesters do not yield double refractive

granules, but that when in combination with fatty acids, the

granules which they yield are double refractive. Seeing that the

presence under physiological conditions of true cholesterinesters

in the organism is denied by Biinz, Tebb, and by Moore, this

account of cholesterin palmitate and cholesterin stearate in the

suprarenal is very remarkable.

According to Rosenheim and Tebb, the double refractive sub-

stances of the suprarenal consist of a mixture of free stearic and
other fatty acids, together with a small proportion of sphingo-

myelin.
In his review of the morphology of the lipoicl substances (1909),

Aschoff affirms, upon the ground of results yielded by his own
experiments, that the following bodies may show double refractive

myelin forms, and, occasionally, globules :

(1) The phosphatides, including lecithin, though the latter is

difficult to obtain in a state of chemical purity.

(2) The soaps of the oleic acids.

(3) The cholesterinesters.

(4) Solutions of cholesterin in the phosphatides, in the oleic

acids, and the fats.

(5) Solutions of the cholesterinesters in the fats (perhaps also

in the phosphatides, though, up to now, this has not been tested).

Of the double refractive substances included in these five

classes, the cholesterinesters alone constantly and readily yield

permanent emulsions of double refractive globules. The sub-

stances in classes i and 2 frequently yield transient accidental

globule formations with double refractivity, but the results cannot
be relied upon. The substances in classes 4 and 5, on the other

hand, invariably yield emulsions containing globules, but these

are either not double refractive, or there is coarse crystalline pre-

cipitation of the globules without typical crystalline formation.

In all essentials, then, the double refractive substance is repre-
sented by the cholesterinesters.

In regard to the colour reactions of the cholesterinesters,
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Aschoff affirms that they colour a yellowish red with sudan, a
weak reddish colour with Nile blue sulphate, and grey with osmic
acid

;
that they do not stain with neutral red or by Golodetz's

method
;
and that, after fixing with chrome, they are converted into

insoluble lipoids with a positive colour reaction to sudan red.

The colour reactions of the double-refractive globules are

identical with those of the cholesterinesters. They stain with

sudan, Nile blue sulphate, and ponceau red in the same manner
as the neutral fats, and they are unaffected by the Golodetz

process which, by means of a mixture of formaldehyde and

sulphuric acid, stains the smallest traces of cholesterin a brown
to violet colour. Aschoff adopts the view that the presence of

the double refractive globules may represent only a modification

of the ordinary fatty degeneration, a special sort of storing-up of

fat, and that the occurrence of the double refractivity does not

point to a degenerative, endogenous formation of the globules.
The processes are invariably pure infiltration processes. This is

shown by the occurrence of isotropic and anisotropic globules
side by side in the same cell, and especially by the physiological
occurrence of such granules in the cells of the suprarenal cortex.

Nothing definite can be said concerning the physiological

significance of anisotropic substances. The view which prevails
at present is that, of the lipoids, lecithin plays the part of stimu-

lant of the ferments which serve as protective agents to the

cholesterins. It has been definitely proved by experiment that

with substances of a saponin nature (saponin, digitonin), choles-

terins give additive combinations which are insoluble and which
do not decompose readily. Of the functions of the globular
formations which are described as

"
myelin," we know practically

nothing.
In most cases where the double refractive substance is of

pathological origin, the process appears to be one of resorption
or of accumulation, characterized by marked profusion of the

cholesterin combinations.

Up to the present, no explanation has been found for the

physiological occurrence of the double refractive substance in the

suprarenal cortex. The assumption of Bernard and White, that

the suprarenal cortex secretes lecithin and cholesterin in combin-
ation with fat, is pure hypothesis.

Aschoff also mentions Ciaccio's finding, that treatment with

chromates renders the so-called myelin-forms of the suprarenal
cortex difficult of solution, and that at this stage, in spite of

treatment with alcohol and xylol and embedding in paraffin, they
show a very distinct sudan coloration. Ciaccio carried out certain

experiments with what he believed to be pure lecithin and

protagon, and he considers, from the results which he obtained,

that this sudan reaction is specific to lecithin, and he believes

lecithin to be a product of cell-metabolism.

19
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the other hand, as Aschoff justly points out, Ciaccio's

chemical tests cannot be regarded as of any very great value,

seeing that protagon does not exist as a chemical entity and that

pure lecithin is scarcely obtainable. The term lecithin is not

applicable to the lipoids of the suprarenal ;
all that can be posi-

tively stated is, that they are lipoids, that like the medullary
substance of the nerves, treatment with chromates renders them

insoluble, and that they give a sudan reaction. From what has

been observed up to the present, it seems far more probable that

they are cholesterinesters and sphingomyelin.
In my own researches into the nature of the so-called lipoid

substances, the material was provided by the suprarenals of

swine, while the method which I employed was an adaptation of

S. Fraenkel's method for fractional distillation of the lipoids of

the brain.* It must be explained, first of all, that the process
consists in extracting the different groups of lipoid substances

in such a manner as to separate the groups in the process of

extraction. The tissues are first dehydrated with cold acetone,

and are then successively subjected to the action of a number of

suitable organic solvents. By this means, the cholesterin group
is separated from that of the unsaturated phosphatides, and this

again from that of the saturated phosphatides and the sphingo-

galactosides. By weighing the extracts it is possible to ascertain,

not exactly, but approximately, the amount of the total lipoids

as well as that of the single lipoid groups, together with the

relationship which these bear to the total amount of lipoids.

It has been shown by Fraenkel and his co-workers that every

organ contains lipoids which are, as a rule, characteristic of it
;

and that the same organ, in different classes of animals, contains

phosphatides and lipoids which are also chemically differentiated.

The differentiation which exists between the lipoids of different

organs in different species on the other hand, is both qualitative
and quantitative. Finally, it must be borne in mind that, in spite of

their ready crystallinity, the lipoids which are normally present
in the tissues may not be demonstrable by histological tests, for

they may be present in a state of solution in one another. Under

pathological conditions, the breaking-up of such a state of in-

solution may cause the one or the other substance to appear.

My experiments were conducted in the following manner :

Fresh pig's suprarenals were freed from the surrounding fat, cut

up in the mincing machine, dehydrated with plenty of cold

acetone, and then exhaustively distilled by means of boiling
acetone. The acetone extract contains the entire group of the

cholesterins, free cholesterin, cholesterinester, possibly also the

* These experiments were carried out under S. Fraenkel's direction
in the laboratories of the L. Spiegler Institute in Vienna. A detailed

account, together with chemico-analytical results, will be published in the
" Biochemischen Zeitschrift."
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neutral fats and fatty acids, together with single phosphatides
soluble in acetone. Distillation with benzine follows, and this

process carries off the whole of the unsaturated phosphatides,

together with minute quantities of the sphingogalactocides. Sub-

sequent distillation with benzol, absolute alcohol, diluted alcohol

and ether yields the saturated substances.

The results of my analysis of the suprarenals of pigs were

as follows : The organs contained 74.61 per cent, of water to

25.39 per cent, of dry substance. Of this dry substance, 61.12

per cent, was albuminoids, &c., and 38.88 per cent, was lipoid

substances, together with extractive substances not as yet

chemically defined. These figures show the richness of the

suprarenals in lipoid material. But it must be remembered that,

by employing the whole suprarenal for these experiments, no
distinction between medulla and cortex is possible, and that the

scantiness of the medullary lipoid contents considerably lowers

the relative lipoid figure. By itself, the cortex would show a far

higher lipoid proportion.*
In any case, however, the suprarenals are among the organs

which are richest in lipoids, for more than a third of the total

dried substance consists of lipoids.

TABLE OF RESULTS OBTAINED BY DISTILLATION OF THE SUPRARENALS
OF PIGS.

25.39 Per cent, dry substance to 74.61 per cent, water. Percentage of

Dry substance 61.12 per cent, proteins, &c., 38.88 per cent, lipoids, &c. lipoid substances

Cold acetone extract (undefined
extractive substances,

cho-j -M 8 )

-jlesterin, cholesterinesters, unsaturated r ^Q' \6o.l
" "

I phosphatides, possibly fats j

Benzine extract (unsaturated phosphatides) ... ... ... ... 24.68
Benzol extract . I I . 1.^4^ 15.2
Alcoholic and etheric extracts f

saturated grouP
j .. ... 13.86j

The figures which K. Linnert obtained by the same process
writh the brain of pigs are given for the sake of comparison.

23.09 per cent, dry substance to 76.91 per cent, water.

Dry substance 37.38 per cent, proteins, &c., Percentage of
and 62.62 per cent, lipoids lipoid substances

Acetone extract ... ... ... ... ... ... 22.48
Benzine extract ... ... ... ... .. 41.16
Benzol extract ... ... ... ... ... ... 25.02
Alcoholic extract ... ... ... ... ... n-35

From the hot acetone extract a cholesterinester was obtained
in crystalline form which, from the shape of its crystals, its

To obtain a clear idea of the lipoid contents of the interrenal tissue,

experiments should be carried out with Selachians, and these I propose to

undertake within the near future. Our knowledge in this direction is at

present confined to Grynfellt's statement, that Ville found fat in the inter-
renal bodies of Selachians, and that, upon saponification, this fat yielded
oleic acid, palmitinic acid, and stearic acid. Only the microscope test was
employed.
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melting point, and its elementary analysis, was identified with

cholesterinpalmitate C 27H 45O (C 10H 31 O). This substance was

present in a comparatively large quantity. .8 grm. was obtained

in a state of chemical purity from 2,320 grm. of suprarenal.

Special interest is further attaching to the discovery of a

cholesterinester which crystallized into very fine needles, which

became illuminated under crossed Nicol's prism; molecular

weight, 740. Elementary analysis showed figures corresponding
to the formula C 51H 92O 2 ;

thus the substance may be described as

carnauba-acid-cholesterinester.

These findings supplied material for a further investigation
of the question as to whether or no the suprarenal is the source

of the cholesterinester present in the blood. It is well known
that Hiirthle found cholesterinoleate, cholesterinpalmitate, and
cholesterinstearate in blood serum. The examination of pigs*
blood for cholesterinester shows that cholesterincarnaubate is not

present in the blood in demonstrable quantities.
Of the further results of my experiments, I propose to mention

here only that the benzine extract contains the monoamidomono-

phosphatide cephalin. The diamidomonophosphatide discovered

by Rosenheim, namely, sphingomyelin, must be present in the

alcoholic fraction, but, up to now, I have failed to isolate it.

My investigations into the nature of the suprarenal lipoids
cannot be regarded as complete, and it is proposed to pursue them
further at a future date. They show, however, that Aschoff's

view, that the double-refractive substance present in the lipoid

granules is represented by the cholesterinesters, receives con-
siderable support from the results of chemical analysis. They
suggest, moreover, that the cholesterinesters are substances

specific to certain organs, and perhaps also to certain species,
which are produced in the suprarenal, but which cannot be re-

garded as products of secretion, destined to be carried off by the
blood-stream.

THEORY OF THE FUNCTION OF THE INTERRENAL
SYSTEM.

At a first glance, the remarkable profusion of the lipoid
substances in the suprarenal cortex suggests that this tissue is

the locality in which the lipoid substances required by the entire

organism are formed. Hence the hypothesis arose that the lipoid
substances, the presence of which in each cell was believed to be
essential to the acquirement by that cell of its nutritive material,
were formed by a process of secretion in the suprarenal cortex,
or rather in the suprarenal tissue. The evidence in favour of a

secretory process on the part of the cortex was supplied by the
different nature of the lipoid contents in different cells

; by the dif-

ference between cells in different parts of thecortex, containing little
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fat, but much of the double refractive substance; by the finding of

fatty spheroids furnished with a double refractive cap ;
and by other

phenomena indicative of a developmental cycle on the part of

the lipoid substances. Bardier and Bonne, who investigated the

structure of the suprarenal cortex after tetanizing the muscles,
found that there was an increase in the number of the cell

vacuoles, together with an increase in the volume of the cortical

granules; they interpreted these changes as the signs of an in-

creased secretory activity. Not only the lipoid granules, but the

pigment granules and other cell contents, were at that time re-

garded as products of cortical secretion.

A further consideration of the arguments in favour of secre-

tion led, however, to the conclusion that they were insufficient

to establish the existence of a secretory process occupied with the

elaboration of certain definite substances. The evidence merely
shows that the cortical cells are the locality in which certain

substances, more particularly the lipoids, are formed, and that

these lipoid granules form cell-contents of a kind subject to con-

siderable variation in the matter of number and size
;
but it does

not show that these cell contents are destined to pass into the

blood-stream. Comparative chemical examination of the supra-
renals and of the blood lends no support to this theory in so

far as the lipoids are concerned. Bonnamour's own experiments,

together with a critical survey of the literature of the subject,
led him to the conclusion that the findings which, up to now, are

forthcoming, do not justify the assumption of a secretory activity
on the part of the interrenal tissue.

Bonnamour regarded the suprarenal cortex as an organ
which, owing to its high lipoid contents, is peculiarly suited to

the absorption and neutralization of the toxic products of meta-
bolism.

The earlier investigators ascribed an antitoxic activity to the

suprarenal as a whole. According to the brothers Marino-Zucco,
the suprarenals neutralized neurin

;
Abelous and Langlois believed

that they rendered harmless those products of muscular activity
which produce the symptoms of fatigue. The antitoxic activity
of the suprarenals was believed to extend also to exogenous toxins,
and there are a number of communications (Oppenheim and

Loeper, Bernard and Bigart) which describe the effects of supra-
renal and of suprarenal extract in reducing the activity of various
toxins. In so far as these results are concerned with toxins-
such as phosphorus, strychnine, cyanide of potassium, &c. the

effect of which is antagonistic to that of adrenalin; the apparently
antitoxic action is sufficiently explained by the slowing of re-

sorption which, as A. Exner showed, is a property of adrenalin.
It may be mentioned here that the neutralization of strychnine
by adrenalin which Falta and Ivcovic described, is, in

Jaunschke's opinion, partly accounted for by this property of

adrenalin and is in part the result of adrenalin stimulation.
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Matters are quite otherwise, however, in regard to the anti-

toxic activity of the suprarenal cortex. The anatomical and histo-

logical changes which take place in the suprarenal in infective

diseases, and in experimental poisoning with bacterial toxins, have
been described in an earlier chapter. Later experiments (Oppen-
heim and Loeper, Bernard and Bigart, Moschini, Nicolas and

Bonnamour) have shown beyond all doubt that poisoning with

metals is accompanied by structural changes in the cortical cells,

changes in the nature of the lipoid granules, as well as signs of

hyperplastic processes in the suprarenal cortex; and that these

changes are even more marked in experimental infective and toxic

states induced by bacterial agents.
The suprarenal lipoids are able te fix and neutralize toxins

in vitro. Myers showed that cobra toxin loses its toxicity if

mixed with an emulsion of suprarenal cortex, but that its toxicity
is unchanged by emulsion of the suprarenal medulla. According
to Elliott, diphtheria toxin is not neutralized by suprarenal ex-

tract. Takati's experiments show that both phrenosin and
the oleic acid obtainable from it (Thudichum's neurostearic acid),
neutralize large quantities of tetanus toxin. Rosenheim and
Tebb drew attention to the large amount of oleic acids which the

suprarenal cortex contains.

Further experiment is required, however, before the anti-

toxic activity of the interrenal system and the part played therein

by the lipoids can be established. It is the business of future

investigators to decide whether the antitoxic process extends to

the products of normal metabolism, and whether the neutralization

of endogenous toxins is a physiological function of the interrenal

tissue. An antitoxic activity on the part of the suprarenal cortex,
and a relationship between this activity and the elaboration of

adrenalin in the suprarenal medulla, have long been assumed, but

the hypothesis is without sufficient foundation. A closer investi-

gation of the arguments in its favour shows that there are no

grounds for the assumption of a combined antitoxic and internal

secretory activity on the part of the suprarenals.
If, however, we consider the possibility of the interrenal

system being a true internal secretory organ, which supplies a

specific hormone, different from adrenalin, to the blood-stream,
the assumption is supported by observations which point to the

suprarenal as an influential factor in the growth of the body, the

development of the sexual glands, and the changes which take

place during puberty in the normal human organism. There is

sufficient evidence in this direction to justify the inclusion of the

interrenal system among that group of organs which, like the

thyroid, thvmus, hypophysis cerebri, and the sexual glands,
exercise either a direct or indirect influence, by means of their

assimilatory hormones, upon the somatic and psychic develop-
ment of the individual.
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THE SUPRARENAL CONSIDERED AS AN ENTITY.

In the absence of any certain knowledge regarding the

physiological activity of the interrenal system, it is difficult to

arrive at a conclusion concerning the functional relationship be-

tween the portions of the interrenal and adrenal systems which
are united to form the suprarenals. The two systems are morpho-
logically so different and, in a large number of animal species,
are topographically so entirely separate, that an independence
and an autonomous functional activity on the part of both must
be assumed. Even the anatomical union of portions of the two

systems into a single organ cannot be regarded as proof of a

functional interdependence. For the topographical association

of morphologically and physiologically differentiated tissues is

not without analogy on the contrary, it is of frequent occurrence

in the organism. But it cannot be denied that the inclination

on the part of the interrenal and adrenal systems to unite to form
a morphologically homogeneous organ an inclination which in-

creases and becomes more intimate with phylogenetic develop-
ment suggests that this specific association is not without sig-
nificance. There may also be a functional connection, a co-

ordinate or subordinate relationship between the two systems,
which thus unite in the suprarenal for the performance of a

higher organic function.

The absence of definite facts has not, however, militated

against the formulation of hypotheses concerning the function

of the homogeneous suprarenal. Even before it was known that

the suprarenal system was biologically made up of two parts,

Langlois attempted to combine into one the two theories at that

time current concerning the function of the suprarenals. He
believed that the internal secretory and the antitoxic activities

were interdependent. This view, which was adopted by Neusser,
Boruttau and partly also by Battelli, may be formulated as fol-

lows : That certain toxic products of metabolism, chiefly the

result of muscular exertion, are neutralized by the suprarenal

cortex, and that from the material thus supplied the adrenalin

necessary to the working of the economy is elaborated by the

medulla.

The experiments of Abelous and Langlois, already described,
constitute the evidence in favour of the accumulation and neutra-

lization, within the suprarenal, of the products of muscular

fatigue. Boruttau then concluded that, after the transformation

process, portions of the original products of fatigue remained un-

changed in the suprarenal. His view is based upon experiments
in which a change in the contractions, similar to the first stages
of fatigue, was produced in frog's muscle after treatment with

curarin by the application of suprarenal extract. Battelli and
Roatta found a decrease in the adrenalin contents of the supra-
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renal of dogs exhausted by muscular exertion, and a progressive
increase during recovery from such exhaustion. Battelli explains
these findings by, in the first instance, an abnormal expenditure
of the finished adrenalin

;
and in the second, by the deposition

and accumulation of fresh precursors. He supposed that these

precursors, which he terms proto-adrenalin, represented the

material for the progressive increased production of adrenalin

during repose. Schur and Wiesel demonstrated the increased

adrenalin contents of the blood during muscular exertion by
means of Ehrmann's pupil reaction, and the diminution in active

substance present in the suprarenal by the weak chromium re-

action. These findings of Schur and Wiesel's were, however,
not confirmed by Kahn's very exact experiments.

Abelous, Soulie and Toujan investigated the formation of

adrenalin in the suprarenal by means of a series of experiments,
and the results at which they arrived are very remarkable. It

must be assumed that these authors employed, as a quantitative
adrenalin test, the colorimetric method with iodine which they
themselves formulated. They first showed that there was an

increase in the adrenalin contents of pounded suprarenal, if the

latter was kept for twenty-four hours at a temperature of 40.
In their view, however, this post-mortem formation of adrenalin

takes place principally in the cortical substance. For they found

that, after twenty-four hours in an incubator, the adrenalin con-

tents of the pounded cortex were 33 to 60 per cent, higher than

those of the control specimen kept at o. These results led them

to the conclusion, that adrenalin is formed in the cortex and is only
stored up in the medulla. In a further series of experiments, they
next showed that the addition to pounded suprarenal of a small

quantity of tryptophan, obtained by auto-digestion of the pan-

creas, was followed by a considerable increase in the adrenalin

contents
;
and they think it probable that tryptophan is one of

the matrices of adrenalin. They found, however, that the addi-

tion of pure tryptophan did not produce anything like the same
effect as the fluid product of pancreatic auto-digestion. They
tried, therefore, the effect of autolysates or extracts of putrefying

organs, and found that here also there was an increase in the

adrenalin contents of the pounded suprarenal ; from this they
conclude that adrenalin is formed post mortem in the cells of

the suprarenal. The fact that putrid substances from the muscles

produce a very large increase (the double and over) in the

adrenalin contents, appears to them a proof of the relationship
between the formation of adrenalin and the chemical processes of

the muscles.

Toujan next carried out experiments supplementary to these;
he summed up the results in a definite statement, that the supra-
renal cortex contains a precursor of adrenalin, and that adrenalin

is formed from it.
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Toujan found that cortical extract, which had been so com-

pletely freed from medullary substance that it ceased to give a

chromium reaction, contained a vasotensor substance which did

not react to ferric chloride. He regards this cortical product as

a crude precursor of adrenalin and gives to it the name of pro-
adrenalin

;
he identifies it with the granules which are histo-

logically demonstrable in the cortical cells, and which are com-
bined with a body of fatty nature. He found that, after twenty-
four hours in a thermostat, the specific action of cortical extract

is very much more intense than that of fresh extract, and he
considers this sufficient proof of the formation of adrenalin from
the crude substance which he discovered in the cortex.

The results communicated by Toujan are in need of further

confirmation. H. Poll, who expected to be able to confirm
"
these

remarkable findings," reports as follows :

"
Proadrenalin and

adrenalin, cortical extract and medullary extract, all react to most

tests; they respond in the same way to oxidizing substances

(Battelli's iodine method), they produce glycosuria, contraction of

the unstriated muscle fibres, and mydriasis of frogs' eyes." In

regard to the latter, Poll mentions that the reaction was effected

by Ehrmann
;
in the other instances he does not make it clear

whether the experiments were his own or not.

In regard to the glycosuria test, it must be mentioned that

Landau also believed that glycosuria originated with a substance

present in the suprarenal cortex. In opposition to the well-

founded view that adrenalin is present in the medullary substance
and in extracts of other portions of the adrenal system, Landau

suggests the possibility that adrenalin obtained by Takamine's
method is derived from the suprarenal cortex. He states that,
after the intravenous injection of cortical extract, death followed

rapidly, the same symptoms and post-mortem signs being ob-
served as after the injection of medullary substance and of

adrenalin. Landau's statements do not, however, bear analysis.
The only exact proof, up to the present, of the formation of

adrenalin after death is supplied by G. Bayer's experiments, and
these do not confirm the hypothesis advanced by Toujan.

Bayer found that, when pounded suprarenal was diluted with

putrid material, a stronger and more rapid mydriasis was pro-
duced than when the suprarenal was diluted with water. But
when employed alone, the putrid fluids also produced mydriasis,
probably due to the presence of phenylalanin, and this was fol-

lowed by myosis. An increase in the adrenalin contents was not
demonstrable by Ehrmann's reaction. The iodine test produced
a stronger reaction in suprarenal cells to which putrid fluids

were added than in the control cells which were treated with
water. Further experiment showed, however, that this result

was not due to the post-mortem formation of adrenalin, but to

an intensification of the chemical test. According to Bayer, the
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putrid liquids contain alanin, phenylalanin, and probably other

products of the decomposition of albumin, and by these the

colorimetric iodine test for adrenalin is intensified. Bayer be-

lieves that the increase in the amount of adrenalin which Abelous,
Soulie and Toujan describe, is apparent only.

Thus the only experimental evidence which has been ad-

vanced up to the present, in favour of a functional inter-

dependence between cortex and medulla, is proved to be un-
reliable.

Poll writes as follows concerning the hypothesis of a unity
of function on the part of the suprarenals : "Whether right or

wrong, it is undoubtedly true that this hypothesis brings into

line in what is, at first sight, a most remarkable manner, a

number of anatomical and physiological facts which are other-

wise obscure." The morphology of the homogeneous suprarenal,
and its vascularization especially the intimate vascular association

between cortex and medulla in mammals undoubtedly suggest
an important functional relationship between the two parts.

The remarkably rich vascularization of the suprarenal, and
the peculiar relationship which subsists between the parenchyma
cells and those of the surrounding capillaries and there is no
doubt that the capillaries act as ducts for the conveyance of the

medullary secretion have already been described. The circu-

lation throughout the entire organ is remarkable and unique, and
demands a short description.

The older scientists, of whom Ecker (1844) was the first,

noticed that, in certain classes of animals, the suprarenal possesses
a portal system of its own.

Ecker's descriptions and drawings of the suprarenals and
their vessels in the adder (Coluber natrix) show7 that these organs
lie close to the ven^e renales revehentes, on the inner surface of

the ovary in the female, and on the inner surface of the testicle

and vas deferens in the male; that they are furnished with venous
vessels (vena? suprarenals advehentes) formed by the combina-
tion of two or three intercosto-spinal veins, which extend to the

external surface of the organs where they form arcade-like anas-

tomoses. From these proceed the minute branches which, to-

gether with the hair-like arterial vessels, form the capillary system
of the suprarenals. Numerous fine venous branches are given
off by the capillary network, and these combine to form larger
veins leading away from the organ (vena? suprarenales revehentes)
and opening either into the vena renalis revehens sinistra, or

directly into the vena cava posterior. According to Ecker, then,

Ophidians possess, in addition to hepatic and renal portal veins,

a third or suprarenal portal system, the roots of which are situated

in the wall of the body and the spinal cord, while its branches are

distributed through the suprarenals. Ecker also states that the

vascular conditions in Chelonians and tailed Batrachians to some
extent resemble those in Ophidians.
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The small portal system of the suprarenals was minutely in-

vestigated in different animal classes by S. Jourdain (1859). He
found that it was present, not only in Ophidians, but in Chelo-

nians, crocodiles and Saurians (Corti, 1847), thus in all the

reptilian orders.

In this
"
Beitrage zur Entwickelungsgeschichte des Venen-

systems der Amnioten "
(1892) F. Hochstetter gives a detailed

description of the suprarenal portal system in reptiles, together
with an excellent drawing showing the conditions in Lacerta

viridis. In a later work he describes the suprarenal portal system
in Crocodilns niloticus.

In Batrachians (anura), according to Jourdain, the branches

of the vena renalis efferens, before uniting in the median line to

form the vena cava posterior, form long anastomoses and a series

of long arcades, which surround the yellowish bodies of the

suprarenal, and to some extent pass into the suprarenal tissue.

Jourdain does not, however, venture upon a decision as to whether

this arrangement constitutes a suprarenal portal system. Jourdain
found that, in Selachians, a small number of fine venous branches

led into the external layer of the suprarenal cortex, while the

median layer contained numerous veins leading into the venas

cardinales ; he believes that this represents a small portal system.
In Jourdain 's drawings, the

"
suprarenals

"
are invariably asso-

ciated with arterial branches, but it is not possible to say whether

these suprarenals are interrenal bodies or whether they are adrenal

organs. The intimate association, in fish, between the suprarenal

system and the arterial and venous vessels, has been commented

upon by all the more recent investigators, but a suprarenal system
as such has not been described.

A special interest is attaching to the conditions which obtain

in birds. The suprarenals are here furnished with two separate
veins upon both sides. Upon the median side of the suprarenal

that which is nearest to the vena cava is a comparatively short

and broad vein (vena suprarenalis interna), which opens into the

vena cava. Upon the lateral side of the organ is a second vein

(vena suprarenalis externa), the course of which is complicated.
In the majority of birds, the vena externa is formed by the union

of one or two dorsal intervertebral and intercostal veins, together
with a perforating dorsal cuticular vein. More rarely, a sacral

intervertebral vein and a vein from the upper suprarenal surface

empty themselves into the vena externa. As early as 1844,

Neugebauer foresaw the real significance of this vena externa.

The comparatively large size of the lumen at the place where the

vein enters the organ, together with the absence of a direct com-
munication with the vena interna, suggested to him the idea that

this vein might convey blood to the organ.
A few years later, the existence of a vena afferens upon the

external surface of the suprarenal of birds was proved by Gratiolet.
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Jourdain found that it was present in more than thirty species,
and he discovered that fluid injected into the vena externa passed

readily into the vena interna, and vice versa. He believes, how-

ever, that the communication between the two vessels is not direct

but that it is effected by means of a network of capillaries, the

vena externa representing the afferent, and the vena interna the

efferent, portion of the portal system of the suprarenal. He was
unable, however, to bring direct proof in support of his theory.

Since Jourdain, there has been, as far as my knowledge goes,
no further investigation into the relationship between the two

suprarenal veins in birds. It seemed to me advisable that the

matter should be elucidated, and Professor F. Hochstetter was
kind enough to lend me his help in the matter. Up to the present
it has not been found possible to obtain the venous capillary
network of hens by means of corrosion preparations. But I was
able to follow the course of the vessels very exactly in a series

of sections obtained from the embryo of a sparrow immediately
before hatching. I found that the vein which approaches the

suprarenal from the lateral side, enters the organ, forms large
sinuous spaces within it, and probably afterwards breaks up into

capillary vessels. In sections taken more towards the cranium,

large veins filled with blood are seen at the median surface of the

suprarenal; these are the ven^e suprarenales ; they run in an

oblique direction towards the vena cava and open into it. The
arterial vessels also approach the organ upon the median side.

It is evident from this that a suprarenal portal system is

present, not only in reptiles, but in birds, and that blood is con-

veyed to the suprarenals by veins as well as by arteries.

In mammals, however, blood is supplied to the suprarenals

by way of the arteries only. According to Pettit, conditions

resembling the portal system of birds are encountered in certain

mammalian species. The last intercostal vein proceeds directly
to the suprarenal, and opens into the vena cava at the place where
the kidneys form an angle with it, in which angle the suprarenal

lies, close against the walls of both vessels. If one or more
branches from the suprarenal veins empty themselves into the

intercostal vein, the appearance produced will suggest that the

latter is not an efferent, but an afferent, vein. Pettit draws atten-

tion to a peculiar venous distribution which he has observed in

monkeys and in certain rodents (kangaroo, sheep), and which has

been observed in man by some French anatomists (Ouenu and

Lejars). Single branches proceed from the venous arches of the

adipose capsule of the kidney to the suprarenal, which they cover,

finally penetrating into the interior of the organ. Pettit is

inclined to regard these venous branches as indications of a

suprarenal portal system.
It is, however, very doubtful whether these rudimentary venas

afferentes suprarenales have a functional significance in mammals.
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However this may be, the vascular distribution in the suprarenal
that is to say, the arrangement of the arteries leading to it and

the manner in which they communicate with the great central

vein leading from it is very remarkable. Flint's excellent work
and the experiments of Srdinko have supplied very exact infor-

mation concerning the suprarenal in mammals, and this is supple-
mented by Landau's corrosion preparations. Based upon the

representations of these authors, the suprarenal circulation appears
to be as follows.

A large number of the arteries which enter the suprarenal
break up in the cortex into a network of capillaries, which traverse

the connective tissue septa in a manner which accords with the

structure of the latter, being straight in the zona fasciculata, and

forming a network in the zona reticularis. After traversing the entire

cortex, the blood reaches the medulla in wide sinus-like vessels ;

in the medullary capillaries it flows round the chromaffine cells,

and afterwards collects in small veins which increase in size, and
all of which open into the great central vein. The arteries, and

probably the afferent veins which supply the suprarenal capsule
and the portions of the zona glomulerosa abutting on to it, also-

break up into capillaries, which again combine to form the vena?

revehentes.

A certain number of the arterial vessels, the arterias per-
forantes (Srdinko) penetrate the cortex and reach the medulla

directly ;
there they break up into capillaries, which also follow

the course of the cell columns, and finally discharge their blood
into the great efferent vein. This separate blood supply of the

medulla is the outcome of the secondary invasion, during fcetal

life, of the interrenal organ by adrenal tissue.

This peculiar vascular distribution has been interpreted in

the following manner (Poll). It is suggested that, in the first

place, the blood from the body which has become deprived of its

adrenalin contents, is carried by the vessels which exclusively
serve the medulla directly to the adrenalin-forming cells, that these

part with the secretion with which they are charged, and that the

blood, with its reinforced adrenalin contents, is again returned to

the general circulation. In the second place, the venous blood dis-

charged from the cortex contains the products of the metabolism of

this tissue, which constitute the raw material for the elaboration of

adrenalin, and this raw material is immediately conveyed to the

medulla. It would seem from this that, in certain species in which
the adrenalin demand is very high, as in mammals and birds,
there is a combination on the part of the two apparatuses which
contribute to the elaboration of adrenalin, thus establishing a

perfected method of production. In species in which the two

suprarenal systems are independent, the semi-product supplied by
the interrenal bodies is carried through the entire circulation

before it reaches the site of its ultimate completion, namely, the

adrenal tissue.
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This assumption of a function on the part of the interrenal

tissue by which the raw material of adrenalin is provided, would

explain the importance of the interrenal tissue to the life of the

organism ;
and would account for those instances where animals

survive double epinephrectomy, by the presence of accessory inter-

renals which thereafter become hypertrophied. In such cases as

these, Poll believes that the organism returns, to a certain extent,

to a previous developmental stage, that at which the two supra-
renal systems are topographically independent, as in fish.

Fascinating though this hypothesis of an interdependent
function on the part of the two suprarenal systems may be, it

must be remembered that its sole foundation at present is upon
morphological grounds ;

that it rests entirely upon the ontogenetic
and phylogenetic association of portions of the interrenal and
adrenal systems, together with the peculiar conditions which

govern the vascular communication between the two systems. It

must not be forgotten that, up to now, all attempts to prove a

homogeneity of function on the part of the suprarenals, whether

by experimental biology or from the results of human pathology,
have signally failed.

It must be frankly confessed that, as things are at present, we
have as little certain knowledge concerning the functions of the

homogeneous suprarenal as we have of the function of the inter-

renal tissue; and it is only by means of investigation of the latter

that we can hope to arrive at any definite information concerning
the former.

CAROTID GLAND AND COCCYGEAL BODIES.

The carotid gland, wrhich we have learnt to regard as a por-
tion of the adrenal system, may be briefly described as follows.

In man, this organ measures 5 to 7 mm. in length, 2^ to 4 mm.
in breadth, and ij mm. in thickness. It is situated at or within

the bifurcation of the common carotid artery and, on account of

its situation and its considerable nervous provision, was, by the

older anatomists, called the intercarotid ganglion.
Luschka (1862) was the first to undertake an exact micro-

scopic examination of this body ;
his findings led him to the

conclusion that it was a glandular organ auxiliary to the cervical

sympathetic. He believed it to be a nerve gland, and named it

glandula carotica. Arnold (1865) next declared that the glandular
structure described by Luschka was, in reality, an arrangement
of blood-vessels, the walls of these vessels being formed of several

layers of epithelium ; he recommended that the organ should be
called glomeruli arteriosi intercarotici. According to Eberth (1870),

however, the cell-agglomerations resembling epithelium by which
the vessels are surrounded, do not form a true epithelium, but a

vascular perithelium. Waldeyer (1872) compared the epithelial
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cells which he found in the vessels of the testicles with Eberth's

perithelial cells from the glandula carotica, and with other peri-
vascular formations also composed of large cells from the

coccygeal bodies. Waldeyer classed these three structures

together under the name of
"

perithelial organs."
The supposed glandular character of the carotid organ

appeared at hrst to be borne out by the history of its development.
Stieda (1881) came to the conclusion that the glandula carotica was
a glandular organ developed from the epithelium of one of the

branchial clefts. Jakoby (1895) lnen proved that the epithelial
derivative of the third branchial cleft, which was supposed by many
authors to be the primordial beginning of the carotid organ, is, in

reality, the beginning not of that organ but of the external para-

thyroids (glandula parathyroidea III). This was confirmed

by later authors (Prenant, Simon, Groschuf, Verdun, Fusari). At
the present day, the branchial origin of the carotid organ is main-
tained by Alaurer, but only in this sense, that he believes that it

splits off from one of the parathyroids which take their rise in the

second branchial cleft. These embryological discoveries have, to

a large extent, undermined the theory of the carotid organ as an

epithelial gland.
The examination of certain tumours of the glandula carotis

led Marchand (1891) to the conclusion that this organ repre-
sents neither the development of a vascular network, nor is it a

gland or a ganglion ;
he regards it as a rudimentary organ for

which he proposes the name of nodulus caroticus.

R. Paltauf (1891) studied the development of the carotid

organ and its tumours, and he classed this structure with the

glandular organs, in the sense in which we are accustomed to

describe the lymph-glands and the thymus as
"
glands." This

definition involves neither a definite physiological function, nor a

histological or histogenetic uniformity.
Schaper (1892) particularly emphasizes the fact that the

typical cell agglomerations in the carotid organ are neither vessel-

wall cells nor gland cells; that, moreover, the organ is in no sense

rudimentary, but, like the coccygeal gland and other large or

small agglomerations of similar cells (perithelial cells and plasma
cells), it may possess a definite physiological function.

Stilling (1892) was the first to describe cells in what, like the

other authors, he terms the ganglion intercaroticum, which, like

the medullary cells of the suprarenals, stain brown with potassium
bichromate. He compared these cells with those which he found
in the smaller bodies attached to the abdominal sympathetic.
Stilling says : The intercarotid ganglion is neither a simple
vascular network, nor a rudimentary organ : it is a vascular

gland, or blood-gland, with a structure analogous to that of the

suprarenal capsules."
The absence of any certain knowledge concerning the
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character of this organ is expressed by the fact that, in the new
anatomical terminology, its designation was glomus caroticum.

A. Kohn's (1910) minute histological investigations have com-

pletely elucidated the systematic position occupied by the carotid

organ. It is essentially composed of a largish agglomeration of

groups of chromaffine cells, and is traversed by a considerable

number of nerve fibres, the majority of which are without medulla,
and in which the cell balls and single ganglion cells are situated.

The organ is extremely vascular and the structure and arrange-
ment of the vessels are not in any way characteristic. Its pri-
mordial beginning is in embryonal ganglion cells of the inter-

carotid sympathetic nerve plexus. According to Kohn, the most

fitting name for the organ would be
"
paraganglion inter-

caroticum," and it should be included in the group of the

paraganglia, which he regards as members of the sympathetic
nervous system. But, as we have previously shown, the para-

ganglia form part of the adrenal system, and the paraganglion
intercaroticum cannot be classed separately from these.

The coccygeal body (glomus coccygeum) was termed by
Luschka (1859) glandula coccygea, and was described by him as

a reddish yellow body of about the size of a small pea, situated

at the tip of the os coccyx and depending from the terminal

branches of the medial sacral artery. Luschka himself held that

this organ
"
might prove to be an integral portion of the sym-

pathetic nervous system, but that in the meantime, owing to

certain external characteristics, it w7as expedient to include it in

the mixed company of the ductless glands." And there the so-

called coccygeal gland has remained. The structural analogy
between this organ and others of the same group (hypophysis
cerebri, glandula carotis, suprarenal) has frequently been pointed
out. Waldeyer compared the round cells of the interstitial con-

nective tissue of the testis with the coccygeal and carotid glands,
and classed them together under the name of perithelial organs.

Not only is there a similarity of structure between the carotid

and the coccygeal glands, but, according to Jacobsson, they also

resemble one another in their histogenetic relationship to the

sympathetic. According to Kohn, the carotid and coccygeal

glands are only the terminals of the continuous paraganglion
chain by which the sympathetic is accompanied. Schapper ex-

pressed the same view.

And yet O. Stoerk (1907) showed that the cells of the

coccygeal gland do not react to chromium during either fcetal

or post-fcetal life
;
and further, that they probably have a genetic

connection with the media of the vessels. According to Stoerk,

moreover, the coccygeal gland has no developmental relationship
to the sympathetic; the structures which Jacobsson identified with

the primordial beginnings of this body have no connection with

it whatever, but are in reality young chromaffine bodies.
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In his book on comparative anatomy and embryology (1907)
S. v. Schuhmacher shows that the coccygeal gland of man
corresponds to the glomuleri caudales of lower mammalian species,
and that both are to be regarded as arterio-venous anastomoses.
The primal origin of the coccygeal gland in man is to be found
in a local thickening of the medial sacral artery and its branches.

The muscular fibres of the vessels assume an epithelioid appearance
even in the embryo. In adults the cells of the muscular structure

of the artery are shortened and broadened, the nuclei are spheroid
and react weakly to dyes. Thus it appears that the layers which,
in the anastomotic vessels, are the continuation of the arterial

muscles, have been taken for everything except what they are,

namely, modified vessel muscles. According to v. Schuhmacher,
this organ in man should rightly be termed glomus coccygeum ;

like the glomeruli caudales of animals, it consists of a network
of branched and convoluted vessels, which cannot in any sense

be credited with an internal secretory function.

HYPOPHYSIS CEREBRI (CEREBRAL APPEND-
AGE,* PITUITARY GLAND).

From the earliest times the pituitary body has been regarded
as an organ possessing a secretory function. Galen and Vesalius

believed that the mucus (pituita) formed in the brain was excreted

by the agency of the pituitary body. Later authors, however,

(Willis, Vieussens, Sylvius, Boerhave, Monroe) inclined to the

view that the cerebro-spinal fluid was secreted by that organ.

Magendie (1847), who investigated the genesis of the cerebro-

spinal fluid, regarded the hypophysis as an organ resembling the

lymph glands, and he believed that it collected the lymph from
the brain and conveyed this lymph into the circulation.

Liegeois (1860) was the first to include the hypophysis among
what were at that time known as the vascular or blood glands ;

he described histological findings which he believed pointed to

the formation of blood in this organ. It is interesting to note

that the brothers Wenzel (1810) believed that epilepsy was due
to an accumulation of colloid in the hypophysis.

After the formulation of the doctrine of internal secretion by
Brown-Sequard, a large number of observations were published
which sufficiently justified the inclusion of the hypophysis among
the internal secretory organs. The fundamental argument was

supplied by Rogowitsch, who found that extirpation of the

thyroid was followed by hypertrophy of the hypophysis. The

* Before the introduction by Soemmering of the term Hypophysis
cerebri, the following names were also used : Glans pituitam excipiens
Vesalius, caput rosse, colatorium, labrum, lacuna, infusorium, concha pelvis,
cmbotum, pelvis colatoria, sentina encephuli.

20
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decisive evidence was, however, brought forward by Marie (1886)

who, under the name of acromegaly (abnormal growth of the
"
acral

"
portions of the body), described a clinical condition, not

sharply separated from gigantism, which had previously attracted

the attention of a certain number of authors (Friedreich, hyper-
ostosis of the entire skeleton

; Lombroso, general hypertrophy or

macrosomia
;
Fritsche and Klebs, gigantism). In combination

with Marinesco (1891), Marie showed that changes of the hypo-
physis, generally tumours, are invariable in this condition, and
it seemed from this that the cause of the peculiar anomalies of

growth must lie with the pathological condition of the hypophysis.
This momentous discovery of Marie's excited an immense

amount of interest in the clinical and pathologico-anatomical

aspects of anomalous development, while at the same time it

pointed to the hypophysis as the centre of interest. These re-

searches extended to the morphology of the organ and its patho-

logical changes, with the result that a considerable number of facts

have been brought to light which largely explain its functional

significance.

Physiological research was first conducted by means of

experimental extirpation. An important advance was made by
Oliver and Schafer (1894), who discovered that the watery extract

of hypophysis possesses distinct physiological properties.
The most instructive 'results have been obtained, however, by

means of hypophysis surgery in man, and these results have been
confirmed and completed by recent experiments with animals.

ANATOMY.

The hypophysis is situated within the cranium at the base of

the brain
;

it is connected with the latter by the infundibulum
;

and it more or less completely fills the sella turcica. The sella

turcica is lined with dura mater, which, in the form of a fibrous

lamella (diaphragma sellas turcica?), covers the surface of the

hypophysis, leaving a circular opening through which the in-

fundibulum passes. The lateral boundaries of the hypophysis
are formed by the walls of the cavernous sinus. The infundi-

bulum is surrounded by the circular sinus of Ridley, formed from
small anterior and posterior venous branches. The hypophysis is

separated from the internal carotid artery by the sinuses of the

dura mater. It lies in the anterior angle of the optic commissure,
the posterior portion of the organ being occasionally covered by
the anterior edge of the commissure.

The hypophysis is flattened from back to front and upon the

surface. Its average size in an adult man is given by Erdheim
as follows: breadth, 14.4 mm.; thickness, 21.5 mm.; height,
5.5 mm. The average weight at the average age of 33J years is

given by Comte as 59 eg. Caselli found that in fifty men
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the average weight was 66.7 eg., in fifty women, 73.1 eg.
His figures are high owing to the fact that his subjects
were mentally alienated; it is said that, in this class of case,

the weight of the hypophysis is in inverse ratio to that of

the brain. According to Erdheim and Stumme, the average

weight of the hypophysis in the male is, in the second decade of

life, 56.3 eg. ;
in the third decade, 59.3 eg. ;

in the fourth decade,

64.3 eg. From then onwards the weight gradually declines
;

in

the fifth decade it is, on an average, 61.4 eg. ;
in the sixth, 60 eg. ;

and in the seventh, just a shade higher, 61.2 eg. The average

weight of the hypophysis in women who have never borne a

child is, decade for decade, almost identical with that of men
;
in

women in whose pregnancy anamnesis is unknown, the average

weight is generally higher 71.6 eg. as against 60. i in nullipara
and 61 in men. During pregnancy the hypophysis undergoes
a remarkable increase in weight. The minimum weight of 65 eg.
in a primapara is larger than the minimum weight in a nullipara;
even the maximum known weight of 75 eg. in a nullipara does

not equal the average figure of 84.7 eg. in the primipara. The
increase in the size of the hypophysis takes place almost ex-

clusively in the length and breadth
;

in the anterio-posterior

diameter it is barely noticeable. At the termination of pregnancy
the weight is again reduced, but should pregnancy again occur

it rises to a figure even higher than before. The average weight
of the hypophysis in the multipara at the termination of normal

pregnancy is 106 eg., a figure considerably in advance of the

weights which have been ascertained in the case of the primipara.
The difference in the maximal weights is even greater, that of the

multipara being 165 eg. and that of the primipara no eg. The
increase in weight is accompanied by structural changes which

will be described later.

The hypophysis is supplied with blood by means of minute

branches from the internal carotid artery; the blood is carried

away into the circular sinus by small veins.

Section of the hypophysis shows, even to the naked eye, that

the organ consists of two parts ;
the anterior portion is a hard,

kidney-shaped lobe, concave posteriorly, pale yellow to grey-red
in colour, and represents the epithelial or glandular portion of

the hypophysis (the true pituitary gland). The posterior portion
is a smaller, rounded, white, soft lobe, situated in the concavity
of the anterior lobe; it represents the nervous or infundibular

portion of the organ (the true hypophysis or neurohypophysis).
The two lobes are joined together and enclosed in a common
fibrous capsule. The hypophysis is attached to the brain, as

previously mentioned, by means of the funnel-shaped infundi-

bulum. The latter is a prolongation of the floor of the third

ventricle, the tuber cinereum ;
it first forms a hollow sphere which

represents a prolongation of the third ventricle, it then penetrates
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the diaphragma sellas turcicas and the dura mater, and finally
enters the hypophysis, where it terminates in a slightly thickened

end. The infunclibulum usually enters the hypophysis at the

centre of the hilus of the anterior lobe, though occasionally it

enters the lobe itself. The tissue connection is always with the

infundibular portion only.

HISTOLOGY.

The anterior lobe of the hypophysis consists of a connective

tissue framework, with longish oval interstices at the periphery and

larger rounded ones in the interior. These spaces contain groups
of cell columns, which sometimes form glandular tubules provided
with a lumen. Flesch divided the glandular cells of the anterior

lobe into two classes in accordance with their size, form, and

specific colour reactions
; namely, the chromophile cells, and the

chromophobe or adelomorphous cells.

Of the chromophile cells, some are spheroid or polyhedral ;

with a nearly homogeneous protoplasm, which is full of fine

granules and stains strongly with eosin
;
while the nuclei are small

and round, frequently in the centre of the cell, and stain well with

ha^matoxylin. These are known as the eosinophile cells. A
second group is composed of somewhat large cells, of regular

shape, which stain a very good dark blue with hasmatoxylin ; they
are filled with coarse granules, the nuclei are placed eccentrically,
and the plasm contains rounded vacuoles. These are known as

the cyanophile or basophile cells.

The chromophobe principal cells (Hauptzellen) are undefined
in outline; the plasm is sometimes brittle and does not fix well

by the ordinary methods; while the nucleus is large, either round
or irregular in shape, and possesses a chromatin network which
stains readily.

The topographical distribution of these three groups of cells

is by no means constant. As a general rule, the principal mass
of the eosinophile cells is found in the hinder portion of the

anterior lobe, while the basophile cells usually lie towards the

front. The principal cells are not peculiar to any precise locality,
but are characterized by their topographical relationship to the

chromophile cells
; they frequently occupy the centre of alveoli or

cell cylinders, thus becoming surrounded by chromophile cells.

The changes which Erdheim and Stumme observed in the

enlarged hypophysis of pregnant women, chiefly take place in

the tissue of the anterior lobe of the organ. The cut surface,
which is normally grey-red in colour, becomes remarkably light
and reddish-grey to grey-white ;

it becomes softer and yields a

milky juice. These changes in colour and consistency are due
to the appearance, in enormous numbers, of a new kind of cell,

namely, the pregnancy cells; and these outnumber the eosinophile
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cells which, under normal conditions, largely predominate. The
actual number of the eosinophile cells remains unchanged, but

they are noticeably reduced in size. The basophile cells are

entirely unaffected, the whole of the pregnancy changes taking

place within the principal cells. These practically cease to exist

as such, being almost entirely transformed into pregnancy cells.

The pregnancy cells have large, light, irregular nuclei, with

abundant plasm which is distinctly granular and stains red with

eosin. They accumulate in large numbers in the two lateral por-
tions of the hypophysis; in the posterior portion, where the

eosinophile cells are ranged in compact masses, they are scanty
but not entirely absent. The pregnancy cells are grouped in

broad columns and in alveoli, generally occupying the centre of

the alveolus. Occasionally, when pregnancy is at its height,
these cells form agglomerations which suggest adenomatous

hyperplasia. After parturition, involution of the pregnancy cells

takes place and they largely reassume their former appearance
of principal cells. There is, however, an increase in the number
of the principal cells now present, and at the next pregnancy
these undergo changes similar to the last, so that the result,

though qualitatively the same as at the first pregnancy, is quanti-

tatively very much more intense.

In the hinder boundary layer of the anterior lobe (Pere-
meschko's medullary layer, Thaon's region interglobulaire), a

fissure is frequently, though not invariably, observed in the

neighbourhood of the hilus
;

it is lined with a single layer of

cubical cells or, more rarely, ciliated columnar cells, and its

hollow- is either empty, or contains a substance which stains pale
blue with haimatoxylin. This fissure represents the embryonal
hypophysal cavity. Two kinds of vesicles or follicles are also

observed in this region. By the side of the fissure, and sometimes
in place of it, rounded vesicles are occasionally seen, which are

lined with columnar epithelium and filled with an amorphous
mass

; they are probably formed from depressions in the posterior
wall of the embryonal hypophysal cavity. A second variety of

vesicles, found in the same neighbourhood, is considerably larger ;

both in appearance and in their colloid reactions, these vesicles

are reminiscent of the follicles of the thyroid. The vesicle wall

is composed of cubical cells, which do not stain readily and con-

tain large nuclei
;
the lumen of the vesicle is sometimes filled with

an amorphous homogeneous mass. In addition to a finely granu-
lar basophile substance, an eosinophile substance resembling the

colloid of the thyroid is sometimes seen. Vesicles of this descrip-
tion are usually encountered in the posterior medullary layer, and

occasionally also in the interior of the anterior lobe.

By means of Golgi's method, Gentes and Pirrone discovered

nervous elements in the walls of these vesicles, similar to those in

the sensory cells of the olfactory region of the nasal mucous
membrane.
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Pisenti and Viola, as well as Caselli, found cells with large

nuclei in this layer of the hypophysis, which might be regarded
as residues of the endodermal portion of the embryonal hypo-

physis (v. Kupffer). According to Launois and Mulon and to

Thaon, changes also take place during pregnancy in the posterior

portion of the anterior lobe, which these authors interpret as signs
of glandular hyperplasia and hypersecretion.

The communication between the posterior lobe of the hypo-

physis and the brain, represented by the infundibulum, varies in

man both in length and thickness; it is composed of glia fibres

with few nuclei and the upper portion encloses a canal, the re-

cessus infundibuli, which is lined with ependyma cells and repre-

sents the continuation of the third ventricle. This hollow is

occasionally prolonged into the hypophysis and in some species,

notably cats, it constantly extends as far as the posterior lobe.

The posterior lobe of the hypophysis, the pars nervosa, is

considerably smaller than the anterior lobe; "it lies posteriorly, in

the hollow formed by the glandular portion, the opening of which
is downwards. This lobe extends into the sella turcica, in the

posterior wall of which a groove for its reception is sometimes
observed. Histologically, the posterior portion consists of a loose

stroma, which is a mixture of connective tissue elements and

neuroglia, the latter predominating. In preparations coloured by
Weigert's glia method, Thaon observed a small proportion of

fine collagenic fibres, together with a manifold but not close

network of glia fibres, in which isolated light, round nuclei were
distributed. The tissue had few blood-vessels, and frequently

appeared to be infiltrated with an amorphous substance, which re-

sembled the substantia gelatinosa Rolandi of the spinal cord.

The question as to whether the nervous portion of the hypo-
physis contains nerve cells has formed the subject of repeated

investigation. Both Krause and Berkley describe true nerve cells

and nerve fibres; Ramon y Cajal found cells of an undefined

kind in young rats, together with delicate fibres which were cer-

tainly nervous and which proceeded from nerve cells situated at

the base of the brain behind the chiasma
; these nerve fibres

descended through the infundibulum, formed a plexus in the

posterior lobe and terminated in free branches. Kolliker, as well

as Caselli, did not believe that true nerve cells were present in

the posterior lobe; they considered the cell elements present in

it to be glia cells and ependyma cells. Gentes discovered a

considerable network of nerve fibres by Golgi's method, and this

finding was confirmed by Thaon.

According to A. Kohn, the foundation tissue of the neuro-

hypophysis is to be regarded as primitive glia in this sense, that

its elements are invariably associated with the ependyma, the

matrix of all glia elements. He points to the occurrence of a

peculiar pigment, which is found chiefly in the glia fibres and
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to a small extent only in the glia cells. This pigment is neither

a fat nor a lipochrome, but is probably a product of decomposition
quantitatively increasing with age. In consequence of the in-

timate relationship between the anterior and posterior lobes of

the hypophysis, together with the penetration of epithelial cells

into the neuro-hypophysis, the latter contains a considerable pro-

portion of epithelial, glandular elements and products, all of which
are derived from the anterior lobe and, in a histological sense,

belong to it. Kohn is unable to confirm, from the morphological
standpoint, Joris's view that the posterior lobe of the hypophysis
is a secretory gland.

The structural indifference of the posterior lobe of the hypo-
physis forms a remarkable contrast to the proved physiological

activity of the extract obtained from this portion of' the organ.
Secretion. Owing to its histological characteristics, and

especially those presented by the anterior lobe, the hypophysis
has been accredited a secretory function, though the views adopted
concerning the nature of its secretory product are somewhat diver-

gent. The fat granules which it contains are, however, unani-

mously regarded as a physiological product of cellular secretion.

According to Erdheim, fine fat granules make their appearance at

the beginning of post-fcetal life, and these become progressively

larger until old age, when they are larger than nuclei. They are

found in all the cells, in the shape of rings and spheres as well

as in different vacuole forms. The granules in the chromophile
cells are large in size, but few in number; those in the adelo-

morphous cells are small and very numerous. They colour with

sudan, scarlet R. and osmium; they are soluble in ether and
alcohol

;
and they are not double refractive. According to Thaon,

the treatment of sections stained with osmium reveals different

degrees of solubility, and he concludes from this that the granules
are composed of fats of different kinds. He finds that the fat

granules of the hypophysis contain little oleic acid, and believes

that they are combined with an albuminoid molecule.

The cell granules represent another product of hypophysal
secretion. Saint Remy and Benda, more particularly, do not

regard the chromophile and chromophobe cells as different cell

varieties, but they believe them to represent different stages of

secretion on the part of a single cell variety. According to Benda,
the adelomorphous cells which contain no granules and only
isolated basophile fragments, are the young forms, the secretory
starting point; the cells filled with acidophile granules represent
the secretory climax

;
while the pale nuclear groups filled with

dust-like amphophile granules are the product of the final secretory

stage. Benda believes that the acidophile granules represent the

measure of the secretory activity of the hypophysis cells; that

they are produced during functional activity, and that at the

resting stage their formation ceases.
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Quite recently, however, Gemelli expressed the view that the

chromophile and chromophobe cells represent two different cell

varieties. Pirrone, Guerini, Launois, Thaon and Joris adopt

Benda's view, with this modification that they regard colloid as

the end product of the secretory process.
The amorphous substance resembling the colloid of the

thyroid is regarded by Benda, Gemelli and others as the product
of degeneration. Erdheim regards it as rudimentary and re-

miniscent of a time when the organ possessed an external secretory

function. By many authors, particularly those of the French

school, the colloid substance is regarded as the product of normal

secretion.

Of the chemical nature of this colloid, all that is known is

that it is insoluble in water, alcohol and ether; that it does not

yield gelatine after boiling; and that, unlike mucin, it swells in

acetic "acid and afterwards dissolves. It has been identified with

the colloid substance of the thyroid and this is confirmed by the

discovery of iodine in the hypophysis.
The colloid substance is present in the hypophysis of the

human embryo at three and a half months; in adults, it is found

in the cell columns and is particularly abundant in the vesicles in

the neighbourhood of the hilus, and in the blood-vessels. In

addition to a strongly coloured, eosinophile, homogeneous colloid,

the hypophysis, like the thyroid, also contains a less homo-

geneous, granulated, basophile substance resembling coagulated
albumin. The colour differentiation of the colloid substance

depends upon the different granulation of the acido- and baso-

phile cells.

The presence of the colloid substance between the cells, in

the vesicles, and in the lumen of the capillaries is regarded as

proof of its excretion by way of the blood-stream. Thaon showed
the manner in which the secretion is excreted in series of sections

from hypophyses which showed signs of hypertrophy. In addi-

tion to colloid, he found fat granules between the cells and in the

capillaries; he was unable to demonstrate the presence of lym-

phatics in the hypophysis. According to Thaon, the secretion is

eliminated from the hypophysis in two ways; one, through the

cell base into the blood-vessel with which it is in contact; the

other, through the opposite cell wall into the lumen of a vesicle,

where present.
The presence of colloid in the vesicles may be considered to

be evidence of the deposition of this substance
;
thus it is possible

to regard the hypophysis as a storage gland, similar in character

to the thyroid apparatus. Thaon believes that the physiologically
active substance of the posterior lobe, is merely the secretory
substance elaborated by the anterior lobe, which accumulates in

the vesicles in the neighbourhood of the hilus. The method of

preparing pituitary extract does not permit of any separation of
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this medullary layer from the posterior lobe. Silvestrini also

locates the active substance in the medullary layer ;
Salvioli and

Carraro, on the contrary, believe that it is contained in the pars
nervosa.

It should be mentioned that Livon held the view that the

internal secretion of the hypophysis passes into the brain by way
of the nerve fibres in the peduncle.

HISTORY OF DEVELOPMENT.
Since the. earliest investigations by Rathke in 1838, the

development of the hypophysis has formed one of the most

widely discussed problems in the department of embryology.
Even to-day, the views held concerning it are very divergent.

The subject of the earliest discussion, in which, in addition

to Rathke, Reichert, Luschka, Kolliker, Fr. Miiller, His, Maclay,
and Duvry were concerned, was the supposed relationship between
the hypophysis and the epithelium of the buccal cavity, Rathke's

pouch more particularly. Mikalkovics's experiments with mam-
mals, Goette's experiments with amphibia, and Dohrn's experi-
ments with ammoccetes, appear to show that the hypophysis is

exclusively ectodermal in origin. This view was shared by the

vast majority of embryologists and finds expression in the text-

books of the subject.
The development of the hypophysis is described by Hert\vig

as follows : In the embryo of a rabbit, 6 mm. in length, at a

developmental stage when the cephalic flexure and the stomadseum
have already made their appearance, the site of the future hypo-
physis is situated anteriorly and dorsally of the spot where the

anterior end of the chorda dorsalis immediately approaches the

insertion of the pharyngeal membrane. After the perforation of

the pharyngeal membrane (in the chick on the fourth day, in

the human embryo in the fourth month), a groove is formed,
shallow at first, but gradually becoming deeper, which is known
as Rathke's pouch or the hypophysis pouch. This groove, which

develops in the direction of the funnel-shaped, depending base
of the thalamencephalon, becomes clothed with several layers of

cylindrical cells, and eventually forms a longish pouch (embryo
rabbit, 12 mm.).

At a later stage, this pouch is almost completely divided from
the primitive mouth cavity by the development of the carti-

laginous base of the skull, a narrow opening only being left.

At the same time, the posterior wall of the pouch has reached the

infundibulum and has been pushed backwards by it into the

cavity of the pouch (embryo rabbit, 20 mm.). A little later, the

lumen becomes obliterated and the pouch forms a solid cell

column. In Selachians, the pouch persists throughout life as a
hollow canal, one end of which penetrates the cartilaginous base
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of the skull, while the other communicates with the epithelium of

the oral mucosa. The hypophysis is now a closed structure, but
in the human embryo, in the second half of the second month,
hollow tubes' are formed in the anterior and ventral wall of the

cavity ;
these penetrate into the surrounding connective tissue,

which is very vascular (embryo rabbit, 30 mm.), and become cut

off from the cavity of the hypophysis to form isolated structures.

The whole of the pouch now breaks up into tubes in the same

way, thereby forming the anterior lobe, in the posterior portion
of which traces of the original cavity still remain. The anterior

lobe is now joined by means of connective tissue to the posterior

lobe, which has in the meantime developed from the infundi-

bulum.
Traces of embryonal development are observed in the human

hypophysis during the entire course of post-fcetal life. The
fissure lined with epithelium which is present in the anterior

lobe, is the post-fcetal representative of the original pouch ;
while

the cavities filled with colloid, by which this fissure is frequently
replaced, are the outcome of the division of the pouch. Erdheim
discovered that, from uninvolved remnants of that portion of the

hypophysis cavity which is inserted in the anterior lobe,

agglomerations of pavement epithelium are formed; these are

encountered within a circumscribed area of the anterior lobe,
either in isolated groups or associated with adelomorphous cells

or vesicles. According to Erdheim, these agglomerations of

pavement epithelium may develop into pituitary tumours of the

kind known as pavement epithelium sarcoma.
The road traversed by the hypophysis in the course of its

development is represented', in all except a few isolated instances,

by a bony channel which passes through the sphenoid bone and is

called the canalis cranio-pharyngeus. In and under the mucosa
of the pharyngeal roof of new-born infants, Erdheim discovered
a cord composed of hypophysis tissue which he named the

'

pharyngeal roof hypophysis
"
(Rachendachhypophyse). Haber-

feld, who carried Erdheim's investigations still further, found
that this cord, which he termed "

hypophysis pharyngea," was
constant in man at all ages; he did not regard this structure

as an embryonal remnant, but believed it to be a fully developed
accessory hypophysis, with a function identical with that of

the true hypophysis. Haberfeld showed that, in isolated cases,
remnants of hypophysis tissue visible to the naked eye are

situated along the entire length of this cord, and that they may
form the site of origin of hypophysal tumours. As a matter of

fact, Erdheim observed such a tumour in an unusual situation,
the course of its development extending below the sella turcica,
while the hypophysis, which was normal in size and shape,
retained its position undisturbed.

These findings point to a purely ectodermal origin of the
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hypophysis, but the view has been contested upon many sides.

First Hoffmann, and later Orr, assumed a relationship between
the hypophysis and the ectoderm of reptiles. As the result of

his later investigations (1894), v. Kupffer, who had previously

accepted the ectodermal origin of the hypophysis in all verte-

brates, arrived at the conclusion that, in addition to the ectoderm,
the entoderm the epithelium of the archenteron in particular-
is concerned in the formation of this organ. According to him,
the hypophysis has three primitive sources of origin ;

the first is

ectodermal and is a remnant of a phylogenetically old oral cavity

(palasostoma), situated above the spot where the mouth afterwards

develops, and which, later, becomes Rathke's pouch ;
the second,

which is entodermal, is situated behind the pharyngeal membrane
and is formed by an outgrowth, sometimes hollow and sometimes

solid, of the cephalic intestine (preoral intestine), the blind end
of which forms the pouch described by Seessel

;
the third or

cerebral portion is provided by the infundibulum and infundi-

bular gland. In the monorhines and myxinoids, the infundi-

bular gland only is present, the palasostoma forming the perma-
nent nasopharyngeal passage. In Petromyzons, Elasmobranchii,
and Teleosteii, the infundibular gland and the dorsal gland-com-
plex of the naso-pharyngeal passage are both present.

v. Kupffer's view is shared by Valenti and partly also by
Nussbaum

;
but the inclusion of the entoderm in the formation of

the hypophysis is denied by St. Remy in the case of birds and
mammals, by Hoffmann in the case of Selachians, and by B.
Haller in the case of all vertebrates. Valenti, who has carried

out a fresh series of investigations with embryo chicks and rab-

bits, maintains the view, however, that the hypophysis contains
an ecto-entodermal portion, derived from the preoral intestine.

Corming and Rossi, on the other hand, insist upon a purely
ectodermal origin.

PHYSIOLOGY OF THE HYPOPHYSIS.

Experimental Extirpation. It was Horsley (1885) who, in

order to compare the results of the removal of the hypophysis
with those which follow thyroiclectomy, first undertook the extir-

pation of that organ. His experiments, like those of Dastre

(1889) and Gley (1891) were completely negative, the animals

dying immediately after operation. Following the theory pro-
pounded by Marie and Marinesco concerning the pathogenesis
of acromegaly, Marinesco (1892) next carried out extirpation

experiments with cats. Since that date, hypophysectomy has
been performed on animals of different species, and according
to various methods. But these attempts, if we except quite the

most recent, supplied no satisfactory information concerning the

importance of this organ to the life of the organism and the nature
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of its functional significance. The animals most frequently em-

ployed were the cat and the dog, though a certain amount of

material has been provided by other animals (frog, tortoise, hen,

rabbit).

Experimental extirpation from the oral cavity of the hypo-

physis of frogs, as carried out by Caselli (1900), did not yield

results of any value. Gaglio (1902) operated upon frogs and tor-

toises by the same method, however, and found that, though some
of his animals died very shortly after, apparently as the result

of infective conditions, others lived one and a half to three months
without pathological symptoms. Bofeano, a pupil of Paulesco's,

describes (1906) extirpation of the hypophysis of frogs by the

supra- and latero-cranial methods
;
he found that, two to three

days after total extirpation, his animals invariably died, with sym-
ptoms of neuro-muscular asthenia; while control animals operated

upon by the same method, the hypophysis being only partially

removed or left intact, remained perfectly normal, with the

exception of slight symptoms of central nervous stimulation.

G. Fischera (1905) operated upon hens. He obtained access

to the organ from the base of the skull, by means of an incision

at the edge of the lower jaw ;
with the aid of the thermocautery,

he divided the basal sphenoid bone in the middle line, thus laying
bare the hypophysis. Of forty hens, eleven died shortly after

operation, twenty-nine survived and were destroyed after four

months. The autopsy showed that, in eight cases, the hypophysis
Was undamaged; in seventeen, it was partially injured; and in

four, completely destroyed. Operation was followed in the first

few days by symptoms of fatigue and depression, which soon

passed off. Two of the hens in which the hypophysis had been

entirely destroyed showed signs of arrested development. The
results of Fischera's experiments led him to conclude that, in

young hens, the hypophysis is not essential to life, and that the

symptoms which follow its removal are in no way characteristic.

Even the arrestation of development cannot be regarded as a

constant symptom.
The extirpation experiments which Gley carried out with

rabbits are, on account of their faulty technique, of very little

value. Experiments with cats and dogs are the only ones which
have supplied reliable information concerning the function of the

hypophysis ;
this is attributable, not only to the frequency with

which these animals have been employed, but to the better

operative technique by means of which such experiments have
been accomplished. Cats and dogs have been employed as sub-

jects for hypophysectomy by a large number of authors

(Marinesco, Vassale and Sacchi, v. Cyon, Caselli, Gatta, Kreidl,

Biedl, Friedmann and Maass, Delia Vedova, Lo Monaco and
van Rynberk, Pirrone, Gemelli). The method which was first

employed and was later in most frequent use, was that of opening
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up the hypophysis from the base of the cranium by way of the

oral cavity. The organ was usually destroyed either with a

thermocautery or by the injection of chromic acid
;
removal was

effected with spoon-forceps, generally of the operator's own

design.
Lo Monaco and van Rynberk followed up Gley's experiments

with rabbits, the method they chose being from the vertex of the

skull. After opening the dura mater, these authors penetrated
between the hemispheres at a spot previously determined upon,
and after passing through the corpus callosum they reached the

infundibulum and from there they were able to reach the hypo-
physis. In twenty-eight cases out of forty-four they succeeded in

removing the hypophysis by this method.
This method was very justly condemned by Paulesco

;
he

pointed out that it is faulty in all essentials, for it inevitably pro-
vokes secondary lesions of more or less grave a character, that it

is accompanied by serious risk of infection, and that it does not

properly accomplish what is, after all, the chief object of operation,

namely, the exposure of the organ. Paulesco (1906) introduced

a new method of hypophysectomy ;
he employed the lateral

approach, beneath the temporal lobe.

I have employed this method myself in a large number of

experiments. In my earlier experiments with cats, I used the

buccal method of reaching the hypophysis, but in the later experi-
ments with dogs which I carried out with Dr. M. Silbermark, wre

invariably employed the intercranial operation. This method,
which was also adopted by Gushing, fulfils all requirements.
After practising upon the cadaver, we \vere able to perform the

operation with a considerable degree of certainty, and out of a
series of fifty animals we did not lose one from post-operative

haemorrhage, meningitis or sepsis. It may be remarked in pass-

ing that this method may be employed with equal success for

the purpose of exposing any structure at the base of the brain

in the median cranial fossa, and is especially suited to the inter-

cranial resection of the second to sixth cranial nerves. What is

fundamentally new about the method is that it permits of a con-

siderable dislocation of the brain without damage to it. An
opening of suitable size is made in the squamous portion of both

temporal bones, and the dura mater is opened upon both sides.

With a flat bent spatula the temporal lobe may now be lifted and

pressed to one side, without in any way crushing the substance

of the brain. In a good light, after mopping out the cerebro-

spinal fluid, the hypophysis will be seen hanging like a berry on
a stalk in front of the optic nerve, by the side of the internal

carotid artery, and behind the oculomotor nerve. The organ is

now clearly visible under conditions eminently suited to operative
intervention. It may be severed from its peduncle and left free

in the cavity of the brain; or it may be entirely removed; or
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single lobes or portions may be removed. This operation is very

rarely followed by haemorrhage. After operation, the elevator is

removed, the brain returns to its position, the dura mater is put
into place and kept there by the temporal muscles, and the incision

in the temporal cuticle is sewn up.- We found, in our experiments,
that Paulesco's resection of the zygomatic arch was unnecessary

and, provided that the openings in the squamous portions of the

temporal bones are sufficiently large, the structures in the sella

turcica may also be easily reached without such resection.

What, then, are the results of experimental extirpation of the

hypophysis ? In order to arrive at a clear answer to this question,
it is necessary to consider separately the results yielded by the

older experiments, before the introduction of Paulesco's method.

In a large number of instances the animals operated upon by the

older investigators died either immediately or very shortly after

operation. Under these circumstances it was not possible to

decide whether death was due to the removal of the hypophysis,
or whether it resulted from the serious surgical intervention with

its attendant danger of infection. A small proportion of animals

survived for a brief period, one for three weeks, and some lived

even longer. It will be remembered that Lo Monaco and van

Rynberk destroyed their animals after thirty-five to eighty-six

days.
The relative short span of life after extirpation was regarded

by many as a proof of the vital character of the hypophysis,

though other investigators, whose animals lived for longer periods,

ascribed the fatal termination to momenta other than suppression
of the organ. Lo Monaco and van Rynberk, especially, laid

great stress upon the fact that, after their transcerebral operation-
which was undoubtedly very drastic, seeing that it necessitated a

serious lesion of the infundibulum and the opening of the ven-

tricle their animals survived and showed no pathological sym-
ptoms. Single animals, with what the autopsy showed to be an

uninjured hypophysis, yet showed all the symptoms of hypo-

physis suppression ;
while others again, in which the hypophysis

was found to be absent, remained normal.

These contradictory views concerning the results of hypo-

physectomy are explained by the ill-defined and obscure nature

of the symptoms by which the operation was accompanied. In a

large number of cases, on the one hand, symptoms of depression
are described, ranging from dulncss and apathy to paralysis and
even coma; while in others, symptoms of motor stimulation,

fibrillary tremors and tonic cramps are reported; and in yet other

instances, no symptoms, either of stimulation or of depression,
were observed. The effects upon the vegetative nervous system
were also very differently described. Many authors found

polyuria, unaccompanied by abnormal constituents
;
others describe

albuminuria; others again, glycosuria; while many were unable

to report changes in either the circulation, secretion, or respiration.
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The only decisive observations are those obtained from later

experiments carried out by Paulesco's method. Paulesco and

Gushing have described the results of such hypophysectomies. I

employed the method myself in combination with Silbermark, as

well as with Leishner and Denk.
Paulesco performed total hypophysectomy with twenty-two

dogs and two cats. His animals lived for ten to forty-eight hours

at most. The autopsy revealed neither haemorrhage nor suppura-
tion at the site of operation, and the other findings were also

negative. The autopsy showed that, in fourteen dogs, extirpation
was not complete, portions of hypophysis tissue of varying size

having been left in situ. These animals lived three to seven to

ten days; where the amount of tissue left behind was large, they
lived longer (seventeen, twenty-three, sixty-seven, 151, 158, 196,
and 395 days). The almost complete suppression of hypophysal
activity was not revealed by any marked symptoms, and Paulesco

found that even those animals which survived for a considerable

time did not show any signs of trophic disturbance.

In three dogs, a portion of the anterior lobe only was removed.
These animals lived without special symptoms for twenty-three,

sixty-six, and 932 days respectively. The complete destruction of

the cortical substance of the anterior lobe with the thermocautery
proved fatal to seven dogs, death following as rapidly as after

total hypophysectomy. Five animals survived the removal of

the posterior lobe for thirteen and sixty-nine days, eight months,
and two years respectively ;

there were no pathological signs, and
the animals eventually died from accidental affections.

The loosening of the hypophysis from the sella turcica was
found to be quite negative. According to Paulesco, death follows'

separation of the hypophysis from the base of the brain by resec-

tion of the peduncle, as rapidly as after complete, or almost

complete, extirpation. That this result is not due to the opening
of the third ventricle, is proved by the fact that the opening of

the third ventricle alone is not followed by death. Neither can
the fatal result be ascribed to the lesions at the base of the brain,
for in the control animals such lesions produced only symptoms
of motor stimulation, and these were invariably absent after

removal of the hypophysis.
Paulesco concluded that the hypophysis is an organ which is

essential to life, and that the suppression of its function is rapidly
followed by death. In his opinion, the vital portion is the cortical

substance of the epithelial anterior lobe.

Gushing confirms Paulesco's view of the vital character of

the hypophysis. Nevertheless, his experiments seem to show
that the results of total extirpation are less rapid in young dogs
than in old. He was able to prolong the lives of his animals by
the previous or simultaneous transplantation of the anterior lobe,
as well as by the injection of extract of the anterior lobe. Accord-

ing to Gushing, total extirpation of the hypophysis is followed
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within a few days, or at latest a few weeks, by symptoms character-

istic of cachexia hypophysopriva, terminating in death.

After extirpation of the posterior nervous lobe, the inter-

mediate portion being generally removed with it, animals usually
survive and show no pathological signs. Partial extirpation of

the anterior lobe is consistent with the continuance of life. In

isolated cases, however, it leads to remarkable symptoms, such as

increased deposition of fat, polyuria, transitory glycosuria, and

falling of the hair. The most striking result, however, was the

reduction in sexual activity, shown anatomically by atrophy of

the testicles and ovaries. Acute thyroid hypertrophy was also an
occasional sequel to hypophysectomy.

Judging by Cushing's experiments, the anterior hypophysal
lobe represents the vital portion of the organ, the complete extirpa-
tion of which is followed by death, its partial extirpation by dis-

turbances of growth and of metabolism and by derangement of

the activity of the sexual organs.
From the results of my own experiments I am able emphatic-

ally to confirm Cushing's views. We found that complete
extirpation of the hypophysis was rapidly followed in both adult

and young growing animals by death; the post-mortem findings
were negative. Where the posterior lobe only was removed, the

animals lived without symptoms for months, ultimately dying of

intercurrent disease. Where extirpation was performed only on
the anterior lobe, a portion of the tissue being left in situ, the

animals lived for weeks and months, the autopsy showing, how-

ever, a remarkable deposition of fat in the omentum and retro-

peritoneal space, together with pronounced atrophy of the entire

sexual apparatus. The ovaries and uterus of a 3-year-old bitch

presented appearances similar to those of an animal of a few
weeks old.

Quite recently (December 3, 1909), B. Aschner described extir-

pation experiments with dogs, in which he employed' the older

method of reaching the organ, namely, by way of the oral cavity.
He succeeded in removing the complete hypophysis by this means.
A proportion of his animals died within the first eight days, and
he ascribes this to the removal, with the hypophysis, of too large a

portion of the infundibulum. Other animals survived operation
for several months. In full grown animals the results wrere

practically nil
;
there was a certain change in the metabolism of

the carbohydrates, similar to that seen in thyroidless dogs. The
effects of adrenalin in producing glycosuria and symptoms of

stimulation of the sympathetic were much less marked in these

dogs than in normal dogs, and the different phases of alimentary
glycosuria were much reduced.

The suppression of the hypophysis was followed, in young
animals, by profound disturbances. These animals were very
backward in growth and weight as compared with control
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animals
;
there was a shortening of the skull and especially of

the muzzle, hypoplasia of the genitals, anomaly in the growth of

the hair, considerable deposition of fat, even fatty degeneration
of the internal organs (liver), and temperamental changes. The

dogs ceased to bark, they breathed heavily, they became somewhat

apathetic, the sensibility to electric stimulus and to pain became

very much less, while their movements were indolent, and they
seemed to have become less intelligent. In male animals, sperma-
togenesis ceased, in female animals there was involution of the

ovarian follicles.

A glance at the material provided by experimental extirpation
of the hypophysis shows that a good deal of light has been shed

upon the functional and physiological significance of that organ.
It is evident, in the first place, that the hypophysis is an organ of

vital importance to the organism, the removal of which is

followed by death. This is conclusively proved by the results of

Paulesco's method of complete hypophysectomy, the contradictory
results obtained by certain investigators being probably attribut-

able to the faulty nature of their technique.
"
Total hypo-

physectomy
"

can only be described as such where, in addition

to the removal of both lobes, the hypophysal peduncle is also

severed. The peculiar significance of this peduncle is shown by
the fact that, even where the hypophysis is allowed to remain
in situ, death follows resection of the peduncle as promptly as after

complete hypophysectomy. This remarkable phenomenon was
first observed by Paulesco, and has since been confirmed by me

;

all that we can do is to record the facts, for no explanation of

them is at present forthcoming.
The results of experimental extirpation also show the differ-

ence in the physiological value of the two lobes of the hypophysis.
The removal of the posterior lobe is unattended, over a period of

months, by pathological signs. Total extirpation of the anterior

lobe, on the contrary, is immediately fatal. It appears, however,
that this applies only to older animals, young dogs having a

longer duration of life.

The results of total or partial destruction of the anterior lobe

are also best seen in young animals. The suppression of function
is manifested in a considerable increase in the fat body, which

may amount to adiposis universalis, with pronounced hypoplasia
of the sexual glands, together with arrested development and
infantile habit. The influence which the hypophysis has upon
the sexual glands is seen also in the case of older animals, partial
destruction of the anterior lobe being followed by marked atrophy
of the genitals.

PITUITARY EXTRACT.

Since the discovery by Oliver and Schafer of the vaso-con-
tractor action of pituitary extract, the symptoms which follow the

21
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exhibition of this substance have formed the subject of manifold

investigation ;
further evidence, moreover,, has been furnished of

the internal secretory activity of the organ.
The chemistry of the hypophysis has, up to now, been hardly

sufficiently investigated. We know that it contains a relatively

large proportion of phosphorus and calcium
;
iodine (Ewald and

Schwitzler), bromine (Paderi), and traces of arsenic (Gautier) have

all been discovered. According to Gautrelet, the hypophysis,
like many other organs, contains cholin.

Of the active pharmacodynamic substance of the hypophysis
we know only that it is dialyzable ;

that it is not destroyed by
reducing agents, such as boiling; and that it is insoluble in

alcohol and ether. For experimental purposes, as well as in

clinical medicine, the dried organ obtained from cattle, sheep,

horses, cats, and dogs is employed, or extracts prepared from

the dried or fresh organ in normal saline solution are used. As

may be imagined, the dosage of such pituitary preparations is

not very exact. An extract obtained with chloretone from the

posterior lobe of the hypophysis has recently been put upon the

market by Messrs. Parke, Davis and Co., under the name of

hypophysin or pituitrin ;
the manufacturers state that i c.cm. of

this extract is equal to o.i grm. of the fresh, and .01 grm. of the

dried, substance.

Pituitrin does not react either to ferric chloride or to the

sublimate test given by Comessatti for adrenalin, or to the

Frankel-Allers test. It does, however, produce mydriasis of

frogs' eyes. According to Allers, when boiled with caustic soda

solution it gives off a distinct odour of alkylamin, while the liquid
becomes brown

;
this author considers it probable that the hypo-

physis contains a substance which, similarly to adrenalin,

possesses an alkaline amino-nitrogen constituent.

The general toxicity of pituitary extract is inconsiderable and
not to be compared with that of adrenalin or suprarenal extract.

Numerous accounts are given of extracts equal to ij to 3 fresh

hypophyses (Mairet and Bosc, Conti and Curti, Gamier and

Thaon, Salvioli and Carraro, Etienne and Parisot, Renon and
Delille, Hallion and Carrion) being exhibited as a single dose,
while Urechia reports a case in which the extract of ten ox-hypo-
physes was tolerated in a single dose. The direct effects of

intravenous or subcutaneous injection of pituitary extract are

transient apathy, somnolence, occasionally accelerated respiration
and increased secretion of urine. After the intraperitoneal injec-
tion of large quantities of pituitrin (10 to 15 c.cm.), I observed
transient excitement, followed by marked depression and muscular

weakness, which afterwards developed into complete paralysis of

the hinder extremities and terminated, at the end of twenty-four
hours, in death. The intravenous injection of large quantities of

pituitrin is sometimes followed by a sudden arrest of cardiac
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activity or by pulmonary oedema. After repeated exhibition of

small quantities of the substance there was a marked loss in

weight. The phenomena which Urechia observed after the rein-

jection of pituitary extract after an interval of ten days, were

probably anaphylactic in character.

According to Delille, there is an essential difference between
the toxic action of the anterior and the posterior lobes, the toxicity
of pituitary extract being principally or even exclusively the

property of the posterior lobe.

THE PHYSIOLOGICAL ACTIVITY OF PITUITARY
EXTRACT.

It was first ascertained by Oliver and Schafer that the injec-
tion of extract of the hypophysis into the veins produces a prompt
and very marked increase in arterial pressure ;

this differs from
that produced by suprarenal extract in its duration, which is

longer by several minutes. This hypertension results, partly from
contraction of the vessels, and partly from increased cardiac

activity, and it is not disturbed by resection of the cord or of

the medulla. The peripheral effect of this hypertension is illus-

trated by the fact that, if a fluid containing pituitary extract is

circulated through the hinder extremities of frogs, there is a

marked reduction in the venous outflow. The increased cardiac

activity was shown in the myographic curve which Oliver and
Schafer obtained with the heart after its removal from the living

body.
The effect of pituitary extract upon the circulatory apparatus

is, in many respects, analogous to that of suprarenal extract,

though it differs in certain important particulars. The vaso-con-

strictor action is much slighter, and the marked slowing of the

pulse, together with inhibition of auricular contraction, produced
by suprarenal extract where the vagi are intact, is absent in the

case of pituitary extract. On the other hand, after resection of

the vagi, pituitary extract produces, not an acceleration, but rather

a retardation of the cardiac beats.

The findings of Oliver and Schafer were confirmed in all

important particulars by later investigators. Howell next dis-

covered that the substance which produces vaso-constriction and

slowing of the pulse is principally contained in the extract of the

posterior lobe, the pars nervosa. He also discovered the remark-
able fact that a second injection, given half to one hour after

the first, has practically no effect upon the circulation. Howell's

findings were confirmed by Schafer and Vincent, who discovered,

further, that the second injection is followed by a fall, instead of

a rise, in blood-pressure. According to these authors, the fall in

pressure is brought about by the action of a second substance with

depressant properties, which is obtainable by extraction with
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absolute alcohol, treatment of the alcoholic residuum with ether,

and solution in sodium chloride. If the substance obtained by
this method is injected into the veins, a transient primary hypo-
tension is observed, which is probably due to peripheral vasodila-

tion and is not preceded by a rise in blood-pressure. This hypo-
tension is similar to that obtained by the injection of cholin, but

unlike the latter, it is unaffected by atropine.

Osborne and Vincent next showed that extracts of nervous

tissue (brain, spinal cord, peripheral nerves) give rise to a con-

siderable transient fall in blood-pressure, which is also unaffected

by resection of the vagus and by atropine, and which is brought
about by peripheral vasodilation. Contrary to the view expressed

by Halliburton, it is certain that this result is in no way due to

the action of cholin.

According to v. Cyon, pituitary extract contains two sub-

stances which possess entirely different properties. The one,

hypophysin, which is obtained by boiling pituitary extract, has

an influence upon the heart; its intravenous injection is followed

by groups of slow, strong beats, and this effect persists after

resection of the vagi. Extracts obtained at a temperature of

38 to 40 C. usually possess a vaso-constrictor effect which v. Cyon
believes to be brought about by inhibition of the nervous

depressor.
The effects of pituitary extract in raising pressure and slowing

the pulse the latter only where the vagi are intact, however are

confirmed by Livon, who includes the hypophysis in the group
of the hypertensive glands ;

while Silvestri, on the contrary,

obtained only a fall in blood-pressure with extract of the posterior

lobe. After the injection of a quantity of infundibular extract

equal to about one-fifth of the posterior lobe, Gamier and Thaon
observed a rapid rise in pressure with slowing of the pulse,

followed after ten to twelve seconds by a rapid transient fall in

pressure, which was again followed by a marked rise. The

slowing of the pulse was not observed after the resection of the

vagi. Similar phenomena are described by Salvioli and Carraro,

Pal, Lockhart-Mummery, and Legge.

By means of plethysmographs of different organs, Hallion

and Carrion showed that the rise in pressure brought about by
pituitary extract is associated with a vasoconstriction in

different organs, in the nasal mucosa and thyroid gland more

particularly. In the kidney there was, after an initial vaso-con-

traction, a continued vaso-dilation. These authors point out the

antagonistic effects of pituitary to those of ovarian extract, the

latter, as far as their experiments showed, producing a fall in

blood-pressure together with a characteristic vaso-dilation in the

thyroid gland.

Quite recently (December 17, 1909), Falta and Ivcovic stated

that they injected 2\ c.cm. of an extract obtained from the glandu-
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lar portion of the hypophysis into dogs and rabbits, and produced
a profound fall in blood-pressure which, in atrophied animals, lasts

for a comparatively long time. The lowered pressure, which, at the

end of forty seconds, spontaneously returns to the normal figure,

may be relieved by means of adrenalin. In two instances, after

injection of the extract, the blood-pressure fell to zero, and

respiratory and cardiac activity ceased. In one case the animal

was saved by the injection of 2 c.cm. pituitrinum infundibulare
;

the heart-beats recommenced, the blood-pressure rose rapidly to

normal, and the animal completely recovered.

Finally, L. Etienne and Parisot found that the repeated injec-

tion of pituitary extract into rabbits produced permanent hyper-
tension and cardiac hypertrophy, which were apparent fifteen days
after the last injection ;

there were, however, no sclerotic changes
in the vessels.

The results which have been described comprise the whole of

the material at present available concerning the influence of

pituitary extract upon the circulation. It may then be taken as

proven that pituitary extract, or rather the extract of the posterior

hypophyseal lobe, produces a high degree of blood-pressure, which
differs from that provoked by adrenalin in its slighter intensity
and longer duration. The diminished, or negative, action of a

second injection may be regarded as specific.
The hypotensive action of pituitary extract described by cer-

tain authors demands further investigation. It is very necessary
that we should know whether the fall in pressure is a by-effect of

pituitary extract, or whether it is due to a specific activity on the

part of the glandular portion of the organ.
There is no doubt that the rise in arterial tension is mainly

the result of peripheral vaso-contraction. But further investiga-
tion is necessary both to locate the seat of this vaso-contraction

and to decide whether the vaso-contraction which takes place in

the thyroid gland and the nasal mucous membranes, and the

vaso-dilation which takes place in the kidney, are specific effects

of pituitary extract.

Pituitary extract also influences the action of the heart, by
slowing and strengthening its beats. This effect is in part
attributable to stimulation of the cardiac inhibitory nervous
centres. The experiments of Hedboom and Allen, Cleghorn,
and, later, Herring, \vith the living heart from frogs and mammals,
have proved, however, that the slowing of the pulse is unaffected

by resection of the vagi, and it seems probable from this that

pituitary extract also exercises a direct action upon the muscular
substance of the heart. This conclusion is further justified by
the fact that the constriction of the vessels is produced not, as in

the case of adrenalin, by stimulation of the peripheral nerve-

terminals, but by a direct action upon the involuntary muscles;
moreover, the effect which pituitary extract has upon the muscles
is also demonstrable in the case of other organs.
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That pituitary extract exercises a direct contractor influence

upon the vessel walls is proved by Salvioli and Carraro's experi-
ments with artificial circulation. Dale's experiments, to which

reference has been made in a previous chapter, show that pitui-

tary extract resembles barium chloride, which is known to stimu-

late the involuntary muscles, in that it produces a rise in blood-

pressure at that stage of ergotoxin intoxication at which a fall in

blood-pressure is produced by adrenalin. Pal, de Bonis, and
Susanna tested the action of pituitary extract by O. B. Meyer's
method upon portions of arteries obtained from the living ox.

According to Pal, pituitary extract produces a contraction of the

carotid, mesenteric, and femoral arteries in the same manner as

adrenalin, while its action upon the cardiac and renal vessels is

the opposite to that of adrenalin. The coronary arteries, which

enlarge in response to adrenalin, contract under the influence of

pituitary extract. The peripheral portion of the renal artery
which is situated in the pelvis dilates in response to pituitary

extract, while the proximal portion contracts.

The direct muscular action of pituitary extract was proved by
Cramer and Borchardt, as well as by Pal, by the enlargement of

the pupil of enucleated frogs' eyes.

Special interest is attaching to the discoveries of v. Frankl-

Hochwart and Frohlich concerning the effect of pituitrin upon
the urinary bladder and the uterine muscles. In cats and dogs,

pituitrin stimulates the muscles of the urinary bladder to a mode-
rate degree, but it also increases the sensibility to electric stimulus

of the autonomous motor nerve to the bladder, namely, the pelvic
nerve. The sensibility of the inhibitory sympathetic, the hypo-
gastric nerve, is unaltered. Maximal contraction of the uterus

muscles of the rabbit is sometimes produced by pituitrin, and at

the same time the uterus becomes considerably more sensitive to

the influence of the uterine nerves which are supplied by the

hypogastrics. Both these results occur independently of the

blood-pressure and, like the effects upon the heart and vessels,

they are observed after the first injection only. On account of its

effect in increasing the sensibility of the muscles of the urinary
bladder and the uterus, these authors suggest the employment of

pituitrin as a therapeutic agent.
The effect which the extract of the posterior lobe has upon

the muscles of the uterus and intestine is also described by Blair

Bell.

According to v. Frankl-Hochwart and Frohlich, hypophysin
does not affect the sensibility of either the nerves of the salivary

glands or the chorda tympani, nor does it influence erection, in

so far as the latter is produced by peripheral stimulation of the

autonomous erection nerve. In opposition to v. Cyon, these

authors state that the sensibility of the autonomous vagus
supplying the heart is unaffected by the influence of hypophysin.
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An ordered relationship, such as that which exists between the

action of adrenalin and certain nerve terminals, has not been

proved in the case of hypophysin.
Very characteristic of the action of pituitary extract is the

increased diuresis which, according to Magnus and Schiifer, fol-

lows intravenous injection, and, if the injections are repeated,
continues for some time. This is in accordance with the increase

in the volume of the kidney, as shown by oncometric methods.
Schiifer and Herring next proved that the substance which pro-
duces diuresis is contained in the posterior lobe of the hypophysis ;

that it is dialyzable, is insoluble in ether and alcohol, and is not

destroyed by boiling ;
the extract of the anterior lobe they found

to be non-diuretic. Moreover, they found that diuresis is also

produced by pituitary extract when injected intravenously or into

the peritoneum.
Borchardt found that the subcutaneous injection of pituitary

extract into rabbits produced hyperglycasmia and glycosuria.
With regard to the manner in which metabolism is influenced

by pituitary extract, Schiff found that, in one clinical case of

acromegaly and one of paralysis agitans, there was an increase

in the excretion of phosphorus, which he ascribed to the decom-

position of organs containing much phosphorus, such as the

nervous system and the bones. In one case of acromegaly
Moraczewski found retention of Ca and P 2O 5 ;

the administration

of pituitary tabloids reduced the excretion of Ca, Mg, and P2O 5 .

The exhibition per os of pituitary tabloids in man is followed
in the normal subject by increased metabolism of gases ;

in per-
sons with acromegaly, metabolism is only very slightly increased

(Magnus-Levy, Salomon).
Experiments intended to show the effect of pituitary extract

upon metabolism in animals have produced conflicting results.

Osward found that pituitary substance, when given by the mouth
to dogs, produced no effect upon the excretion of phosphorus and

nitrogen. Thompson and Johnson, on the other hand, found an
increased excretion of nitrogen, urea, and phosphorus in the

urine, together with a reduction in the weight of the body.
Malcolm exhibited the glandular and nervous portions of the

hypophysis separately; he found that, when given by the mouth,
the anterior lobe produced retention of phosphorus, the posterior
lobe excretion of phosphorus. The excretion of Ca, Mg, and
N was increased by the exhibition of the fresh gland, but rather

diminished than otherwise by the exhibition of the dried gland.

According to Falta, Bolaffio and Tedesko, the effect of

pituitrin upon the metabolism of salt is similar to that of the

thyroid substances. They found that, in fasting dogs, there was
an increase of the quotient N:P 2O S in the urine, together with
an increased excretion of phosphorus in the faeces. The excess

of the calcium excreted carries a proportion of phosphorus with
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it into the intestine. The proportion of the alkalies to nitrogen
in the urine also increases after the exhibition of pituitrin in

the same way as after thyroid. Thus both thyroid and pituitary
increase the general metabolism of salt, the larger part of the

excess being carried off by the intestines.

After the injection of pituitrinum infundibulare into dogs
with normal nitrogen metabolism, Falta and his co-workers found

that, whether the animals were fed on flesh or on milk and white

bread, there was invariably an increase in the metabolism of

albumin.
As far as the metabolism of purins was concerned, there was

a rise in the excretion of uric acid with simultaneous reduction in

the allantoin nitrogen. This is probably clue to the increased

diuresis, owing to which a larger proportion of uric acid is with-

drawn from oxidation to form allantoin.

A definite influence of pituitary substance upon the metabol-

ism of the carbohydrates has not been observed. The sugar-
contents of the blood are not augmented; but the exhibition of

adrenalin in dogs which have previously been treated with

pituitrin is followed by a remarkable increase in the excretion of

sugar.
It is interesting to note that four rabbits, which Delille treated

with injections of pituitary extract over a period of fourteen

months, became very fat.

What is at present known concerning the effect of injections
of pituitary extract upon the growth of the bones, is insufficient

to justify a definitive pronouncement. Caselli was unable to

influence the processes of growth in young dogs and rabbits by
means of glycerine extract of pituitary. Cerletti found that the

subcutaneous or intraperitoneal injection of such extract pro-
duced backwardness in weight and in the development of the

bones; the long bones, especially, were short in comparison with

those of the control animal. Taking into consideration the fact

that large quantities of the, by no means indifferent, extract were

employed in these experiments, the results cannot be regarded as

conclusive.

EXPERIMENTAL STIMULATION OF THE
HYPOPHYSIS.

The changes produced in the general circulation by the

mechanical and electric stimulation of the hypophysis were investi-

gated by E. v. Cyon. Upon the results of these investigations,

together with the known properties of pituitary extract, he based
his theory concerning the function of the hypophysis, v. Cyon
regarded the hypophysis and the thyroid as protective organs to

the brain, whose function it is to prevent a dangerous flush of

blood to that part. These organs, acting in concert, regulate the
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intercranial circulation and the conditions governing blood-

pressure within the cranium. The regulation of pressure is to a

certain extent automatic, for every rise in pressure within the

cranium mechanically stimulates the hypophysis; this stimulation

is conveyed reflexly to the vagus centre and a slowing and

strengthening of the cardiac contractions results
; while, at the

same time, the vaso-dilator fibres contained in the vagus nerve

produce an enlargement of the vessels in the thyroid, and by
this means the superfluous blood is carried away from the brain.

The intracranial rise in pressure also causes the hypophysis to

part with a larger amount of its active substance, which produces
a chemical stimulation of the vagus and simultaneous rise in

blood-pressure. Thus, the auto-regulation by the hypophysis of

intracranial blood-pressure is effected by stimulation of the vagi

upon the one hand, and by increased arterial tension resulting
from contraction of the peripheral vessels upon the other.

With regard to the latter point, v. Cyon believed that the

contraction of the peripheral vessels resulted in a reduction in

the amount of blood circulating within the cranium. But it must
be remembered against this that, as all evidence up to the present

goes to show, processes which give rise to a contraction of the

vessels of the systemic circulation, thus producing an increase

in arterial tension, also augment the blood contents of the cranial

cavity. The higher the arterial blood-pressure, the larger the

quantity of blood circulating through the brain, which, under
these conditions, may amount to several times the normal. Thus
it is evident that a temporary anosmia of the brain cannot be

effected by this means, and that the effect produced upon the

cranial circulation bv the active vaso-tensor constituent of the
J

hypophysis wrould be, not the result anticipated by v. Cyon, but

one diametrically opposed to it (Biedl and Reiner).
As far as the stimulation of the vagus centre is concerned,

the conditions are as follows : The dilation of the thyroid vessels

as the result of stimulation of the vagus, which v. Cyon described

and which forms the groundwork of his theory, is not confirmed

by Lusenna, who found that the vaso-dilators of the thyroid are

contained, not in the vagus, but in the sympathetic. It is un-

deniable, however, that increased pressure within the cranial

cavity produces stimulation of the vagus centres, and that by
this means a slowing and strengthening of the cardiac beats is

effected. But the question arises as to whether this so-called

vagus phenomenon occurs as the result of high blood-pressure,

brought about by the agency of the hypophysis. In support of

this assumption v. Cyon states : (i) That mechanical or electric

stimulation of the hypophysis produces changes in the blood-

pressure curve, such as would follow a sudden compression of

the aorta, namely, hypertension, slowing and strengthening of

the heart-beats, and the so-called vagus pulse ; (2) that the vagus
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phenomenon does not accompany compression of the aorta in

cases where the hypophysis has iirst been destroyed. After the

destruction of the hypophysis, it is not possible to produce the

vagus pulse by either aortic compression or reflex stimulation of

the aorta (by way of the nasal mucosa or trigeminus), the result

in every instance being to accelerate the pulse. According to

v. Cyon, there is no doubt that stimulation of the vagi, in con-

sequence of hypertension within the cranial cavity, is effected by
the agency of the hypophysis ;

in other words, that the increased

pressure acts directly upon that organ and the stimulation of the

vagi is reflex ly produced by the stimulation of the hypophysis.
These statements of v. Cyon's do not, however, stand the

test of minute investigation and they are entirely unconfirmed

by later authors (Biedl and Reiner, Caselli, Pirrone, Lo Monaco,
and van Rynberk, Livon, Gaglio). It is true that stimulation of

the hypophysis, and electric stimulation more particularly, occa-

sionally produces increased pressure and changes in the frequency
of the pulse, together with respiratory changes, but similar

phenomena may be produced in the same way by stimulation of

the greater portion of the cerebral cortex and of the cerebral

ganglia. Livon even states that the hypophysis itself is incapable
of stimulation, and that the changes are due to the leakage of

the faradic stream into the surrounding portions of the brain.

The destruction of the hypophysis does not bring about

changes in either the pressure of the blood or the frequency of

the pulse. Moreover, the vagus phenomenon in company with

high blood-pressure is observed after, as before, this operation

(Biedl and Reiner).
The theory of a mechanical hypophysal function must be

regarded as demolished. The only author who confirmed the

phenomena observed by v. Cyon after stimulation of the hypo-

physis is F. Masay, and he believes that stimulation of the hypo-

physis promotes the flow of secretion from the organ into the

blood, and that by its action upon the muscles of the vessels a

rise in blood-pressure is produced.
In the present state of our knowledge, the only assumption

possible is that, if the hypophysis does influence the circulation,

this result is effected by the agency of a chemical hormone, and
is to be regarded as the outcome of the internal secretory function

of the organ.

DISEASES OF THE HYPOPHYSIS IN MAN.

Of the clinical conditions which are associated with patho-

logical changes in the hypophysis and the pathogenesis of which

is undoubtedly in some way dependent upon that organ, the

most important is the condition first described by P. Marie under

the name of acromegaly. This disease usually attacks individuals
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who have reached the adult stage; the predisposing cause is

unknown. The first symptoms are manifested through the nervous

system ; they are lassitude and muscular pain, progressive apathy
and somnolence, and eventually headache. Derangement of

sexual activity occurs very early in the course of the disease,

shown in women by the cessation of menstruation and in men

by impotence. The first pathognomic symptoms consist in

changes in the external appearance of the patient; the face be-

comes distorted, due partly to unequal growth of the soft portions
and partly to enlargement of the facial bones. In advanced cases,

the entire face is enlarged, the eyebrows are prominent, the eye-
lids thickened, the nose enormously increased, the lips swollen

and the zygomatic arches and lower jaw extremely salient. The

peculiar appearance of persons with acromegaly is enhanced by
the over-development of the soft parts of the mouth, the tongue
in particular being so large as almost to prevent the closing of the

mouth.

Simultaneously with these appearances or somewhat later,

gradual progressive deformity of the extremities takes place. The
hands and feet become clumsy larger and broader than the

normal the long bones, however, remain almost unaltered. The

enlargement of the ends of the extremities is due in part to a

thickening of the skin, especially of the subcutaneous tissue, and
in part to a characteristic growth of the bones of the terminal

phalanges of the ringers and toes.

The clinical appearances of acromegaly are generally, though
not invariably, accompanied by symptoms which point to the

presence of a cerebral tumour. These are : headache, giddiness,

vomiting, failing intelligence, and somnolence. Other symptoms
permit of the localization of the tumour and point to the hypo-
physis as the site of the lesion. Of these, the most important are

disturbances of vision, which consist, in the first instance, of

bitemporal hemianopsia, followed by progressive amblyopia and
amaurosis. At first the fundus is normal, later on there is pri-

mary atrophy of the optic nerve and, occasionally, choked disc.

Exophthalmos is by no means rare, but it is noticeable that the

projection of the eyeballs, like the derangement of vision, is

periodic in character and is obviously dependent upon changes
in the volume of the tumour. Paralytic symptoms are sometimes
observed in other cerebral nerve areas. A valuable aid to the

diagnosis of hypophysal tumours has recently been furnished by
radiological methods. Skiagrams show a deepening of the sella

turcica, the floor of which appears to be thinner; the dorsum
sellas shows usure and appears elongated. Where the tumour is

outside the sella turcica and is developed from the cranio-pharyn-
geal canal, the sella is flattened and the entrance to it is enlarged ;

the further growth of the tumour may completely destroy the

floor of the sella turcica (Schliller).
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Of the other clinical symptoms, glycosuria is the most im-

portant and is of comparatively frequent occurrence. The fre-

quency of acromegalic diabetes, as reported up to now, is 10 to

35.5 per cent, and over. The intensity and the course of the

glycosuria are subject to considerable variation.

The other metabolic changes observed in acromegaly are not

typical. In some instances the total metabolism has been found
to be increased (Magnus-Levy), in others it has been found
to be unaltered (Salomon). Several authors found retention of

nitrogen, and they associated this with the abnormal growth of

the tissues. With regard to the metabolism of salt, several

authors (Moraczewski, Edsal and Miiller, Parhon) found reten-

tion of P, Ca, and Cl. Franchini found retention of N, CaO
and MgO, accompanied by excretion of P and Cl. It is very
difficult to estimate the metabolic changes in acromegaly, owing
to the fact that the condition is frequently associated with myx-
oedematous symptoms (Pineles). On the other hand, Magnus-
Levy points out that the metabolic changes of acromegaly possess
certain analogies with those of Graves's disease; such, for in-

stance, are the excessive perspiration, so frequently observed; the

increased combustion, proved in a certain number of cases; and

slight or severe glycosuria.
The course of the disease is usually chronic and extends over

a period of years. Cases are occasionally met with, however,
where, owing to the rapid growth of the hypophysal tumour, the

fatal termination takes place sooner and is accompanied by the

general symptoms of intercranial pressure. In many instances

the patients die as the result of intercurrent affections. In the

typical course of the disease, progressive emaciation and cachexia
make their appearance at the end of a term of years and lead,

ultimately, to death.

Of the pathologico-anatomical findings in acromegaly, the

most important are the changes in the hypophysis itself, first

described by Marie and Marinesco. Before considering the

pathogenetic significance of these changes, it is expedient first

to describe the post-mortem findings in the other organs and
tissues. The increased volume of the soft parts is brought about

by thickening of the epidermis, hypertrophy and enlargement of

the papilla? of the skin, and pronounced infiltration of the sub-

cutis, with proliferation of the subcutical connective tissue. The
connective tissue proliferation extends also to the deep-lying soft

parts and to the interstices of the muscle fibres
;
the latter show

enlargement and proliferation of the nuclei and, later on, de-

generative changes. The hypertrophy of the mucosa, especially
noticeable in the case of the tongue, is caused by hyperplasia of

the mucous membranes, proliferation of the papilla?, and multi-

plication of the connective tissue. Occasionally the visceral

organs are also enlarged. A hyperplastic thymus is by no means
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a rare rinding, and the thyroid may have undergone strumous

degeneration or be markedly atrophied.
The changes in the bones are not as pronounced as the

clinical symptoms would seem to show. The ends of the bones

and the terminal phalanges are undoubtedly broadened and en-

larged, but this is chiefly due to exostoses and irregular absorption
of the cortical layers, and to bony outgrowths at the joints-

changes which must be regarded as secondary results of the

hyperplasia of the soft parts. The clavicle is usually very much

enlarged. In addition to the changes in the sphenoid bone, the

bony skull shows premature obliteration of the sutures
; exostoses,

especially at the muscle attachments
; enlargement of the antrum

and of the frontal sinus; increase in the volume of the superciliary

arch, the zygomatic arch, and the inferior maxilla. Investigation
of the histology of the bones shows that these results are due,
not to specific pathological processes, but to the deposition and

resorption of bony substance, in a manner identical with that of

the normal growth of the bones. In addition to these changes,

hypoplasia or degeneration of the sexual glands is a frequent

accompaniment of the condition.

The most important point in regard to the pathogenesis of

acromegaly is undoubtedly the behaviour of the hypophysis.
Marie and Marinesco found that changes in the hypophysis were
a constant feature of the condition

;
these consisted in increased

volume, with hyperplastic proliferation and secondary sclerosis

of the connective tissue, together with various neoplasms. The

frequent, indeed almost constant, association of changes in the

hypophysis with acromegaly is commented upon by the majority
of the later authors. Enlargement of the hypophysis was found
in forty-four out of forty-eight cases by Hutchinson, and in

sixty-five out of seventy cases by Modena. In a large number
of cases the hypophysal tumour is the expression of hypertrophic
and hyperplastic processes writhin the organ. According to

Benda, the process consists in an increase of the glandular epithe-
lium of the anterior lobe, especially of the chromophile and

eosinophile cells. The hyperplasia may even extend to the forma-

tion of adenomatous strumas. In the majority of cases, the

tumours of acromegaly are true hypophysal tumours adenoma,
adenocarcinoma, sarcoma and, more rarely, teratoma and tera-

toid growths. Those cases of acromegaly in which no tumour
was found (according to Cagnetto they are six in number) are

probably explained by the fact that the new formation was
situated externally of the sella turcica in the hypophysis
pharyngea, and thus escaped observation. Pathological changes
in the hypophysis in acromegaly may be regarded as constant

post-mortem findings.
It is no longer possible to consider the hypophysal tumour

in the light of an unimportant by-symptom, or as a co-ordinated
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splanchnomegalic symptom, of no etiological importance ;
on the

contrary, it is essential that we should recognize its fundamental

pathogenetic significance. Now that we know that pathological
conditions of the hypophysis may produce widely different clinical

conditions, the occurrence of hypophysal tumour without sym-
ptoms of acromegaly, can no longer be adduced as evidence

against the hypophysal origin of acromegaly. So long as our

knowledge of the nature of the changes in the hypophysis which
lead to acromegaly is incomplete, these negative cases must be

regarded with special interest
;
in so far as the pathogenesis of

acromegaly is concerned, however, they are irrelevant.

The relationship between hypophysal tumour and acromegaly
has been variously interpreted. The original view of Pierre

Marie, which was adopted by a large number of authors, was
that acromegaly was the expression of insufficiency or suppression
of the hypophysal function, in the same way that myxcedema
expresses insufficiency on the part of the thyroid gland. This

theory is supported by the frequent occurrence of destructive

changes in the hypophysis. A further very strong piece of evi-

dence in favour of this view is afforded by the acute form of

acromegaly described by Sternberg, in which the condition, in

its most clearly defined clinical form, develops practically under

the eyes of the observer. In all these cases the post-mortem re-

vealed an acute progressive tumour, frequently sarcoma, of the

hypophysis. It wras already known to Marie that the hypophysal
changes frequently consisted only in hyperplastic processes,

though this seems hardly consistent with the theory of a reduced

activity on the part of the organ. It has been pointed out upon
many sides, that simple glandular hyperplasia and adenoma are

of far more frequent occurrence than destructive tumours asso-

ciated with connective tissue proliferation. With regard to the

malignant form, Hanau and Benda found that tumours, which
at first sight appeared to be sarcomatous, contained cells derived

from the hypophysal epithelium and they described these tumours
as hyperplastic, malignant adenoma. Hanau suggests that the

same adenomatous form may have been present in other cases

which have been described as sarcoma.

Certain animal experiments which seem to show that the

extirpation of the hypophysis does not produce pathological

changes in animals, were at one time regarded as important
evidence against the assumption of a suppression of hypophysal
activity in acromegaly. But to-day this argument has little

weight, for we know that the suppression of the hypophysis in

animals, as in man, is not by any means an indifferent occur-

rence; on the contrary, it is followed by a number of pathological

symptoms. The backwardness in development so clearly seen in

young animals after hypophysectomy may be taken as proof of

an influence exercised by the hypophysis upon the growth of
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the bones. Judging by this, the increased development of the
fl
acral

"
portions is to be interpreted, not as a sign of reduced,

but rather as the manifestation of an intensified, functional

activity. But it is a remarkable fact, that the extirpation of the

hypophysis of animals produces results in one direction, which

are similar to those brought about by acromegaly in man
;
both

lead to arrest of development, and particularly to defective function

on the part of the sexual glands.
A second hypothesis, first propounded by Tamburini, regards

acromegaly as the result of two pathological processes in the

hypophysis. There is at first hypertrophy, leading to hyper-
function of the organ, and this explains the signs of increased

growth in different parts of the body. The second phase consists

in degeneration and reduction of functional activity, which pro-
duces the cachexic symptoms observed in the later stages of the

condition. The assumption of a hyperpituitarism, of an increased

internal secretory activity on the part of the hypophysis, was

supported by a discovery of Benda's, since confirmed by others,

that, in certain cases of acromegaly, the diffuse hyperplasia and

hyperplastic adenoma, commonly known as struma, show not only

regular increase in the number of the cells, but also a remarkable

multiplication of those eosinophile cells, which Benda regards as

the active functional elements of the hypophysis. A case of

acromegaly described by Lewis is particularly interesting in this

connection, for here, though the macroscopic appearance of the

hypophysis was normal, the microscope showed that the number
of the eosinophile cells was increased.

Benda, who regarded the hyperplastic proliferation of the

chromophile cells as the cause of increased hypophysal secretion,

was at first inclined to support Tamburini's theory. In a later

publication, however, he modified his view. He pointed out that

it is not possible to regard the clinical course of acromegaly as

assuming two distinct phases, for in the classical form of the

disease, malignant acromegaly, the development of the tumour in

the hypophysis is intimately associated with the derangement of

growth and the general deterioration of the organism. Benda

regards the developmental disturbances as constant, but purely
symptomatic, accompaniments, and defines the true primary
disease as a tumour-like, connective tissue new formation, having
an undeniable resemblance to myxcedema and elephantiasis; he
ascribes the pathological symptoms to the excessive supply of a
secretion of specific toxic action, the function of which, under
normal conditions, is unknown, but the over-production of which

produces serious lesions of the tissues of the body. Benda believes

that the granules resembling zymogen in the chromophile cells

represent the secretory product of the hypophysis.
The absence of any foundation for this last assumption, to-

gether with a critical appreciation of the known facts, led Cagnetto
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to deny the theory of hypersecretion in the causation of acrome-

galy. He pointed out that cases occur in which the hyperplasia
and adenomatous struma of the hypophysis are associated with

multiplication of the chromophile cells, but in which the symptoms
of acromegaly are not present. Moreover, cases of acromegaly
with adenoma of the hypophysis are observed, in which the

adenoma do not contain chromophile cells. It must be borne in

mind, however, that the chromophile cells are, almost certainly,
not the only secreting element, and that, as Erdheim and Stumme
showed, in the hypophysal hypertrophy of pregnancy, it is the

chromophobe cells which play the leading part. That acromega-
lous thickening of the nose, lips and hands frequently takes

place during pregnancy is another piece of evidence in favour

of the hyperpituitary origin of acromegaly, although it contradicts

Benda's assumption of the primal importance of the chromophile
cells.

The whole of the anatomical material which we at present

possess points to the hypophysal tumour, and consequent
increased hypophysal internal secretion, as the causative factors

in the production of the symptom-complex of acromegaly. The

weightiest argument in support of this theory is the fact that, in

all cases where hypophysal tumour is associated with acromegaly,
the tumour is composed of true hypophysal tissue.

It remained for operative surgery to prove, in so far as

experimental measures permit, the dependence of acromegaly
upon hypophysal affection, and by this means to provide decisive

evidence in favour of the theory of hypersecretion.
Sir Victor Horsley was the first to recommend the extirpation

of the hypophysal tumour in acromegaly. The operation was
first performed by Caton and Paul in 1893, but without success.

In 1906, Horsley described the results of thirteen operations,

without, however, supplying information as to the indications and

symptomatic features of these cases. He obtained access to the

hypophysis by opening up the dura mater from the central cranial

fossa. Schloffer next considered the question as to whether or

not the hypophysal tumour is operable, and by what methods; he
concluded that the extracranial nasal method was the most prac-
ticable. In one instance,- he operated for hypophysal tumour with
what at first appeared to be favourable results, but after two and
a half months the patient died. v. Eiselsberg next performed
hypophysis operations upon three patients, one of whom presented
the clinical signs of acromegaly and died as the result of acute

sepsis. The other two cases will be described later. Borchardt
also describes the result of extirpation of a hypophysal tumour
in an anacromegalous case, the operation, in this instance, lead-

ing to an improvement of the headache.

Hochenegg (1908) was the first to succeed in removing, by
way of the nose, a hypophysal tumour from a woman of 30
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with typical acromegaly ;
the promptness and the success of his

results were literally startling. Five days after operation, the acute

headache and periodic disturbances of vision had disappeared,
and the teeth in the upper jaw had closed up ;

from the eighth

day, the hands and feet became noticeably smaller
;
at the end of

three months, with the exception of insignificant traces of thicken-

ing of the soft parts, the involution of the acra was complete.
Menstruation reappeared and became regular. At the end of

six months, the acromegalous symptoms had entirely disappeared,
but the patient had an enlargement of the thyroid gland. Histo-

logical examination of the extirpated tumour showed it to be a

malignant adenoma and quite free from typical chromophile cells.

Another case, that of partial recovery from acromegaly, is

described by Gushing (1909). He performed partial hypo-
physectomy of the hypertrophied anterior lobe. The symptoms
of intercranial pressure did not entirely disappear, but there was
an appreciable reduction of the acral parts.

A second case of acromegaly was successfully treated in

Hochenegg's clinic and is described by A. Exner. The patient
was a woman, aged 37 ;

seven years previously the menses ceased

and the power of vision became progressively reduced
;
increased

growth of the acral parts had been noticed for four years,
and abnormal growth of hair for three. At the time of operation,
the symptoms of typical acromegaly were well developed, and a

tumour the size of a walnut was removed from the hypophysis.
After operation, the headache, which had previously been very
violent, ceased

;
the skin of the hands and feet became thinner ;

the circumference of the ringers became smaller
;

the bristly
moustache hairs fell out

;
the teeth closed up ;

and the tongue
became reduced in size. In this case also, the thyroid developed
a middle lobe which could be distinctly felt upon palpation. In

this case, as in the first, the tumour was a malignant adenoma

(Wurmbrand).
The therapeutic results of hypophysis extirpation in acrome-

galy supply the last conclusive link in the chain of evidence in

favour of the theory, that the causative factor in acromegaly is

to be sought in hypersecretion of the hypophysis. Such being
the state of things, it is not surprising that, in those cases where

hyposecretion was assumed and the condition was treated by
organo-therapeutic methods with pituitary substance, the specific

acromegalic symptoms remained unchanged. In those rare in-

stances where benefit has been derived from the use of pituitary
substance, the subjective symptoms, especially the headache, were

affected, while the developmental changes were entirely unaltered.

If we regard acromegaly as a manifestation of hyperpituitar-
ism, the question arises as to why spontaneous recovery does not
take place in cases where there is malignant degeneration of the

hypophysal tumour and where, from the nature of the histological
22
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conditions, a reduction of the secretory elements is to be assumed.

This, however, is readily understood, if we remember the enormous

difficulty of estimating the functional activity of the different

structural elements; moreover, judging by experience in other

directions, it is by no means improbable that the specific function

of the tissue of a malignant tumour is similar to, and may be

even stronger than, the specific function of the normal tissue. It

is a by no means rare thing in acromegaly for the anomalies of

growth, after progressing to a certain point, to arrive at a stand-

still
;
there may even be regression, followed later by cachexia

with regressive nutritional disturbance. It was upon these facts

that Tambtirini founded his hypothesis. Finally, it must not be

forgotten that hyperfunction of the hypophysis is associated with

changes in the activity of other internal secretory organs, the

influence of which upon the general economy may continue,

though in'a perverted sense, after the primary factor, the hypo-

physal hyperplasia, has either ceased to exist or has undergone

regressive changes.
This latter possibility leads us to the question : What is the

primiim m ovens in acromegaly? From the nature of the evidence,

it appears unquestionable that the hypophysis is the site of origin
of acromegaly, and that the nature of the illness is dictated by
hypersecretion on the part of that organ. But the question as to

whether we are to regard the pathological condition of the hypo-

physis as primary, or merely as the secondary result of organic
affection in other parts of the body, remains unanswered. The
latter assumption is permissible, for numerous experiments have

shown that there is a physiological interrelationship between the

hypophysis and other internal secretory organs, namely, the

thyroid, thymus, suprarenals, and especially the sexual glands.

Moreover, pathological conditions of these organs are associated

with profound changes in the hypophysis.
The interrelationship between the thyroid gland and the

hypophysis has already been described. Rogowitsch first showed
that thyroidectomy is followed by hypertrophy of the hypophysis,
and his finding is confirmed by all later observers. In the depart-
ment of human pathology, it has also been shown that, in myx-
(Kdema and other related subthyroidic conditions, there is

frequently enlargement and pathological change of the hypo-
physis. Of the manner in which hypophysectomy in animals affects

the thyroid gland, we know only that Caselli found hypertrophy
of the entire thyroid apparatus. In the two cases which recovered

after hypophysectomy at Hochenegg's clinic, there was distinct

increase in the volume of the thyroid. Pineles emphasized the

clinical relationship between acromegaly and myxcedema, which
he believes to be shown, not only in the comparatively frequent
co-existence of the two conditions, but also in the similarity of

many of the symptoms and in the occurrence in acromegaly of
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pathological changes in the thyroid gland. It is an undoubted

fact that, in many of its aspects, acromegaly resembles Graves's

disease. Enlargement of the thyroid apparatus is frequently
observed in acromegaly, and Lancereaux believed that this condi-

tion results from a stimulation of the processes of growth, brought
about by the enlarged thyroid gland, and modified and controlled

by the hypophysis. As things stand at present, it is difficult to

estimate the significance of the part played by the thyroid appa-
ratus in acromegaly. That hypothyrosis produces an enlarge-
ment of the hypophysis is undoubtedly true, but it can hardly be

regarded as the primary cause of such enlargement. There is

an equal probability that the hyperpituitarism brings about a

reduction of function, and consequent atrophy, on the part of the

thyroid. The assumption of an interrelationship between the

activities of the two organs is justified by clinical experience, and
it remains for experimental pathology to crystallize this assump-
tion into a certainty.

Persistence of the thymus in acromegaly is by no means rare.

The inconstancy of the finding, however, deprives this pheno-
menon of the causative significance attributed to it by Klebs.

The relationship between the suprarenals and the hypophysis,
especially in acromegaly, has not as yet been sufficiently investi-

gated. After extirpation of the suprarenals, Alquier observed

signs of moderate hyperplasia of the hypophysis in a dog; Boinet

found that hypertrophy was exceptional in rats; while Marenghi
found marked hypertrophy in guinea-pigs, rabbits and cats.

Hyperplastic changes in the hypophysis have been described in

suprarenal disease in man (Thaon, Delille) ; while, on the other

hand, adenoma and cystic degeneration of the suprarenals have
been observed in acromegaly. Delille points to the frequent
occurrence of suprarenal hypertrophy; together with Renon, he
discovered that hyperplasia of the suprarenals may be produced
by the repeated intraperitoneal injection of pituitary extract.

Best known is the interrelationship between the hypophysis
and the sexual glands; the part played by the latter in the causa-

tion of acromegaly is as yet, however, undecided. The changes
in the sexual organs observed in acromegaly, and especially the

cessation of the menses in women, are among the earliest sym-
ptoms of the disease. Later on, there is cessation of sexual desire

and sterility, accompanied by atrophy of the genital glands. The
changes in the sexual glands in acromegaly have been minutely
described by Tandler and Gross. Not infrequently, the secondary
sexual characteristics disappear and there may be even a partial
return to the heterosexual type. Many authors (Freund, Ver-
straeten, Campbell, Breton and Michaud) believe that the changes
in the sexual glands are a causative factor in the production of

acromegaly. There is a certain amount of foundation for this

assumption, for it has long been known that the sexual glands
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exercise a considerable influence upon the general processes of

growth.
In the meantime, a large number of physiological, patho-

logical and experimental facts have come to light which show the

influence of the sexual glands upon the hypophysis. Comte and

a number of later authors (Launois and Mulon, Guerrini, Morandi

Cagnetto, Thaon) found that the hypophysis regularly enlarges

during pregnancy, and that during lactation it returns to the

normal. These changes were from the first regarded as signs of

hyperfunction, and the discoveries of Erdheim and Stumme after-

wards supplied incontrovertible evidence of hypophysal hyper-

trophy during pregnancy and of the changes which take place
in the structure of the organ. Fichera's valuable work next

showed that the changes in the hypophysis during pregnancy are

due to a reduction of activity on the part of the ovary. After

the castration of male and female animals, he found hyperplasia
and hypertrophy of the hypophysis which exactly resembled the

hypertrophy of pregnancy. The weight of the hypophysis in

capons and oxen, as well as in castrated female animals, was twice

as large as in normal animals, and this hypertrophy was reduced

by the exhibition of extract of the sexual glands. By examina-
tion of the skulls of skeletons, and by means of skiagrams of

living castrated animals, Tandler and Gross next showed that

there was anatomical enlargement of the sella turcica. In three

animals from which the testicles or ovaries had been removed
several years previous to death, Rossle found considerable en-

largement of the hypophysis; as also in one animal, the uterus of

which had been extirpated four days previously. The association

of hypophysal hypertrophy with aplasia of the genitals and with

the results of castration, was conclusively proved by Jutaka-Kon's
investigations.

If the excessive growth of the hypophysis in acromegaly is

considered in the light of these facts, it is readily conceivable that,

as certain authors believe, the derangement of the internal secre-

tory function of the sexual glands may be the primary cause of

the condition ; that it gives rise to secondary proliferation of the

hypophysis ; and that the latter, in its turn, brings about the

typical changes of acromegaly. Stumme regards the anomaly of

the internal secretory function of the sexual glands as a primary
metabolic disturbance leading, where there is congenital pre-

disposition, to tumour formation in the hypophysis. It cannot
be denied that, in many of its aspects, the clinical complex of

acromegaly suggests a primary affection of the sexual glands.
It is suggestive in this connection, that the development of

hypophysal tumour and of acromegaly are frequently preceded
by symptoms of chlorosis, a condition which has been regarded
as connected with the genital tract. On the other hand, there

are reliable observers who affirm that, in many cases, the changes
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in the genital organs in acromegaly do not appear until the con-

dition is far advanced.
In the present incomplete state of our knowledge, it is not

possible to define with certainty the primary origin of the hypo-

physal changes which give rise to the symptoms of acromegaly.
It may be that the condition is not the outcome of a single,

definitive cause. Hypertrophy of the hypophysis may take place

primarily as the result of adenoma formation, which is extremely

frequent in that organ; or it may be a secondary condition, the

result of the primary affection of other internal secretory organs
and of the sexual glands more particularly. From the known

interrelationship between the hypophysis and the sexual glands,
as well as from the fact that atrophy of the sexual glands is

invariable at some stage of acromegaly, it seems highly probable
that suppression of the function of the sexual glands plays a part,

first in the causation of the clinical complex of acromegaly, and,

afterwards, in the furtherance of the processes of growth by which
the disease is characterized. Knowing, as we do, the manifold

interactivities which subsist between the various internal secretory

organs, it is not difficult to see that other internal secretory organs
besides the hypophysis may be concerned in the production of

acromegaly, in the same way that Graves's disease is attributable

to the influence of organs other than the thyroid. Regarded from

this point of view, acromegaly belongs to the group of the poly-

glandular diseases.

A second pathological condition which is associated with the

hypophysis is gigantism (gigantismus, macrosomia). The classi-

fication of gigantism as a pathological condition is justified by
the facts : first, that abnormal longitudinal development of the

bones and increase in the volume of the organs must be regarded
as a perversion of the processes of growth ;

and second, that

abnormality of growth rarely occurs singly, but is almost invari-

ably associated with derangements of the function, and of the

anatomical constitution, of different organs. It is only the giants
of fairy tales who, in addition to their size, are favoured with

exceptional physical and mental advantages. A closer acquaint-
ance with the giants of our day, as well as a careful analysis of

the descriptions which have come down to us of the giants of old,

shows that normal giants that is to say, persons of exceptional
size and free from deformity or other pathological signs, such as

were assumed by Langer, and later by Sternberg are very rarely
encountered. The vast majority of giants are undoubtedly abnor-
mal and belong to the class of pathological individuals.

Launois and Roy, who have made a special study of this

phase of abnormality, define the condition as follows : Gigantism
is an anomaly of skeletal growth which leads to a height of the

body in excess of the average dimension of the race, and is

associated with characteristic morphological and functional de-

rangement.
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Gigantism attacks men more frequently than women, and

usually takes its rise at the period of puberty. Thus at the age
of 1 8 to 20, the height of the subject may be 190 to 200 cm., or

more
;
and at 25 to 30, when the normal individual has long ceased

to grow, it may be still increasing.
The parts principally affected are the extremities, especially

the lower ones, while the trunk is only slightly influenced, and
the skull appears small in comparison with the rest of the body.
The excessive length of the lower part of the body, as compared
with that of the upper part, is characteristic of typical gigantism.

Separation of the epiphysal synarthroses, and hypertrophy of the

osseous substance of the long bones, may be seen in vivo by means
of skiagrams. Subsequent anatomical investigation confirms

these findings, and shows the persistence of the cartilage at the

junction between the epiphysis and diaphysis, as well as the

imperfect ossification of the sutures and various signs of hyper-
ostosis. The vertebral column frequently shows postero-lateral
curvature (kyphoskoliosis). The most remarkable point about

gigantism, however, is that, in the majority of cases, the skeleton

of the face and of the acral portions shows changes which are

distinctly characteristic of acromegaly. Exaggeration of the

zygomatic arches, marked projection of the supraciliary arches,

prognathism of the lower jaw, thickening of the bones of the skull,

enlargement of the antrum and sinuses, and deepening of the

sella turcica, are the usual facial characteristics of the gigantic

subject. With these, changes of the hands and feet, entirely

analogous to those of acromegaly, are frequently associated.

Of the internal findings, the most interesting is undoubtedly
the condition of the hypophysis. The deepening of the sella

turcica points to an enlargement of the organ, and this was
established by Launois and Roy, who found that, in ten cases of

gigantism which they examined post mortem, there was more or

less marked increase in the size of the hypophysis. In the

majority of cases there was hyperplasia of the glandular tissue and
adenoma formation

;
more rarely there was vascular struma

;
and

in a few cases there was sarcoma and epithelioma.
In the majority of cases of gigantism, the weight of the brain

is remarkably small in proportion to that of the body. The
reports of the condition of the thyroid glands are not unanimous.
In the greater number of cases, the thyroid was much
enlarged, the weight varying from two to six times the normal.
In one case, Wells showed that the iodine contents, though rela-

tively normal, were absolutely very much increased. On the

other hand, there are descriptions of cases of gigantism in which
the thyroid was normal or even comparatively small. Persistence
of the thymus has not been described.

The most remarkable changes in gigantism are those pre-
sented by the sexual glands. Reduction of sexual activity,
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absence of menstruation in women, and sterility in both the male
and the female, are among the clinical symptoms of gigantism.
In rare cases, a preceding stage of sexual hyperactivity has been
observed (Buday and Jancso). In contrast to the other internal

organs, which show hyperplasia, the sexual glands are usually

atrophied with signs of degenerative lesion. The secondary
genital organs and genital excretory ducts (prostate and penis,
uterus and vagina) are also, as a rule, remarkably defective in

development, and signs of infantilism are by no means infrequent.
Lack of intelligence; mental apathy and indolence; lack of mus-
cular tone and power ; poorness of hair all over the body,
especially that of the pubes, axillae, and in the male, of the beard;
and, in many cases, excessive development of the panniculus
adiposus these are all signs that the organism has remained at

an infantile stage of its development. The slight powers of

resistance of the subjects of gigantism is shown by the fact that

they usually die at an early age as the result of accidental illness.

Those cases of gigantism which pass on into definite acromegaly
are the only ones which offer a better prognosis concerning the

duration of life. The anomalies of metabolism are, as yet, unin-

vestigated. The comparatively frequent occurrence of glycosuria
or even of serious diabetes, is worthy of remark.

The pathogenesis of gigantism was first discussed by Pierre

Marie in the course of his investigations into the nature of

acromegaly. Marie believes that true gigantism is characterized

by an excessive increase of all the processes of normal bony
growth ;

and that it is to be distinguished from those cases of

symptomatic gigantism in which there is abnormal growth of

certain portions only, as, for instance, in acromegaly, elephanti-
asis, and certain forms of congenital syphilis.

The similarity between certain of the symptoms in gigantism
and in acromegaly especially the enlargement of the sella turcica

as seen in museum specimens together with the fact that the

subjects of gigantism frequently develop the typical signs of

acromegaly, led many authors to dispute this theory of Marie's.

Brissaud and Meige adopted the view, based upon the relation-

ship between acromegaly and gigantism, that the conditions both

originate in the same pathological processes, and that they differ

from one another only in the moment at which the pathological
process takes place. According to Brissaud, gigantism is the

acromegaly of the period of growth, acromegaly the gigantism
of the adult stage; and acromegalic gigantism is the result of a

pathological process, which commences during the period of

growth and continues on into the period in which growth has
ceased.

This theory received valuable support from the exhaustive

investigations of Launois and Roy. These authors also dis-

tinguished between two forms of gigantism, the acromegalic and
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the infantile
;
but they lay stress upon the fact that the number of

cases included in the former class increases as the two forms are

more carefully studied, and that it would be hardly possible to

bring forward a case of infantile gigantism which did not present
some of the signs of acromegaly. The subject of infantile gigan-
tism, if he lives until his epiphyses are ossified, becomes acrome-

galic. After that, he ceases to increase in height and the

endochondral is replaced by periosteal hyperossification. Launois
and Roy showed that the skeleton of the giant Constantin, whose
skeleton they very minutely investigated, presented the infantile

type of gigantism in the extremities and the acromegalic type in

the skull. Gigantism is the acromegaly of those individuals,

irrespective of age, whose epiphysal cartilage has not undergone
ossification. If all the subjects of gigantism are not acromegalic,

they may at least become so. The fact that disturbances of

growth are invariably associated with pathological changes in the

hypophysis, led these authors to regard that organ as the source
of origin of gigantism.

That the hypophysis plays a leading part in the pathogenesis
of gigantism is undoubted. This applies to those cases particu-

larly in which gigantism has, from the first, been associated with

acromegaly. In infantile gigantism, on the other hand, primary
disgenitalism must be included as a probable causative factor.

This is suggested by the similarity of the symptoms in this con-

dition with those observed after castration before the onset of

puberty, as well as by the relatively slight changes in the hypo-
physis and the lateness of the stage at which these take place.

According to Fichera, these changes are also only secondary
results of the suppression of the activity of the sexual glands. The
peculiar disposition of the hypophysis to pathological change, to

which reference has already been made, may be the reason why,
in these cases, the processes of growth are more prolonged, and
the dimensions of the individual thus greater than is commonly
the case after castration.

A further factor in favour of gigantism is supplied by the

thyroid gland. After early castration the thyroid generaliy
atrophies and the suppression of its function brings about an
inhibition of the processes of growth. But in the majority of the

subjects of gigantism the thyroid has been found to be normal or
even hypertrophied ; it seems possible that the condition may, in

part, arise from the fact that the abnormal stimulation of the

processes of growth, which results from the suppression of the
sexual glands and the hypertrophy of the hypophysis, receives no

inhibitory check from the thyroid gland.
A few attempts have been made to treat gigantism by organo-

therapeutic methods with ovarian and testicular extracts, but
success has been very rare (Maisonave, Dor, Hudovernig). The
results seem to show, however, that the primary genetic factor in
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infantile gigantism is supplied by the defective internal secretory

activity of the sexual glands. Fischera succeeded in modifying
the changes in the hypophysis after castration by the exhibition

of extract of the sexual glands, and this seems to suggest the

employment of the method in the treatment of secondary hypo-

physal disease.

All researches into the pathogenesis of gigantism suggest
that the condition is the outcome of hyperpituitarism ; that, in the

acromegalic form, this hyperpituitarism is the primary cause of the

abnormal development of the body; while, in the infantile form, it

is probably the secondary result of primary disgenitalism, and
acts in concert with the latter.

Another pathological condition associated \vith changes in the

hypophysis is hypophysal obesity, or dystrophia adiposogenitalis

(Bartels). This condition was first described by A. Frohlich

(1901). He found that, in a case which showed' symptoms of

hypophysal tumour, there was a very rapid increase in corpu-

lence, together with infantile character of the sexual glands, and
he assumed that this peculiar clinical complex was produced by a

specific action on the part of the hypophysis. Since that time

Frohlich 's type has been described by a large number of observers.

The most striking symptom is the obesity, which may attain

enormous dimensions. It consists, partly in the deposition of fat

in certain localities particularly the breast and the abdomen and

partly in a general increase of the entire fat-body. At the same time

the skin is remarkably dry and low in temperature, the secretion

of the sweat glands is reduced, and there are trophic disturbances

of the hair and nails. The second important symptom is the

hypoplasia of the genitals, which is associated with imperfect

development of the secondary genital organs, together with
infantile habit. Symptoms of cerebral tumour, with suggested
localization in the hypophysis, complete the clinical picture.

The etiological significance of the hypophysis in this con-
dition receives remarkable confirmation from a case described by
Madelung, that of a Q-year-old girl, who developed signs of

general obesity after a bullet wound in the head, the bullet remain-

ing lodged in the sella turcica. But Erdheim disputed the

hypophvsnl origin of this form of obesity, and showed that, in

isolated cases, the hypophysis is found under the microscope to

be entirely normal. He believes that the cause of the condition
lies in an influence exerted by a tumour in some area at the base
of the brain, and inclines to the infunclibulum, in which a trophic
centre may be assumed. According to Marburg, however,
Erdheim's observations do not supply proof of his theory; but
even if we allow it to stand and assume that the infundibulum only
is affected by the lesion, the condition might yet be due to indirect

disturbance of the hypophysis, owing to the destruction of the

glandular nerves which enter the hypophysis by way of the

infundibulum.
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Dystrophia adiposogenitalis is regarded by some authors

(Schiiller, Tandler, and Gross) as the result of primary genital

atrophy. The influence of the internal secretory activity of the

sexual glands upon metabolism, and especially the obesity which

has long been known to follow the suppression of these organs,
will be "described in a later chapter. If we consider, however,
that the hypoplastic constitution shows, in addition to the signs
of infantile habit, hypoplasia of the genitals, together with a

remarkable development of the fat-body, we cannot be far

out in assuming adiposis cerebralis to be the result of defective

genital function together with secondary changes in other internal

secretory organs. It is, however, worth noticing that, out of

thirty-two cases of hypophysal obesity, twelve only showed

genital atrophy; and that genital involution was not always
observed in the earlier stages of the disease.

It is hardly possible, in view of the results of experimental

extirpation, to doubt the primary significance of the hypophysis in

the causation of dystrophia adiposogenitalis. The extirpation of

certain portions of the hypophysis, as well as of the entire organ,
is followed by symptoms in animals which have a profound
resemblance to the clinical type of hypophysal disease which

Frohlich described. Experimental investigation by Gushing and

by Aschner, as well as the results of my own experiments, all

show that partial hypophysectomy is invariably followed by a

considerable increase in the fat body, and by hypoplasia of the

sexual glands and of the entire genital tract. In the young-
animals which Aschmer operated upon there was also persistence
of the infantile habit. These experimental results show, more-

over, the nature of the derangement which takes place in the

hypophysal function. If the symptoms described are induced in

animals by experimental apituitarism, it is safe to conclude that

the clinical type described by Frohlich results from reduced hypo-
physal activity or hypopituitarism.

This assumption does not appear to be confirmed, however,

by the results of the operative treatment of dystrophia adiposo-

genitalis. One of the first operations for hypophysal tumour

successfully performed by v. Eiselsberg was upon the patient
described by Frohlich. The operation was followed by the dis-

appearance of the local symptoms due to the presence of the

tumour, while at the same time there was an improvement in all

the general symptoms which were attributable to the hypophysis.
The weight fell, the obesity was reduced, hair grew at the pubes
and in the axillae, and sexual activity manifested itself by erec-

tions. The disappearance of the dystrophic symptoms after the

removal of the hypophysal tumour appeared to be a weighty
argument against the theory of hypopituitarism. There is, how-

ever, another side to the question. If we assume that the tumour

only was removed, and that the hypophysal tissue was otherwise
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left intact, it is obvious that, with the removal of the tumour the

obstruction of function was abolished, the latter being allowed to

resume its normal course. This supposition is rendered more

probable by the subsequent history of the case. The improve-
ment lasted for nearly three years, the symptoms principally

affected being those which had been caused by the tumour, while,

after the first amelioration, the general symptoms ceased to make
further progress. At the present time the patient is still of

infantile habit, and there is no appreciable reduction of the corpu-
lence. In three other cases of the same kind upon which v.

Eiselsberg operated successfully, the tumour symptoms and the

general condition were improved, but the state of the genital

organs and the corpulence underwent no progressive improvement.
The indication for surgical measures lies, not in the trophic dis-

turbances, but almost exclusively in the progressive signs of cere-

bral tumour, such as violent headache and threatening blindness;

hence, if these symptoms show improvement, it is perfectly justifi-

able to describe the result as
"

satisfactory." In certain cases,

the operative removal of the tumour is undoubtedly the most

rational method of procedure. The results which have just been

described do not, however, disprove the significance of hypo-

pituitarism as a factor in the etiology of dystrophia adiposo-

genitalis.
The results of organo-therapy in this condition are not

unfavourable to the hypothesis of hyposecretion. Several

accounts (Levy and Rothschild, Axenfeld, Delille) have been given
of the beneficial effect of pituitary extract upon the obesity and
the reduced sexual activity. On the other hand, there is a general
consensus of opinion that the exhibition of pituitary extract in

acromegaly is not only useless, but that in many instances it

aggravates the symptoms.
In considering the diseases which originate in the hypophysis,

the fact is brought home to us perhaps more nearly than in the

case of the other internal secretory organs that disturbance of

the function of one organ is so intimately associated with dis-

turbance of the function of others, that it is sometimes difficult to

decide with certainty in which organ the primary pathological
affection is to be sought. As long as ten years ago, Pineles

pointed out the fact that there appears to be an intimate anatomical

and physiological interrelationship between the different blood

glands, which is manifested clinically by the fact that the patho-

logical disturbance of one gland is accompanied by symptoms
pointing to the functional derangement of one or more of the

others. Knowing, as we do, the many sided interactivity which
subsists between the different internal secretory organs, it is readily
conceivable that isolated diseases of single organs of this group
are very much rarer than, at a first glance, they would appear to

be. In the present state of our knowledge, the only course of
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investigation which is open to us, is to start with the known
results of the functional derangement of any organ, and, by
following these up, to seek the primary link in the pathological
chain.

The scantiness of our knowledge concerning the function of

the hypophysis and the experiments which have been undertaken,

largely without success, with the object of determining the scope
of the hypophysal function in animals, probably account for the

fact that, in clinical conditions associated with changes in the

hypophysis, other internal secretory organs (thyroid, thymus,
sexual glands, pancreas, suprarenal) have always been accredited

with an equal and simultaneous participation. This was the

origin of the polyglandular syndrome of the French authors.

Under the designation insuffisance pluriglandulaire, Claude and

Gougerot (1907) described a symptom complex which they
assumed to result from the general atrophy and functional insuffi-

ciency of a number of internal secretory organs. Since then, a

number of similar cases have been described. That we have not

to do here with a well defined clinical entity is shown by the fact

that the functional derangement, in either the positive or negative
sense, of one organ is not by any means always followed by
corresponding changes in the activity of other organs of the

group; for it more often happens that the hyperfunction of certain

internal secretory organs is associated with hypofunction on the

part of others, and vice versa. As a matter of fact, cases have
been described in which polyglandular insufficiency was associated
with either hyperpituitarism or with hypopituitarism (Delille).

The formulation of a separate clinical entity of polyglandular
origin, appears upon the whole to be premature. There is no
doubt that clinical observation and experimental research will

shed a good deal of light upon the interrelationships between the

different internal secretory organs ;
but until experimental investi-

gation is put upon a sound physiological basis, we cannot hope
for any certain illumination of the pathogenesis of the newer
clinical types.

THEORY OF THE FUNCTION OF THE HYPOPHYSIS.
The study of the morphology, physiology and pathology of

the hypophysis has supplied a good deal of information concerning
the functional significance of that organ, but up to the present it

has not sufficed to create a definite and finished picture of its

physiological activity. The best that we can do is to draw from
the facts at our disposal an approximate conclusion concerning
the nature of the hypophysal function.

Morphologically, the hypophysis appears to be an organ com-
posed, both genetically and structurally, of two entirely different

portions. The anterior lobe may justly be regarded as a secretory
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gland; while the posterior lobe, which belongs genetically to the

nervous system, is found to consist later of indifferent glia

tissue. The intimate anatomical connection between these

heterogeneous tissue formations is very remarkable.

The importance of the anterior glandular portion is shown by
the results of physiological investigation and of clinical obser-

vation
;
for we know7 that the removal of this part of the organ is

inconsistent with the continuance of life, and that its pathological
disturbance is followed by marked clinical symptoms. On the

other hand, it is not apparent from either post-mortem findings
or the results of experimental extirpation, that the suppression of

the posterior portion is attended by any consequences whatsoever.

If, however, the functional significance of the two portions is

tested by the activity of the extracts which they supply, the results

arrived at are very different. It must be remembered, however,
that we possess no proof of any kind that the active substance

present in pituitary extract, is formed in the organ during life

and by it passed on into the blood-stream. The assumption of

such a performance on the part of the hypophysis is founded upon
analogy, and receives considerable support from the fact that the

activity of pituitary extract is well defined and quite specific. It

is, moreover, a very remarkable thing that the true glandula
pituitaria yields an extract possessing no definite physiological

properties ;
while the extract obtained from the neurohypophysis

produces definite and characteristic effects upon the animal

organism. Such are the vaso-constriction and immense rise in

blood-pressure produced in a number of organs; the stimulatory
action upon certain muscular structures, such as the heart, and

especially the uterus; and finally the increased diuresis. But
neither the operative removal of the neurohypophysis nor the

clinical symptoms which accompany hypophysal disease, supply
any proof that the suppression or perversion of the activity of

this part is accompanied by appearances pointing to the absence or

superfluity of the specific active substance. In face of these

facts, it is only with the greatest reserve that the substances in

the infundibular portion of the hypophysis can be described as

physiologically active hormones. The internal secretory activity
of the neurohypophysis and its functional significance are in need
of further investigation.

We are more favourably placed in regard to the anterior lobe.

In spite of the fact that the product of secretion has not as yet
been obtained in the organic extract, there is no doubt that this

portion of the hypophysis stands in intimate correlation with a
number of other organs, and that their interactivity is effected by
chemical means. That the rlandula pituitaria belongs to thp

group of the internal secretory organs is proved by two sets of
facts.

In the first place, anatomical changes that is to sayr
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increased volume as the result of hyperplasia of the glandular
cells are produced in the anterior lobe of the hypophysis by
alteration of function on the part of certain other internal secretory

organs. Suppression or modification of the thyroid function and

that of the sexual glands is followed by such hypertrophy.
In the second place, functional and anatomical changes in

the hypophysis are associated with changes in the thyroid gland,
the genital glands, and perhaps also in the suprarenals. The
exact manner in which these consecutive changes take place is

not, as yet, exactly known. It is probable that hyperfunction of

the hypophysis is associated with hypertrophy of the cortical

portion of the suprarenals, together with a diminution both of

function and of volume in the thyroid. The correlationship

between the hypophysis and the genital glands appears to be even

more complicated. Experiments with animals and observation of

Frohlich's dystrophia adiposogenitalis show that hypoplasia of

the genitals is combined with reduced hypophysal function ;
while

acromegaly and gigantism, which are regarded as manifestations

of hyperpituitarism, are also characterized by defective sexual

activity.
The internal secretory activity of the hypophysis is mani-

fested, moreover, in the influence which this organ has upon the

metabolic processes which take place in the body. The most

important is undoubtedly the effect which it has upon develop-
ment. Even the hyperactivity of the hypophysis which is

observed during pregnancy as the result of inhibition of the

ovarian function, is associated with developmental changes which
affect not the soft parts only, but also the bones. A greater degree
of hyperpituitarism leads to abnormal growth in height and to

remarkable increase in the volume of the acral portions. On the

other hand, the removal of the anterior lobe of the hypophysis is

followed in young individuals by a marked arrest of development.
That form of hypopituitarism which leads, both in animals and

man, to a conspicuous increase in the deposition of fat shows how
important is the part which this organ plays in the metabolism
of fat.

THE PINEAL BODY.

(GLANDULE PINEALIS, EPIPHYSIS, CONARIUM).

The structure which Descartes believed to be the seat of the

soul must, upon clinical grounds, be included among those organs
which, by the agency of their internal secretion, exercise a

demonstrable influence upon the somatic and psychic develop-
ment of the individual, as well as upon the nutritional condition
of the body and of certain tissues. In a work published last year,
O. Marburg gives a very complete account of the normal and
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pathological histology of the pineal gland, together with a

description and critical survey of the available clinical and patho-

logico-anatomical material concerning the affections of that organ.

Anatomy. The pineal gland of man is, in the adult, a small

flattened body, nearly trilateral in shape, which is suspended free

between the anterior pair of corpora quadrigemina, with its base

directed forwards over the roof of the third ventricle; it is con-

nected with the posterior commissure of the third ventricle by
means of a medullary lamina issuing from its ventral portion. A
second medullary lamina, called the commissura habenularum,
issues from the dorsal part of the pineal body; it tails off into a

thin band, the pineal peduncle or habenula, and this is attached to

a thickening, the trigonum habenula;, situated at the posterior end

of the optic thalami. Between the two lamina; is the narrow

passage, blind at its caudal end, of the recessus pinealis. The
tela choroidea lies against the posterior portion of the dorsal

surface of the pineal gland ;
with the anterior portion it forms a

pouch, the recessus suprapinealis, which opens into the third

ventricle.

Embryology. From the roof of the thalamencephalon

(diencephalon) of the lower vertebrates, according to Edinger, two

buds are developed, which, proceeding dorsally, represent : (i)

the paraphysis; and (2) the pineal tubercle or dorsal pouch. The

paraphysis is not present in mammals, but the dorsal pouch is

represented by the recessus suprapinealis. At the boundary of

the thalamencephalon and the mesencephalon, are two other buds :

(3) the parietal vesicle
;
and (4) the epiphysis. From the parietal

vesicle, in the lower vertebrates (fish, reptiles), the parietal organ
is formed (though many authors believe it to be formed from a

vesicular portion of the epiphysis), which breaks through the

cranial capsule at the parietal foramen and persists as the so-

called
"

frontal patch
"

; or, in saurians, as the parietal eye, which
has a formation similar to that of the eye of invertebrates. The

changes which take place in the position of the organ during the

embryonal stage are shown by the course of the parietal nerve, by
which communication with the ganglion habenula? is effected.

In the loose connective tissue between the recessus suprapinealis
and the pineal gland of new-born infants, Marburg found a

structure resembling the parietal nerve and ganglion of reptiles.
The pineal body is developed from the epiphysal protuberance,
which throws out lateral buds, becomes vascular, and gradually
changes into a glandular structure composed of solid cell masses.

This gland is not furnished with ducts; it communicates with

the brain by means of the pineal peduncle and the posterior
commissure.

Histology. In new-born infants the pineal gland consists of

irregular lobes held together by a small quantity of connective

tissue; the lobes are composed of cells of almost the same type,
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but arranged irregularly, being crowded together in the interior

of the organ. The pineal cells have a pale tinted protoplasm and

very characteristic nuclei, these being large and oval, and

crowded, over their entire circumference, with granules. Dimi-

trowa distinguishes four different nucleus forms. Other im-

portant histological details are : (i) The peculiar nature of the

ependyma of the recessus pinealis, in which cubical epithelium
and epithelium composed of goblet-like cylindrical cells alternate ;

and (2) the cysts which are observed at the base and in the

interior of the pineal gland of new-born infants, and which

probably represent obliterated blood-vessels. The pineal gland
shows signs of involution before the age of puberty, the first

symptoms being observed in the seventh year. The concretions

known as pineal sand or acervulus, which consist of calcium

phosphate and calcium carbonate, are found in the glia layer
which covers the commissura habenularum. As age increases, a

distinct increase of the connective substance at the expense of the

glandular tissue takes place. The glandular lobes are replaced

by plaques composed of connective tissue and a very fibrous glia

tissue, and these plaques contain isolated glandular cells. The
connective tissue septa further undergo hyaline degeneration, and

may completely calcify. Occasionally, homogeneous masses are

observed in the septa or in the interior of the glandular lobes and,
after the deposition of calcium salts, corpora arenacea are evolved

from them. The glandular cells also present signs of involution,

but, even in extreme old age, glandular cells are encountered

which are intact and, apparently, still functionally active. Cysts
formed, in the majority of cases, from the glia plaques as the

result of obliteration of the blood-vessels, are a very common,

finding in the pineal gland of adults.

Physiological experiments with the pineal gland are described

by E. v. Cyon. This author investigated the activity of extract

of the pineal gland of oxen and sheep. He found that, when

injected intravenously, they produced no effect upon blood-

pressure, but that small doses accelerated the heart's action, while

large doses retarded and strengthened it. Irregularity of the

cardiac beats, bigeminal and trigeminal pulses were also fre-

quently observed. According to v. Cyon, extract of pineal gland,
when given in small doses, excites the nervi accelerantes only;
in large doses it simultaneously stimulates the inhibitory cardiac

nerves, but in so irregular a fashion that the harmonious counter-

activity of the two sets of nerves is unbalanced. The cardiac

beats become irregular, but these irregularities disappear after

resection of both vagi. Further experiments showed that glycero-
sodium phosphate acts in the same manner as weak doses of

pineal extract, while glycero-calcium phosphate produces action

beats, as they are called, in the same way as' large doses of pineal

extract; but unlike those produced by pineal extract, these action
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beats continue after resection of the vagi. The results of these

experiments led v. Cyon to assume that it was the function of

the pineal gland to store up certain salts in organic combination ;

and that the physiological action of pineal extract is explained
by the presence of these salts, in comparatively large quantities,
both in the concretions in the spaces and distributed throughout
the tissue of the pineal gland. Calcium phosphate forms the

larger proportion of these salts.

v. Cyon also describes the results of direct experimental
stimulation of the exposed pineal gland of rabbits. He found
that electric stimulation produced contraction, together with a

change in the length and the shape of the organ. He supposes
this contraction to be produced by the striated muscles, the

presence of which in the pineal gland of oxen and calves has
been proved histologically by Nicolas and Dimitrowa. According
to v. Cyon, a contraction combined with a shifting of the pineal
gland would regulate the in- and out-flow of the cerebro-spinal
fluid in the third ventricle. Thus the pineal gland would fulfil

the mechanical function of automatically controlling the flow of

the fluid in the aqueduct of Silvius, enlarging or reducing the

channel in accordance with the pressure in the third ventricle,

v. Cyon thinks that, like the thyroid gland and the hypophysis,
the pineal gland belongs to that group of organs which, acting

partly alone and partly in physiological concert, control inter-

cranial pressure.
v. Cyon's experiments have not, as yet, been confirmed. As

far as the effect of pineal extract is concerned, Dixon and Halli-

burton (IQOQ) state that its intravenous injection is without
definite effect either upon blood-pressure or the cardiac contrac-
tions. The effect of pineal extract upon respiration, the intestines,
and the urinary secretion, is negative.

Pathological Anatomy. Virchow was the first to draw atten-

tion to the pathological formation of cysts in the pineal gland.

Cysts have been recently described, the presence of which was
attended by no clinical signs whatever. In a number of in-

stances, serious pathological symptoms were present.
Teratoid formations are of frequent occurrence in the pineal

gland. Since Weigert's classical description (1875), several

accounts of pineal teratoma have been given. Askanazy (1906)

regarded these formations as developments from a germ which

gained access to the pineal gland at the earliest stage of embryonal
life. Marburg believes the starting point of pineal teratoma to

be the primordial beginning of the parietal eye. In so far as the

clinical results are concerned, Askanazy supposes that these

tumours act like a foetus and produce certain anomalies of growth
to be described later. According to Marburg, these anomalies of

growth are the result of premature destruction of the active func-

tional pineal tissue.

23
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Tumour forms of the most varied description glioma, sar-

coma, carcinoma, and tumours composed of different kinds of

tissue have all been observed in the pineal gland.
Clinical Signs of Pineal Affection. Disease of the pineal

gland is accompanied by certain very characteristic clinical signs,

which are to an extent analogous with those which accompany

pituitary disease.

Total destruction of the pineal gland, such as may be brought
about by malignant tumours, was in six cases accompanied by

profound cachexia with trophic derangement (decubitus). In a

case of pineal carcinoma described by Hempel, there was obesity

during the early stages which later developed into serious fat-

atrophy. In a case observed by Marburg, that of a 9-year-old girl

with symptoms of cerebral tumour, there was extreme obesity. The

autopsy showed a compound tumour of the pineal gland. The
literature of the subject provides other instances in which pineal

tumour is accompanied by remarkably good nutritional conditions

and exceptional development of the fat-body. Genital atrophy,
which invariably accompanies hypophysal obesity, is absent in

pineal disease, and Marburg is inclined to regard pineal obesity
as the result of increase in the amount of the active functional

pineal tissue, in other words, as a manifestation of hyperpinealism.
This deduction is by no means conclusive, for, in the first place,

as Marburg himself points out, it is extremely difficult to form
an opinion concerning the condition of the gland ;

and in the

second, an exceptional development of the fat-body is also

observed in forms of pineal disease, which both the clinical sym-
ptoms and the anatomical findings show to be the outcome, not

of an increase, but of a reduction of the active functional pineal
tissue.

Of paramount interest are the observations published by
Ogle, Gutzeit, Oestreich-Slawyk, and more recently by v. Frankl-

Hochwart. In boys of under 7 years, in addition to symptoms
of cerebral tumour and disease of the corpora quadrigemina, these

authors observed abnormal growth in height, abnormal growth
of hair, premature development of the genital organs and of

sexual instinct, and mental precocity. The autopsy revealed

pineal tumour, generally teratoma. In these cases, the abnormal

growth, the premature mental and physical development, and the

remarkable genital hypertrophy were associated with a diminution

of the pineal tissue, or with what Marburg defined as dispinealism.
These data point inevitably to the conclusion that the pineal

gland is an internal secretory organ which influences metabolism,

though the details of its functional activity are at present not

ascertained. Still more important is the fact that, during the

period of its complete development, that is to say, until the seventh

year, this organ exercises a definite and apparently inhibitory
influence upon the development of the sexual glands, and it is
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probable that it has a secondary effect upon mental develop-
ment. The destruction of the pineal gland at this stage of exist-

ence leads to mental and physical precocity. That there is an

antagonism between the activity of the pineal gland and that of

the hypophysis is certain, for we know that pituitary insufficiency

produces hypogenitalism.
I have occupied myself for some time with experiments, the

main object of which has been to determine the clinical results of

pineal suppression. I have succeeded, so far, in extirpating the

pineal gland by a method similar to that which I employed in

hypophysectomy. As far as my observations go, the pineal gland
in the adult animal is a negligible quantity ; my experiments with

young animals are not as yet complete.

THE GENERATIVE GLANDS.

The generative glands possess chemical interrelationships
with a large number of other organs and tissues. The importance
of the part which these glands play in the general economy of

the organism is shown by a wealth of evidence such as is forth-

coming in the case of no other organ. It will be shown in the

following pages that, not only are physiological and pathological

processes modified by the function of the sexual glands, but that

the activity of these organs is associated with the profoundest
problems of general biology and embryology.

The first problem is concerned with the sexual characteristics.

In almost every class of animal, the type is represented and
maintained by two different groups of individuals, which differ

more or less widely from one another in habit, anatomical struc-

ture, functional activity, and certain other attributes. These

groups are defined as the male and female sexes. The question
arises as to whether this difference in the organization of the

sexes, this dimorphism, as it is called, is the outcome of the differ-

ence in the nature of the organs of reproduction. That these

organs are described as
'

sexual
'

organs is an illustration of

the prevailing inclination to regard the stigmata of sex as de-

pendent upon the organs of generation. Before the days of

anatomy, and the view prevails to-day among primitive peoples

(the Russian scopts, according to Pelikan, and the natives of

India, according to Roberts), the external genital organs and, in

women, the breasts, were regarded as the factors responsible for

the characteristics of sex. The Russian scopts believe that women
are rendered sterile by the removal of the breasts and the external

genitals. Helmont said:
"
Propter solum uterum mulier est

quod est," and this dictum was modified by the French physician
Cherau into :

'

Propter ovarium solum mulier est quod est."

Virchow expressed the same view in these words :

" Woman is
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woman by reason of her generative glands. All the peculiarities

of her body and mind . . . everything, in fact, which in the true

woman we admire and revere as womanly, is dependent upon the

ovary." There are others (Geoffrey St. Hilaire, Klebs, Puech,

Hegar), however, who adopt a different view. Quite recently,

weighty arguments have been advanced by several authors

(Hegar, Halban, Pfluger) against the dependence of somatic and

psychic sexual characteristics upon the genital glands.
In order to grasp the precise significance of the problem, we

must first ask ourselves the question : What is the decisive factor

in the determination of sex? What is it which decides whether

from the fertilized egg, which contains both maternal and paternal
chromosomes in equal number, a male or a female individual shall

proceed ?

It is possible that sexual distinction exists in the unfertilized

egg; that, in fact, there are male and female ova which, after

fertilization, develop in accordance with an already determined

sex. In certain of the lower forms of life this is actually the

case. Under certain favourable external conditions, the aphis

produces only females
;
at a low temperature with slight atmo-

spheric humidity, both males and females are produced, and
these pair. The pregnant female does not produce young, but

lays eggs, and from these, females are again hatched out. It is

evident that the sex of the individual is here determined in the

unfertilized egg.
Korschelt showed that Dinophilus apatris, a small worm,

lays eggs of two different sizes and that, from the larger of these,

females develop, while from the smaller, males proceed. Both
Nussbaum and Maupas found that, in the case of wheel-

animalcule (Hydatina senta}, the larger eggs of which develop
into females and the smaller into males, the results were affected

by external factors acting on the mother, such as surrounding
temperature and nutritional conditions.

A second method of sex differentiation, and one which recent

discoveries have shown in process of action, is by two distinct

varieties of spermatozoa. In certain insects, hemiptera and ortho-

ptera, two kinds of sperma cells are present, which differ from
one another in their chromosome contents. According to Wilson,
females proceed from eggs fertilized by cells with accessory
chromosome, males from eggs fertilized by the other cells.*

In bees, ants and wasps the conditions are different, there

being only one kind of egg and one kind of spermatozoon. Males
are produced by parthenogenesis, females proceed from fertilized

ova. The queen bee is impregnated once only, the semen being

*
According to Omelczenko, Selenew and others, two kinds of sperma-

tozoon are also present in mammals and in man. Gram stains the body
of the one violet, of the second red. The two kinds of spermatozoon-bodies
are supposed to represent the two sexes.
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retained in the receptaculum seminis. From the eggs into which
the sperm cells penetrate, females that is queens and workers-
are hatched, while from the unfertilized eggs, males that is

drones proceed. Lenhossek thinks it possible that the sperm
cells find access only to those eggs which possess female charac-

teristics and that they do not penetrate the male eggs.
These observations show that, in the lowrer forms of life,

sex differentiation may already exist in the unfertilized egg, or

it may be determined in the course of, or immediately after,

fertilization. But it must not be imagined that these observations

apply indiscriminately to animals of the higher orders. On the

contrary, where these are concerned, we know neither the factor

which determines sex nor the moment at which sex is decided.

The fact that twins from one ovum which are probably the out-

come of division of the germ at a very early stage of segmenta-
tion are almost invariably of the same sex, suggests that the

determination of sex in man also takes place at a very early

developmental stage.
This assumption is contradicted, however, by a large number

of facts. In the first place, the primordial beginning of the

body is, in all vertebrates, sexually indifferent. It is not until the

embryo has made considerable advancement at the fifth week in

man that a differentiation of the primitive genital trace into a

unisexual genital gland takes place. It may be that in vertebrates,
as well as in invertebrates, both male and female glands develop

simultaneously from the same primitive genital trace. As Pfliiger
showed in the case of Bufo cinereus, there is a developmental stage
of true hermaphroditism, which later passes off. Cases of herma-

phroditismus biglandularis are sometimes, though rarely, met
with in man ; these are individuals in which the generative glands
of both sexes are present either on one or both sides, or a female

gland on one side and a male gland on the other side. These

findings show that the sex of the individual is not determined

until a late stage of development, and that the differentiation of

the unisexual glands does not take place until after the develop-
ment of the undifferentiated sexual cells.

If the specific generative gland is regarded as the charac-

teristic of sex, the body of the embryo must be regarded as

sexless as long as the primitive genital trace remains undif-

ferentiated. Such being the case we should be compelled lo

admit that the determining factor in the differentiation of sex is,

as far as our present knowledge goes, unknown. We simply do

not know why it is that, at a certain moment in the life of the

embryo, the primitive genital trace develops, in one instance into

a testis, in another into an ovary, and in certain very rare cases,

into both.

But sexual dimorphism is not confined to dimorphism of the

cells of generation ;
it extends to other bodily characteristics.
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There is a striking difference, in the two sexes, in the structure

of the excretory ducts from the genital glands and in the external

genitals, as well as in those organs which are called the secondary

genital organs.
The study of embryology shows that the primitive beginning

of these apparatuses is, in both sexes, common and indifferent.

In addition to the primitive genital trace, it comprises the Wolffian

body or primordial kidney, the Wolffian duct or primordial

ureter, and Muller's duct. The latter runs along the lateral side

of the Wolffian duct and has a common opening with the latter

into the sinus urogenitalis. At the end of the third month of

embryonal life, this primitive beginning becomes differentiated in

accordance with the characteristics of one or the other sex, and

develops to form either the male or the female sexual apparatus.
But whichever the sex of the individual, portions of the charac-

teristics of the other sex remain as rudimentary organs.
If a testis develops from the primitive genital trace, an

epididymis is formed from the head portion of the Wolffian body ;

the caudal portion forms blind ducts which eventually become
the paradidymis and aberrant ducts

;
and the Wolffian duct be-

comes the vas deferens. Muller's duct disappears, but the caudal

and cranial portions remain to form the hydatid of Morgagni and
the sinus pocularis (uterus masculinus).

Where the primitive genital trace develops to form an ovary,
Muller's ducts form the Fallopian tubes, uterus and vagina. That

portion of the Wolffian body which is in communication with the

ovarian tract shrivels up to form the parovarium (epoophoron),
which corresponds to the male epididymis. Vestiges of the caudal

portion of the Wolffian body persist as the paroophoron, situated

in the ligamentum latum, and occasionally also as structures cor-

responding to the ductuli aberrantes. The cranial portion of the

Wolffian duct forms a portion of the epoophoron with the appen-
dix vesicularis, while the remnants of the caudal portion form
the so-called ducts of Gaertner.

This brief sketch of the developmental history of the sexual

apparatuses shows that the primordial beginning of the secondary
genital organs is independent of that of the generative glands.
The secondary genital organs have a bisexual origin and, in

the adult animal, these show a certain degree of hermaphroditism.
This bisexual origin leads occasionally to the development of

both sets of genital ducts and external genitals, thus producing
instances of pseudo-hermaphroditism. Pseudo-hermaphrodites
are individuals in whom the genital glands are unisexual, while

the rest of the genital apparatus is, either wholly or in part,
bisexual.

As a general rule, the development of the excretory ducts

proceeds in accordance with the sexual character of the genital

glands, though malformations have been observed which seem
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to disprove such dependence. Such are the cases of double con-

genital agenesis of the genital glands, with complete development
of the external and internal sexual organs.

Interesting cases of hermaphroditic malformation have been

observed in animals. Kolliker describes a pig 15 months old,

which had well-developed testes, shrivelled seminal vesicles and

Cowper's glands, and a large uterus with two cornua. v. la

Valette St. George describes the findings in a striped water-newt

(Triton tccniatus) as follows : Testicles and male secondary sexual

stigmata, large ovaries but no oviduct. Gerhartz observed a

Rana esculenta with proponderating male characteristics, which

also possessed a well-formed oviduct, but had no ovaries nor

were eggs present in the testes. These observations show that

the secondary genital organs are not only not derived from the

same primitive beginning as the genital glands, but that their

further development also is sometimes independent of the latter.

There are certain exceptions to the rule that the sexual character

of the secondary organs is in accordance with that of the genital

glands.
In addition to the differentiated genital organs, which form

the primary stigmata of sex, there are other phenomena by which
the sexes are characterized. J. Hunter described these as
"
secondary sexual characteristics

" and includes under this head-

ing all the specific appearances which are not directly concerned

with the processes of reproduction. It is true, as Darwin pointed

out, that this definition is a loose one, for it is extremely difficult

to decide in individual cases whether a detail of structure or of

function is concerned with reproduction or not.

The term "
secondary sexual characteristics

'

is inexact for

another reason, namely, that it suggests a dependence of these

characteristics upon the genital glands, and of this we have at

present no proof. As we have shown in dealing with the

secondary genital organs, such proof is difficult to obtain.

The only justifiable grounds for distinction is the differentia-

tion between the cells of generation and the other somatic cells,

which is manifested in their biological behaviour. The somatic

cells are independent and capable of fission, but they are transitory
structures. The cells of generation, on the other hand, are not

autonomous, but they possess the capacity of forming another

individual after their nuclear portion has combined with that of

cells of the opposite sex.

Thus in all organisms with a sexual digenetic method of re-

production, there are two types of biologically incomplete cells

of generation, the male and the female, and these only attain

completion by means of the process of fertilization.

The somatic cells are completely autonomous, and a bio-

logical differentiation, such as that which characterizes the cells of

generation, is superfluous to their development; sexual dimor-
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phism is absolutely excluded. But experience shows that there are

recognizable differences between the greater number of the cells

and tissues in the two sexes. Apart from the genital apparatus
and the organs associated with its functions, such as the mam-

mary glands, male and female individuals differ widely from

one another physically, as in the details of the skeleton, the dis-

tribution and the amount both of the adipose tissue and the hair,

the development of the larynx, &c.
;
and these physical differences

are accompanied by equally marked psychic divergence. These

facts suggest the question : Are the somatic cells sexual in

character ? That is to say, are they formed from a male or female

primitive origin ? There is a second possibility, namely, that

the sexual differentiation of the somatic cells is secondary and

dependent upon the unisexual cells of generation, that is, upon
the reproductive glands. Both these hypotheses have their sup-

porters.
A large number of authors, Tandler and Gross more par-

ticularly, have laid stress upon the fact that what are called the

secondary sexual characteristics are, in reality, only characteristics

of the species, that is to say, properties peculiar to a species or

an order of vertebrates and having no primary relationship with

the organs of generation. Thus the mammary glands are the out-

come of an agglomeration of sweat glands which, later, became
the engine of a different function and was included within the

sphere of influence of the organs of reproduction. The beard of

the anthropoid apes and of man was also originally a charac-

teristic of species, for the upper lip of the human fcetus is clothed

with a hirsute growth which attains equal development in both

sexes. The antlers of the cervida?, again, were originally specific

characteristics of unknown function, which afterwards acquired
a secondary relationship to sex. Tandler and Gross were able

to prove that in the fcetus of the roe-deer there is a primitive
antler trace, the appearance of which is exactly similar in both

sexes, the only difference being that in the case of the male

development is progressive, while in the female further develop-
ment takes place in very rare instances only. The formation of

the antlers of reindeer is identical in both sexes, and the develop-
ment of the antlers in the female is unaffected by castration.

But this translation of the characteristics of sex into charac-

teristics of species merely postpones the solution of the problem ;

it does not supply any evidence in favour of either of the current

hypotheses. The characteristic signs of species are undoubtedly
foreshadowed in the embryo, but the direction of their subsequent
development must depend on one of two determining causes :

either thev already possess a tendency to develop in a certain

manner, that is to sav, thev have sex ; or their development is

modified and differentiated by the internal secretory activity of

a genital gland. Both are possible. If the secondary sex
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characteristics are regarded as characteristics of species, then the

assumption of a primitive trace, which is equally developed in

individuals of both sexes and which undergoes secondary dif-

ferentiation through the agency of the genital gland, supplies a

more probable hypothesis than that of Tandler, who held that

the sexual nature of the secondary characteristics, like that of

the genital glands, is determined in the ovum. But even if we

accept the first hypothesis, we are compelled to concede that the

normal development of the modified characteristics of species is

dependent upon the existence of an active genital gland; and
that the sexual differentiation of new-born infants is the outcome
of the activity of the genital gland during foetal life.

We will now proceed to a closer examination of the two

conflicting hypotheses concerning the origin of the sexual dimor-

phism of the somatic cells.

The one theory assumes that all the primordial embryonal
cells are sexually differentiated, and that the differentiation of

the somatic cells takes place before that of the cells of the primi-
tive genital trace. The assumption is that the unknown factor,

which decides whether the indifferent genital beginning shall

develop into a testis or an ovary, also acts upon the somatic cells,

thus laying the foundation for those differences of body in the

case of the two sexes, which make their appearance at a later

developmental stage.
The evidence in support of this view is supplied by the follow-

ing facts :-

In foetuses and new-born infants, a large number of tissues

are already sexually differentiated. That female babies have
smaller hands and feet and a lower average weight when born
than males, is well known. There is also a difference in the

brain of the two sexes and there is a very marked differentiation

of the bony framework of the pelvis. It is also known that certain

anatomical variations occur only in the male, certain others only
in the female. According to Rabl and Fischel, supernumerary
ribs and vertebra? are more frequently observed in males, while a

deficiency in the number of lumbar vertebrae is most frequent in

females.

These observations cannot, however, be regarded as con-
clusive

;
for differences between the tissues of male and female

fcetuses do not make their appearance until after differentiation

of the genital glands, and the possible influence of the latter can-
not be excluded. Fehling was unable to observe female charac-
teristics in the pelvis before the fifth month of fcctal life, while
the primitive genital trace undergoes differentiation in the fifth

week.

The condition of pseudo-hermaphroditism has supplied a

large number of facts which point to the independence of the

sexual differentiation of the somatic cells from that of the ceils
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of generation. Not only does the genital apparatus in pseudo-
hermaphrodites show abnormal development, though in a vary-
ing degree, but these individuals possess secondary somatic and

psychic sex characteristics which are not in accordance with the

type of their sexual glands.
There are, further, those numerous and undoubtedly bona

fide instances in which individuals, with normal unisexual genital

glands and normal internal and external genitals, possess more
or less clearly marked heterologous sexual characteristics. Such
are the large-boned muscular women with flat chests, narrow hips,

deep voices, and more or less beard; and the beardless men with
rounded outlines and soft flesh, with well-developed mammary
glands and high-pitched feminine voices. Halban suggests the

name hermaphroditismus secundarius for this class of abnormality,
thus enlarging the definition of hermaphroditism to include the

secondary stigmata of sex. Moreover, Halban considers that the

psychic properties and peculiarities of character, which are

described by the terms "masculinity" and "femininity," are

congenital characteristics of sex, and' the perversion of these he
also includes under the heading of secondary pseudo-hermaphro-
ditism.

To consider the more detailed aspect of hermaphroditism and
to describe the abnormal combinations of sexual stigmata which
have been observed would take us too far afield. The literature

of the subject is considerable. Neugebauer, in his recent report,
describes 1,300 cases of pseudo-hermaphroditism; but these

observations do not furnish certain evidence either for or against
the dependence of somatic sexual distinctions upon the cells of

generation. It is affirmed upon all sides that anomalies of the

sexual system are very frequently accompanied by structural de-

fects in other parts of the body, and that these defects are of a

kind which arise, in part, at a very early stage of development
(Hegar). So experienced a scientist as Neugebauer regards
pseudo-hermaphroditism as actually one of the symptoms of

general malformation. And Pick has recently shown that the

genital glands of pseudo-hermaphrodites are primarily malformed
from the time of the primitive genital trace; he points to the

remarkable preponderance of teratoma and tumours developed
from a teratomatoid primordial origin among the new formations
of pseudo-hermaphrodites. Pick regards these tumours as tissue

proliferations from a previous embryonal malformation, in a

malformed embryonal organ. It is interesting in this connection
that Bertkau, who has brought together all the known instances
of hermaphroditism among arthropoda, arrived at the conclusion
that all conditions leading 'to abnormality of any kind are

favourable to the development of hermaphroditism.
These observations seem very clearly to suggest that the

cause of the absence of the somatic stigmata of sex is to be found
in the imperfect differentiation of the cells of generation.
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The presence of heterologous sex characteristics has been

explained in various ways. Benda adopted the view that in the

higher vertebrates the primitive trace of the entire sexual apparatus
is female, and that the male type is a modified form of the female,
the outcome of specific influences at present unknown. Herbst, on
the contrary, assumes a primary male primitive trace, together
with stimulatory and inhibitory activities on the part of the

genital glands, by which the development of the sex characteristics

is affected.

These hypotheses are superfluous, however, in view of the

now certain fact, that the primitive genital trace is originally in-

different, therefore bi-sexual and, in the true sense of the term,

hermaphroditic. Moreover, true hermaphrodites are not so rare

as was formerly believed to be the case.

We now know that true hermaphroditism, in the morpho-
logical sense of the term, is observed in man, and that it occurs
in the form which formerly appeared most doubtful, namely,
hermaphroditism of the glands (ovotestis).

It has been asserted that physiological hermaphroditism, by
which is meant the presence of both sets of glands in a state of

physiological activity, is never encountered among the higher
vertebrates; that certain species of fish (myxina, serranus, and
some carp) are the only representatives of physiological herma-

phroditic vertebrates.

If, by the function of the genital glands, we understand the

production of semen and the release of ova, this pronouncement
is undoubtedly right. But in view of the internal secretory func-
tion of these glands, we are justified in describing as physiological
hermaphroditism those cases where tissue of the genital glands
of both sexes is morphologically demonstrable

;
or rather, those

tissue elements to which a specific internal secretory activity is

ascribed. From the accounts of zoologists and veterinary sur-

geons, it appears that hermaphroditic glands, that is to say,

genital glands composed of both testicular and ovarian paren-
chyma, are of very frequent occurrence. A communication made
by Tourneux is particularly interesting; he states that in the

female mole there is, in addition to a functionally active ovary,
a rudimentary testicle, that is, rudimentary seminiferous tubules
with interstitial cells.

It is highly probable that the cells of Leydig in the testicle

and analogous cells in the stroma ovarii, represent the internal

secretory tissue of the genital glands. If this is the case, the

findings described in the previous paragraph must be regarded
as proofs of the existence of physiological hermaphroditism in

mammals.
Whether glandular hermaphroditism, either partial or com-

plete, occurs in man is a question which can be settled only bv
exact anatomical and histological investigation. But, owing
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partly to the indefinite localization of hermaphroditic glands, and

partly to the undefined nature of their histological characteristics,
such observation is very difficult to carry out. If definite proof
of glandular hermaphroditism were forthcoming, it would be easy
to account for the presence of heterologous sex characteristics.

The assumption would necessarily be that male and female forma-
tive influences are mutually exclusive, and that the sex charac-
teristics of the body are in accordance with the nature of the

genital gland which is best developed and functionally most active.

But the important point in this connection would be, not the

conditions governing the functions of external secretion (sperma-
togenesis, ovulation), but the degree of development and func-
tional activity of that tissue of the genital gland by which the

internal secretion is elaborated.

It is only by the assumption of a hermaphroditic primitive

genital trace, together with the dependence of the somatic and

psychic sex characteristics upon the internal secretory activity of

the genital glands, that we can explain those cases in which com-

plete alteration of single sex characteristics, or even of the entire

sexual character, takes place during the life of the individual.

These cases appear to be by no means exceptional, though they
have not received the attention which they deserve.

A case of Friedrich-Grawitz's, recently described by Alberti,
is very interesting in this connection. The subject wras a girl
of 20, with clearly defined female habit, well-developed mammary
glands, and regular menstruation, who gradually reverted to the

masculine type, with cessation of the menses. The adipose tissue

diminished and the body became covered with hairs; the breasts,

which \vere previously very well developed, became soft ; the

hair of the head became short and thin
;
the voice deepened ;

and thick, dark whiskers and moustache made their appearance.
Three years later she was operated upon for ovarian tumour

;
and

she eventually died of peritonitis, the outcome of twisting of the

pedicle by rotation of a multilocular cystoma.
A large number of analogous cases have been described, in

which the female stigmata have, after puberty or even late in

life, reverted to the male type, and vice versa (Zambini, Freund,

Hegar, Wilson, Parhon and Goldstein, Hammond, Djemil-
Pascha). In some instances, there was more or less complete

disappearance of certain well-marked stigmata of the one sex,

their place being taken by corresponding characteristics of the

other. As a general rule, however, the alteration in the sex

characters followed pathological processes, of traumatic or idio-

pathic origin, in the genital glands.

Important evidence in favour of the hermaphroditic nature

of the primitive genital trace and of the dependence of the

characteristics of sex upon the internal secretion of the pre-

ponderating specific genital tissue, is provided by those not very
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rare cases in which the physiological cessation of the function

of the genital glands is followed by more or less alteration in the

sex characters. Women at the menopause have been known to

develop male characteristics, such as a deep masculine voice and
hirsute growth upon the face and body.

Castration late in life is not followed by any demonstrable

changes in the sex characteristics, and prepubertal castration, as

we shall see later, produces not heterosexualism, but infantilism.

But the perverted sex characteristics described above are the result

of the suppression of the ovarian function. These facts suggest
that in the case of castration, extirpation of the genital glands
includes the removal of the rudimentary portions of heterosexual

tissue
;
while in cases of ovarian inadequacy, these heterosexual

rudiments have acquired a determining influence upon the de-

velopment of primitive beginnings which are present in in-

dividuals of both sexes.

The same theory accounts for the perversion of sex charac-

teristics in animals
;
such are, male sheep and goats which yield

milk, and female goats and sheep with beard and horns; antlered

females among the cervidae
;
hens with cock's plumage or

arrhenoidia, the reverse condition, thelyidia, in cocks, &c.

The phenomenon of cock's plumage in hens has been

extensively investigated by A. Brandt. It appears that the

changes are not confined to the plumage, but that these birds

acquire other male characteristics; they crow or sing and, in

the absence of the cock, thev lead the other females.
j

Brandt points out that arrhenoidia and thelyidia are normal
conditions in certain species of birds, where they occur in-

dependently of changes in the genital glands, as the expression

merely of variability of the external sex characteristics. They
are congenital, however, in hermaphroditism and in other

anomalies; they are acquired after loss or degeneration of the

internal genitals ;
and they occur most frequently as accompani-

ments of senile degeneration of the ovaries with sterility, and of

obliteration of the oviduct.

A. Rorig has made antler formation and the manner in

which it is influenced by the reproductive organs the subject of

careful investigation.
The antlers of the stag are acquired secondary characteristics,

developed at a period when "the strong projecting canine teeth,

the original weapons of his forefathers, had proved an inadequate
means of defence, and the method of fighting forehead to fore-

head during the rutting season had been evolved."
The sexual character of the antlers is shown by the fact that

'

these organs of aggression invariably attain to full development
at a period immediately preceding the rutting season, and that

they are shed a short time after its close."

Rorig brings forward a large amount of material, chiefly
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anatomico-biological in character, to show that the absence of

one or both antlers does not affect the virility of the animal.

Absence of antlers may accompany abnormal formation of the

male sexual organs.
Old females, which have become sterile, incline to antler

formation, as do also females with diseased internal genitals.
The antler development of hermaphrodites is said to be more
influenced by the epididymis than the testes.

Rb'rig is unable to give a satisfactory explanation of abnor-

malities, and he closes his treatise with the remark that the

originating cause of the malformation of antlers will probably
remain a problem for some time to come.

Those cases in which the secondary sex characteristics are

changed on one side only, usually upon the same side as the

gland with which they correspond, may also be taken as evidence

in favour of the theory that sex characteristics are dependent
upon the genital glands.

The one-sided development of the mammary glands in men
and the development of a single antler in female cervidas are

frequently advanced as instances of one-sided pervertion of the

stigmata of sex. But that these deductions are inconclusive is

shown by the fact that very different accounts are given of

the manner in which the antlers of stags are affected by one-sided

castration. Some authors state that one-sided castration is fol-

lowed by loss of the antler on the same side
;
others again affirm

that it is the antler of the opposite side which is lost.

A case described by M. Weber is frequently quoted as an
instance of asymmetry in the somatic sex characteristics. Weber
observed a finch (Fringilla coelebs] \vhich possessed a right testis

and had male colouring and plumage upon the right side; the

left side was female in colouring and plumage, and was furnished

with an ovary. This freak of nature is very difficult of explana-
tion. Halban, and later Pfliiger, regarded this bird as a one-sided

hermaphrodite, not only in regard to the arrangement of its

genital glands, but also in its somatic sex characters. Nussbaum,
on the other hand, regards this case as proof of the great influence

of the nerves upon the secondary sex characteristics. The stig-
mata of sex are usually arranged symmetrically upon both sides

of the body; but it is important to remember, in this connection,
that Vircho\v laid special stress upon the fact that, in the male

pseudo-hermaphrodite Katharina Hohmann, the left side of the

body, in which the genital anomaly was situated, was generally

(extremities, rump, face) less well developed than the right.
The results of castration in both man and animals have fre-

quently been advanced as evidence in favour of the congenital
origin of the characteristics of sex. It is an undeniable fact that,

if the genital glands are removed at the earliest possible date from
two individuals of the same species, but of different sex, these
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individuals will not show complete identity of habit, either imme-

diately after operation or later
;
certain characteristics, such as

beard and the mammas, will develop in accordance with their

original sex. Castrated males grow a certain, though scanty.,

amount of hair on the face. These results are accounted for by
the fact, that the sexual differentiation of the tissues probably takes

place during fcetal life through the agency of the already dif-

ferentiated genital glands, and that after suppression of the

genital glands the primitive beginnings of individual stigmata
continue to grow and attain a certain imperfect degree of develop-
ment.

The same applies to Ondermann's much-quoted experiments
with Oeneria dispar, and those of Kellog with silk-worms. Cas-
tration of the caterpillar did not obliterate the signs of sexual

dimorphism in the butterfly.
In all these cases, castration was performed at so late a period

that the possible influence of the genital gland upon the develop-
ment of the somatic stigmata was not entirely excluded.

In order to decide the question as to whether the sex of the

soma is congenital or not, it would be necessary to extirpate the

undifferentiated sexual glands of the foetus. The only evidence
on this point is that supplied by Nature in the case of the so-

called parasitic castration of crustaceans.

It has long been known that certain crabs are attacked by
parasites which belong to the isopods of the family Bopyrida?.
These parasites are never found in fully-developed male crabs

and for this reason it has been asserted that female crabs are

their only hosts. Giard, who investigated this question very

thoroughly, found that the Bopyridas enter their host only during
the early youth of the latter

;
that they attack both male and

female individuals; and that they effect the destruction of the

genital glands of their host. The result of this early gonotomy
is that the host does not develop sexual characteristics of any
kind, but becomes neuter in every sense of the term. Even more

interesting is the fact that, in certain orders (Slenorynchus), the

males which have been castrated in this manner, after casting
their shell several times, assume the habit of the female type so

completely, that for a long time they were believed to be females
or were regarded as of a different species. I believe myself that

this remarkable occurrence is explained by the fact that the

invading parasites are females only, which attain to sexual

maturity within the body of their host, and that the female genital

gland of the parasite has a determining influence upon the de-

velopment of the sex characteristics of the host.

It appears then, that we have to do here with an instance
of early castration accompanied by simultaneous transplantation
of the heterosexual genital gland, and the results seem to show
that the somatic sex characteristics are dependent upon the cells

of generation.
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We are justified in assuming from the evidence which has
been brought forward that the stigmata of sex are, from their

earliest beginnings, dependent upon the genital gland, and that

for this reason they are very rightly termed "
secondary." That

they attain to complete development by the agency of the cells

of generation only, is a point which has never been questioned.
That the somatic differences between the sexes are dependent

upon their genital glands is shown, in animals, by the signs
which accompany the periodic recurrence of the rutting period,
and in man by the phenomena of puberty. The maturity of the

organs of generation at the rutting period is accompanied by
remarkable changes in the structure and functional capacity of

the body, which last only so long as the increased activity of the

reproductive organs is maintained. Every one is familiar with
the brilliant coloration of the plumage, the rich, full song, and
the activity and love-play of birds in the mating season. In

other classes, the amphibia, for instance, the males and females

are distinguished by certain peculiarities during the mating
season in the spring and early summer. The male water-

salamander acquires a head-comb, the male batrachian, callosities

upon the thumbs.
Nussbaum's careful experiments have proved beyond all

doubt that, in the case of animals with recurrent mating season,
the internal secretion of the genital gland of the male has an
enormous influence, not only upon the genital apparatus, but

upon the rutting organs which are closely related to the processes
of reproduction. In the brown land-frog, Rana fusca, the seminal

vesicles, the thumb callosities, and certain of the fore-arm muscles

undergo annual cyclic changes which accord with the rutting
season. These organs swell up, become hypertrophied, and at

the expiration of the spawning period undergo involution.

The removal of the testicle from one side has no effect upon
the rutting organs, but if castration is performed during the

period of sexual quiescence, the rutting organs will not develop
at the next rutting season. Nussbaum introduced portions of

testicle into the dorsal lymph-space of such castrated male frogs,
with the result that the rutting organs began to hypertrophy in

exactly the same way as those of uncastrated animals. The

portions of testicle did not heal in but gradually became resorbed,

while at the same time the seminal vesicles, thumb-callosities and
forearm muscles diminished in size. These experiments prove

beyond any manner of doubt that the testicles supply a material

to the economy which promotes development ;
in other words, they

elaborate an assimilatory hormone.
In the course of further experiments, Nussbaum discovered

that after resection of the nerve of one fore-arm, neither the

muscle of that fore-arm nor the papilla? and glands of the thumb-

callosity of that side underwent hypertrophy at the spawning-
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period, but that those of the sound side hypertrophied as usual.
He concludes from this that the testicular secretion stimulates
certain nervous centres and certain groups of ganglia only, and
that these produce, by means of centrifugal nerves, changes in

the form and the metabolism of the organs innervated by them.
It is not possible to adopt this assumption without further proof,
however. As Pfliiger points out, the arrest of the motility and
sensibility of the vaso-motor and secretory nerves produced by
resection, is sufficient in itself to account for the absence of hyper-
trophy. It is superfluous, at the very least, to assume that the

internal secretion of the genital gland produces its effect, not

directly, but by the agency of the nervous system.
In man, the secondary sex characteristics attain their full

development at puberty, that is to say, at a time when the genital

glands are fully developed, and the individual has attained to

sexual maturity. It is apparent, from what has gone before, that

the beginnings of the somatic sex characteristics are largely
present in the embryo, and that, like other tissues, they continue
to develop from birth until puberty.

It is a remarkable fact, however, and one which points to an
intimate association of the sex stigmata with the genital glands,
that several of the attributes of sex do not make their appearance
until the maturity of the genital glands is proclaimed by the

development of their external secretory processes (spermato-
genesis, menstruation, ovulation). The maturity of the secretory
function of the genital glands is shown, in boys, by a slight

enlargement of the testicle. In girls, it is expressed by the

menstrual haemorrhage which accompanies ovulation, that is, the

expulsion of the ovum ready for fertilization. Many of the

changes of puberty are common to both sexes
;
such are the rapid

skeletal growth and the appearance of hair at the pubes and the

axilla?
; others, such as the growth of hair on the face, the altera-

tion in the voice, and the appearance of hairs all over the body,
are peculiar to the male; while others again, such as the develop-
ment of the mammary glands, the peculiar pelvic formation, and
the deposition of fat in certain localities are essentially feminine.

Among the secondary sex characteristics which make their

appearance at puberty, are those reflex nervous mechanisms which
are concerned in the performance of the sexual act. Through the

agency of the internal secretion of the genital glands, the

apparently low nerve centres which are here concerned acquire
a specific sensibility. Goltz showed that, during the spawning
season, the male frog reacts to every touch upon the skin of the

chest with the embracing reflex, and that this reflex may still be
obtained shortly after removal of the testicles and even after

decapitation. That the increase in reflex sensibility is not general,
is proved by the fact that the muscle-contractions are not obtained
in response to every kind of touch, but are only provoked by the

24
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specific stimulation of the skin
;
the reflex movement is confined,

moreover, to a certain group of muscles.

But the changes of puberty are not confined to the lower

centres of the spinal cord. That the functions of the cerebral

cortex are also affected is shown by the occurrence of sexual desire

and by the psychic changes which accompany the
' '

storm and
stress period."

That all the somatic and psychic characteristics of puberty are

dependent upon the maturity of the genital glands, is rendered

probable by coincidence
;
the fact is made certain by the results

of castration.

Before passing on to this subject, however, it is expedient to

give a short description of the condition known as pubertas

praecox.
Both the older literature and that of recent date contain numer-

ous descriptions of premature puberty, especially in girls. Those

cases, formerly regarded as freaks, in which girls of very tender

age showed menstruation, development of the mammae, growth
of hair at the pubes and axillae, and excessive growth, have been

repeatedly brought together and criticized (Kussmaul, Ploss,

Gebhard, Strassmann, Neurath). According to Neurath (1909)
the known cases of precocious menstruation are eighty-three in

number, but the descriptions of these are not in every instance

complete. Precocity in boys has been observed in forty-three

cases, many of which have been wrongly described as gigantismus
infantilis. The similarity between these cases and gigantism is

apparent only, the sole common symptom being the early tallness

of the subjects. The abnormal skeletal growth is the outcome of

very different causes. Skiagrams show that, in pubertas praecox,
there is accelerated ossification, and a rapid approach of epiphysal
ossification to the stage when the synarthroses close (Neurath).
This finding is in accordance with that of physiological puberty,
for in the latter condition also, the proliferation of the epiphyses
soon ceases. Gigantism, on the contrary, is characterized in all

its forms by persistence of the epiphysal synarthroses and the

abnormal height to which this leads.

Pubertas praecox virilis is a condition affecting boys of 3 to 9

years of age. These children are remarkably large, heavy, and
well developed, and they show all the signs of puberty com-

mencing growth of hair on the face, pubes and axillae, deep voice,
and strikingly large external genitals, the testicle being the size

of a plum when in accordance with the age it should not exceed
the size of a bean. The psychic development sometimes corres-

ponds to that of puberty, though the subjects are more frequently
mentally defective, or even idiotic.

The most important point in regard to the etiology of pubertas
praecox is whether or not the condition is primarily the outcome
of precocious development of the genital glands. We know that
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the development of the genital glands is influenced by a large
number of internal secretory organs, and we have to take into

consideration the fact that hypergenitalism, and the pubertic

precocity which accompanies it, may be the secondary results only
of the primary affection of other organs. This applies to cases

in which tumours were present either in the suprarenals or at the

base of the brain, and especially where these affected either the

pituitary or the pineal glands. Hypophysal affections are

frequently associated with perversions of growth in the direction

of gigantism, though as a general rule these are accompanied by
genital atrophy. The cases of pineal tumour which have so far

been described show all the signs of pubertas prascox; namely,
abnormal growth in height and premature genital and sexual

development, with corresponding mental precocity. The presence
of suprarenal tumour in sexual precocity is remarkably frequent.
Out of seventeen cases examined post mortem and four surgical

cases, suprarenal tumours were found in eleven, nine being girls
and two boys (Bulloch and Sequiera, Linser, Adams). All these

cases were remarkable for the exceptional development of the

body, considerable obesity, and physical precocity, together with
the habit of sexually mature persons, more especially extreme

hypertrichosis ;
the functions of the sexual glands and certain

secondary sex characteristics, such as the mammae in girls, were

not, however, developed in proportion. In many instances, single
heterosexual characters were peculiarly well developed.

If we exclude these observations, a large number of cases

remain which cannot be explained otherwise than by primary
hypergenitalism.

Such is the case of the boy R. K., described by W.
Knopfelmacher (1903 and 1906), who, at the age of 6, was

132 cm. in height, and weighed 38.8 kg. The testicles were the

size of a plum, the secondary sex characters wTere almost fully

developed, the amount of hair at the pubes being especially

remarkable, while there was a distinct moustache, and the voice

was deep. Skiagrams (Schiiller) showed that the sella turcica was
normal in size, while the inner surface of the skull manifested no

signs of intercranial pressure.
The case described by Sacchi is even more instructive. The

patient was a boy of 9^, who, until the age of 5^, was both

physically and mentally normal. At that age, his entire being
underwent a gradual and progressive alteration. His bones grew
very rapidly, and his muscles became very much developed ; the

voice became deep ;
hair appeared at the pubes and upon the face ;

and his mental condition changed. At 9^ years of age he was

143 cm. in height, and weighed 44 kg.; he had a lone black
beard and long hair upon the pubes, chest and legs. The left

testicle, owing to tumour formation, was enormously enlarged.
After removal of the diseased testicle, which the microscope
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showed to be an alveolar carcinoma, the pubertic symptoms
gradually disappeared, and the boy became mentally and physic-

ally the same as other boys of the same age. In this case the

connection between the premature signs of puberty and the

pathological hypergenitalism is abundantly clear.

Before passing to a consideration of the influence which cas-

tration has upon the secondary sex characteristics, it is expedient
first to consider the significance of that organ which is regarded
as the pronounced characteristic of the female sex, but which has

no recognizable relationship to the function of reproduction,

namely, the mammary gland. This gland is present in the

embryonal beginnings of both sexes; in new-born infants it is

confined to a few ducts in the neighbourhood of the nipple, which

may produce a transient secretion known as
"
witches' milk

'

(Hexenmilch).
A remarkable development of the mammary gland takes

place in female individuals at the period of puberty, though this

increase in size is largely the result of the deposition of fat. The

enlargement during puberty of the mammae of boys is probably
entirely due to fatty deposition ;

and gynaecomastia that is,

abnormal development of the mammae in males is probably due,
in many instances, to testicular hypoplasia, or to atrophy of the

testicles as the result of pathological processes. Males which
show abnormal development of the adipose tissue at certain points
of predilection, are to be regarded as eunuchs or semi-eunuchs. An
extremely instructive instance of such pseudo-gynaecomastia is

described by Foges.
As far as the female mammary gland is concerned, there is

no doubt that its development at the period of puberty is

influenced by the genital gland. It has been proved experiment-
ally that the mammary gland does not develop in animals which
have been castrated in early youth ;

while normal development
takes place after ovarian transplantation. That the influential

factor is supplied by the ovaries and not, as the simultaneous
uterine atrophy suggests, by the uterus, has been proved by
experiment (Foges).

The periodical swelling of the mammas observed in many
women during menstruation, and the occurrence of similar

phenomena in animals during the rutting period, are undoubtedly
attributable to the internal secretory activity of the ovaries.

The most important changes in the mammae are those which
take place during pregnancy. At the commencement of this

state, what must be regarded as a true hypertrophy takes place,
which continues until parturition.

There was at one time an all-prevailing view that the mam-
mary hypertrophy of pregnancy was the result of communication,
effected by way of the nervous system, between the mammary
planet and the pregnant uterus

;
this theory has, however, long



THE GENERATIVE GLANDS 373

been disproved. An experiment by Goltz and Ewald is interesting
in this connection. These authors found that, after extirpation of

the entire lumbo-sacral portion of the spinal cord of a bitch, the

mammas underwent normal enlargement during pregnancy, and
that lactation after parturition was also normal. Ribbert trans-

planted the mammary gland of a guinea-pig into the neighbour-
hood of the ear, and found that it hypertrophied during pregnancy
and secreted milk after parturition.

There is, then, no doubt that the growth of the mammary
glands during pregnancy is the result of a chemically active

stimulant. The next step is to discover the source of origin of

this hormone. Pregnancy is associated with changes in the

ovary (formation of the corpus luteum verum) and in the uterus

(development of the muscles and mucosa) ;
the foetus, moreover,

develops; and from the combined maternal and foetal tissue the

placenta, an organ by which the foetus obtains nourishment, is

formed. The active hormone may be the product of any one of

these four factors. Consideration of the clinical material which
the subject offers led Halban to the conclusion that neither the

ovary nor the uterus is the source of the hormone. In the first

place, castration early in pregnancy does not prevent the hyper-
trophy of the mamma?, and castrated women are able to suckle

their children
;
in the second place, the development of the mam-

mary glands is constant in extra-uterine pregnancy, in which the

uterine hypertrophy is slight ;
and in the third place, after

extirpation of the uterus, secretion of milk takes place in the same

way as under normal conditions.

It would appear from this that the cause of the hyperplasia
must lie with the ovum, that is to say, with either the foetus or

the placenta. From the fact that pregnancy changes take place
in the mammas where the embryonic body is absent, as, for

instance, in molar pregnancy, Halban concludes that the stimulus

cannot be supplied by the foetus; by a process of exclusion he

thus arrives at the result that the source of origin of the hormone
is the placenta, especially the trophoblast and the chorion

epithelium. Similarly, he regards the growth of the mamma? in

the foetus at the eighth lunar month, as due to reaction on the

part of the fcetal tissue to the stimulatory action of the placental
substance.

According to Halban, then, the substances supplied by the

ovary and the placenta produce similar results, those produced by
the placental substance being, however, much more intense.

During pregnancy, when the ovary ceases to be active, its internal

secretory function is undertaken by the placenta, by which it is

very much intensified.

Starling and Lane Claypon endeavoured to discover the origin
of the hormone by experimental measures. They injected extract

of foetus, ovarv, and uterine mucous membrane under the skin
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of virgin rabbits, with the object of obtaining hypertrophy of

the mammary glands. In six cases they actually succeeded in

producing a certain degree of hyperplasia with foetal extract, but

the experiments with extracts of placenta, ovary, and uterine

mucous membrane were negative in result. In one case, the

injection of the watery extract of 160 foetuses was followed by the

formation of secreting acini at the periphery of the mammary
gland.

The conclusiveness of Starling's experiments is disputed by
Halban, who regards the number as insufficient to establish proof ;

he also points to the possibility that the changes in the mammary
gland observed after injection of foetal extract were in reality

symptoms of rut. This pronouncement of Halban 's induced me
to submit the question to further experimental test, the experi-
ments being undertaken with the aid of Dr. R. Konigstein.

While our experiments were still in progress a communication

of Foa's appeared, in which he confirmed the findings of Starling
and Claypon, and supplemented them with the statement that the

action of the hormone is not confined to the species from which it

is derived. Thirty-five injections of an extract obtained from

fresh foetuses from cows produced swelling of the mamma? in a

virgin rabbit, and on isolated occasions a secretion resembling
milk was observed.

Our experiments, which will be fully described in another

place, showed that neither the repeated intraperitoneal injection
of placental extract, nor the implantation of fresh placentas of

rabbits in the abdominal cavity, produced histological changes of

any kind in the mammary glands of virgin rabbits. There was,

however, a more or less marked development of the mammary
glands of all virgin animals treated by means of intraperitoneal

injection of embryonal extract or by the intraperitoneal implanta-
tion of one or more embryo rabbits. Numerous glandular ducts

appeared, frequently with well marked branches, or, at the least,

formation of buds
;
the lumen of the ducts became enlarged, con-

taining in some instances a cellular secretion ; the number of

epithelial layers usually increased; in nearly all cases there was

hyperaemia ;
acini formation was isolated onlyj the excretory

ducts were enlarged and much more fully developed. The

intensity of these changes was in direct ratio to the amount of

extract injected or of material implanted. The glandular hyper-

trophy was more marked in animals treated by means of injection
than in those in which embryos were implanted.

The results of these experiments seem to show that, contrary
to the view expressed by Halban, the foetus is the source of origin
of the hormone which stimulates the growth of the mammary
glands.

K. Basch has recently published a work which is chiefly
concerned with the experimental investigation of those cases
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among animals, in which hyperplasia of the lactic -glands persists
for a short time after parturition. Basch states that he was
unable to obtain hyperplasia of the mammary glands of virgin
animals by the implantation of placental tissue. But the

implantation of the ovaries from a pregnant bitch under the skin

of the back of a i-year-olcl nulliparous bitch, was followed, fourteen

days later, by proliferation of the mammary gland of the latter
;

at the end of six weeks the enlargement was considerable ;
and

after eight weeks secretion of milk was induced by the injection
of placental extract. Microscopic examination revealed the per-
fect picture of a gland in full secretory activity, while at the same
time the uterus retained its virgin character and the ovaries were

very small. Basch concluded that the hyperplasia of the

mammary gland in pregnancy depends upon certain chemical

substances, which are developed in the ovary, and which prepare
the gland for prolonged functional activity.

It is difficult to reconcile this assumption of Basch's with the

observations of other authors, which show that the internal

secretory activity of the ovary is inhibited during pregnancy. It

is, moreover, inconsistent with the fact that the hypertrophy of

the mammary glands is sometimes unaffected by castration at an

early stage of pregnancy. That the enlargement of the mammae
at puberty and during menstruation is the result of ovarian

influence, is not to be denied; but the cause of the hypertrophy
of pregnancy must be sought, not in the ovary, but in the foetus

which develops from the fertilized ovum.
Before solving the further question, namely, as to why the

secretion of the hyperplastic gland does not commence until after

parturition, we must consider what happens upon suppression of

the ovum, that is, of both foetus and placenta. It has long been
known that after intra-uterine death of the ovum milk forms in

the mammary glands and the lacteal secretion begins. The same

thing happens if the foetus is removed by surgical methods during
the second half of pregnancy. Halban concluded from this that

the important factor lay, not in the death or removal of the foetus,

but in the removal of the placenta, and that it was the biological

suppression of the placenta which supplied the impulse to the

secretion of milk. He and others find confirmatory evidence of

this theory in the "witches' milk" of new-born infants, which

they regard as the expression of the puerperal involution of the

fcetal organs, which had previously reacted to the conditions of

pregnancy.
Basch found that, by the subcutaneous injection of placental

extract, he was able to produce secretion of milk, sometimes in

considerable quantities, in animals in which the enlargement of

the mammae had persisted after the termination of pregnancy ;
he

regards the results of these experiments as proof of the depen-
dence of the lactic secretion upon a substance found in the
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placenta. In so far as they illustrate the therapeutic uses of

placenta secretin, these experiments of Basch's are both important
and interesting, but they do not afford a satisfactory explanation
of the mechanism by which the impulse to secretion of

milk after parturition is supplied. If \ve assume that this

impulse is supplied by the placenta, we are faced with the

further problem, namely, that during the entire course of its

development in pregnancy, this organ fails to excite the secretion

of milk in the mammary glands; and that its activity in promoting
secretion is developed at the moment when its connection with

the uterine wall ceases. If the secretory hormone were elaborated

in the placenta, it w-ould be active during pregnancy. This

physiological inconsistence is not explained by the assumption

(Keiffer, Basch), that the amount of secretion supplied by the

placenta to the blood stream is very much increased during labour.

The secretion of the hyperplastic mammas is not difficult of

explanation, if viewed in the light of the theory laid down in

Part I. of this book. The growth of the gland is the expression of

an assimilatory increase of material with simultaneous inhibition

of disassimilatory decomposition. The growing gland produces
no secretion, or very little (colostrum). With the suppression of

the assimilatory hormone supplied by the foetus, that is to say,
at birth or by termination of the pregnancy during the second

half, disassimilatory decomposition, as expressed by the secretion,

is enabled to proceed unchecked.
The mammary gland is an organ which is present in the

primitive genital trace of both sexes
; during intra-uterine existence

it undergoes a certain degree of development, and later assumes
the part of a secondary characteristic of the female sex, attaining
to further development under the influence of the ripening female

genital g-land. The function of the mammary gland, so intimately
associated with the process of reproduction, does not become

apparent until after the formation (of the fcetus from the fertilized

ovum, for the developing fcetus supplies a hormone which pro-
motes hyperplasia of the glandular elements, and it is the

suppression of this hormone which permits the onset of the

secretory function.

THE RESULTS OF CASTRATION.

The operative removal of the sexual glands is followed by a

group of symptoms which, both in man and animals, has formed
a subject of exhaustive investigation. The results of castration

differ to a certain extent according to the age at which the opera-
tion is carried out.

The castration of young males is one of the oldest forms of

operation, and one which is still in frequent practice in the East.
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The castration of domestic animals, such as stallions, bulls, rams,

cocks, &c., is also frequently performed, and at an early age.
The first result of prepuberal castration is the defective

development of the genital apparatus. Post-mortem examination
shows that the seminal vesicles and the prostate of eunuchs are

small and atrophied. The penis does not, as a rule, become

atrophied, and for this reason it is customary to amputate the

penis of eunuchs employed as harem guards. Atrophy of the

seminal vesicles and prostate is observed in castrated animals,

especially in rats which have been deprived of their genital glands
at the age of 4 to 6 weeks (Steinach).

That the removal of the testes not only produces inhibition of

prostatic development, but leads to involution of the fully-formed
organ, is shown by a large number of animal experiments as

well as by Athanasow's careful histological investigations.
These observations suggested castration as a therapeutic measure
in the treatment of hypertrophy of the prostate; the method was
first carried out, with good result, by Ramm of Christiania in

1893.
The results which have since been obtained justify us in

regarding castration as a rational method of treatment in prostatic

hypertrophy and one leading to complete or partial cure. It is

somewhat difficult, however, to find a satisfactory explanation of

these results.

The inhibition of development in the case of the growing
organ is readily explicable. The hormone supplied by the testis

is essential to the normal development of the seminal vesicle and
the prostate. Walker showed that prostatic atrophy may be pre-
vented in castrated dogs by the subcutaneous injection of testicular

extract. In the case of hypertrophy of the prostate, which usually
appears at a time when the external secretory activity of the testis

is reduced, we have to assume an increase in the testicular internal

secretion. Otherwise we are compelled to refer the results of

castration in this condition to the operation of other momenta.
The suppression of the external secretion of the testis might also

lead to the atrophy of disuse in the secondary genital organs. It

was this view which suggested the operative treatment of prostatic

hypertrophy by the removal of one testis, and by the ligature or

resection of the vas deferens. Both methods were found to be

unsatisfactory and have been abandoned.
The etiology of hypertrophy of the prostate is to-day much

less obscure than formerly, when the internal and external secre-

tions of the testicle were regarded as functions of the same tissue,

namely, the spermatogenetic elements. Now that we know that

Leydig's cells in the interstitial tissue of the testicle are the

probable seat of its internal secretory activity, it is a rational

supposition that senile hypertrophy of the prostate results from
the over-production of the hormone in combination with a reduced
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external secretion
;
and that for this reason the total suppression

of the testicles may lead to the involution of the enlarged prostate,
a result which is not obtainable by the suppression of the testicular

external secretion only.
The secondary male characteristics do not as a rule attain

complete development where castration is performed before the

age of puberty. Observation of man and of animals of widely
different species shows, beyond any manner of doubt, that castra-

tion does not impart characteristics peculiar to the opposite sex,
and that transformation into the heterosexual type is never

observed (Tandler and Gross).
All eunuchs show one male skeletal characteristic, namely,

the development of the margo supraciliaris. The pelvis, moreover,
is not female, but infantile in type. The hair on the body is

scanty and is absent from the neighbourhood of the anus, but is

present, though in small quantity only, at the pubes and the

axillae. The face is usually hairless, though well-developed beard
and moustache may be present, especially in old age.

The larynx of eunuchs is not of the female type, but resembles

the enlarged organ of a child
;
there is no prominentia laryngea,

and ossification has not taken place. For this reason the voice

retains its childish character and in no way resembles a woman's
voice

;
it is a childish soprano which, late in life, undergoes the

changes in timbre and tone characteristic of mutation. The

general increase in the fat-body, which is sometimes very striking,
is the only feature which may give to the eunuch a somewhat
feminine appearance. Moreover, the mental and psychic develop-
ment after castration in no wr

ay approaches that of the female,

though the quiet, phlegmatic temperament of castrated men and
animals is very characteristic.

The dependence of the secondary sex characteristics upon the

genital glands is well seen in the domestic fowl. The cock, the

male bird, is distinguished by well differentiated sexual signs,
and it has been customary from the earliest times to castrate the

cock in order, for domestic purposes, to produce the capon, in

which the male characteristics are merely rudimentary. That
there is a direct relationship between the genital gland and the

sex characters of the cock, is shown by Berthold's experiments,
but the incontestable proof of this w?as reserved for more recent

researches. It has further been shown by various authors

(Rieger, Sellheim, Foges) that the capons of commerce are not

physiological capons ;
that is to say, they are not eunuchs, but

animals produced by a combination of factors
; namely, attempted,

but rarely complete, castration
; simultaneous removal of the

primitive origin of the external sex characteristics; and forced

feeding.
It may be remarked in passing that Sellheim showed that

castration is never really carried out with hens, for the reason
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that complete extirpation of the ovary is impossible. Poulards

are not castrated birds, but hens which have been crammed before

arriving at sexual maturity, the oviduct being severed at the same

time, so that the eggs are deposited in the abdominal cavity.
The true capon type is characterized by shrivelling of the

comb, wattles and spurs ; poor development of the neck and tail

feathers; hoarse voice; and excessive deposit of fat. This type is

obtainable only by the complete castration of young cocks.

Whether castration is perfect or not is revealed only post mortem.

Where the extirpation of the testicles is incomplete, the secondary
characters of the cock are retained

;
in cases where these have

already attained a certain degree of development they will continue

to develop, provided that even a minimal amount of active testicu-

lar parenchyma is left in situ. Where, however, the amount of

tissue is less than minimal, the secondary characters will not

develop (Foges).

Transplantation of the entire testicle is invariably unsuccess-

ful in castrated animals, and this explains the negative results t)f

R. Wagner's experiments. According to Foges, it is possible
to get small portions of testicle to heal in so well, that months
later they contain living spermatozoa. Castrated cocks with

transplanted portions of active testicular tissue, do not acquire all

the characteristics of normal cocks, but they cease to be true

capons. The wattles and comb still retain their capon-like

character, but the plumage and the entire external appearance of

the bird, with the exception of the head, resembles that of the

true cock. Whether the incomplete character of the male stig-

mata is due to the small size of the implanted portions of testicular

tissue (Foges), or to absence of communication between them and
the vas deferens (Nussbaum), is at present unknown. The first

view finds support in the fact that A. Lowy observed a better

growth of the comb and wattles in capons fed with testicular

substance than in the control birds.

In the case of other animals (cattle, cervidas), the invariable

result of castration is insufficient development of the secondary
sex characters, never transformation into the heterosexual type.
A castrated cock never adopts the habit of a hen, a castrated

bull never resembles a cow, and in the same way castrated men
never resemble women.

When viewed in the light of the fact that cessation of the

function of the genital glands, whether physiological or patho-

logical, produces heterosexualism, the fact that castration never

produces the positive characteristics of the opposite sex but

results in a certain fixation of the infantile type, supplies a weighty
argument in favour of the hermaphroditic origin of the sexual

glands.
The information which we possess concerning the results of

castration before the age of puberty in women, is extremely
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scanty. Roberts's observations in India have little value in this

connection, for the operation in his cases consisted in mutilation

of the external genitals only. It is known from the results of

experiments with animals (Hegar, Kehrer), that if both ovaries

are removed from female animals which have not reached sexual

maturity, the development of the entire genital apparatus will be

retarded, the uterus and Fallopian tubes remaining rudimentary.

By transplanting the extirpated ovaries under the skin, Halban

effected perfect development of the sexual apparatus, thus proving
that the protective influence of the ovaries is effected, not by
means of trophic nerves, but by the agency of an internal 'Secre-

tion.

Castration is frequently performed on women who have

passed the age of puberty. It is common knowledge that this

operation is followed by regressive changes in the secondary

genitals, shrivelling and atrophy of the uterus and vagina being
invariable findings. This atrophy was formerly explained by the

suppression of a trophic nerve centre supposed to be present in

the ovary. But Knauer's experiments have shown that, if the

ovaries are removed from their place .and implanted in another

part of the body, atrophy of the uterus will not take place. Fur-

ther experiment (Ribbert, Grigorieff, Rubinstein, Herlitzka,

Marshall and Jolly, Carmichael and Marshall, Daels, &c.) next

showed that the presence of even a portion of one ovary in any
part of the body is sufficient to maintain the complete anatomical

integrity and functional activity of the genital organs. Preg-

nancy may even occur after intraperitoneal transplantation of the

ovaries, and this result is a measure of the success which may be

obtained by ovarian transplantation in women.
The implantation of ovaries from animals of another species

has been repeatedly performed with successful results (Schultz,

Katsch, Carmichael and Marshall, Bucura). These ovaries (for

instance, those of the guinea-pig in a castrated rabbit, Bucura)
not only heal in but remain functionally active, for their follicles

become mature and atrophy of the uterus does not take place.

The implantation of testes into a female animal succeeds to this

extent, that the spermatogenetic tissue elements of the implanted

organs remain intact and spermatozoa may even be produced, but

the presence of the male genital gland does not prevent uterine

atrophy. The implanted testicle does, however, exercise a certain

influence upon the metabolism of the castrated female, the increase

in the weight of the body being considerably less in these cases

than after simple castration.

The subcutaneous injection of ovarian extract, whether from

the same or another species, does not prevent uterine atrophy
after castration (Jentzner and Beuthner). Bucura found that the

injection of ovarin into castrated animals was followed, not only

by atrophy of the muscles of the uterus, but by an increased dis-
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appearance of the interfascicular connective tissue. The exhibition

of ovarin 'merely reduces, to a certain extent, the obesity \vhich

follows castration.

The influence which the ovary has upon the uterus is further

shown by the fact that, after cessation of ovarian activity,

menstruation ceases in women, and the analogous rutting sym-
ptoms in animals disappear.

That menstruation is dependent upon the ovary was first

suggested by Sintema in the iSth century, though upon no

positive grounds. It was Bischoff (1844) who first suggested,

upon histological grounds, that ovulation, that is the periodical

maturity and release of the ovum, was coincident with menstrua-

tion, and that the latter was an expression of ovulation. Pfliiger

(1865) explained this relationship as follows : Stimuli accumulate

in the maturing Graafian vesicle which, acting reflexly through
the nerves, bring about a superfluity of blood in the genital

organs ;
this causes the bursting of the follicle and release of the

ovum on the one hand, and on the other, the discharge of blood

from the uterus.

Strassmann succeeded in producing symptoms resembling rut

by increasing the blood-pressure in the ovaries of bitches, and
these results seemed to confirm Pfliiger's theory.

But isolated findings in both man and animals suggested the

possibility that the relationship between the ovary and the

phenomena of menstruation and of rut, was effected by a chemical

agent. Halban's experiments with apes proved that this assump-
tion was well founded. Female baboons (Cynocephalus) have a

menstruation similar to that of the human female. When the

ovaries of these animals were extirpated and implanted under the

cuticle of the abdomen, menstruation occurred in the same way
as under normal conditions; it ceased, however, as soon as the

implanted ovaries were removed. According to Marshall and

Jolly, the implantation in castrated bitches of ovaries in a state

either of, or preceding, rut, or the injection of the extract of such

ovaries, is followed by swelling of the vulva and other phenomena
of the rutting state.

It has frequently been found possible to maintain the process
of menstruation in women by the re-implantation or transplanta-
tion of the ovaries (Cramer, Pankow).

van cler Velde's statement that menstrual haemorrhage may
be procured at the physiological climacteric by means of ovarian

tabloids, must be accepted with a certain amount of reservation.

It is evident then, from what has gone before, that the hor-

mone which is formed in the genital glands and by them passed
on into the blood-stream, supplies stimuli which are necessary to

the normal development and subsequent anatomical integrity of

the genital organs, as well as to their physiological activity.
It is certain, however, that the influence of the genital glands



382 INTERNAL SECRETION

is not confined to the organs which are functionally related to

them
;
that this influence extends to other physiological activities

is shown by the following observations.

The menstrual flow is sometimes accompanied by certain

nervous phenomena known as the molimen menstruale, and by
regular fluctuations affecting different functions, such as tempera-
ture, pulse, blood-pressure, and muscular power. For this

reason it is customary to speak of
" undulations" in the female

vital processes. These menstrual waves are not dependent upon
the periodic loss of blood nor upon the activity of the uterus

during menstruation
;

for the phenomena persist for a varying
length of time after hysterectomy. In such cases, moreover,
molimen menstruale without menstruation is also sometimes
observed. But both menstruation and the menstrual wave dis-

appear after suppression of the ovarian function, as at the meno-

pause ;
after the operative removal of the ovaries

;
and as an after-

consequence of hysterectomy (Mandl and Burger).
It is a common clinical experience (Chrobak, Landau) that

the symptoms which follow cessation of the ovarian function, all

the derangements, in fact, by which the climacteric is accom-

panied, are favourably influenced by the exhibition of ovarian

extract. Bucura has recently recommended the milk of rutting
cows in the management of the physiological or artificial meno-

pause.

THE SEXUALLY UNDIFFERENTIATED ACTIVITY OF
THE HORMONE IN THE GENERATIVE GLANDS.

The influence of the internal secretion of the generative

glands is not confined to the development of the secondary somatic
sex characteristics, but has a far-reaching effect upon a large
number of organs and upon the general metabolism. The pro-
found influence which this hormone has upon the organism is

apparently independent of sex, and is thus not specific to the

male or the female genital gland.
Of paramount importance is the effect of the genital glands

upon the growth of the skeleton. That this is the case in man
(eunuchs, and young males with atrophied testicles) was known
to, and pointed out by, the older authors. Sellheim found that

the castration of cocks has a modifying effect upon the growth of

the bones. Changes take place in the skull, in the pelvis, and in

the bones of the extremities; and these consist in increased longi-
tudinal growth with retarded ossification of the epiphysal carti-

lages. Similar changes were afterwards observed by Sellheim in

castrated dogs, horses, and cattle; and his results are confirmed by
Poncet, Briau, Pirche, Mobius, and many others, whose observa-
tions extended to animals of other species. Poncet found that

the entire skeleton was more powerfully formed; that the skull,
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as in eunuchs, was dolichocephalic ;
and that the epiphysal carti-

lages persisted longer than in normal animals.

The experiments of Launois and Roy and those of Tandler
and Gross supply undoubted proof that in man, as in animals,
castration is followed by excessive longitudinal growth, a lack

of proportion between the length of the extremities and that of

the trunk, and persistence of the epiphysal synarthroses (as seen

in skiagrams) beyond the normal age.
Protracted epiphysal separation may result not only from

the operative removal of the generative glands, but also from

hypoplastic sub-development of them. The presence of this

symptom in combination with the persistence of other juvenile
traits, is described as immaturity of the organism or eunuchoidia

(Tandler and Gross). These cases do not altogether fall into the

group of pathological conditions classed as infantilism. For
infantilism is characterized by the small size of the skeleton and
its infantile proportions, namely, long trunk and short extremi-

ties. But hypoplasia of the genital glands is presumably accom-

panied by symptoms analogous to those of suppression ; namely,
abnormal longitudinal growth, especially in the legs, and con-
siderable increase in the fat-body. Thus the only true cases of

hypogenitalism would be those of infantile gigantism, already
described, which are characterized by abnormal growth of the

long bones, imperfect secondary sex characteristics, and deficient

mental development; and in \vhich the testicular atrophy and the

absence of any signs of pituitary disease justify the assumption of

primary hypogenitalism. Several authors (Alt, Schiiller) ascribe

mongolism to insufficiency of the genital glands. Moreover,
genital insufficiency may well play a part in the pathogenesis
of general hypoplasia (Bartel), for these cases are also charac-
terized by abnormal height, well developed fat-body, and
imperfect secondary sex stigmata.

That pregnancy is accompanied by reduced ovarian activity
is shown by the changes which take place in the skeleton. Young
women frequently grow in height during pregnancy (Halban),
and changes are known to take place in the pelvis in this con-
dition (Breuse and Kolisko).

According to Tandler, the age at which genital maturity takes

place has a paramount influence upon the growth of the skeleton.
The effect of late maturity, like that of genital hypoplasia, is to

increase the height, and especially the length of 'the legs; while

early maturity brings about premature closing of the epiphyses,
and is consequently associated with shortness of the legs. In

women, the upper part of the body is usually long in proportion
to the legs, and inhabitants of warm countries are generally small
of stature; these results are attributable to early sexual maturity.
Among animals, those which develop early are characterized by
the shortness of their extremities.
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In pubertas prascox, the acceleration of growth is accom-

panied by premature ossification and closing of the epiphysal

synarthroses (Neurath). In chlorosis, precocity is said to be

expressed by shortness of the legs and premature disappearance
of the epiphysal synarthroses (Tandler).

A certain amount of evidence is also forthcoming concerning
the effect upon growth of the administration of extracts of the

genital glands.

Lowy showed that the skeletal pecularities described by
Sellheim are not observed if young capons are given testicular

substance, and that a premature arrest of skeletal growth may be
obtained in young hens by feeding them with ovarian substance.

Dor and Maisonave, Parhon and Antoniu, and Monziols describe

inhibition of bony growth after the subcutaneous injection of

testicular extract.

These observations all prove that there is an intimate relation-

ship between the development of the skeleton and the internal

secretory activity of the genital glands. In order to arrive at a

fuller understanding of this relationship, it must be borne in

mind that the increased skeletal growth is a secondary result, due
to the imperfect ossification of the epiphysal synarthroses ;

this

fact suggests that the genital glands elaborate a hormone which
stimulates the processes of ossification.

The interrelationships which subsist between the genital

glands and those other internal secretory organs which are known
to influence the growth of the bones, are also very remarkable.

This nexus finds expression in the fact that castration is followed

by changes in the thyroid, thymus, and hypophysis ;
and that,

further, the removal of the latter organs produces alteration in

the structure of the genital glands.
In a eunuch dissected by Tandler and Gross, the thyroid

apparatus was found to be remarkably small (weight 13 grm. as

against 45.8 grm. in normal persons) while thymus-persistency,
so frequently observed in animals after castration (Calzolari,

Henderson, Noel Paton), was observed in this instance also. By
means of skiagrams of living scopts these authors further dis-

covered hypophysal enlargement, their results being confirmed

by the fact that in the eunuch which they dissected there was
increase in the length, breadth, and depth of the sella turcica.

That the removal of the genital glands is associated with an
increase in the size of the hypophysis was first shown in the case

of animals by Fichera (1906), who succeeded in rapidly reducing
this enlargement by the injection of testicular extract.

It is very difficult to estimate the extent to which the skeleton

is directly influenced by the genital glands, owing to the fact

that the thymus, thyroid, and hypophysis all affect the growth of

the bones, their combined influence being extremely complicated,
in part antagonistic, and in part co-operative.

The same applies to the influence of the genital glands upon
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certain other organic systems. It is only in isolated instances

that we are acquainted with the mechanism by which the sexual

glands produce changes in localities far removed from them.

Thus, we are justified in ascribing certain developmental changes
of pregnancy, which are reminiscent of acromegaly, to primary
hypogenitalism and secondary hyperpituitarism ;

while other

symptoms, we know, are due to secondary changes in the thyroid

apparatus.
Whether directly, or indirectly through the agency of other

hormone-producing organs, the genital glands exercise an influ-

ence upon the entire habit, as well as upon many of the functions,
of the animal organism. With the maturity of the genital organs
the juvenile habit makes its first appearance, and this is expressed

by a youthful freshness and vigour of the entire being, affecting
both the physical and mental capacities. The progressive physio-

logical diminution of the function of the genital glands is accom-

panied by senile changes in the cuticle and cuticular glands, in

the hair and teeth, and in the muscular and nervous systems.
Castration is followed by changes, even in young persons, which

largely resemble those of senile degeneration ;
and it is evident

from this that senility, whether physiological or premature, bears

a relationship to hypofunction of the genital glands. As we have
shown in a previous chapter, senile decay is associated with

regressive changes in other internal secretory organs, and especi-

ally in the thyroid. There is, however, no justification for

ascribing a preponderating influence to one or more internal

secretory organs in the causation of senile cachexia, seeing that

we have as yet no definite information concerning the sequence
of the different processes.

The effect which the genital glands have upon the general
metabolism is very marked. That castration leads to increased

deposition of fat is one of the oldest pieces of human knowledge,
and has been utilized since very early times in the fattening of

animals for market purposes. That the localization of the fatty

deposit is dependent upon the sexual differentiation of the develop-

ing genital glands, and that it represents in part a sexual charac-

teristic, is shown both at and after puberty.
The suppression of sexual activity, in women during preg-

nancy and at the menopause, and in men with advancing age, is

accompanied by increased deposition of fat, the localization of

which is peculiar and, to some extent, characteristic in both sexes.

Certain forms of obesity, such as are observed in early childhood
and in boys of feminine habit with shrivelled or cryptorchidic
testes, and which are frequently associated with imbecility, should

probably 'be regarded as the outcome of primary hypoplasia of

the genital glands. It is frequently, however, a matter of extreme

difficulty to distinguish between obesity of genital origin and
that provoked by changes in the hypophysis.

25
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Exceptional obesity of castrated males is not invariable in

man
;
and cases of abnormal leanness have been observed. Never-

theless, the obese type is very frequent among eunuchs and scopts,

the entire fat-body being markedly over-developed and, at certain

sites, such as the mamma?, the ventral region, the nates and the

hips, attaining colossal proportions. Conspicuous obesity is

observed in women both after castration and at the menopause,
the percentage of cases in both classes being 42 to 52 per cent.

With the object of determining the nature of this change in

the nutritional conditions, as well as of discovering the cause of

the abnormal deposition of fat which was presumably to be

sought in the changed manner of life, both physical and mental,

the alteration, in fact, of the entire temperament Lowy and
Richter estimated the total metabolism (i.e., consumption of

oxygen and excretion of carbonic acid) of castrated dogs of both

sexes. They found that, aTter castration, metabolism was reduced

in the proportion of 14 to 20 per cent, per kilo of body-weight,
and that this reduction was maintained for months or even years.

They found, moreover, that not only was there a fall in metabolism
in proportion to body-weight, but that there was a considerable

reduction in the total metabolism apart from body-weight, the

latter frequently attaining a higher figure as the result of increased

adiposity. The authors concluded from these results that the

reduction of metabolism after castration is due to a diminution of

the processes of oxidation
;

that the obesity is not necessarily

degenerative, but may be constitutional.

Pachtner (1906) confirmed the results of Lowy and Richter.

Liithje obtained different results from his experiments with a dog
and a bitch, but this is explained by the fact that obesity after

castration is by no means invariable, being present in only 50

per cent, of the cases under observation. L. Zuntz's statement

that, of four castrated women, only one showed reduced oxidation

during the resting stage, also offers no evidence against the theory
of Lowy and Richter, for Zuntz's subjects did not become obese.

This theory is very strongly supported, however, by the discovery
that it is possible to raise the depressed metabolism to as much as

30 to 50 per cent, above the normal by the exhibition, either sub-

cutaneously or by the mouth, of ovarian or testicular substance.
In normal, sexually mature animals, the exhibition of these sub-
stances is entirely negative. In the case of castrated animals,
both male and female, the ovarian substance was found to be the

more active, the effects of testicular substance being slight in

males and negative in females.

As far as the influence of the sexual glands upon the meta-
bolism of albumin is concerned, the experiments of Liithje,
Neumann, Vas, and others show that at no period of life does
castration lead to changes in Ihe metabolism of albumin

;
and

that the increased excretion of nitrogen observed by certain
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authors after the exhibition of ovarian substance is to be ascribed

to increased administration of food containing nitrogen.
These experiments prove, then, that the increase in the

general metabolism which follows the exhibition of ovarian or

testicular substances is entirely due to the decomposition of sub-

stances in the body which do not contain nitrogen.
In view of the relationship which has been assumed between

osteomalacia and the genital glands, a certain interest is attach-

ing to the influence which these organs exercise upon the

metabolism of calcium and of phosphoric acid. The results

which have been obtained up to the present are inconclusive.

Curatolo and Tarulli, Neumann and Vas report reduction in the

excretion of calcium and phosphorus after exhibition of ovarian

substance
;
while Falk and Schulz, as well as Llithje, were unable

to demonstrate any change in the metabolism of calcium, phos-

phoric acid, and magnesia.
Heymann's finding, that in ovariectomized rats there is a

marked progressive reduction in the total phosphoric acid con-

tents, especially of the bones, seems to contradict the well-known

fact that, in osteomalacia, castration inhibits the softening pro-
cesses in the substance of the bones, and thus brings about a cure.

The pathogenesis of osteomalacia, which is still very obscure,

requires a few \vords in passing. Fehling's theory that this

disease originates in pathological hyperfunction of the ovaries,

appeared to derive a certain support from the favourable effects

which were observed after castration. It is, however, rendered

practically untenable by the fact that the minutest histological

investigation has repeatedly failed to prove that osteomalacia is

accompanied by specific changes in the ovary, wrhether in the

follicular apparatus, the germinal epithelium, or the corpus
luteum. Wallart has recently observed peculiarly marked develop-
ment of the interstitial stroma cells in cases of osteomalacia in

both pregnant and non-pregnant individuals.

The discovery of the interrelationships which subsist between

the different internal secretory organs, especially between the

ovaries and the thyroid and suprarenal glands, suggested the

thyroid or suprarenal as the primary agent in the pathogenesis of

osteomalacia. The thyrogenic theory was first propounded by
Hoenicke (1904), and afterwards worked out by Parhon and
Goldstein. That this hypothesis rests upon very insufficient

foundation is shown by the fact that its authors have been unable

to decide whether osteomalacia is the manifestation of hyper- or

hypo-thyroidism.
Even more unsatisfactory is Bossi's theory, which explains

the pathogenesis of osteomalacia by an affection of the suprarenals.
That there is a relationship between the sexual glands and the

suprarenals, or rather the suprarenal cortex, is suggested by the

results of certain observations. There is no evidence to show
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that the suprarenal cortex has a direct influence upon the meta-

bolism of the bones. The results of my own experience lead me
very strongly to contest Bossi's statement that total or partial

epinephrectomy is followed in animals by changes in the skeleton

resembling osteomalacia in man. The sole evidence in favour of

Bossi's view is the fact, which he observed and others have since

confirmed, that the subcutaneous injection of adrenalin produces
favourable results in osteomalacia. It is a question, however,
and one which must for the present remain unanswered, whether
this result is due, less to the pathogenetic significance of the

suprarenal, than to the pharmacodynamic action of adrenalin.

In the present obscure state of our knowledge, we are hot

justified in regarding osteomalacia as the expression of the patho-

logical affection of a definite internal secretory organ or organs.
We can only assume that several of these organs are concerned
in the production of osteomalacia; that the principal role is

played by the ovary (perhaps, also, as Bucura suggests, the

parovarium) and, judging by the incidence among men, by the

testis.

The supposed relationship between the ovarian function and
chlorosis led to investigation of the effect of castration upon the

composition of the blood.

Pinzani found that after castration there was increase of the

haemoglobin and red corpuscles in the blood of bitches, while

Liithje was unable to observe any change in these elements.

Breuer and Seiler carried out very exact experiments with bitches

which had been castrated at the commencement of sexual matur-

ity ; they found that there was an invariable reduction in the

haemoglobin contents and in the number of erythrocytes, and that

this reduction disappeared again in the course of a few months.
Unlike the conditions which obtain in human chlorosis, it was
found that, in experiments with animals, the pigment contents

always diminished in direct proportion to the number of red

corpuscles.
From the earliest times, the ovaries have been credited with

a pathogenetic significance in chlorosis, and the condition has
been supposed to result from ovarian anomaly expressed by ner-

vous or humoral agency throughout the entire organism. Similar

views were held by the great physicians of antiquity, Hippocrates,
Galen, and Avicenna. The theory which prevails to-day is that

chlorosis is the manifestation of an alteration in the internal

secretory activity of the genital glands. The nature of this

alteration whether hyper- or hypo-function is, however, still

unknown. The premature disappearance of the epiphysal
synarthroses, as seen in skiagrams, is regarded as a sign of

genital precocity (Tandler). Of the later theories the most

interesting are those which attach a special significance to indi-

vidiual tissue elements of the ovary. According to Wallart, there
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is a connection between the internal secretion of the so-called

interstitial ovarian gland and the formation of the blood; while

Villemin regards chlorosis as a toxic condition, due to the presence
of the internal secretion of the corpus luteum, which has failed to

discharge itself with the menstrual flow. This theory is suggested

by the lipoid contents of the corpus luteum and the known

hasmolytic effect of the lipoid substances. There is yet another

hypothesis to which reference must be made in passing, that,

namely, of the polyglandular origin of chlorosis.

EXTRACT OF THE GENERATIVE GLANDS.

It was by means of the peculiar and characteristic activity of

testicular extract that Brown-Sequard obtained the first proof of

internal secretion, and it is proposed, for this reason, to enter

rather more minutely into the nature of the activity of the genital
substances.

Since that date, liquide testiculaire has found therapeutic

application in a large number of instances, but the scientific value

of these experiments is very small. The same may be said of

"spermin," first prepared by Poehl. The formula of this

substance is C5H 14N 2 ;
it is not identical with the base, the phos-

phates of which form perfect crystals, which Schreiner originally
discovered in seminal fluid, but which has since been demonstrated
in other organic fluids. According to advertisements, this

'

Sperminum Poehl" acts as a "physiological catalytic" and
ferment of intraorganic oxidation, and in this capacity is said to

improve the general condition and increase muscular energy and
cardiac activity, to promote appetite and sleep, and, above all,

to stimulate sexual activity. Up to the present, exact and care-

fully controlled experiments with this substance have not been
described. It has been largely employed by clinicians, but in

estimating the results which in certain instances have been

obtained, the suggestive influence of such measures is a factor to

be reckoned writh.

The influence of testicular extract upon muscular function

has been demonstrated by Zoth and Pregl, by means of con-
clusive experiments (1896). These authors systematically
excluded every possibility of error, including that of suggestion,
and they found that the subcutaneous injection of orchitic extract,

continued over a period of weeks, did not produce an increased

capacity for muscular energy ;
but that when combined with

muscular exercises, there was an increase of as much as 50 per
cent, in the muscular performance, as shown by the ergograph
and by dumb-bell experiments.

The other effects of the genital substances have been discussed
in a previous chapter, where it was showrn that the administration
of these substances usually abolishes symptoms of suppression,
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and that both metabolism and the functions of certain individual

organs may be intensified by this means.

According to the experiments of G. Loisel, extracts of the

ovaries and testicles of fishes, frogs, birds, and mammals, all

contain toxic substances and, when injected subcutaneously,
these extracts may provoke serious pathological symptoms or even

death (frogs, rabbits). Extracts of birds' eggs and, according to

Lambert, extract of the corpus luteum may produce toxic condi-

tions when injected under the skin of frogs.
The lesions produced in the Graafian follicles of normal

animals by the repeated subcutaneous injection of ovarian extract

obtained from animals of a different species, or even to a certain

extent of the same species, are also very remarkable. The
follicles may indeed be completely destroyed, while the rest of

the ovarian tissue remains unchanged (Bucura).
The effect described by certain authors which extracts of

the genital glands have upon the circulation of normal animals

can hardly be regarded as physiological. According to Baum,
spermin produces local vaso-dilation. According to Hallion,
extract of dried ovaries, when injected intravenously in quantities
of 5 mg. into dogs, produces a fall in arterial pressure with

reduction in the volume of the kidney and of the nasal mucosa
;

at the same time the thyroid gland undergoes a preliminary
diminution, followed by an enormous increase in volume, which
is said to result from active vaso-dilation. Hallion regards the

effect of ovarian extract in producing vaso-dilation writhin the

thyroid as specific. I have carried out very careful hasmo-

dynamic tests with ovarian extracts prepared in a variety of ways,
but, personally, I have never been able to confirm this finding.
The results which I obtained were never specific, but invariably

pointed to the presence in the extracts of substances which pro-
moted coagulation.

Serralach and Pares have made an interesting discovery,

namely, that the internal secretion of the testis plays a part in

the production of the genito-vesicular reflex. It is well known
that the ejaculation of semen is accompanied by the muscular

closing of the neck of the bladder, and by a relaxation of the

bladder walls, the capacity of the bladder being by this means

enlarged and the discharge of its contents at the same time

prevented. Serralach and Pares found that the intravenous

injection of a glycerine emulsion of testicular substance produces
the same changes in the bladder as the genito-vesicular reflex.

The chemical constitution of the genital hormone has received

as yet but little attention. A. Lowy's investigations are the first

in this field of inquiry. They show that the active substance of

the ovary must be an extremely labile body. The best effects are

obtained with the dry substance, even after ethereal extraction ;

glycerine extracts are also very active; extracts obtained with
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physiological saline solution are very much weaker
;
and after

precipitation with acids the effects are very uncertain. Alcohol
seems to destroy the active principle.

According to Dixon (1901) the active constituents of testicular

extract are nucleoprotein and certain toxic bases. Loisel arrived

at a similar conclusion, as the result of his experiments with the

ovaries and testes of animals of different species.

THE INTERNAL SECRETORY TISSUE ELEMENTS OF
THE GENERATIVE GLANDS.

Although the correlative chemical activity of the generative
glands has long been known, the question as to whether this

internal secretion is the property of histologically differentiated

portions of the organ and which tissue elements are the ones

concerned, is of very recent date. The problem first arose about
ten years ago, but has only latterly formed the subject of investi-

gation. It was very generally assumed, though upon no very
definite grounds, that the secretory elements of the sexual glands
performed a double function

;
that they elaborated the specific

external secretion, which was carried off by the excretory ducts;
and that they also produced specific substances, which were con-

veyed by the lymphatics or the vessels into the general circulation,
and which became active in distant parts of the organism. The
genital glands were regarded as typical instances of glands with
two surfaces, in which the epithelial cells elaborate both the

internal and external secretions. In 1906, Nussbaum adopted the

theory that the generative portion of the testis is the site of pro-
duction of the hormone. The coincidence of the development of

the rutting organs with the most rapid development of the sper-
matic cells, suggested that it was the secretion of the spermato-
gonia, namely, the spermatides, which at the rutting season sup-
plied the impulse to the development of the seminal vesicles and
other rutting organs.

It had long been known that, in addition to the seminiferous

tubules, the testis contained other morphological elements, but

owing to the nature of their genesis and structure, these were not

suspected of having an internal secretory function. It was not

until- after the most searching investigation in comparative
morphology, chiefly by Bouin and his co-workers, that the

biological differentiation of the elementary constituents of the

male sexual gland was recognized.
The situation in regard to the internal secretory element of

the ovary was more favourable. In this case also, it was at first

assumed that a double secretory function was performed by the

generative portion of the gland ; but the persistence of the

Graafian vesicle after the completion of ovulation suggested that

the internal secretorv function of this or^an was not simultaneous
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with, but subsequent to, its external secretory function. Prenant

(1898), and later Born and Fraenkel, recognized that both in

genesis and structure the corpus luteum, which persists after the

ejection of the ovum and is of epithelial origin, possesses the

characteristics of an internal secretory gland. Later on, another

ovarian tissue formation of connective tissue origin, which had

long been known to histologists, but was first minutely investi-

gated by Limon (1902), was recognized by Bouin as possessing
internal secretory functions.

In describing the secretory elements in detail, it is expedient
that the male and female glands should be treated separately.

Testis, The germinative portions of the testicle are the semi-

niferous tubules which, in addition to the spermatic cells (sperma-

togonia, spermatocytes, spermatides and sperma), also contain

the syncytium of Sertoli's cells. In addition to these, however,

the testis of all mammals contains peculiar elementary constituents

which are known as
"

interstitial
"

cells or
"
Leydig's between-

cells." These cells have formed the subject of repeated investi-

gation and it has been shown that they are characterized by

special genetic and structural features. They are of mesodermal

origin and appear in the primitive genital trace at a very early

phase of embryonal development, before the seminal cells have

assumed their cytological character. Enclosed in the cytoplasm
of Leydig's cells are granules which stain with osmium and

hsematoxylin-copper-lake (Regaud), acidophile and basophile

granules, pigment granules, and peculiar cell-crystals ;
and these

enclosures give them a structural resemblance to secreting gland-
cells. Leydig's cells are situated in the interstitial tissue be-

tween the seminiferous tubules
; they are sometimes few in num-

ber, but they may be present in extensive clusters, especially

where, owing to lack of development or atrophy of the semi-

niferous tubules, there is room for fission to take place.

These between-cells were universally regarded as trophic

tissue elements, whose function it was to take up nutrient material

from the blood-vessels, and pass it on to the Sertoli's cells. This

theory received fresh support from the discovery by Regaud
(1901) that a substance passes from Leydig's cells to Sertoli's

cells. Reinke, however, who had proved that the cell crystalloid

discovered by him in the human testis passes into the capillary

lymphatics, suggested as early as 1896 that Leydig's cells might
elaborate an internal secretion which plays an important part in

the production of sexual instinct. Regaud and Policard, Loisel,

Mosselmann and Rubay also ascribed the internal secretory
function of the testis to this tissue element, but Bouin and Ancel

were the first to describe this tissue as the
"
glande interstitiellc

du testicule." In a large number of publications (1903-1904),
these latter authors brought forward the proofs in support of their

hypothesis, that this interstitial gland performs all the functions
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with which the internal secretion of the testicle has up to now
been credited.

This ingenious theory was based, partly upon observations

of the cryptorchidic testis, and partly on the results of experiment.
In the greater number of instances (man, pig, horse, dog, ram)
of cryptorchidic testicle, there is not only malplacement, but also,

as histological investigation shows, complete absence of sperma-

togenesis ;
the cells of Sertoli in the seminiferous tubules are well

preserved and the cells of Leydig are more or less developed.
That animals with bilateral cryptorchidism are sterile has long
been known to breeders, but it is equally well known that such

animals possess normal, or even excessive, sexual instinct and
that all the male sex characteristics are well marked. The external

genitals and supplementary glands are fully developed. Where
the cryptorchidism is unilateral, the removal of the normal testicle

renders the animal sterile, but it retains its male appearance and
habit. The completely castrated stallion is, in Germany, called

"Walach," while the bilateral cryptorchis, or the unilateral

cryptorchis from which the normal testicle has been removed, is

called
"
Klopfhengst." Cryptorchidic individuals in man in-

variably show normal development of the external genitals and
male secondary stigmata.

Later histological investigation (Felizet and Branca, Cunneo
and Lecene, Nielsen, Tandler, &c.) confirms the finding that

cryptorchidism is invariably associated in both animals and man
with suppression of spermatogenesis, defective development of

the seminiferous tubules, and apparently normal development of

the cells of Leydig.
Similar changes are produced in the testicular tissue by

experimental ligature of the vas deferens. Spermatogenesis
ceases; the spermatocytes, and later the spermatogonia?,

degenerate and, at the end of a few months, they disappear. There
is at first no change in Sertoli 's cells of the seminiferous tubules,

and the cells of Leydig retain their morphological integrity. No
change is produced, however, in the manifestation of sexual

instinct, nor in the development of the secondary signs of sex.

Ligature of the vas deferens has frequently been performed by
veterinary surgeons in place of castration, but as the animals
retained the characteristics of the stallion, the results up to now
can hardly be regarded as satisfactory. Similar results have

occasionally been observed in cryptorchidic animals from which,
in place of the testicle, the enormously developed epididymis was
removed.

According to Shattock and Seligman, ligature of the vas

deferens of sheep and poultry does not prevent the development
of the secondarv sex characters.

Further evidence in support of Bouin's theory is supplied by
the results of clinical observation. Serious changes in the epidi-
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dymis (tumours, inflammation leading to atrophy of the vas

deferens) do not inhibit sexual instinct nor do they affect the

male secondary traits.

These observations prove that the internal secretory function

of the testis does not lie in the generative elements. The question
which now arises is, in which of the two remaining elements,

Sertoli's cells or the cells of Leydig, is this function lodged. In

the hope of solving this problem, Bouin and Ancel endeavoured

by experimental measures to separate the functions of these two

groups of cells. Their course of reasoning was as follow<s. The
testicle resembles the other paired glands in that the removal of

one gland provokes compensatory hypertrophy of the other unit

of the pair. This hypertrophy presumably affects both the in-

ternal and external secretory tissue equally. If, however, the vas

deferens of the testicle left in situ is ligatured, the semen-forming

parts will be entirely destroyed \vhile the hormone-forming tissue

of the second gland will remain uninjured; such being the case,

the compensatory hypertrophy will be expressed in those cells

only the function of which is increased. Experiments with rab-

bits showed that, about six months after operation (unilateral

castration, ligature of the vas deferens of the other side), the

testicle left in situ appeared to be very much smaller, the semi-

niferous tubules contained a few spermatogonia^, and Sertoli's

cells were unchanged; while the interstitial gland was enormously
developed and showed signs of secretory hyperactivity. At the

end of ten to twelve months the seminiferous tubules had become

very much shrivelled, Sertoli's cells were degenerated, and the

entire testis was almost exclusively composed of extremely hyper-

plastic cells of Leydig.
. Tournade showed further that, in the case of rats, long-

continued ligature of the vas deferens leads ultimately to degenera-
tive destruction of Sertoli's cells.

Similar results were observed in the case of pigs with uni-

lateral cryptorchidism, from which the second normal testicle had
been removed before the age of sexual maturity. There was

complete absence of spermatogenesis and, in many instances, the

cryptorchidic testicle showed more or less marked hypertrophy,
the weight sometimes reaching double the normal. This hyper-

trophy was due to development of Leydig's cells, while Sertoli's

cells in the seminiferous tubules were unchanged. In three

cryptorchidic pigs, Bouin and Ancel found that the testicles had

remained at a primitive stage of development, Sertoli's cells being
absent, but Leydig's cells well developed. These animals were

typically male in appearance and the genital tract \vas fully

developed.
It is evident, then, that the presence or absence of Sertoli's

cells does not affect the secondary sex characters, and that the

internal secretory function is the sole property of the interstitial
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gland. This gland not only exercises a protective influence, but

it determines the appearance of the somatic male characteristics.

The behaviour of Leydig's cells during the embryonal period

and at other stages of existence points to the same conclusions.

The first appearance of Leydig's cells in the embryo precedes the

sexual differentiation of the primordial genital cells. The struc-

ture of the former indicates an exceptional degree of activity

during embryonal life. Bouin and Ancel thought it possible that

it is these cells which, by means of their specific internal secretion,

determine the sex of the generative cells that it is their influence

upon the indifferent primitive genital trace which causes the latter

to take on the male aspect.
The sex of the somatic cells and, in consequence, the develop-

ment of the secondary genital organs and the further development
of all the male characteristics present at birth, are, then, de-

pendent upon the interstitial cells of Leydig. The normal

development of the secondary characteristics in the course of

post-uterine existence can only be ascribed to the function of this

tissue. From birth to about the beginning of puberty at a time,

that is to say, when somatic sexual divergence is least clearly

marked the' interstitial gland shows the minimum relative

development.
In quite young animals, ligature of the vas deferens does

not at first inhibit spermatogenesis (Griffiths), and the results of

the operation are first observed as secondary consequences at the

period of puberty, when formation of semen normally takes place.

Inhibition of development of the interstitial gland in early youth
leads to arrest of the development of the secondary sex charac-

teristics. In the course of their experiments with rabbits, Bouin

and Ancel observed certain animals which, after ligature of the

spermatic cord at the age of 7 to 8 weeks, developed the habit

and behaviour of castrated animals. Microscopic examination of

the testicle showed atrophy, not of the generative part only, but

also of the cells of Leydig. These cells were few in number, they

appeared reduced in size, and showed no cytological signs of

secretory activity; they contained a large quantity of pigment

granules. These investigators nre of the opinion that the differ-

ence in the condition of animals after ligature of the vas deferens

in early youth is dependent upon whether the excretory duct

only of the testicle is ligatured or whether the nerves which supply
the testicle are also included. Resection of the nerves contained

in the spermatic cord, without ligature of the vas deferens, may
lead to atrophy of the cells of Leydig. If the spermatic duct only
is ligatured, or if the resected nerve-fibres grow together again,

the lesion of the internal secretory tissue elements is either very

slight or is quite transitory. S. Vincent and Copeman also found

that complete suppression of both the internal and external secre-

tion of the testicle is only to be effected by the ligature of the
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entire spermatic cord
;
and that ligature of the vas deferens

destroys the generative portion of the gland only.
The changes of puberty are ushered in by an enormous de-

velopment of the cells of Leydig. In species with well-marked

rutting periods, this phenomenon invariably precedes sperma-
togenesis ;

it is very marked in the testicle of the mole (Tandler).

Histological investigation shows that, in the testes of old

animals and of senile man, there is distinct diminution in the

number and size, together with atrophy, of the cells of Leydig.
The latter is expressed by the remarkable profusion of pigment
in the cytoplasm and the absence of other enclosures.

The observations which have been made in connection with

cryptorchidism are to be regarded as direct proof that the incep-
tion and development of the secondary male characteristics are

exclusively controlled by the interstitial cells of Leydig.
In addition to these findings, which are common to the large

majority of cryptorchids, further evidence is supplied by those

rare instances in which cryptorchidism in man is associated with

feminine secondary characters. Histologically, these cases show

complete sclerosis of the testis, while at the same time the cells

of Leydig are reduced to a few scanty groups (Felizet and Branca).

According to Benin and Ancel, cryptorchidism is peculiarly in-

teresting in pigs, such animals showing considerable difference in

the secondary sex signs, in sexual instinct, and especially in the

development of the genital tract. These differences depend upon
variation in the weight of the testicles, which in its turn results

from the different degree of development of the interstitial gland.
The genital tract is well developed in proportion to the number
of cells of Leydig which are present in the testes. In regard to

genital organs, sexual instinct, and somatic characters, the

cryptorchidic pig stands midway between the normal and the

castrated animal. As a general rule there is insufficient develop-
ment of the cells of Leydig in the testes, and the place which the

animal occupies between the two extremes is determined by the

degree of this insufficiency.
Tandler and Gross (1908) made use of the elective properties

of the Ro'ntgen rays to demonstrate the independence of the

secondary characteristics of sex of the function of the generative

portion of the testicle.

Since Albers-Schonberg, in 1903, reported that the Rontgen
rays exercise a profoundly deleterious effect upon the male genital

glands, numerous communications upon this subject have made
their appearance ;

these were concerned, partly with the results of

experiments and partly with clinical material, but they all con-

firmed Albers-Schonberg's findings. Experimental work is

described by Selden, Buschke, Krause and Ziegler, Villemin,

Bergonnie and Tribondeau, Regaud and Dubreuil, Herxheimer
and Hoffmann. Clinical material is contributed by Philipp, and
bv Brown and Osgood.
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Upon all essential points these investigators are unanimous.
It is the specific cells of the testis, the spermatogoniai, which are

destroyed by the Rontgen rays; while Sertoli's cells, which take

no part in spermatogenesis, remain intact and the entire inter-

stitial tissue, with nerves and vessels, undergoes no change.
Tandler and Gross experimented with roebuck with perfectly

developed secondary sex characters and found that, after exposure
of the testicles to the Rontgen rays, the antlers remained perfect ;

while it is well known that castration results in the loss of these

male characters.

This elective destructive action of the Rontgen rays upon
the spermatic cells have recently been confirmed by Simmonds
by means of very careful experiments. He points out, however,
that even after prolonged exposure, isolated seminiferous tubules

remain intact. Of his conclusions the following deserve men-
tion :-

If the animal lives for a sufficient length of time after ex-

posure, regeneration of the seminiferous tubules will take place
and spermatogenesis may result. The destruction of the sper-
matic cells is almost invariably accompanied by proliferation of

the cells of Leydig, and this proliferation disappears after re-

generation of the spermatic cells.

Where the testicle had become withered by the action of the

Rontgen rays, the animals frequently became very obese later.

This obesity, like that which follows castration, must be regarded
as the outcome of the destruction of the genital glands.

From the results of his experiments, Simmonds concludes
that the maintenance of the sex characters, by means of an internal

secretion, is a function of both the spermatic cells and the cells

of Leydig ;
that under normal conditions the cells of Leydig are

few in number, but, after the destruction of the spermatic cells,

there is vicarious intervention on their part, in consequence of

which they undergo proliferation.
If we summarize all that is known concerning the internal

secretory tissue of the male genital gland, we are led to the in-

evitable conclusion that the hormone which gives to the organism
its male characteristics, is elaborated in the cells of Leydig in the

interstitial tissue. In spite of their mesodermal origin, these cells

are able actively to produce certain specific substances and to

transfer these substances to the blood-stream
;
such being the case

we are justified in describing them in their totality as an "
inter-

stitial gland."
It is highly probable that, by the agency of its secretory pro-

ducts, this gland is responsible for the development of the male
sexual gland from the indifferent genital trace. That it has a

determining influence upon the normal development and maturity
of the generative portion of the sexual gland, upon the formation
of the secondary genital organs, and upon the existence and
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persistence of those morphological and biological characters which
are the property of the male sex, is undoubted.

The part played by Leydig's cells in the general effects

produced by the genital hormone is still very obscure.

Castration leads to changes in the growth of the bones
;
to modi-

fications in the structure of certain internal secretory organs, as,

for instance, the hypophysis ;
and to profound metabolic altera-

tions which are, to a certain point, independent of sex and may
be reduced by the exhibition of homosexual or even heterosexual

genital gland extract. Up to the present, there is no evidence

to show that the hormone which produces these results is

elaborated in the cells of Leydig. In Simmond's experiments,
the animals frequently put on fat after exposure of their testicles

to the Rontgen rays, but there is no evidence to show that the

changes in the metabolism of fat are not due solely to the destruc-

tion of the generative parts. Further investigation is required,

especially of those effects produced by the genital gland which
are independent of sexuality, before the significance of the in-

dividual tissues of the testicle can be understood. It appears by
no means improbable that several hormones of different origin
are supplied by the testicle to the blood-stream.

Very little is known concerning pathological changes in the

cells of Leydig. According to Ancel and Bouin, this tissue

hypertrophies in acute disease, in prolonged cachexia it atrophies.
These investigators found that, in experimental intoxication or

infection, the cells of Leydig wrere hypertrophied at the commence-
ment of the condition, while in the final stages and in very severe

illness they were atrophied. They regard the hypertrophy of the

interstitial gland as a protective measure on the part of the

organism. This finding is confirmed by Voinov, but he regards
the increase in the number of Leydig's cells as a protective re-

action on the part of the genital glancl. It seems probable, from
the observations wh:<:h have been made up to the present, that

the multiplication of Leydig's cells is in some manner dependent
upon the behaviour of the semiferous tubules. Hyperplasia and

hypertrophy of Leydig's cells are accompaniments of both im-

perfect development and secondary atrophy of the seminiferous

tubules (Diirck). Hansemann believed that the cells of Leydig
are concerned in the production of testicular tumour.

Ovary. In discussing the internal secretion of the ovary it

is necessary to consider this function in its relationship to three

different tissues : (i) the Graafian follicles; (2) the corpus luteum
;

and (3) those peculiar stroma cells which Bouin described col-

lectively as the glande interstitieHc de I'ovaire.

Of these tissues, the two first have long been known, and

investigation has revealed the nature of their interrelationship with

one another. The third has recently become the subject of con-

siderable attention. The epithelioid cells in the interstitial tissue
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of the ovary have, it is true, been minutely described and variously
named (granule ceils, migratory cells, plasma cells, medullary

cells), but the functions accredited to them have been purely local

and trophic in character. They were believed to he the renegera-
tive matrix of the ovarian parenchyma, or of the nutritional cells of

the membrana granulosa and of the ovum (Plato). Regaud and

Policard were the first to suggest that these cells might be secre-

tory glandular cells.

Bouin adopted the view that this cell-complex represented an

internal secretory gland, and his foundation for this belief is given
in a comprehensive work by Bouin's pupil, Limon (1902).

According to Limon, the interstitial tissue of the ovary is com-

posed of epithelioid cells, the protoplasm of which is filled with

granules resembling fat, which stain black with osmium, but

afterwards dissolve in Canada balsam. These cells are differently

placed in different animals
; they are sometimes arranged in com-

pact masses and cords, sometimes they are scattered without any
apparent arrangement. In the rabbit, the field-mouse, and the

guinea-pig, they are clustered together to form lobes which occupy
the major portion of the organ ;

in certain other species they are

merely rudimentary. Concerning their genesis, Limon ascer-

tained that these cells are derived from the cells of the theca

interna folliculi, and are therefore of connective tissue origin.
The metamorphosis of the theca interna into interstitial tissue

accompanies the degeneration of the membrana granulosa and
of the ovum. When the ovum becomes destroyed, the cavity in

the vesicle becomes filled with young connective tissue and

shrivels; scarcely anything remains of the epithelium of the

membrana granulosa, and the ovum is recognizable only as a

small, shrivelled, hyaline lump in a mesh of the network of con-

nective tissue. At this stage, the metamorphosed vesicle re-

sembles a small corpus luteum, the structure of the cells of the

theca interna having a resemblance to those of the corpus luteum.

These metamorphosed vesicles may be termed spurious corpora
lutea, or, better, atretic vesicles, and, in their totality, they repre-
sent the interstitial ovarian gland.

The findings of Limon and Bouin, and the conclusions at

which these authors arrived, are confirmed by Cohn (1903), who

investigated the interstitial ovarian tissue of rabbits. From the

results of researches which he carried out (1905), Frankel came
to the conclusion that in many species, especially rodents, the

interstitial ovarian tissue is very perfectly developed, while in the

adult human female there are no traces of it; for this reason he

is unable to assign a physiological significance to this tissue.

Wallart and Seitz, on the other hand, observed changes in the

ovaries of pregnant women, such being enlargement, in many
follicles, of the theca interna cells and the presence of fat and
lutein in the protoplasm of these cells. These authors concluded
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that structures genetically and morphologically analogous to the

interstitial gland of animals are present in man. Seitz does not,

however, believe that these cells possess an internal secretion.

In later investigations, conducted with the utmost care, Wal-
lart found that more or less well-developed interstitial tissue was

invariably present in the human ovary when growing vesicles

were also present. Similar cells are observed in new-born infants,
but there are no fatty enclosures in the protoplasm of the elements
of the theca interna. These fatty enclosures are invariably present
in older individuals, except such as have died from serious ex-

hausting diseases. The interstitial tissue continues to increase up
to puberty and even until the end of the second decade, but its

development is most marked and the cell agglomerations are

thickest during the period between infancy and puberty. At a

later stage, the development of this tissue is less marked than that

of the other parts of the ovary. The interstitial gland attains its

highest development during pregnancy. In many cases of patho-

logical pregnancy (hydatid mole, chorionic epithelioma), the

maximal development is attained. During menstruation an en-

largement of the gland takes place which is reminiscent of the

conditions during pregnancy. At the climacteric, the gland ceases

to develop, and remnants only are found in the ovaries, though
these persist for some time. According to Wallart, the situation

which is most favourable to the conversion of the theca interna

into the interstitial gland, is the portion of the ovary immediately
below the cortex, and it is here that the atretic follicles chiefly

undergo development.
Frankel was the first to assume a functional interrelationship

between the interstitial tissue and the corpus luteum
;
he suggested

that the function of the corpus luteum might, under certain con-

ditions, be replaced by that of the tissue which is formed from
the atretic follicles. This assumption rests upon the presence of

a cell form, the lutein cell, which is apparently identical in both

tissues
;
the theory is negatived, however, by the histogenetic

differentiation between the corpus luteum and the interstitial

gland a point upon which Seitz laid special emphasis.
Seitz gave expression to his view in a new and eminently

appropriate form of nomenclature. He calls the lutein cells of

the interstitial tissue, which are formed from the theca interna,

theca lutein cells, in contradistinction to the granulosa lutein cells

of the corpus luteum, which, according to Sobotta's exact in-

vestigations with mice, are formed from the hypertrophic follicular

epithelium.
From the results of very careful observation of human ovaries,

Cohn recently settled the vexed question of the origin of the lutein

cells. According to Cohn, the development of the corpus luteum
and that of the atretic follicles are two essentially different pro-
cesses. Histogenetically, the lutein cell is not homogeneous.
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Lutein cells may be derived from epithelium and from connective

tissue. The lutein cells of the corpus luteum are derived from
the epithelium of the membrana granulosa. The connective tissue

framework of the corpus luteum is formed, by means of invasion

by connective tissue buds, from the theca interna. There is,

however, no fundamental difference between the formation of

the corpus luteum of pregnancy and that of the corpus luteum of

menstruation. The compact corpus albicans is probably a pro-
duct of the involution of the corpus luteum.

Atresia of the follicles is accompanied, both during and after

degeneration of the ovum and the epithelium, by proliferation of

the theca interna, which leads to the formation of a theca-lutein

layer. This layer is observed during pregnancy and in patho-

logical hypersemia of the genitals; it is also observed under
normal conditions. The atretic follicle is entirely a connective-

tissue structure.

Involution of the atretic follicle is accompanied by the de-

velopment of the theca-lutein cells into stroma cells, though in

some species this transformation is accomplished very gradually.
In such animals, the interstitial ovarian tissue is composed of

theca-lutein cells which have not, as yet, undergone degeneration.
The theca-lutein cell formation of the atretic follicles corresponds
in man to the interstitial ovarian tissue of certain animals.

These investigations supply a complete morphological pic-
ture of the tissues of which the ovary is composed. We know
that, in addition to the Graafian follicles, the ovary contains two
other tissues, both of which, from the nature of their structure,

might possess an internal secretory function, but which in their

origin differ fundamentally from one another. These are : The

corpus luteum, which is derived from the epithelium ;
and the

interstitial stroma cells, which have a connective-tissue origin.
That the interstitial stroma cells possess a secretory function is

suggested by the presence of fat granules and other secretory en-

closures, as well as by a certain resemblance, commented upon
by many (Mulon, Wallart), to the cells of the suprarenal cortex.

Both tissues are present in a varying stage of development
in all mammals. The knowledge of this fact is of vital import-
ance to a right understanding of the ovarian secretory functions.

And of equal significance is a second fact, namely, that there are

no justifiable grounds for the distinction which has hitherto been
drawn between the true corpus luteum of pregnancy and the

'so-called spurious corpus luteum of menstruation. As Ravano
also points out, there is no difference whatever either in form and
contents or in genesis, between the two structures; both are true

corpora lutea, whether the ovum which proceeds from them is

fertilized or not.

In the face of these facts, it is not possible to concur in the

theory which Bouin and Ancel have recently advanced (1909).

26
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These authors assume that the mammalia are divisible into two

groups, those in which ovulation is spontaneous, and those in

which it is provoked by sexual advances. The first group in-

cludes man, the dog, horse, pig, cow and certain other species;

females of this class possess, in addition to the corpus luteum

graviditatis, a second corpus luteum, which develops periodically,

is homologous to the interstitial gland, and fulfils the function

of the latter. The second group, which is represented by the

rabbit, guinea-pig, mouse and cat, is furnished with an enor-

mously developed interstitial tissue and with a corpus luteum

graviditatis, but possesses no periodic corpus luteum.

It is evident from the facts which have been advanced, that

there is no justification, either for such a classification of mam-
mals, or for any homology of the corpus luteum menstruationis

with the interstitial tissue. The corpus luteum is a homogeneous
structure, which proceeds from the epithelial portion of the

Graafian vesicle
;
while the interstitial gland is another and dif-

ferent ovarian tissue element derived from the atretic follicles and
of connective-tissue origin, the elements of which have a structural

resemblance to true lutein cells and possess, moreover, a secretory
function.

In what does the function of these two tissues consist? It

is not possible, at present, to arrive at a satisfactory answer to

this question. We shall have occasion later to describe the

hypotheses which have been advanced concerning the functions of

the corpus luteum. In so far as the interstitial ovarian gland
is concerned, it is probable that this tissue, like Leydig's cells in

the testis, is the site at which the specific hormone is produced,

by which the correlative activity of the entire ovary is effected.

The material at our disposal is, however, insufficient to support
such a hypothesis, and the results of investigation are, moreover,

largely contradictory.
The interstitial gland attains very marked development, not

only before puberty and menstruation that is to say, at the period
of increased ovarian function but also during pregnancy (under

physiological and, to an even greater extent, under pathological

conditions) when, for many reasons, we are led to assume a

reduction of internal secretory function on the part of the ovaries.

It is during pregnancy that extensive cystic degeneration of the

follicles and formation of theca-lutein cells takes place (O. Fell-

ner, Cohn). On the other hand, Wallart recently observed cases

of osteomalacia unaccompanied by pregnancy, in which there was
marked development of the interstitial gland.

If the functional activity of the interstitial gland is estimated

in accordance with the degree of its anatomical development, it

appears probable that this tissue is active at puberty, during
menstruation, and in pregnancy ; up to the present, however, no
evidence is forthcoming to show the manner in which this internal

secretory activity affects the organism.
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That the secondary female sex characters, especially those

of the genital tract, are dependent upon the interstitial cells of

the ovary in the same way as the secondary male stigmata are

dependent upon those of the testis, is, at present, not proved. It

has been shown that uterine atrophy after castration may be

inhibited by the agency of the Graafian follicles alone, without

the co-operation of the corpus luteum or the stroma cells (Bucura).
But apart from this finding, Bouin, Ancel, and Villemin dis-

covered that exposure to the X-rays has an entirely different effect

upon the ovary to that which it produces on the testicle. The

X-rays also exercise an elective destructive action upon the ovary,
the specific tissue affected being the Graafian follicles. There is

a reduction in the volume of the ovary, and a diminution of the

follicles and corpus luteum
;
the interstitial tissue, on the other

hand, not only remains intact, but it hypertrophies. The uterus

becomes atrophied in the same way as after castration. In the

case of the testicle, as we have already shown, the fact that the

interstitial tissue remains intact guarantees the integrity of the

genital tract and of the secondary characters.

From the knowledge which we at present possess, it appears

probable that the interstitial ovarian gland exercises a local

influence upon the physiological processes in the female genital

apparatus itself, and especially upon menstruation. The older

theory of an intimate connection between ovulation and menstrua-

tion is no longer tenable (Leopold and Ravano) ; moreover, the

careful investigations of Hitschmann and Adler have shown that

menstruation essentially consists, not in a haemorrhage, but in a

cyclic metamorphosis of the uterine mucosa. Hence we are

forced to assume a continuous production of the hormone by
which these changes are effected, the source of which can

only lie either in the Graafian follicle itself or in the interstitial

tissue. But the Graafian follicles are already present in the

immature ovary, and for that reason they can hardly be credited

with the same significance in this connection as the interstitial

gland, which attains its full development at puberty, shows signs
of a cyclic increase of function corresponding \vith menstruation,
and which, at the climacteric, undergoes involution.

The morphological and functional resemblance between the

premenstrual uterine mucosa and the decidua, suggests that the

menstrual alteration of the mucosa is in the nature of a prepara-
tion, that it prepares the ground for the nidation of the fertilized

ovum. It is interesting to note that, according to Keller's

investigations, rut in bitches corresponds with human menstrua-
tion in that it is accompanied by changes in the uterine mucosa
similar to those of the premenstrual period, though, in the case

of the animal, haemorrhage is absent or very slight. Thus, rut

is also a preparation of the uterine mucosa for the reception of the

fertilized ovum.
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If the interstitial tissue elaborates the hormone which brings
about the uterine changes of menstruation and of rut, it is obvious
that this tissue plays a part, first in the nidation, and later in the

development, of the fertilized ovum. The assumption of a hyper-
function in this direction goes a long way towards explaining the

remarkable hypertrophy of the interstitial gland during preg-

nancy.
The further assumption of an antagonism betwreen the inter-

stitial cells and the other internal secretory tissues of the ovary
in other words, if we assume that the anatomical hypertrophy of

the former takes place at the expense of the latter, the hyper-
secretion of the interstitial gland being associated with hypo-
secretion of the rest of the ovarian tissue accounts for the signs
of inhibition of the activity of the ovarian hormone which are

observed in other organs during menstruation and pregnancy.
The stroma cell-complex affects the cyclic processes in the genitals

only, while hormones with other functions are elaborated in the

other ovarian tissues. This theory is quite as plausible as the

one which has gained credence up to now
; namely, that the

phenomena of menstruation, nidation, and development of the

fertilized ovum are all promoted by the agency of one tissue-

formation, the corpus luteum, which at the same time exercises

an inhibitory effect upon other correlative activities.

This brings us to a consideration of what is known as the

corpus luteum hypothesis.
Prenant (1898) was the first to regard the corpus luteum,

from the morphological peculiarities of its cellular elements, as
a ductless gland, whose peculiar function it is to guard against
the interruption of pregnancy, by preventing ovulation during
this condition as well as during the intervals between the rutting
seasons.

Gustav Born, the Breslau embryologist, suggested to L.
Frankel that, from the nature of its structure and developmental
processes, the corpus luteum verum graviditatis is an internal

secretory gland whose function it is to establish the ovum in the
uterus and promote its development.

L. Frankel undertook to supply the experimental evidence

necessary to the support of this theory. His experiments were
conducted with rabbits, the conditions governing their ovulation,

impregnation, and nidation being very well known. Rabbits
become pregnant every month, and immediately after littering

they become pregnant again. If fertilization fails to take place,
the rut occurs again at the end of about thirty-five days. The
mature Graafian follicles burst soon after littering, when the
animal immediately becomes ruttish and impregnation takes place.
This act is fruitful; three hours later the" spermatozoa have
reached the ovary, seventy hours later the fertilized ova have
passed down the Fallopian tubes into the uterus; upon the fourth
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to the seventh day, the blastula are formed in the uterus, and

upon the seventh day they become intimately connected with the

uterine mucosa.
Frankel discovered that pregnancy is prevented by bilateral

castration carried out between the first and sixth days, but that

the presence of one ovary is sufficient to ensure the development
of the ova. Destruction by galvano-cautery of all the corpora
lutea produced the same effect as bilateral castration, while

cauterization of other parts of the ovary had no influence whatever

upon pregnancy. It is evident then, that suppression of the

corpora lutea prevents the occurrence of pregnancy. But the

function of the corpora lutea is also to secure the development
of the already established ovum, for both bilateral castration and
the cauterization of all corpora lutea between the eighth and
twentieth days, are followed by involution of the embedded ova.

Further experiments showed that one corpus luteum is able to

perform the function of at least two or three; and further that

this trophic function is conveyed to the uterus by way of the

blood stream, in other words, through the agency of the internal

secretion of the corpus luteum. Frankel finds support for his

hypothesis in the hydatid moles and abortions which are by no
means infrequent accompaniments of ovarian tumour, and in the

corpus luteum cysts sometimes observed in tubular pregnancy.
In a further development of this hypothesis, Frankel adopted

the view that the corpus luteum menstruationis, which is formed
in women in every fourth week and in animals at varying inter-

vals, also possesses an internal secretion, and that it is the

function of this secretion in man to supply a nutritional impulse
of a cyclic nature to the uterus, and that this impulse prevents
the uterus from reverting to the infantile, or anticipating the senile,

stage. The mucous membranes are made ready for the reception
of the fertilized ovum

;
if fertilization does not take place the

hyperasmia leads to the phenomena of menstruation and the

corpus luteum undergoes involution. As evidence of the part

played by the corpus luteum in the production of menstruation,
Frankel cites the fact that, in operative surgery, cauterization of

the recent corpus luteum prevents the occurrence of the next

menstrual period in six cases out of seven.

According to Frankel, the corpus luteum is an ovarian gland
which undergoes periodic regeneration, and which, from the time

of puberty until the menopause, regulates the nutrition of the

uterus.

The practical outcome of Frankel 's theory was the therapeutic

employment of lutein tabloids, prepared by him from the corpus
luteum of the cow, in the treatment of the clinical symptoms result-

ing from ovarian insufficiency. Frankel obtained better results

by this method than by the exhibition of ovarian tabloids.

The corpus luteum hypothesis, as propounded by Born and
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Frankel, supplied the incentive to extensive experimental and

morphological investigation, which produced no actual confirma-

tion of the theory, taut which supplied valuable information con-

cerning the sites of origin of the ovarian hormones.

The point in regard to which the least confirmatory evidence

is forthcoming, is Frankel's theory that the originating cause of

menstruation is to be sought in the corpus luteum. A small

number of findings have been described (Magnus, Lindenthal)
which seem to point to such origin; but the value of Frankel's

cautery experiments is disputed by the majority of authors, who

bring forward the well-known fact that, for no assignable reason,

menstruation frequently fails to appear at an expected date. The

hypothesis assumes that the bursting of the Graafian follicle takes

place ten to fourteen days before the commencement of menstrua-

tion, that corpus luteum being at the same time formed, the

secretory activity of which produces the menstrual period follow-

ing. Confirmation of this assumption was obtained in several

instances by Ancel and Villemin, \\lio found that, in ovaries

removed from women ten to twelve days before the date of the

next menstrual period, the Graafian vesicles were burst and quite
recent corpora lutea were present. This finding is less significant
than it appears, however, when we consider that the menstrual

swelling of the uterine mucous membrane takes place concurrently
with the ripening of the ovum in the Graafian follicle; that it cer-

tainly begins before the bursting of the follicle (Ahlfeld),and that it

cannot, for this reason, be due to the agency of the corpus luteum.

In one operation Mandl actually observed an ovary containing a

mature, but intact, Graafian follicle, together with a uterus in

which the mucosa had undergone premenstrual changes. The

experiments of Hitschmann and Adler, to which reference has

already been made, next proved conclusively that the haemorrhage
is the least important of the menstrual phenomena ; that it is, as

a matter of fact, merely an accompanying symptom of the cyclic

changes in the mucosa
;
and that it is these which constitute the

essential feature of the menstrual process. It is hardly possible
that a stimulus of short duration, such as that provided by the

bursting of the Graafian vesicle, can be the forts et ori^o of the

entire cyclic process, nor can the haemorrhage itself be directly
due to that cause ; but the two processes, ovulation as well as

haemorrhage, must be regarded as the co-ordinated results of an
increased determination of blood to the q-enital organs.

The prevailing views upon the relationship between menstru-
ation and ovulation are in need of considerable revision in the

light of Leopold and Ravano's investigations. The material at

the disposal of these authors was very large, and the conclusions
at which they arrived are as follows :

Menstruation, that is, the periodic emission of blood by the

uterine mucous membranes, depends upon the presence of the
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ovaries and the development of the uterine mucosa, and not

solely upon the bursting of a Graafian vesicle. In the greater
number of instances there is, both before and during the bursting
of the vesicle, a determination of blood to the ovary. This is, in

all probability, the reason why ovulation and menstruation are

frequently coincident. Ovulation may take place in accordance
with a specific periodic cyclic process, or its occurrence may be

irregular; as a general rule, however, its periodicity coincides with
that of menstruation.

In more than a third of instances, ovulation and menstruation
are not simultaneous. Ovulation may take place at any time,
and is not necessarily accompanied by uterine bleeding. This
fact makes it appear extremely probable that conception also can
occur at any time.

Menstruation may take place without ovulation. At the

period when the ovaries undergo senile involution, they sometimes
contain normal Graafian follicles and corpora lutea, which seems
to show that the process of ovulation may outlast that of menstrua-
tion.

It is evident from the above statements that Frankel's theory
of the dependence of menstruation upon ovulation and upon the

internal secretory function of the corpus luteum, is untenable.
As Rcgaud and Dubreuil have shown, rut in rabbits has no
connection with the corpus luteum.

Frankel's further assumption that the corpus luteum regulates
the nutrition of the uterus from puberty to the menopause, is

also unfounded. This theory is based upon experiments in which
the destruction of the corpora lutea of rabbits was followed by
permanent nutritional disturbances of the uterus, similar to those
which follow bilateral castration. The results of exposure of the

ovaries to the action of the X-rays atrophy of the genitals,

accompanied by diminution in the size of the ovaries and dis-

appearance of the corpora lutea or Graafian follicles, with

persistence of the interstitial cells have alreadv been described,
and these are advanced bv Bouin, Ancel, and Villemin as further
evidence in favour of the internal secretory function of the corpora
lutea. Vet the results of both sets of experiments really only
prove the functional importance of the corpora lutea and the
Graafian follicles in the maintenance of the anatomical integrity
of the genital tract. Both tissues are destroyed by the action of

the X-rays, and the possibility of damage to the Graafian follicles

by cauterization of the corpora lutea cannot be excluded. Bucura's

experiments, however, resulted in negative findings with regard
to the corpora lutea. These experiments proved that atrophy
after castration may be prevented by the transplantation of the

ovary from an animal of another species, provided that the ovary
contains developing Graafian follicles, the presence of an intact

corpus luteum being alone insufficient to affect the result. That
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the Graafian follicles are the sole agents in the prevention of the

uterine atrophy, is proved in the most conclusive manner by a

case of Bucura's, in which a remnant of the ovary was left in

situ after castration, and in which atrophy of the uterus did not

take place. Examination of sections in unbroken series showed
that this remnant consisted solely of maturing Graafian follicles,

neither stroma cells nor any traces of corpus luteum being present.
Bern's original hypothesis, that the function of the corpus

luteum is to provide for the nidation in the uterus and subsequent
development of the fertilized ovum, finds considerable support in

the results of morphological investigation as well as in Frankel's

experiments. If the ovum, after its emergence from the Graafian

vesicle, becomes fertilized, lutein cells are formed from the

epithelial cells of the membrana granulosa, probably in the same

way as at the menstrual period ;
but the corpus luteum of preg-

nancy persists and, in accordance with both its genesis and
structure, may be regarded as a secreting gland. What is the
nature of its function ? The similarity of structure and develop-
ment which subsists between the menstrual and the gestative

corpora lutea, inevitably suggests that the latter carries out, only
in a more intense degree, the function inaugurated by the former-
If the corpus luteum menstruationis prepares the uterine mucosa
for the reception of the ovum, the corpus luteum graviditatis is-

responsible for the nidation of the fertilized ovum and for its

further development. But, seeing that we are unable to attribute

the responsibility for the menstrual changes in the mucosa to the

corpus luteum menstruationis, the premises for the conclusion that

the corpus luteum graviditatis also possesses a preparatory
function cease to exist. On the other hand, Frankel's experi-
ments undoubtedly appear to bear this interpretation. These
experiments show that in the rabbit, suppression of the corpora
lutea in the first week after fertilization prevents the occurrence
of pregnancy, and that suppression between the eighth and
twentieth days terminates it. With regard to the latter point,,

however, Kleinhans and Schenk found by very careful experiments
that the removal of the corpora lutea after nidation does not

necessarily terminate a pregnancy of more than nine days' dura-
tion, and it seems evident from this that the corpus luteum has-

no significance in the after-development of the ovum.
The function of the corpus luteum could only be to safeguard

the nidation of the ovum. But even this manifestation of activity
seems improbable in the light of an experiment carried out by
Mandl. The left ovary of a pregnant rabbit was removed and
implanted between the fascia and the abdominal wall. After

littering, pregnancy again took place, and two days later the
second ovary was removed. The pregnancy ran a normal course,
in

spite
of the fact that a corpus luteum graviditatis could not

possibly have been present in the transplanted ovary, and post-
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mortem examination subsequently showed that there was no
"
spurious

"
corpus luteum. It is very evident from this experi-

ment that the corpus luteum is not indispensable to either the

nidation of the ovum or to its after development. Frankel

explains the results of this experiment by assuming that, in this

instance, the function of the corpus luteum was vicariously under-
taken by an atretic follicle, but this assumption is a complete
departure from his own theory. For, as we know, the atretic

follicle is entirely a connective tissue structure and the theca-lutein

cells, formed in the course of its involution, compose the inter-

stitial ovarian tissue. This proves the importance of the inter-

stitial gland in the nidation of the ovum, while at the same time
it reduces the function of the corpus luteum to a probable partici-

pation in this process.

Having disposed of Born and Frankel's hypothesis, we return

to the view, first expressed by Prenant and since confirmed by
others (Sandes, Srobansky), that the internal secretory function

of the corpus luteum persistens consists in the inhibition of

ovarian activity and, more especially, in the prevention of ovula-

tion during pregnancy.
It is common knowledge that, as a general rule, neither

ovulation nor menstruation take place in pregnant women. In

the cow, persistence and hypertrophy of one corpus luteum are by
no means infrequent findings, and in such cases there is no
recurrence of rut at the usual intervals of twenty-one days ; if the

hypertrophied corpus luteum is removed by surgical means, how-
ever, the signs of rut will appear a few days later. In the case

of the mouse, the corpus luteum persists after littering, sometimes
until after the second or even third pregnancy (Sandes, after

Mandl).
Ravano shows that the current notion that, in women, the

corpus luteum graviditatis persists during the entire period of

pregnancy, is mistaken
;

it may even completely disappear,

though the occurrence is rare. In about 5 per cent, of cases,

complete ovulation takes place during pregnancy, while a ten-

dency to ovulation is shown by the large majority of pregnant
women.

The material we at present possess supplies no decisive

evidence as to the part played by the corpus luteum in the

inhibition of ovulation and the other ovarian functions during
pregnancy. As we have previously shown, these processes may
result, with equal probability, from hyperfunction of the inter-

stitial cells and reduction of activity on the part of the other tissues,

particularly of the Graafian follicles. The atresia, which extends

during pregnancy to numerous follicles, consumes the material
for the maturing of the ovum.

It is evident from the above that the third and most con-
siderable tissue constituent of the ovary, the Graafian follicles,
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may possess important secretory functions. With the exception
of the cyclic symptoms in the genital iract, and certain processes
which take place during pregnancy which are referable to the

activity of the hormone of the interstitial gland, the Graatian

follicles are probably responsible for all the chemical correlation-

ships which are ascribed to the ovary as a whole. There is proof
that the maintenance of one important sex characteristic, the

female genital tract, is dependent upon these follicles. The

question as to which tissue is the primary origin of this, as of the

other, female .secondary characters, has scarcely as yet come under
discussion.

That the tissue which performs the function of external

secretion is also the site of production of the ovarian non-sexual

hormone, which exercises an alterative influence upon a large
number of tissues and functions, is suggested by analogy with

the male sexual gland.
In conclusion, reference must be made to Bucura's assump-

tion of an internal secretory function on the part of the parovarium
or epoophoron (remains of the Wolffian body), and his experi-
mental attempts to prove such secretion. Bucura's investigations
confirm the reports of earlier authors, that the epoophoron is an

organ which continues to develop after birth, that it attains the

summit of its development at puberty, that it apparently hyper-
trophies during pregnancy, atrophies with old age, and, from
the nature of its structure, may possess an internal secretory
function. He found that the uterus reacts differently to ovarian

extirpation if the parovarium is removed with it, and that both
these results differ from that which fellow's the customary method
of extirpating the uterine appendages. The difference in the

appearance of the uterus is due to the manner in which the con-

nective tissue is affected. Owing, however, to the extreme

scarcity of experimental material, it is impossible at present t<>

arrive at any definite conclusion concerning the function of this

appendage of the female genital gland.

INTERNAL SECRETION OF OTHER PARTS OF THE
GENITAL APPARATUS.

Prostate. It is \\ell known that the prostate is a glandular
organ possessing an external secretion which promotes the activity
of the soermatozoa, partly by a specific stimulatory influence,
and partly by diluting and increasing the fluidity of the testicular

secretion (Fiirbringer, Exner, Steinach). From the results of

experiments and from clinical observation, Serralach and Pares

(1907) assumed an internal secretion on the part of the prostate.

They found that after removal of the prostate of dogs, there was
cessation of ejaculation of semen and suppression of the secretion
of the preputial glands, temporary cessation of spermatogenesis
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and atrophy of the testes. The administration of glycerine
extract of prostate subdued these symptoms or prevented their

occurrence.

The conclusiveness of Serralach and Pares' experiments is

questioned by |. P. Haberern on the justifiable grounds that

prostatectomy, as carried out by them, was not complete. As I

know from my own experiments, total extirpation of the prostate
of dogs is attended by considerable technical difficulties, and I

am prepared to support Haberern in his view, that the internal

secretion of the prostate can be proved only by extirpation experi-
ments which are free from objection, reinforced by the results of

the transplantation of the organ. The implantation site most
suited to the prostate is the bone tissue. Primary atrophy of the

prostate in man may cause aspermatism.

Glycerine or watery extracts of the prostate of bulls (Thaon,
Posner, and Kohn) and of dogs (Biedl) are extremely toxic. The
intravenous injection of a few cubic centimetres produces a marked
rise in arterial tension, followed by an equally marked fall ; there

is arrest of the heart's action and asphyxia. These symptoms are

most probably due to intravascular coagulation.
l

rterus. The difference in the symptoms of suppression
which follow extirpation of the uterus, extirpation of the ovaries,

and extirpation of both uterus and ovaries, led O. O. Fellner

(1908) to assume that the uterus possesses an internal secretion.

the action of which is both toxic and vaso-contrictor, and which
starts the menstrual wave. Fellner supposes that there is an

antagonism between the internal secretory activity of the uterus

and that of the ovary, the function of the ovarian secretion being
to neutralize the toxic product of the uterus. There is no experi-
mental foundation for this hypothesis. As far as is at present
known, extract of uterine tissue is physiologically inactive. As
Fellner himself pointed out, the toxic effect which is obviously
produced by the intravenous injection of homologous uterine

extract, is probably the result of intravascular coagulation,

brought about by the comparatively large amount of thrombo-
kinase present in the uterine mucosa. In the course of my own
experiments, I have been unable to confirm an effect of ovarian
extract which is described by certain French authors (Hallion,

Delille), namely, that it produces hypotension and has an elective

vaso-dilator effect upon the vessels in the thvroid gland. The
production of such a result by the intravenous injection of ovarian
extract could hardly be regarded, moreover, as proof of an intern il

secretory function on the part cf the ovaries, for, as we have

frequently pointed out, depressants are present in many tissue

extracts.

Placenta. The internal secretion of this organ plays an

important part in the modern theory of eclampsia. We will

confine ourselves to a few brief comments upon the subject.
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Schmorl's anatomical finding of emboli composed of placenta
cells in the lungs and other organs in eclampsia, paved the way
for Veit's syncytiolysin theory (1905). Syncytiolysin is

supposed to be an antibody, formed in the maternal

organism in consequence of the passage of albumin from

the syncytial villous coating. If the formation of this

antibody does not take place, or is insufficient to

combat the flooding of the organism with placental albumin,
the latter acts as a toxin and produces the toxic condition known
as eclampsia. Ascoli, on the contrary, regards the syncytiolysin
as the toxic substance, while, according to Weichardt, the

eclampsia toxin is a form of endotoxin which is liberated from
the placenta cells by syncytiolysin.

The premises for these different and entirely contradictory

hypotheses^ are provided by experiments which show that extracts

obtained by various means from placental tissue, have a toxic

effect
;
that after intraperitoneal injection they produce albumin-

uria and other derangements ;
and that after intravenous injection

they may cause death. A more careful investigation showed,

however, that the results are due in part to the action of albumin
obtained from animals of a different species (Lichtenstein), and
in part to intravascular coagulation (Dryfuss, Martin, Freund,

Mathes) caused by the presence of thrombokinase in the placenta.

Liepmann found that the normal human placenta is prac-

tically non-toxic to rabbits, while the eclampsic placenta is

extremely toxic, but Dryfuss was unable to confirm these results.

He, like Hofbauer, Dienst, and others, holds the view that

ferments, in certain cases in increased quantities, pass from the

placenta into the maternal blood-stream ; that these break up the

leucocytes and bring about increased formation of fibrin-ferments

and fibrinogen ;
and in consequence of this thromboses and

degenerative processes occur in the liver and kidneys.

According to Massini, under normal conditions the placental
toxin is neutralized in the thyroid gland, and eclampsia takes

place only where there is thyroid insufficiency. According to

Vassale, eclampsia is a motor neurosis due to decreased function

of the parathyroid glands; he recommends the administration of

parathyroidin, and describes favourable results.

THE INTERNAL SECRETION OF THE
PANCREAS.

In the year 1889, v. Mering and Minkowski discovered that

extirpation of the pancreas of dogs is followed, not only by
digestive disturbances due to the absence from the intestine of
the pancreatic secretion, but by the continued presence of sugar
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in the urine and by all those further symptoms (polyuria, poly-

phagia, emaciation ending in death) which we are accustomed to

associate with pronounced diabetes mellitus. An intimate rela-

tionship between diabetes and pancreatic disease had already been

suspected by several clinicians, who, upon anatomical grounds,
ascribed a pathogenetic significance to the pancreas in that

condition. Their hypothesis was now supplied with an experi-
mental foundation, while at the same time a new and previously
unknown function of the pancreas was brought to light.

A similar discovery to that of v. Mering and Minkowski was

made, at about the same time and quite independently, by de

Domenicis, though he failed to recognize the significance ol his

findings. The results have since been confirmed by means of

many hundreds of experiments, undertaken by numerous authors

(Lepine, Hedon, Gley, Thiroloix, Caparelli, Harley, Schabad,

Cavazzani, Sandmeyer, Selig, Rumboldt among others).

That glycosuria is a constant finding after extirpation of the

pancreas was disputed by isolated authors, but these exceptional
cases are fully explained by the, at first sight, remarkable fact,

that characteristic sequelae are observed only after complete, or

almost complete, extirpation of the organ. If one-third to one-

fifth of any part of the gland is left in situ, glycosuria will not

appear. If the remnant becomes destroyed by secondary pro-

cesses, or is removed by surgical means, serious diabetic sym-
ptoms will make their appearance. These observations pointed to

the fact that the cause of the metabolic derangement could not lie

in the digestive disturbances arising from the absence of the

pancreatic juice ; they showed, moreover, the relative unimpor-
tance of the changes brought about by operative intervention, in

the conditions governing the blood supply and the innervation

of the organ. Minkowski, followed by E. Hedon, whose work,

however, was quite independent, next showed by a well planned
series of experiments, that neither lesion of the vessels nor of the

nerves, nor suppression of the external secretion of the organ, is

the causative factor in the production of pancreatic diabetes. The
method employed was to remove that portion of the pancreas of

the dog which is situated in the mesentery of the duodenum, and
which Pfliiger named processus uncinatus, and to implant it,

together with its vascular peduncle, under the skin of the

abdomen. If this transplanted portion is sufficiently vascularized

and nourished, the rest of the pancreas may be removed by a

second operation without producing diabetes. But if, by a third,

very slight extraperitoneal operation, the transplanted portion of

the pancreas is also removed, serious diabetes will follow, and
death will ensue.

As the result of these experiments, pancreatic diabetes became
the subject of eager experimental investigation. Total extirpation
of the pancreas was next carried out with animals of different
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species. Minkowski observed diabetes not only in the dog, but

in the cat and the pig, and Hedon observed the condition in apes.
Destruction of the pancreas is followed in rabbits by slight
diabetes expressed by alimentary glycosuria. In carnivorous

birds, removal of the pancreas is followed by slight diabetes

(Weintraud) ;
while the herbivorous varieties show marked hyper-

glycaemia and reduction in the glycogen contents of the liver, but

no glycosuria (Kausch). Aldehoff found that, of cold-blooded

animals, the frog and the tortoise show glycosuria after pancreas-

ectomy. Markuse and Pfliiger also investigated the conditions in

frogs, and found that, if the liver is removed with the pancreas,

glycosuria does not appear. With regard to fish, in t\vo cases

out of eleven, Caparelli observed slight glycosuria in eels after

pancreatic extirpation, while Diamare observed constant hyper-
glycaemia and glycosuria in Torpedo marm orala.

The dog has formed the subject of the vast majority of

pancreatic experiments, and it was with this animal that an exact

experimental analysis in diabetes was first obtained.

Total extirpation of the pancreas of dogs is followed by sugar
in the urine in the course of a few hours or, at the most, a few

days. If, during the following days, the animals are fed, the

amount of sugar increases progressively, and, at the end of three

to five days, reaches the maximum of 8 to 12 per cent. If the

animals are kept fasting, the urine will contain sugar, but in

smaller quantities. Taking into consideration the fact that, in

addition to glycosuria, there is a very high degree of polyuria,
the absolute amount of sugar excreted is considerable. Dogs
weighing 10 to 15 kilos, and fed on a mixed diet containing
a large proportion of carbohydrates, excrete i to ij litres of urine

containing 8 to 10 per cent, sugar in twenty-four hours that is,

about 1 20 to 150 grms. in the twenty-four hours. The other

diabetic symptoms evidenced by these animals are polyphagia
and polydypsia ;

in face of the large amount of food taken, the

progressive emaciation is very remarkable. This is first shown
by a rapid decrease in the adipose tissue, but the fleshy parts also

soon show a marked falling away; and three to four weeks after

operation the animals are reduced to skeletons and perish of

extreme inanition. The emaciation, however, is attributable only
in part to the digestive derangements which accompany the sup-
pression of the external pancreatic secretion. The glycosuria
persists until the end, the sugar disappearing from the urine on
the day preceding death. In addition to sugar, the urine contains

acetone, aceto-acetic, diacetic, and /3-oxybutyric acid.

The duration of life depends, in the first place, upon the

operative technique; in the second, upon whether the removal of

the organ is effected without infective complications, especially,
as so frequently happens, duodenal necrosis with subsequent
peritonitis and perforation. It must also be borne in mind that,
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owing to the long time which it takes to heal, the surgical wound
in experimental diabetes constitutes a certain danger to life. In

the absence of all by-factors, however, the metabolic disturbances

lead to death in three, or at most four, weeks after operation.
Should the animal live for a longer period, it is safe to assume
that extirpation was not complete, and that minute portions of

the pancreas were left in situ.

The autopsy shows that, with the exception of emaciation,
there are no noticeable changes in the organs. Fatty degenera-
tion is sometimes present in the liver and kidneys, dilatation and

hypertrophic changes are observed in the gastro-intestinal canal,

and, according to Boccardi, there are changes in the central

nervous system.
Partial Extirpation of the Pancreas. If a portion only of

the pancreas is removed, a quarter or one-fifth of any part of the

organ being left in situ, glycosuria will not take place. An even

larger proportion of the pancreas may be removed and, provided
that the remaining portion is sufficiently well nourished and

vascularized, the glycosuria will be transient only. Whether the

remaining portion is left in situ, or is transplanted externally of

the abdominal cavity, is a matter of indifference. The trans-

plantation of the processus uncinatus with its vascular peduncle
to a position under the abdominal cuticle, prevents glycosuria.
Resection of the peduncle did not, in Hedon's experiments, pro-
voke glycosuria ;

but Lombroso has recently shown that the

subsequent ligature of the peduncle produced slight transient

glycosuria. In one instance, where the implanted portion of

pancreas was efficiently vascularized by a large cuticular artery,
the removal of this portion eight days after implantation led to

serious diabetes, which terminated fatally.

Extirpation is sometimes partial as the result of accident,
small portions of pancreatic tissue being unintentionally left in

situ. Such conditions produce
"

slight
"

diabetes, sugar appear-

ing in the urine only after administration of the carbohydrates,
and disappearing again with a flesh diet. Tn many instances,
this remaining portion undergoes progressive degenerative
atrophy, in consequence of which the diabetes passes from the

slight into the severe form (Sandmeyer's diabetes).

METABOLISM IN PANCREATIC DIABETES.

The derangements of metabolism which follow extirpation
of the pancreas are expressed by the glycosuria and the hyper-

glycasmia of which it is the immediate outcome
; by the disappear-

ance of the glycogen reserve
; by the peculiar behaviour of the

organism with regard to the different carbohydrates; by the

increased formation of acetone bodies, due to the absence of the

carbohydrates ; by the over-charging of the blood with acids
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(acidosis), with its attendant danger, coma diabeticum
;
and by

changes in oxidation and general metabolism, as well as by the

secondary effects which these produce upon the nutritional con-

ditions (polyphagia and emaciation).

Glycosuria. The characteristic symptom, which appears
-earliest after pancreasectomy and is most readily demonstrable,
is the presence of grape-sugar (dextrose) in the urine. The
amount and the intensity of the glycosuria is subject to immense

variation, partly the result of external factors, such as muscular

exertion, surrounding temperature, &c., chief among which is

the amount and nature of the diet. Assuming these factors to be

-equal, however, the condition falls into two distinct types con-

nected by transition stages, and these types correspond in all

essential particulars to the
"

slight
" and "

severe
"

clinical forms
of diabetes. The essential differences which Seegen pointed out

between the two clinical conditions are not observed in experi-
mental pancreatic diabetes. The differentiation is merely quan-
titative and depends upon the degree of pancreatic inadequacy.

The extirpation of relatively large portions of the pancreas

produces slight glycosuria; extirpation of the entire organ is

followed by severe glycosuria. If the portions left in situ

undergo secondary atrophy, the slight condition may pass into

the serious stage (Sandmeyer). Slight diabetes is characterized

clinically by the fact that sugar appears in the urine only after

a diet containing carbohydrates, and disappears rapidly if the

carbohydrates are excluded from the diet. In the severe form,

sugar is always present in the urine and, though the quantity
is diminished by fasting or by an exclusively meat diet, the

sugar never entirely disappears. As Minkowski showed, when
the metabolic derangement, after total extirpation of the pancreas,
has reached its height, the glycosuria has a certain definite in-

tensity, which may be estimated by the proportion between the

sugar and the nitrogen in the urine, and which, after fasting
or a diet free from carbohydrates, is expressed by the quotient
D:N=2.8:i. It has been shown by numerous subsequent ex-

periments that Minkowski's quotient of 2.8 varies but slightly in

diabetes produced by total extirpation of the pancreas of dogs ;

and that within the limits of this quotient, sugar is formed from
albumen. As we showed in a previous chapter, the previous or

simultaneous ex'tirpation of the thyroid of dogs without pancreas
raises the quotient D :N to 3.5, or even higher (Eppinger, Falta

and Rudinger).
Alimentation increases the absolute amount of sugar excreted.

Feeding with albumen is followed by a fluctuation of the sugar
contents in proportion to the amount of nitrogen present in the

urine (Minkowski, Berger, Lehmann, Bendix). The administra-

tion of fats does not, as a rule, increase the glycosuria, though
Falta, Eppinger and Rudinger observed a transitory, but very
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marked, rise in the quotient D :N in dogs without pancreas after

feeding them with fats, and this result was intensified by the

injection of adrenalin.

With regard to the different carbohydrates contained in the

nutriment, Minkowski discovered that by far the greater number
(starch, grape-sugar, milk-sugar, cane-sugar) are excreted,
almost without residue, in the form of glucose. Levulose is the

only carbohydrate of which a large proportion is used up in the

organism. After the administration of levulose, a considerable

deposition of glycogen takes place in the liver and in the muscles.

These findings of Minkowski's were confirmed by Sand-

meyer and, more recently, by Pfliiger. According to Eppinger
and Falta, the pathological decomposition of albumin observed
in dogs without pancreas is reduced practically to the normal by
the administration of levulose; and it seems evident from this

that a portion of the levulose is really consumed.
Of the other factors which contribute to the intensity of the

glycosuria, the most important is the surrounding temperature.

According to Liithje, the quotient D:N is very high when the

surrounding temperature is low, and very low when the surround-

ing temperature is high. Minkowski and Allard, Falta, Mohr
were unable to confirm this relationship between the amount of

the glycosuria and the surrounding temperature.
The intensity of the glycosuria is influenced, moreover, by

the temperature of the body. The increased combustion and the

increased decomposition of albumin by which a heightened tem-

perature, especially fever temperature, is accompanied, may pro-
duce an intensified glycosuria. But, as a general rule, the be-

ginning of infective peritonitis and general sepsis in animals
after operation, is accompanied by a marked diminution or even

complete disappearance of the glycosuria. If experimental toxic

nephritis is induced (with cantharidin or chromic salts) in dogs
without pancreas, the condition wr

ill be accompanied by a con-

siderable decrease in the amount of sugar excreted in the urine

(Biedl). It is known that in spite of the fact that consider-

able hyperglycasmia is present, dogs with pancreatic diabetes

cease at the preterminal stage to excrete sugar (F'alta, Grote and

Stahelin). Similar findings in the clinical condition (reduction
in the sugar excretion with hyperglycaemia, in nephritis with

fever) are explained by v. Noorden as the result of the increased

impermeability of the renal filter to sugar; and this assumption
is accepted by L. Pollak in explanation of the reduction in the

glycosuria after repeated injection of adrenalin.

The effect which muscular exertion has upon the sugar
excretion in animals with pancreatic diabetes is at present insuffi-

ciently investigated. Heinsheimer observed that glycosuria sub-

maximal, it is true was favourably influenced by extreme mus-
cular exertion ; while Falta, Eppinger and Rudinger's dogs,

27
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which were totally devoid of pancreas, showed rapid decline both

of the temperature and of the N. and D. excretion after an hour
in the treadmill, and a few hours later they died.

Hyperglyccemia. The immediate cause of glycosuria in

pancreatic diabetes, as in all the experimental forms, except so-

called renal diabetes (phlorizin, renal toxins), is an abnormal
increase in the sugar contents of the blood. The renal filter is

impermeable to the normal sugar contents of the blood, which
are about .1 per cent.; but if the sugar contents of the arterial

blood exceed this figure, and especially if the hyperglycaemia is

maintained, the kidney is unable to withstand the sugar in the

blood and it passes, in consequence, into the urine. A high
degree of hyperglycaemia is invariably the result of extirpation
of the pancreas ;

it is present also in those cases, such as herbi-

vorous birds, in which glycosuria is absent (Kausch). The cause

of hyperglycaemia lies in a derangement of the regulatory
mechanism by which the normal sugar contents of the blood are

guaranteed. It is not proposed to enter here into a discussion

of the nature of this derangement ;
it will be sufficient for the

present purpose if we describe the phenomena by which hyper-

glycaemia is accompanied.
A factor of the first importance is supplied by the conditions

covering the glycogen contents of the body. Very early after

pancreas extirpation the glycogen in the liver is reduced until only
traces of it remain. In all cases of severe pancreatic diabetes,
the glycogen in the liver is reduced in the first few days to a

minimal amount and this does not subsequently disappear. Even
after generous feeding with carbohydrates only traces of glycogen
are to be found. In the slight form of diabetes, the liver may
contain considerable quantities of glycogen. Suppression of the

pancreas is also attended by a marked diminution in the amount
of glycogen in the muscles, though the muscles do not part with

their glycogen as readily as the liver. In face of the disappear-
ance of glycogen from the liver, the remarkably high glycogen
contents of the leucocytes is very striking (Ehrlich) ;

the proba-

bility is that these become crammed with superfluous glycogen
from the blood. Not all the carbohydrates, however, escape con-

version into glycogen. As Minkowski proved, the administration

of levulose leads to a storing-up of glycogen in the liver and in

the muscles. It has been already pointed out that the administra-

tion of levulose does not increase glycosuria; certain later

observers (L. Pollak, Neubauer) regard this as the expression
of a greater resistency on the part of levulose-glycogen than upon
that of glucose-glycogen. As S. Fraenkel justly points out, the

administration of any one of the carbohydrates is invariably fol-

lowed by the formation of, the same glycogen substance, that,

namely, which directs the polarized ray to the right, and which,
after hydrolysis, yields dextrose. No one has, up to the present,
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observed glycogen in another form, and for this reason the ex-

planation of the levulose experiments must lie in some cause
other than the formation of a different glycogen substance.

Fraenkel draws attention to Henri's experiments, which have
attracted little notice, and which show that levuiose has an in-

hibitory influence upon the action of invertin. This result sug-
gests that levulose may have an inhibitory effect upon the fer-

mentative processes in the liver.

Liberation of the glycogen reserves cannot be the only source

of the increased sugar contents of the blood, for these are

independent of the conditions governing glycogen in the organ-
ism. After the exhaustion of the glycogen reserves and the rapid
excretion of any carbohydrates which may have been present in

the food, the source of the surplus sugar in the blood can only lie

with the albuminoids and fats. Given a diet free from carbo-

hydrates and rich in albumin, it is possible that glycogen would
be formed as an intermediate stage in the conversion of albumin
into sugar. This line of argument is excluded where the diet

consists of fats, yet in this case also the glycosuria and hyper-
glycasmia are considerable.

The defective metabolism of the carbohydrates is the principal
cause of another important symptom of diabetes, namely, the

increase in the amount of the acetone bodies (oxybutyric acid,

aceto-acetic acid, acetone) present in the urine, or, as it is called,

the acidosis. Under normal conditions, the acetone bodies are

formed, in part from the amino acids of the albumin (Embden),
but principally free from oleic acids, as an intermediary product
in the conversion of fat into carbohydrates. Although the cause

is at present unknown, it is an undoubted fact that ketonuria,
that is, excretion of the acetone bodies in the urine, takes place

only when decomposition of the carbohydrates in the economy has
ceased. This explains the occurrence of acetonuria in inanition

and in those pathological conditions in which the nutritional con-

ditions in general, and the assimilation of the carbohydrates in

particular, are very much reduced. In severe diabetes, in addition

to the carbohydrates contained in the diet, the major portion of

the sugar obtained from other sources is also excreted; thus there

is an enormous increase in the formation of acetone substances

and, consequently, ketonuria of a very pronounced character.

The overloading of the blood with oxybutyric acid and aceto-

acetic acid gives rise to acid intoxication, which Naunyn and his

school regard as the cause of diabetic coma. The organism of

carnivora possesses a chemical protective substance in ammonia,
w7hich is formed by the decomposition of the albumin molecule,
and this substance is able to neutralize the superfluous acids. In

consequence of this, the increased production of acids increases

the ammonia in the urine at the expense of the urea. But the

amount of the ammonia is insufficient to combat the continued
formation of acids, and a demand is made upon the fixed alkalis
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of the tissues
;

the amount of the fixed alkalis, calcium, and

magnesia, present in the urine becomes increased (D. Gerhardt
and W. Schlesinger) ;

while the alkalescence of the blood and
tissues in very much diminished; and, as a result of the alkaline

reduction, coma supervenes.
This theory of the origin of diabetic coma rests upon a sound

clinical and experimental basis, and to-day is very generally

accepted. The failure of the alkaline therapy, which \vas founded
on this theory, led v. Noorden to conclude that diabetic auto-intoxi-

cation is attributable, not only to the over-production of acids in

general, but also to the specific toxic action of isolated inter-

mediary products (oxybutyric acid and aceto-acetic acid).

Acetonuria is a constant symptom in dogs without pancreas ;

its presence is the more remarkable from the fact that acetone

bodies are not normally present in the urine of these animals,
while it is extremely difficult to obtain ketonuria experimentally.
The clinical picture presented by diabetic coma is by no means
rare in dogs which have lost their pancreas and, in many instances,
it is a terminal feature.

The general metabolism undergoes a fundamental change
after the extirpation of the pancreas. The accumulation of sugar
in the blood w7as formerly regarded as due to imperfect oxidation

of the carbohydrates and a lowering of the processes of oxidation

in general. Falta, Grote, and Staehelin (1907) showed, however,
that in dogs with pancreatic diabetes, the processes of oxidation

are enormously increased, for the metabolism of albumin of such
animals when in the fasting stage may attain to three times the

normal. The decomposition of fat is also very much increased.

These findings suggest a toxogenic decomposition of albumin.

According to Eppinger, Falta, and Rudinger, the increased

oxidation which follows removal of the pancreas is due to the

fact that, owing to suppression of the inhibitory influence nor-

mally exercised by that organ, the activity of the thyroid in

promoting metabolism is allowed to proceed unchecked.
It is certain that, owing to the increased metabolism, there

is a reduction in the amount of the albumin, and that this gives
rise to emaciation. The emaciation is further accounted for by
the permanent caloric deficiency, due to the defective metabolism
of the carbohydrates. The increased demand for, and consump-
tion of, food (polyphagia) does not entirely counteract the

deficiency in the caloric, and does not prevent the rapid emaciation

of the body. Dogs which have lost their pancreas become

extremely emaciated within quite a few weeks, and usually perish
of inanition.

THEORY OF PANCREATIC DIABETES.

Since it was first discovered that diabetes follows extirpation
of the pancreas, this condition has formed the subject of searching
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and laborious investigation, as well as of lively discussion
;
never-

theless, no final theory embodying a satisfactory explanation of

its causes has up to the present been forthcoming. We are com-

pelled, therefore, to confine ourselves to a short account of the

theories concerning the condition which have been advanced by
different authors.

v. Mering and Minkowski, the discoverers of pancreatic

diabetes, believed the condition to be the outcome of the cessation

of a specific function of the pancreas, a function which is essential

to the normal employment of sugar by the organism. After con-

sideration of the possible causes, Minkowski concluded that the

pancreas supplies some substance which aids in the decomposition
of sugar within the organism. He believed the cause of diabetes

to lie in a cessation of the internal secretory, or positive, pan-
creatic function, using the term in the sense in which v.

Hansemann employed it.

This conclusion was, however, opposed by de Domenicis,
whose discovery that glycosuria followed extirpation of the

pancreas was almost simultaneous with that of v. Mering and

Minkowski, though he worked independently of them. In his

opinion, glycosuria is not a constant result of pancreasectomy, but

is merely an expression of the serious nutritional disturbances

which are brought about by suppression of the external pancreatic
secretion. Owing to the absence of this external secretion, the

digestion of the nutrient material by the intestine is defective
;

toxins are formed and resorbed, and these disturb the chemistry
of the tissues, and thus give rise to the formation of sugar. In

the course of these earlier researches, de Domenicis discovered

that the intestinal extract of dogs without pancreas produces

glycosuria, though in a slight degree, in normal dogs. In a

recent publication he has asserted that severe, permanent glyco-
suria may be produced by the injection of the duodenal secretion

of dogs without pancreas. It is not to be denied that the external

pancreatic secretion has a certain influence upon the resorption
of nutrient substances in the intestine. Sandmeyer showed that

the administration of pancreatic tissue promotes digestion, and

resorption of nutriment. Similar results were observed by
Lombroso after the introduction of pancreatic juice into the

duodenum. In animals which have lost their pancreas, ho\vever,

this method merely increases the sugar excretion, and where
diabetes is pre

cent in the slighter form it provokes true glycosuria.
The transplantation experiments carried out by Minkowski,

Hedon, and Thiroloix prove beyond any manner of doubt that

diabetes is not dependent upon the external pancreatic secretion.

The possession by the pancreas of an internal secretory

function \vas, however, denied for other reasons. In the case of

the pancreas, as in that of all organs with internal secretion, the

removal of which provokes pathological symptoms, the results of

extirpation were explained by the nervous injuries inseparable
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from such operation. The brothers Cavazzani, as well as

Thiroloix, endeavoured to explain the results of pancreasectomy
by the injury to the nerves of the pancreas and liver

;
their view

was based upon experiments in which extirpation of the solar

plexus, or of the nerves in the neighbourhood of the pancreas, was
followed by glycosuria. The theory of the nervous origin of

pancreatic diabetes has recently been warmly advocated by
Pfliiger. He points out that, in his experiments with frogs r

glycosuria followed, not extirpation of the pancreas only, but also

resection of the duodenum and resection of the mesentery between
the intestine and the pancreas; and that, in spite of the avoidance
of any injury to the pancreas or disturbance of the pancreatic
circulation, this result was constant. Herlitzka obtained similar

results. The experiments in which dogs showed glycosuria after

extirpation of the duodenum are not regarded as conclusive by
Pfliiger, for the reason that the duration of life in such animals is

very short
;
but he draws attention to the earlier experiments by

de Renzi and Reale, in which permanent glycosuria lasting until

death was observed in dogs after resection of the duodenum.
That true diabetes follows duodenal extirpation was not con-

firmed, however, by Lauwens, Ehrmann, Rosenberg, and

Minkowski, who ascribe the occasional slight glycosuria which

they observed to nutritional derangement of the pancreas.
Minkowski's experiment with a dog in which, after transplanta-
tion of the pancreas, the entire duodenum was excised, the animal

remaining free from glycosuria for four weeks, at the end of

which time the pancreas was removed, when severe diabetes made
its appearance is decisive evidence against the occurrence of

duodenal diabetes.

The sole evidence in favour of the duodenum as a causative
factor in diabetes is supplied by two clinical cases of Zak's, in

which glycosuria followed cauterization of the duodenum ; as well

as by the results of certain experiments carried out by the same
author, in which, after cauterization of the duodenum, sugar was
found to be present in the urine and adrenalin present in the

blood (frog's eye test).

The results of experimental transplantation of the pancreas,
and of the extirpation of the organ when performed in several

sittings, have completely destroyed the theory that pancreatic
diabetes is the result of nervous lesions, Pfliiger suggested that,

in cases where the pancreas is implanted under the skin, a minute
nerve branch may remain intact, and that by this means the

resected nerve fibres mav resume their connection with the nerve

centres; this assumption is, however, almost too chimerical to

need refutation. Pfliiger himself has modified his views to this

extent, that in his latest publication he concedes a certain degree
of internal secretory activity to the pancreas. That this internal

secretion may be influenced by the nerves is readily conceivable.
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That the pancreas possesses an internal secretory function

must be conceded upon general grounds. But the two-fold

significance attaching to the idea, and especially the earlier idea,

of internal secretion, namely, that of positive production together
\vith negative neutralization, suggests the possibility that the

regular pancreatic function may consist in the destruction of so-

called diabetogenic substances; that, after the extirpation of the

organ, these substances accumulate in the body ;
and that they

have a deleterious influence upon the normal metabolism of the

carbohydrates. This is a theory which has been advanced by
several authors (Hedon, in his first publication, Tuckett), and
which seemed to derive support from Gaglio's statement, that

ligature of the thoracic duct prevents glycosuria after pancreasec-

tomy. This latter finding received no confirmation, however,
from later investigators (Lepine, Hedon, Biedl). The views of

Harley and of Vani are based upon de Domenicis's theory;
both authors believe that the suppression of the pancreatic func-

tion gives rise to an auto-intoxication, the essential features of

which are severe nutritional disturbances, glycosuria, and nervous

symptoms being among the manifestations of the latter. Accord-

ing to Vani, this auto-intoxication is due to suppression of the

endocrinal function of the pancreas.
The assumption that pancreatic diabetes is the outcome of an

auto-intoxication never obtained much support. It has since been

entirely abandoned; for the hypothesis that auto-intoxication

occurs as the result of organic suppression becomes more and
more limited in its application, owing to the fact that proof of

the existence of toxic substances has never, as yet, been obtained.

The possibility was recently suggested by Zuelzer that, after

extirpation of the pancreas, harmful substances are retained in the

economy which, under normal circumstances, would be excreted

or destroyed by the agency of that organ. Zuelzer's findings

permit, however, of a different interpretation.
All the known facts concerning pancreatic diabetes, and

especially the profound changes in the metabolism of the carbo-

hydrates to which it gives rise, point unequivocally to suppression
of an internal pancreatic secretion which, under normal con-

ditions, plays a decisive role in the metabolism of the carbo-

hydrates as the originating cause of the condition.

As evidence against a positive secretory function and forma-

tion of hormones by the pancreas, it is pointed out that the

brilliant results expected of organo-therapy have been conspicu-

ously absent in pancreatic diabetes. From all 'accounts, the

results of the administration of fresh or dried pancreas and the

subcutaneous injection of pancreatic extract, seem to be uncertain

both in clinical pancreatic diabetes and in the parallel condition in

animals deprived of their pancreas. The reports are, however,

exceedingly contradictory. Positive results were observed by
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Caparelli, Zuelzer, Dohrn and Mayer; negative results by Hedon,
Gley, Lepine, Forschbach, and others. For the reasons given in

the first part of this book, the failure of organo-therapy does not

necessarily disprove the internal secretory activity of the organ
under consideration. It is no more reasonable to expect a restora-

tion, by means of the administration of pancreatic extract, of the

injured metabolic processes of pancreasectomised animals, than
it is to expect the prolongation or the saving of life by means
of suprarenal extract in the case of suprarenalless animals.

In face of the results obtained by a far more practical method,

namely, that of pancreatic transplantation, the uncertain and

contradictory results of organo-therapy lose their value as

evidence against the formation of a pancreatic hormone. Instances

are supplied by Minkowski's experiments, in which portions of

the organ were transplanted together with their vascular stem
;
at

a later stage, the vascular stem was severed and the healed in

portions of pancreas sufficed to avert diabetes. Pfliiger's unsuc-
cessful implantation of the pancreas under the skin of the back in

frogs has no bearing upon the question.
That the pancreas does possess an internal secretion has been

absolutely proved by Forschbach's parabiotic experiments. The

extirpation of the pancreas of one parabiotic dog wras followed by
slight glycosuria only. The manner in which the wound healed

and the absence of cachexia further showed that the metabolic

derangements characteristic of diabetes were absent. The
internal secretion of the one pancreas sufficed for the needs of

both animals. After separation, however, the animal which had
been robbed of its pancreas developed diabetes.

Lepine was the first to formulate a theory concerning the

nature and method of action of the internal secretion of the pan-
creas, and this supplied a new outlook in many directions and
offered a stimulus to fresh investigation. But a glance at the

results of nearlv twentv vears shows no discovery which in any
. ~? ' J *

way elucidates the causes in which diabetes takes its rise. Accord-

ing to Lepine's theory, a substance is formed in the pancreas
which is necessary to the normal metabolism of sugar. The sup-

position is that the normal sugar in the blood is broken up and

conveyed to the tissues by a glycolytic ferment, which is formed
in the pancreas, reaches the blood by way of the thoracic duct,

and attaches itself to the white corpuscles. By extirpating the

pancreas, the source of origin of this ferment becomes destroyed.
In both experimental pancreatic diabetes and in the spontaneous
clinical condition, the amount of the glycolytic ferment present in

the blood becomes very much diminished and, as a consequence,
the decomposition of the sugar molecule is less than in normal
blood. Thus an accumulation of sugar takes place in the blood
and the excess is excreted by way of the kidneys.

If we inquire more closely into the fact upon which Lepine
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based his theory, namely, the diminution in clinical diabetes of

the glycolytic ferment in the blood, we are led to the conclusion

that the theory is untenable. Moreover, the disappearance at

blood-temperature of sugar from the blood is no proof of the

presence of a glycolytic ferment
; for, on the one hand, it is

difficult to ascertain the exact amount of sugar present in a fluid

containing albumin, while, on the other, the alkaline contents are

sufficient to account for an apparent decomposition of sugar
(Bendix and Bickel). It is evident, then, that Lepine's theory
is lacking in foundation.

Lepine himself, however, abandoned his original theory and
assumed the existence in diabetes of a substance inhibitory to

glycolysis. He and Boulud succeeded in isolating crystalline
bodies from the urine of diabetic and other patients, the exhibition

of which produced glyrosuria in healthy animals. This sub-

stance is said to become decomposed by passage through the

vessels of the pancreas. More recently still, Lepine again asserted

his belief in a pancreatic internal secretion with the function of

promoting glycolysis.

Although it was advanced against Lepine's theory that the

normal decomposition of sugar takes place, not in the blood, but

in the tissues, it seemed probable that the site of this decomposi-
tion lay in the pancreas. In such a case, absence of the pancreatic

parenchyma would give rise to insufficiency of the glycolytic
ferment and to consequent hyperglycasmia and glycosuria. This

view was adopted by Baldi and was supported by the results of

experiment. Pal, however, was unable to find a difference be-

tween the sugar contents of the arterial blood and those of the

venous blood in the pancreas. Baldi, on the other hand, found
a smaller amount of sugar in the pancreatic vein than in the

carotid artery ;
he also found a diminution in the sugar contents

of blood mixed with dextrose, after it had been allowed to circulate

through the pancreas. Lepine discovered further that watery

pancreatic extracts have a glycolytic action, and that this action

is intensified by the addition of acids. From these findings

Lepine assumed" that a preferment was present in the pancreas,
and that this preferment was converted, by the action of the acids,

into a glycolytic ferment.

The presence of a destructive ferment in the pancreas has

been confirmed by a large number of authors, but it has since

been recognized that, not the pancreas only, but a number of

other organs, such as the spleen, liver, lungs, kidneys, muscles,

<-., exercise a glycolytic influence. The decomposition of sugar

by the tissues even, was regarded as due to the action of oxidative

ferments distributed through them. According to later experi-

ments by Jacoby, Blumenthal, and N. Sieder, it seems probable,

however, that glycolysis is a process sui generis, the details of

which are still somewhat obscure. Stoklasa and his pupils re-
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garded glycolysis, in both the animal and vegetable economies,
as typical alcoholic fermentation. Stoklasa found that, in addi-
tion to alcohol and carbonic dioxide, lactic acid, and later acetic

and formic acids, were formed by organic enzymes in the process
of the decomposition of sugar; according to him, the enzymic
processes in the protoplasm are as follows : (i) Primary, the

formation of lactic acid by lactolase
;
and (2) the formation by

means of alcoholase, of alcohol and carbonic dioxide. The pro-
cess of decomposition is completed by the enzymes acetolase and

formylase, while combustion into carbonic dioxide and water is

effected by the addition of oxygen.
It is true that the processes by which the oxidation of sugar

is effected within the organism are in need of further investiga-
tion, yet this much may be taken as certain that glycolysis is

a process carried out by ferments which are present in all the

tissues, and that in all probability the pancreas possesses no

specific function in this respect. As Ehrmann and Wohlge-
muth's very careful experiments have recently shown, the blood
in the pancreatic vein does not contain a larger proportion of

diastatic ferment than that in other vessels.

A specific function in the decomposition of sugar was
ascribed to the pancreas by O. Cohnheim, and simultaneously
with him but quite independently, by R. Hirsch. According to

Cohnheim 's experiments, neither the expressed juice of the

muscles nor that of the pancreas possesses any marked glycolytic
action when employed alone

;
a complete destruction of glycogen

is effected only by the combined activity of the two. Cohnheim
assumes that the glycolytic ferment contained in the muscles is

rendered active by an agent present in the pancreas. This
'

activator
'

is not destroyed by boiling, it is soluble in water
and alcohol and insoluble in ether; hence it does not partake of

the nature of a ferment, but is an internal secretion. Cohnheim
investigated the activity of this a^ent in increasing quantities,
and found that its action was inhibited at excess; he regards
this as analogous to the complement deviation reaction.

Rahel Hirsch found that the glycolytic action of pounded liver

was considerably strengthened by the addition of pancreatic ex-

tract. She assumes that either a preferment or a kinase is sup-

plied by the pancreas, and that this lends to the liver a glycolytic

activity.
Cohnheim's results at first received a measure of confirmation

(by Arnheim and Rosenbaum and by Sehrt, whose experiments,

interesting to relate, were conducted with muscles from mummies
of a period previous to 300 B.C.): but Claus and Embden, who
carried out a series of very careful experiments in v. Noorden's

laboratory with the object of verifying Cohnheim's results, were
unable to find any proof of the existence of a pancreatogenic
activator, and they ascribe the disappearance of the suear to
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bacterial impurity. Also J. de Meyer and Nanking were both

unable to confirm Cohnheim's results.

Like Lepine, J. de Meyer (1904) believed that the decom-

position of sugar took place in the blood. According to his

experiments, the glycolytic ferment is situated, not in the

muscles, but in the white blood corpuscles, and is rendered active

by the agency of the pancreas. He believes that the pancreas
contains a

"
sensibilizing substance," which changes a proferment

which is present in the leucocytes and is secreted by them and
v. hich possesses properties analogous to those of the fibrin ferment

into the active glycolytic ferment. De Meyer also believes that

the cause of diabetes after extirpation of the pancreas lies in the

suppression of the internal secretion, and that the latter is the

agent which activates the glycolytic ferment. The evidence

against this hypothesis is supplied by the arguments which were

advanced in disproof of Lepine's theory.
Vahlen (1908) was also unable to demonstrate the presence

in the pancreas of a substance which splits up sugar and thus

promotes oxidation. He believes it possible, however, that the

pancreas may contain a substance, at present unknown, which,

without giving rise to direct fermentative decomposition, may
yet bring about an increase in the decomposition of sugar in the

organism. He succeeded in isolating a constituent from the

pancreas which appreciably accelerated the alcoholic fermentation

of sugar, and, in the case of phlorizin animals, effected a con-

siderable reduction in the excretion of sugar. Vahlen did not,

however, carry out conclusive experiments with pancreasec-
tomized animals.

If we review the publications which, beginning with Lepine's

theory, have attempted to explain the nature of pancreatic dia-

betes, it is evident that conclusive proof of the assumption that

the pancreas supplies a substance which promotes glycolysis, or

which is essential to the general metabolism of sugar, is not

forthcoming. The generally accepted view, that pancreatic dia-

betes is a derangement of metabolism which consists in the arrest

of the normal conversion of sugar, has not, as yet, been suffi-

cientlv confirmed, and for this reason, has little positive value.

The older hypothesis, that diabetes is the expression of an

increased formation of sugar, has recently been revived; it is

reinforced by certain new arguments and has received a large
measure of support. This tendency marks a return to the teach-

ing of Chauveau and Kaufmann (1893) which, at the time of its

inception, found few supporters.
The central point round which the process of the metabolism

of the carbohydrates revolves, is what Claude Bernard described

as the
"
glycogenie animate"; the process, that is, by which

glycogen accumulates and sugar is formed in the liver. From
the carbohydrates derived from the nutriment, glvcogen is formed



428 INTERNAL SECRETION

in the liver and accumulates there as reserve material. It is

probable that, when the supply of carbohydrates is deficient, the

formation of glycogen from albumin also takes place in the liver ;

and here, also, the conversion of glycogen into the form in which
it is used by the tissues, namely, grape-sugar, takes place. The
sugar is withdrawn by the organs from the blood and is in part

employed directly in the performance of function
;

in part, and
in the muscles more particularly, it is converted into glycogen.
The process of converting dextrose into a colloid polysaccharide,
of condensing the glycogen, and of again converting it into sugar,
is the common reversible function of the cells.

The sugar contents of the blood are dependent upon the

amount of sugar formed in the liver. According to Chauveau
and Kaufmann, this process is regulated and controlled by the

nervous system. These authors believe that two nervous centres

exist, one in the medulla oblongata and one in the cervical spinal
cord, and that by means of the centrifugal nerves contained in

the sympathetic, these regulate the formation of sugar, one centre

exercising an inhibitory, the other a direct stimulatory influence

upon the sugar production. According to the original theory of

these authors, the nervous impulses are first conveyed to the pan-
creas, whence they pass by way of the nerves to the liver, and
there bring about changes in the sugar production. Taking into

account the many facts which point to a chemical correlation,
these authors modified their view to this extent, that they ascribed

to the pancreas an internal secretion influencing the liver, which
was conveyed to the liver by the agency of the blood-stream.
The production of the secretion they believed to be under the

control of the nervous system.

Regarded in the light of our present knowledge, the theory
of Chauveau and Kaufmann signifies that the influence of the

internal secretion of the pancreas is exercised directly upon the

liver in part only; its main influence is directed to the nerve
centres which control the sugar production, the effect upon the

stimulatory centre being inhibitory and the effect upon the in-

hibitory centre stimulatory. In this way, a two-fold hindrance
to the formation of sugar in the liver is effected by the pancreas
with the aid of the nervous system. The suppression of the in-

ternal secretion of the pancreas not only abolishes inhibition, but
it also relieves the check upon stimulation, and, in consequence,
a pronounced glycosuria make its appearance. The suppression
of inhibition appears, however, to be the decisive factor; for

Hedon and Kaufmann discovered that the hyperglycaemia, or

rather the glycosuria, of pancreatic diabetes is by no means
maximal and may be increased by puncture of the floor of the

fourth ventricle, in other words, by irritation of the stimulatory
centre. According to this theory, then, pancreatic diabetes con-
sists in an increase in the sugar formation brought about by a
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disturbance somewhere in the functional chain, that is to say, in

either the central nervous system, the pancreas, or the liver.

A similar view was expressed by Thiroloix and, more re-

cently, by Pfliiger. These authors assume that the sugar con-

tents of the blood are dependent upon two opposing factors, both

of which are under the control of the central nervous system.
Of these two factors, one is the mechanism by which sugar is

formed in the liver, which is governed by the centre in the

medulla oblongata. The other factor, antagonistic to the first,

is supplied by the so-called anti-diabetic activity, which limits

the production of sugar ;
it is situated in the pancreas and is also

under the control of the nervous system. Thiroloix assumes that

the inhibitory action of the pancreas is performed by the agency
of an internal secretion which is regulated by the nervous sys-
tem

; Pfluger, on the other hand, believes that its anti-diabetic

property is supplied to the pancreas by nerves which originate
in the duodenum. This view is supported by Herlitzka. But

Pfluger concedes that the glandular substance of the pancreas may
play a part in Sandmayer's diabetes; he suggests that the

epithelial cells may possibly supply an anti-diabetic ferment to

the blood-stream.

It is evident from these theories concerning the nature of

pancreatic diabetes, that the conception of the pancreatic function

as an inhibition of the formation of sugar, lies at the root of all

the later teaching. Further information concerning the field of

activity of the pancreatic hormone, hence a new point of view
in regard to pancreatic diabetes, has recently been supplied by
the discovery of the relationship between the metabolism of the

carbohydrates and the activity of the other internal secretory

organs.
Particularly important was the discovery and analysis of

adrenalin glycosuria, for it showed the enormous influence of the

suprarenal, or rather of the adrenal system, upon the sugar

economy of the organism. Further, we know that adrenalin, by
mobilizing the reserve glycogen and thus promoting the forma-

tion of sugar from other material, raises the sugar contents of

the blood. The antagonism between the activity of adrenalin

and that of the pancreatic hormone is chiefly symptomatic in its

expression. The action of adrenalin is modified in certain direc-

tions by the internal secretion of the pancreas. In Zuelzer's

experiments, the effect of pancreatic extract in inhibiting adrenalin

glycosuria might be explained by the assumption that the excess

of sugar in the blood undergoes combustion by the agency of

the pancreatic hormone introduced into the economy. Zuelzer's

results permit, however, of another explanation. It may be that

the antagonistic effect of the two substances is the outcome of

their antagonistic influence upon the same physiological site; in

other words, the activity of an apparatus may be inhibited by
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the pancreas and stimulated by the adrenal system. What we
know concerning the site of the activity of adrenalin suggests
that the pancreatic hormone has an inhibitory action upon the

nervous apparatus which regulates the formation of sugar. Lb'wi's
reaction also points to an inhibitory action, on the part of thi.'

pancreas, upon organs with sympathetic innervation.
The investigations of Eppinger, Falta and Rudinger, to

which frequent reference has been made, show that a certain in-

fluence is exercised by the thyroid apparatus upon the metabolism
of the carbohydrates, and that this influence is apparently brought
into play by the agency of the pancreas. The results of their

experiments seem to show that, while the activity of the thyroid
is opposed to the internal secretory activity of the pancreas, that

of the parathyroids is favourable to it. The assumption is that

the thyroid hormone stimulates the function of the vegetative
nervous system ;

and that the pancreatic hormone affects that

function in the opposite sense.

From the data which have here been set forth, we are justified
in concluding that the pancreas, by means of its internal secretion,
inhibits the formation of sugar in the liver, and that this inhibition

is effected through the agency of certain nervous apparatuses.
Suppression of pancreatic activity abolishes the normal check

upon the formation of sugar, in consequence of which the glyco-
gen present in the organism is released; that is to say, the

glycogen derived from the carbohydrates in the food or, in de-

fault of these, from other material, is converted into glucose; and
as a consequence hyperglycasmia and glycosuria follow. The
pancreatic hormone appears to affect the same peripheral nervous

apparatus as adrenalin
; for, as Kaufmann showed, resection of

the splanchnic nerve is followed by pancreatic diabetes in exactly
the same manner as adrenalin glycosuria.

Attempts to isolate the pancreatic hormone have, up to now,
been fruitless. Nothing definite is known concerning its chemical
nature and we are forced to fall back upon hypothesis. The most

probable assumption is, that the substance is of the nature of a

ferment, and that it influences that process by which the decom-

position and new formation of glycogen take place in the liver.

The fact that, after extirpation of the pancreas, deposition of

glycogen in the liver may be effected by the administration of

levulose, suggests that suppression of the pancreatic function

does not prevent the formation of glycogen, but that it permits
the unchecked splitting up of this substance. The normal pan-
creatic hormone is a substance which inhibits the cliastatic con-
version of glycogen into sugar.

Many experiments have been undertaken with the object of

discovering the path along which the pancreatic hormone travels,

and the results were described by me in 1898. I discovered that

in the large majority of instances (66 to 86 per cent.), ligature
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of the thoracic duct at the neck, or the diversion of the chyle

by means of a fistula, was followed by permanent glycosuria,
which was unaffected by either the fasting state or by feeding
with carbohydrates. The fact that the thoracic duct is not the

only channel by which the chyle is carried off, explains the

negative cases.

The results of these experiments led me to conclude that a

substance is contained in the chyle which influences the meta-

bolism of sugar in the organism. I resumed this line of in-

vestigation in association with Offer in 1907, and we discovered

that the instillation of adrenalin into the conjunctiva produces a

mydriasis, which, according to Lowi, is characteristic of pancreatic
diabetes. We discovered, further, that the chyle in the thoracic

duct possesses an inhibitory action in regard to adrenalin, and
that adrenalin glycosuria may be reduced, or even abolished, by
the subcutaneous injection of chyle, as well as by intensifying
the normal lymph secretion by means of lymphagogue substances.

It would appear from this that the substance contained in the

chyle which influences the metabolism of the carbohydrates, is

identical \vith the pancreatic hormone. The pancreatic substance

which possesses the property of inhibiting the formation of sugar,
reaches the circulation by way of the lymphatics.

Such being the case, then, it is to be expected that the in-

jection of chyle from the thoracic duct of normal dogs into the

veins of dogs without pancreas, will be followed by a diminution

of the glycosuria. As a matter of fact, positive results were
obtained in one case by Lepine, though Falta's results were

negative.
In my later experiments, the action of the chyle in reducing

glycosuria after pancreasectomy, w~as very clearly shown, the

best results being obtained in cases where, owing to the presence
of small remnants of pancreatic tissue in situ, the derangement of

metabolism had not attained the maximal. On the days upon
which large quantities (200 to 500 c.cm.) of chyle from healthy

dogs were injected subcutaneously, the animals showed a diminu-
tion of the quotient D :N to 1.5 or 1.2; while upon days when
no lymph was given the quotient reached 1.8, and later even 2.1.

It should be noted in passing that these results suggest the

therapeutic employment of chyle, or of lymphagogue substances,
in those cases of clinical diabetes which suggest pancreatic in-

adequacy, but not pancreatic suppression.
The analogy between the symptomatology of true clinical

diabetes and the experimental pancreatic form is so far-reaching,
that it is not surprising that \ve frequently encounter the opinion
that the metabolic disturbances of clinical diabetes are also pan-

creatogenic in their origin and are the expression of diminished
or internal secretory activity on the part of the pancreas or its

suppression. It should be borne in mind, however, that a
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pathological alteration may take place at any point in the com-

plicated mechanism by which the sugar economy is regulated ;

and that a pathological condition of any one of the internal

secretory organs associated with the metabolism of the carbo-

hydrates, and consequent disturbance of their interrelationships,

may give rise to slight glycosuria or even to permanent diabetes.

But in these cases a relative insufficiency of the pancreas must
also be assumed.

Such being the state of affairs, the question as to whether

anatomically demonstrable changes take place in the pancreas in

clinical diabetes, acquires an increased significance. Lesions of

the pancreas in clinical diabetes were described before experi-
mental pancreatic diabetes had been discovered, and the patho-

genetic significance of these lesions was suggested by several

authors. The comparative scarcity of instances in which diabetes

is accompanied by serious anatomical lesions of the pancreas, and
the enormous preponderance of cases in which no anatomical

pancreatic lesion is demonstrable, together with the doctrine that

serious disease of the pancreas may be unaccompanied by diabetes,
are weighty arguments against the pancreas as a constant factor

in the pathogenesis of clinical diabetes.

The changes which are observed in the pancreas in diabetes

have recently become a subject of increased interest to anatomico-

pathologists. The morphological findings throw some light upon
the question as to which tissue element it is which elaborates the

pancreatic internal secretion. These, however, will be discussed

later. All we need say here is, that recent investigations show
that pancreatic lesions of the most varied description, chronic

inflammatory and degenerative changes, atrophy and neoplasms,
are observed in a comparatively large proportion (according to

v. Hansemann about 70 per cent.) of diabetic patients. It is

true that these are ahvays cases in which the disease is present
in its severest form

;
information concerning the slighter aspect

of the disease, though its pathogenesis is far more interesting, is

very scanty. Negative anatomical findings in the pancreas can-

not be regarded as evidence against the pathogenetic significance
of this organ : the disturbance of the metabolism of the carbo-

hydrates may originate primarily in other links of the functional

chain, or the chemistry of the pancreas may be altered without

demonstrable morphological changes.

THE INTERNAL SECRETORY TISSUE ELEMENTS OF
THE PANCREAS.

As in the case of all glands possessing an external secretion,

it was at first assumed that the glandular cells of the pancreas
were bipolar, that is to say, that both the internal and external

secretory functions wTere performed by the same epithelial cells.
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But in addition to the acini and their excretory ducts, it was known
from Langerhans's description (1869), that the pancreas contained

irregularly distributed cell groups, which were later named, after

their discoverer, the islands of Langerhans. The structure of

these elements suggested that they might possess an internal

secretory function.

The islands are composed of polygonal cells with ill-defined

boundaries, containing large round nuclei and comparatively
small and sparsely distributed granules. They are remarkably
well furnished with capillary blood-vessels which are intimately
associated with the cells, and they are surrounded with a delicate

connective tissue sheath (Flint, Laguesse).
A question of paramount importance in the determination

of function, namely, whether these islands contain lumina com-

municating with the excretory ducts of the pancreas, is not as yet

definitely decided. Lumina within the insular area have been
described by Gianelli and Giacomini in reptiles, by Dale in toads,

and by Vincent and Thompson in Kinosternon and in Amia
call)a. According to both Lewaschew and Mankowski, the islands

in mammals may be injected from the excretory ducts, though
this is denied by other authors (v. Ebner, Dogiel, Rossi).

Laguesse found that, in the snake, the islands contained lumina
which had an unbroken continuity with those of the acini. Well-

developed excretory ducts have also been occasionally observed

in the interior of the islands of the human pancreas. In his

investigation of the regenerative processes which take place in

portions of pancreatic tissue implanted in the spleen, Kyrle ob-

served proliferation of the epithelial cells of the excretory ducts,

in consequence of which the acini and the islands were formed

separately and excretory ducts were present in the islands when

fully developed. The embryological investigations of Weichsel-

baum and Kyrle led them to conclude that the islands of Langer-
hans are derived from the epithelium of the excretory ducts, and
that their formation takes place, not during foetal, but during the

early part of post-fcetal life.

The islands of Langerhans were regarded by the older scien-

tists, as well as many later authors, as lymph follicles to which

no particular functional significance was attaching. A more
exact knowledge of their genesis showed, however, that the cells

of the islands are of epithelial origin. By some authors (Gian-

nelli, Oppel) they are even regarded as the rudimentary remains

of an atavistic gland. Many scientists held the view that, though
the acini and the islands differ structurally from one another,

they are not functionally differentiated. Harris and Gow, Gibbes,

Gianelli and Giacomini assume that the islands play a part in

the production of the external pancreatic secretion, especially of

the diastatic ferment. Jarotsky observed signs of increased secre-

tory activity on the part of the cells of the islands after the ad-

28
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ministration of carbohydrates in large quantities. According to

Lewaschew and Pischinger, the islands are really acini in a state

of functional exhaustion which, after a period of rest, resume

their secretory activity.

Laguesse (1893) was the first to adopt the view that the

internal secretion is elaborated by the cells of the islands of

Langerhans, the islands thus possessing an endocrinal function

which is of importance in the metabolism of the carbohydrates,
while the external digestive secretion is supplied by the acini.

The supposition is that a continuous transformation of acini into

islands, and vice versa, takes place, by which the two secretory

processes are carried out. Laguesse's theory principally depends

upon the presence of transition forms
;
these he described with

extreme minuteness and his findings are confirmed by a large
number of observers (Mankowski, Gentes, Perdrigeat and Tri~

boudeau, Dale, Vincent and Thompson, Marrassini). Changes
in the number and size of the islands, and transition forms be-

tween acini and islands and vice versa, have been obtained by
certain experimental measures, such as the injection of secret! ne,

pilocarpine and phlorizin ; fasting; and over-feeding. But these

transformatory changes of acini into islands and vice versa have

been questioned by several authors, first by Vassale, then by
Diamare, Stangl, Rennie, and others, and more recently by
Weichselbaum and Kyrle.

In his critical survey, Lombroso arrived at the conclusion

that the morphological findings, obtained from experimental and

comparative anatomical investigation, were insufficient to justify
the theory of mutual transformation. According to Lombroso,
mutual transformation does not prove a sharp differentiation of

the internal and external secretions as functions of the two pan-
creatic tissues, acini and islands

;
but it confirms his view that

both functions of the pancreas are undertaken by both tissues.

There are numerous authors, however (Kohn, Massari, Dia-

mare, Rennie, Opie, &c.) who deny Laguesse's theory of the

intimate morphological relationship between the acini and the

islands of Langerhans; who regard the latter as independent
tissue formations, but believe them to be ductless glands epithe-
lial organs analogous to the parathyroids, the suprarenal cortex,

and the anterior lobe of the hypophysis and whose property it

is to elaborate the pancreatic hormone.
Within the last fifteen years, clinical diabetes has provided a

certain amount of anatomico-pathological material, which has a

considerable bearing upon the internal secretory elements in the

pancreas.
The numerous investigations which have been made have

led, however, to very divergent results. The findings which they
observed led a number of investigators to adopt the insular theory

(Opie, Ssobolew, Herzog, Weichselbaum and Stangl, Sauerbeck,
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Diamare, Visentini, &c.) ;
while others (Hansemann, Gutmann,

Karakascheff, Herxheimer, Schmidt) ascribed the internal secre-

tory function to the acini. Others, again (Reitmann), adopted
the view that both pancreatic tissues are concerned in the etiology
of diabetes. According to Lombroso, the anatomico-pathological
findings are distinct evidence against the assumption that the

internal secretion of the pancreas is the function of one tissue

formation only, whether of the acini or of the islands of Langer-
hans.

Experiments undertaken with the object of ascertaining the

structural changes in the pancreas, which follow the exhibition

of substances believed to have an action in increasing or diminish

ing the hormone production, have also yielded contradictory
results. Ssobolew and Lepine found that, in the dog and the

guinea-pig, the intravenous injection of grape-sugar was followed

by a reduction in the size of the islands and by a diminution in

the number of granules in the island cells; while Diamare, on
the contrary, observed a remarkable profusion of granules in the

island cells of a Teleostean (Motella tricirrata), of frogs, and of

guinea-pigs. Marrassini describes hypertrophy of the islands of

Langerhans in rabbits, where prolonged administration of grape-

sugar was accompanied by continued glycosuria, and this hyper-

trophy was of so intense a nature that the neighbouring acini

were flattened, deformed and atrophied. The island cells con-

tained an enormous number of fine fuchsinophile granules. Re-

ports of the effects produced by the injection of phlorizin and
adrenalin upon the structure of the pancreas are equally con-

tradictory. After the repeated injection of phlorizin into dogs,
Ghedini observed a marked reduction in the volume of the pan-
creas, due to degenerative atrophy and necrosis of the acinous

tissue, no cell changes taking place in the islands. Lazarus

described marked hyperplasia and hypertrophy of the islands of

Langerhans in guinea-pigs after prolonged treatment with phlori-
zin and adrenalin, and here also the acinous tissue was unchanged.
After the administration of adrenalin, Herter and Wakeman found

necrosed foci in the pancreas and changes in the cells of the

islands of Langerhans; in chronic poisoning with arsenic, mor-

phia, and phosphorus, Carnot and Amet found hyperplasia, to-

gether with frequent fatty degeneration, of the islands. Lepine
and Vigliani observed absolutely normal histological conditions

after the exhibition of phlorizin ;
and Tiberti reports similar

findings after the injection of phlorizin and adrenalin, as the

result of his very careful experiments with guinea-pigs and
rabbits. The latter author, like Heiberg, believes that the hyper-

trophied islands which Lazarus described are normal formations

in the pancreas of guinea-pigs.
A second experimental method of physiological differentiation

between the two tissues of the pancreas seemed to promise better
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results. The method was based upon the known fact that ligature

of the excretory ducts of the pancreas, and the injection of foreign
substances into them, suppresses the external secretion and may
lead to more or less pronounced atrophy of those portions of the

gland by which the external secretion is elaborated. It was soon

found that glycosuria did not, as a rule, make its appearance in

experiments of this sort, and that the tissue of the islands of

Langerhans remained in comparatively good condition. After

ligature of the excretory ducts of the pancreas of guinea-pigs,
Schultze observed disappearance of the acini, with persistence of

the islands and absence of glycosuria ;
similar findings were

described by Ssobolew in rabbits, dogs and cats
;
and by Laguesse

in rabbits. Sauerbeck observed transient glycosuria in rabbits

after ligature of the pancreatic duct
;
but the incidence, course

and intensity of the glycosuria was said to run parallel with

changes in the islands of Langerhans. Tiberti describes similar

findings, while different results were obtained by other observers

(Hansemann, Mankowski) who employed the same method.
From the results of his own experiments and those of other

scientists, Lombroso concluded that, after ligature of the pan-
creatic duct of rabbits, changes take place in the acini, but that

the acini do not entirely disappear, and that the islands also

undergo modification, though more slowly. Glycosuria is either

absent, or occurs in isolated instances only. He ascribes a par-
ticular significance to the fact that the resorption of nutriment

remains unchanged.
In pigeons, ligature of the excretory ducts produced changes

in the pancreas similar to those observed in rabbits
;
but though

glycosuria was not present, the birds died after two to three

weeks, in consequence of the derangement of the absorption of

food. It must be remembered, however, that the absence of

glycosuria in birds is no proof of the continuance of the hormone

production ;
the diabetic disturbance of metabolism which follows

extirpation of the pancreas is expressed only by hyperglycsemia,

though Lombroso failed to take this fact into consideration.

The numerous and very careful experiments which have been

carried out with the pancreas of dogs all show that, not only do
the acini not disappear after ligature or resection of the excretory
ducts, but that they do not undergo appreciable change. Lom-
broso found perfectly preserved normal acini fourteen days after

operation. This finding has been explained by the presence of

supernumerary excretory ducts, by which the passage of secretion

from the gland was facilitated (Hess and Sinn). Lombroso re-

jects this explanation, however, and he emphasizes the fact that

well-developed acini were present in .implanted portions of

pancreas which sufficed to prevent the occurrence of diabetes.

A consideration of all the available experimental material

led Lombroso to conclude that both the epithelial tissues of the
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pancreas, namely, the acini and the islands of Langerhans, are

concerned in the internal secretory function of that gland.

According to this author, the internal secretion of the pan-
creas not only influences the sugar economy, but also plays a

part in the absorption of nutrient material. Previous to Lom-
broso, de Domenicis, as has been shown, believed the or/gin of

pancreatic diabetes to lie in the disturbance of absorption which
he observed after pancreasectomy. Abelmann's experiments
(1890) showed that the decomposition of fat is, in a quantitative

sense, only slightly affected by total extirpation of the pancreas,
but that the absorption of fat entirely ceases after this operation.
Fat absorption persists in a greater or less degree after ligf'ure
of the excretory ducts, as well as after partial extirpation and

transplantation of a portion of pancreatic tissue to a position
where it is in communication with the intestine. The absorption
of fat in the latter instance has been explained by the assumption
that the external secretion of the pancreas becomes re-absorbed

and reaches the blood-stream, whence it is conveyed to the in-

testinal mucosa.
Lombroso found that the capacity for the absorption of fat

was diminished by extirpation of the pancreas. The fasces of

animals without pancreas contain precisely the same amount of

fat as their food. If oleic acid is given, a portion becomes
absorbed and this is replaced by fat having a higher melting point.
After ligature of the excretory ducts, or where the pancreas has

ceased to discharge secretion into the intestine, the absorption
of fat amounts to about 80 per cent, of the amount of fat given.
This absorption is not due to the agency of an external secretion,

conveyed by some means into the intestine, but must be ascribed

to an internal pancreatic secretion, the activity of which is neces-

sary to the metabolism both of the fat in the tissues and that

introduced from the exterior.

It has been advanced against this conclusion that, in Lom-
broso's experiments, the measures taken to prevent the external

pancreatic secretion from reaching the intestine were insufficient.

Hess and Sinn suggest supernumerary excretory ducts ; Visenti

points to the possibilities of the ligatured ducts again becoming
passable, and of the formation of new ducts. Burckhardt, in one

instance, obtained contradictory results and he believes that, in

the case of animals with pancreatic fistula, the pancreatic secre-

tion may be returned to the intestine by the animals licking
themselves.

Lombroso's results have, however, been confirmed by Zunz
and Mayer, and more recently, by R. Fleckseder in a series of

extremely careful experiments carried out by methods designed
to obviate all sources of error. Fleckseder's conclusion is that

the absorptive power of the intestinal mucosa is chiefly dependent
upon the internal pancreatic secretion. There is, however, com-
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pensation for the suppression of this secretion. Where the

function of the pancreas has gradually become completely sup-

pressed, the consequent severe diabetes may be unaccompanied
by derangement of absorption, and the assimilation of nutriment

may at this stage be better than where an active pancreatic fistula

is present.

Lombroso, also, believes the internal secretory function to

be the property of both pancreatic tissue formations.

THE INTERNAL SECRETION OF THE GASTRIC
AND INTESTINAL MUCOSA.

Claude Bernard's observation, which later formed the subject
of considerable investigation, first showed that the secretion of

pancreatic fluid is dependent upon the filling of the duodenum
and that it reaches its maximum when the ingesta have passed
from the stomach into the duodenum. From the results of

numerous experiments, admirable both in conception and tech-

nique, Pawlow came to the conclusion that the mechanism by
which the pancreatic secretion is elaborated is by a reflex process
on the part of the nervous system ;

the impulse proceeding from
the gastric mucosa is carried by centripetal vagal fibres to a

centre in the medulla oblongata, and from this centre stimuli are

sent out which, travelling by way of the centrifugal vagus or

splanchnic nerve, cause the pancreatic gland to secrete.

Under Pawlow's direction, Popielski next showed that, if

acids are introduced into the duodenum, the pancreatic secretion

appears after resection of both the vagus and the splanchnic
nerves, after extirpation of the solar plexus, and even after

destruction of the spinal cord. Similar findings were observed

by Wertheim and Lepage and they, as well as Popielski, con-

cluded that the results were the outcome of a local peripheral
reflex.

Bayliss and Starling, however, discovered that the pancreatic
secretion is elaborated if acids are introduced into the lumen of

a coil of the duodenum which has been freed from all nervous
connections. This result showed very clearly that the release

of the pancreatic secretion depends upon a chemical substance,
and that chemical stimuli are conveyed to the pancreas by way
of the blood-stream. According to Wertheim and Lepage, the

direct introduction of acids into the blood-stream has no effect

upon the pancreatic secretion
;
hence the only possible solution

was that, by the aid of acids, a substance was formed in the

mucous membrane of the intestine.

Bayliss and Starling obtained an extract by treating mucosa

scraped from the upper part of the small intestine with hydrochloric
acid, and this extract, when injected into the veins, provoked pro-
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fuse pancreatic secretion. To this active substance, which is not

a ferment because it withstands boiling and is soluble in alcohol,

they gave the name of
"
secretin." Bayliss and Starling

assumed that, by the hydrolytic action of the acids, secretin is

formed from "
prosecretin," a precursor present in the cells

of the duodenal mucous membrane. The secretin formed in the

mucosa reaches the pancreas by way of the blood-stream
;

for

Enriquez and Hallion succeeded in proving that, if the blood-

stream is conveyed from the vessels of a dog A into those of a

dog B, pancreatic secretion will make its appearance in B after

the injection of acid into the small intestine of A. These experi-
ments proved the existence of an internal secretion of the intestinal

mucosa, and they showed at the same time that there is a correla-

tion of function between the intestinal mucosa and the pancreas,
which is effected by the agency of hormones.

Bayliss and Starling's discovery has been subjected to

repeated tests, and the actual findings have received almost general
confirmation. The specific activity and the intimate chemical

nature of secretin have formed the subjects of a controversy, into

the details of \\hich we cannot enter here. Suffice it to say that

Popielski believes secretin to be identical with peptone, a product
of the decomposition of albumin

;
while according to v. Fiirth

and Schwarz, secretin is not a homogeneous substance, but is a

mixture of several substances possessing the property of exciting

secretion, of which the most important is cholin.

A far greater interest is attaching to the manner in which this

discovery affects our conception of the mechanism by which the

external secretion of the pancreas is effected. Is the secretory

process entirely due to the agency of a hormone, as Bayliss and

Starling are inclined to believe ;
or are the nervous reflexes, which

Pawlow's experiments revealed, also brought into play? This

question remains for the present unanswered. Several authors

(Fleig) assume, and apparently with justice, that two simultaneous

processes are concerned in the passage of the chyme into the

duodenum. Of these, one is the formation of secretin, which

induces, by chemical means, secretion of the pancreas; the other

is provided by the acid contents of the duodenum, which stimulate

the nerve-terminals, and the reflex action of these also leads to

pancreatic secretion.

According to Bayliss and Starling, the secretin formed in

the duodenal mucosa stimulates the secretion of bile and increases

its quantity.
With regard to the secretion of the intestinal juice, the succus

entericus, opinions are divided. The intestinal juice serves to

activate the proteolytic property of the pancreatic secretion, for

the trypsinogen contained in the latter is converted into the active

trypsin ferment by the agency of the endokinase in the intestinal

juice. The elaboration of the intestinal secretion is effected,
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according to Pawlow, first, by the mechanical stretching of the

intestinal canal, and second, by. the presence of the pancreatic

juice. Bayliss and Starling believe it probable that the flow of

intestinal juice from the glands in the intestinal wall is provoked
by the chemical stimulus supplied by the pancreatic secretion

;

while Delezenne and Frouin hold the view that the discharge of

all the three secretions which are active in the upper part of the

small intestine, namely, the bile, the pancreatic fluid, and the

intestinal fluid, is effected by the same mechanism, namely, the

elaboration of secretin in the intestinal mucosa after the passage
into the intestine of the acid contents of the stomach.

According to Frouin, the elaboration of secretion by the

intestine may be increased by the intravenous injection of intes-

tinal fluid.

Pawlow's careful experiments have shown that the secretion

of the gastric fluid is largely the outcome of nervous impulses.
But two to three hours after food the gastric secretion becomes

increased; according to Pawlow, this increase is maintained after

resection of the vagi, and it appears to be dependent upon the

nature of the food.

Edkins next discovered that an extract is obtainable from
the pyloric mucous membrane by extraction with hydrochloric
acid, as well as by rubbing down with dextrose, maltose, or

peptone. When injected into the veins in repeated small doses,
this extract causes secretion of the gastric juice. According to

Edkins, the active substance, gastrin, is not destroyed by boiling
and appears to belong to the same class of bodies as pancreatic
secretin. This "

gastric secretin," as Starling calls it, is present

only in the pyloric mucosa, extracts of the mucous membrane of

the fundus being inactive.

THE INTERNAL SECRETION OF THE KIDNEY.
The assumption of an internal secretory function on the part

of the kidney is among the earliest dicta of the Brown-Sequard
doctrine. As early as 1869, Brown-Sequard suggested that

uraemia either was not, or was not exclusively, the result of the

accumulation of urinary constituents in the blood, but was due to

suppression of the internal secretion of the kidney. Following
his first experiments with testicular extract, Brown-Sequard with
d'Arsonval endeavoured to obtain practical proof of his assump-
tion. A large number of clinical observations of anuria of long
duration, in which uraBmic symptoms were almost entirely absent,
led him to conclude that the occurrence of uraemia does not depend
solely upon the presence of urinary constituents in the blood, and
that it is not the result of stimuli supplied by the diseased

kidney; but that it is principally due to changes in the chemical

composition of the blood, brought about by suppression of the
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renal internal secretion. Experiment showed that animals die

much more rapidly after the removal of both kidneys than after

ligature of both ureters, in spite of the fact that the retention of

urinary constituents is the same in both cases, and this fact seems
to bear a similar interpretation. Brown-Se"quard and d'ArsonVal

further showed that if renal extract obtained from guinea-pigs and
rabbits is injected into the veins of nephrectomized animals of the

same species, symptoms of uraemia will appear later, and will be

less intense in these animals than in control animals which have
not received similar treatment. In animals treated with renal

expressed juice, the duration of life was as long, or longer, than

in animals with ligature of both ureters.

Lepine's observations have an important bearing upon the

passage of substances from the kidneys into the blood. He
found that the ligature of both ureters of rabbits produced a fall

in temperature, vomiting, and diarrhoea, terminating in death.

An entirely different symptom-complex resulted, however, when
the ureters were connected by means of cannulae with a vessel

containing normal saline solution, the pressure in the vessel being
higher than that in the ureter. This procedure produced, not a

fall, but a rise in temperature, dyspnoea and convulsions. Accord-

ing to Lepine, the filtrate of a kidney rubbed down in water, when
introduced into the blood, also produces a rise in temperature,

dyspnoea, and stronger movement ; and Lepine believes that

thermogenic and dyspnogenic constituents are present in renal

substance.

E. Meyer, a pupil of Brown-Sequard's, next discovered that

the blood of ura?mic animals is inactive in normal animals, but

that, in nephrectomized animals, it produces a remarkable

dyspnceic slowing of respiration. In a second series of investi-

gations, Neyer studied the periodic respiration, resembling the

Cheyne-Stockes type, of urasmic dogs ;
he found that this remark-

able ura^mic symptom is reduced by the injection of renal

expressed juice, as well as by the injection of normal defibrinated

blood, the effect being so marked that for a short time the respira-
tion becomes normal. Blood from the renal veins is said to

produce particularly good and well-marked results.

These reports of prolonged life and improved ura?mic sym-
ptoms in nephrectomized animals after the administration of renal

extract or blood from the renal veins, have been tested by many
investigators (E. Vanni, Manzini, Vitzou, Ajello, and Parascan-

dalo, Mori, Bozzolo, Gilbert and Carnot, Spineanu, Maragliano,
Chatin and Guinard, Fiori), but with very conflicting results. A
definite pronouncement is hardly possible, however, seeing that

the duration of life in nephrectomized animals is, in any case,

very variable. As I know from my own experience, dogs and
rabbits sometimes live five to six days after the removal of their

kidneys, while other animals of the same species, operated upon
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in a manner precisely similar, perish at the end of thirty-six hours.

In the second place, the appearance and course of the clinical

symptoms of uraemia is not, in such animals as these, a reliable

criterion of the condition. Many animals from which the kidneys
have been removed show no symptoms for two, three, or four

days, and then die, either suddenly or within a few hours, without

having shown any characteristic signs. In the case of other

animals, there is repeated vomiting and dyspnoea as early as the

first day after operation ; recovery is frequent, or there may be a

condition of chronic uraemia lasting for several days. Given
such conditions, I hardly think it possible to estimate the results

of any therapeutic measures at their proper value. Moreover, to

base a so-called physiological treatment of uraemia upon the

results of such experiments, and to apply this treatment, by the

exhibition of renal extract, to clinical nephritis, in my opinion,
shows a grave lack of judgment.

Attempts have been made to prove the elaboration of an
internal secretion by the kidneys by means of renal extract. Oliver

and Schafer proved that the kidney belongs to that class of organs
the extract of which, when injected into the veins, invariably

produces an increase in arterial tension. Tigerstedt and Berg-
man n next showed (1898) that a substance is obtainable with

cold water from the fresh kidney which, when injected into the

veins of rabbits, produces within a comparatively short time a

more or less marked rise in blood-pressure. This active substance,
to which the name of

"
renin

" was given by the discoverers, is

derived from the cortex, and, in very small quantities, from the

medulla
;

it is not dialyzable, it is soluble in water, in dilute saline

solution, and in glycerine; it is insoluble in absolute and in 50

per cent, alcohol; it withstands heat up to 54 to 56, but is des-

troyed by heating in anvater bath and by boiling. A rise in

blood-pressure is produced by this substance in very small

quantities, and is due to the effect which it has upon the peripheral

vessels, upon the nerve terminals, and perhaps also upon the

muscles. From the results of two experiments, Tigerstedt and

Bergmann assume that, under normal conditions, renin is con-

veyed into the blood which circulates through the kidneys. In

these experiments, blood from the renal veins was injected in

quantities of 2 c.cm. into the veins of rabbits which had been

nephrectomized one to two days previously, and a rise in blood-

pressure of 13 to 25 per cent, followed. These experiments were
afterwards tested by Le\vandowsky, who found that the results

produced with 5 to 6 c.cm. of renal venous blood were in no way
different from those produced by the same amount of venous blood
from other parts of the body ;

for this reason he is not prepared
to ascribe a specific vaso-contractor action to the blood in the renal

veins.

The effect which renal extract has in raising blood-pressure
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had been confirmed by various authors (Riva-Rocci, Vincent and

Sheen, Batty Shaw), who believe that the tonic internal secretion

of the kidney forms the connecting link between renal disease on
the one hand, and arterial hypertension and cardiac hypertrophy
on the other. Seeing, however, that the hypertensive effect of

renal extract is not specific but is the property of extracts obtained

from a large number of other organs, it can hardly be regarded
as proof of an internal secretion on the part of the kidney, and
still less as a satisfactory explanation of the cardiac hypertrophy
of renal disease.

Rautenberg recently described marked cardiac hypertrophy
and sclerotic changes in the vessels of rabbits after temporary
ligature of the ureter.

The formation of what are known as
'

autonephrotoxins,"
has been regarded as a further argument in favour of the passage
of the renal substance into the blood-stieam. Lindemann was
the first to show that, after the repeated injection of the expressed

juice of the kidney, an active poison s heteronephrotoxin, is

formed in the serum of immunized animals, which has a specific
and very injurious effect upon the kidney in animals of the same

species as that from which the expressed juice was obtained.

Nefediew next showed that blood taken from animals after ligature
of the ureters or of the renal artery, produced diffuse nephritis
when injected into animals of the same species. Lindemann 's

experiments showing that the blood of rabbits with chromian-

nephritis produced a parenchymatous nephritis in other rabbits,

provided further evidence in favour of the existence of auto- or

iso-nephrolysins.
As in the case of the other cytotoxic sera, however, these

autonephrolysins do not represent physiological processes; they

represent the toxic activities of substances formed under conditions

of immunization, and are probably not even organ-specific.

Timofeew, a pupil of Lindemann's, has recently endeavoured
to prove that nephritic oedema is chiefly the outcome of the

presence in the blood-stream of decomposed constituents of the

renal cells. These substances, which he calls
"
nephroblaptins,"

act in a manner similar to that of Heidenhain's lymphagogues
of the first class. According to Timofeew, the suppression of

renal activity which accompanies lesions of the renal parenchyma,
produces disturbance of the osmotic interbalance between the

organic fluids, and this leads to the retention in the tissues of an

excess of water. The substances which pass from the diseased

kidney into the blood-stream bring about changes in the blood

similar to those produced by lymphagogues of the first class;

and the consequent venous and capillary engorgement increases

the permeability of the vessel walls. The excess of fluid in the

organism, in combination with the increasing permeability of

the vessel walls, produces oedema.
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Timofeew showed that the watery extract of healthy kidneys
(emulsions and filtrates), when introduced into the blood-stream
of healthy animals, increases the flow of chyle from the thoracic

duct to as much as eight to twenty-two times the normal. Normal
blood serum, whether obtained from the systemic arteries and
veins or from the renal vein, and blood from animals which have

undergone double nephrectomy and are dying of uraemia, have
no lymphagogue action. In animals in which only one renal

artery or one ureter is ligatured, the flow of chyle from the

thoracic duct is increased to twice or even eight times the normal
;

and the serum from animals such as these has a marked lympha-
gogue action upon normal animals.

Kast (1902) has already pointed out that the blood of indi-

viduals with nephritic oedema contains a lymphagogue substance.

Starling recognized that the cedematous fluid of persons with

kidney disease was a strong lymphagogue. Blanck discovered

(1906) that, if the serum or cedematous fluid from rabbits with

uranian nephritis is injected into rabbits which develop nephritis
without oedema after the exhibition of chromium or aloin, the

latter animals become cedematous. According to Timofeew, the

serum of nephrectomized animals is markedly toxic to healthy
animals, but it does not increase the flow of chyle. It is said

that sera from individuals with parenchymatous nephritis mani-
fest both properties when exhibited in man

; while, according to

Strauss, sera from individuals with interstitial nephritis have a

toxic property, but Kast does not believe it to be lymphagogue.
Timofeew assumes that the lymphagogue action of the serum

depends upon the presence of nephroblaptins, its toxic properties

upon the presence of other substances. Non-albuminous oedema

may occur without the participation of the kidneys, brought about

by the products of the decomposition of other organs which also

possess a lymphagogue action.

These results require further confirmation, but they suggest
that, where pathological changes take place in the kidneys, sub-

stances are supplied to the blood which may have a special

significance to the organism. One thing is clear, however, and
that is that these experiments supply no proof of a physiological
internal secretion on the part of the kidneys.

The following observations have an interest in this connection.

The experiments of J. R. Bradford (1899) showed that striking

changes in metabolism may be produced by the reduction of the

renal parenchyma. My own experiments, which have extended
over a period of years, but have not as yet been published, have

yielded interesting results. In dogs in which the nitrogen-
balance was maintained for weeks, and whose daily excretion of

urine was ascertained, the excision of a wedge-shaped portion of

the kidney, equal to about a quarter of the organ, led to the

following remarkable change, which was more pronounced after
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removal of the other sound kidney. The daily excretion of urine

was considerably increased, and amounted to two, three, or even
five times the normal, v. Haberer also observed polyuria after

reduction of the renal parenchyma. The daily excretion of

nitrogen also increased, though the diet was unaltered. This

negative nitrogen-balance disappeared when the amount of food

given was very much augmented. The animals showed con-

spicuous thirst and considerable appetite, and by increasing the

amount of the food until the nitrogen was two to two-and-a-half

times the former quantity, it was found possible to maintain the

nitrogen balance. Reduction in the amount of the diet was
followed by a progressive decrease in the excretion of nitrogen
until a nitrogen deficit was again observed. The condition of

animals in which the renal parenchyma had been reduced in this

manner underwent no other change.

According to Bradford, the nitrogenous extractive substances

of the blood and tissues, and especially of the muscles, are con-

siderably increased in such animals
;
he believes that there is rapid

decomposition of the tissues, particularly of the muscles. It is

expedient that mention of these metabolic changes should be
made here, though it is not possible at present to determine

whether they arise from suppression of the internal secretion of

the kidney or not.
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ABORTION following injection of

adrenalin, 207

Accessory hypophysis, 314
- organs, compensatory hyper-

trophy, 19
Aceto-acetic acid, 419, 420
Acetone bodies, normal formation, 419

in urine, increase of, see

Ketonuria.

, hot, used in distillation of pigs'

suprarenals, 290, 291

Acetonitril, subcutaneous injection,
resistance to, increased by blood
from subjects with Graves's

disease, 109
increased by oral ad-

ministration of thyroid extract,

108, 109
Achondroplasia, 78

Acidosis, 419
Acromegaly, clinical appearances of,

, exophthalmos in, 331

, glandular hyper-function in, 17

, hypophysal tumour in, 332, 333
,
metabolic changes in, 332

, pathologico - anatomical findings
in, 332

,
sexual derangement in, 331

, symptoms in, gigantism similar

to, 343
, therapeutics of, 347
3
tumours of hypophysis associated

with, 306
Addison's disease, 126

, adrenalin contents of supra-
renal capsules in, 250
3 asthenia in, 164
,
clinical signs absent, with

destruction of suprarenal cap-
sules, 162

,
with healthy suprarenals,

159, 160

j emaciation in, 164
,

"
experimental," 157

, fatality of, 126

,
nervous or sympathetic theory

of, 160

, normal processes becoming
hypoplastic in, 17

j pigmentation in, 164, 165, 168

, symptoms, 126, 163-165
, symptom-complex of, 267
, treatment by suprarenal ex-

tract, 168

39

Addison's disease, typical findings in,

ISO

Adiposis dolorosa, 74
Adrenal cells, measure of adrenal

contents, 247
organs, Selachian, extracts ob-

tained from, 247
system, 129, 130, 131

,
condition in renal diseases, 262

,
connected with nervous system,

160, 162

, development, 132

,
distribution over body wide,

264, 265

,
effect of extirpation of supra-

renal capsules on, 267
, functions, defined, 264
, nature, defined, 264
, secretory process, how con-

trolled, 261

, morphology, 266

,
total suppression impossible,

267
tissue, chrome-brown, activity of,

251
Adrenalin, 177

,
action of, altered by increase of

doses of ergot, 231

large doses on dogs, 236
-

,
limited, by internal secretory

activity of pancreas, 226

, modification by thyroid appar-
atus, 226

, by body temperature, 226

, peculiarities in, 230, 231
,
relation to internal secretory

activity of pancreas, 220

, site, 227, 228

, specific, different from blanch-

ing process, 206

,
tables showing, 222-225

,
action on blood-pressure, 213

,
altered by administration of

ergot, 231, 232
- on blood-supply to kidney, 212
- on bronchial muscles, 208
- on composition of blood, 214
- on digestive tract, 203, 204
on embryonal heart, 202, 203

- on eye, 209
- on gastric secretion, 212
- on genital organs, 206
- on hair muscles, 208
- on heart after removal from
living body, 201
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.Adrenalin action, experiments to de-
termine nature, 202

- neutralized by apocodein, 203
- on heart of cold and warm
blooded animals compared, 202

- on lachrymal glands, 212
- on lymphatics of peritoneum,
213

- on metabolism, 214, 215
- on muscles, 228, 229
- on organs innervated by sym-
pathetic system, 189

- on pancreas, 212
- on pigment cells and granules
of frog, 214

- on pregnant uterus, altered by
ergot, 232
- on pupil, 230
- on respiration, 235
- on salivary glands, 211
- on submaxillary glands, 211
- on sweat-glands, 214
- on sympathetic and autonomous
nervous system compared, 230,
231

- contrasted, 231
- on urinary bladder, 205
- on uterus, 200, 207

- as quantitative test, 207
, therapeutic, 207

,
amount in suprarenal capsules,
182, 248, 249

,
modification by path-

ological conditions, 249
, antagonism of cholin to, 276, 278
, by-effects of, 234-236
causing abortion, 207

mydriasis in Graves's disease,
21 I

, cells producing, 253
,
chemical tests for, in liquids and
secretions, 180, 181

-
,
colorimetric methods,

181, 182
- contents in cats and rabbits

compared, 251
- of dog, 254
- of suprarenals in Addison's

disease, 250
,
conversion of tyrosin into, 180

,
destruction of, factors in, 256, 257

, diabetes, 220

--, disassimilatory hormone, 206

-, disassociation of auricular and
ventricular beats under, 203

, drugs antagonistic to, in action,
200

,
effects after thyroidectomy and
thyroparathyroidectomy, 54, 55

,
modified by previous adminis-

tration of curarin, 196, 197
- determined by Meyer's method,
1 99

- on arteries, 198
- on coronary vessels of heart,
186

Adrenalin, effects on heart, how and
when determined, 200

- on nerve-endings, 197, 198
- on pigment in Addison's disease,.
165

- on pulmonary circulation, 185
- vessels negative, 197

- on thyroid gland, 28

,
excretion of, 256
- of lymph from thoracic duct

promoted by, 213

,
formation of, relation to chemical
processes of muscles, 296

,
function of, 266

,
connected with sympathetic

system^ 266, 267
Adrenalin-glycosuria, 215, 259, 429

- accompanied by hyperglycsemia,.
216

,
effect of subcutaneous injection

of chyle on, 431
, experimental, and puncture of
fourth ventricle, 219
,
inhibition of, 220, 221

, by fever, 221 (footnote)

, by hirudin, 221

, by lymphagoga, 221

, by pancreatic extract, 429
, by pilocarpin, 226

, mechanism of, 217, 218
Adrenalin in blood, 250, 251

, disappearance, 256-258
, persisting after cessation of.

specific action, 258
, ultimate fate of, 255
,
see also Adrenalaemia

in collapse, 188, 189
in heart failure, iS'S, 189

- following diphtheria, 189
,
increases secretion of bile, 212

, inhibitory influence on activity of

pancreas, 221, 226
, injection of, contraction of blood-

vessels following, 196
followed by glycosuria after

parathvroidectomy, 68
, not followed by glycosuria in

thyroidectomized animals, 68
, intravenous injection, antidote to

poisoning by chloral, 201
- causing dilatation of cerebral

vessels, 185
- in urine, method of testing for, 182

, isolation methods, 177, 178
,
matrix of, 180

mydriasis, inhibition of, 220
, neutralization of strychnine by,.

295
, organic composition, 179, 180

, physiological activity, 183
effects on sympathetic system,

196

poisoning, symptoms of various
animals dying from, 238

, portion of blood-vessels acted on
by, 187

, precursors of, 296, 297
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Adrenalin, production of anirmia by,
187
of hyperaemia by, 187

raises heat-tone, 226

,
reaction of suprarenal capsules to,
212

, resuscitating effect on heart, 201

-, rise in blood-pressure due to, 183,

184
, secretion of, process, 253
, stimulation of myoneural sympa-

thetic terminals by, 230
- sympathetic nerves by, under
normal conditions and after

large doses of ergot, 232, 233
,
subcutaneous injection followed

by hyperglycaemia, 217
3 synthetic, 178, 179
,
toxic action, 236-246, 259

,
on dogs, 240

, inflammatory and degenera-
tive, 239

, intravenously, 236, 239
, on rabbits, 239, 240
, subcutaneously, 237, 239
,
on various animals, 236, 237

,
on vascular system, 240-246

,
toxo-chemical action, 244

,
toxic dose, 236

-, transfusion, continuous, perma-
nent increase of blood-pressure
under, 259

, tyrosin and, 165

,
tests for, 297

, therapeutic applications, 188

, time of formation, 251
, vasoconstriction due to, 184
,
vasodilator properties of, 198
and apocodein, action on muscles
compared, 228

and muscarin, action compared,
258, 259

and sympathetic system, 219
as diurecic, 212
as secretory process of adrenal

system, 246
, see also Phloriz'm and adrenalin

Adrenalinaemia and Graves's disease,
264

, mydriasis as test for, 262, 263
, pathological human, 262

, physiological, 254-260
, transient, 255

Alanin, 298
Albumin, decomposition of, 13

,
metabolism of, 267, 386

,
after extirpation of supra-

renals, 154
Albuminoids in suprarenal capsules,

275
Albuminuria in tetany of animals, 43
Ammonia poisoning, experimental

production, by formation of

Eck's fistula, 10

Amniota, suprarenals of, 129

Amphibia, organs representing supra-
renal capsules in, 129

Amphibia, suprarenal bodies in,

development, 133
Amphioxus, absence of structure

similar to suprarenal tissue in,

129
Anaemia following exhibition of

adrenalin, 187

Animals, cold and warm-blooded,
action of adrenalin on hearts of

compared, 202

,
endemic cretinism in, 83

, extirpation of hypophysis in, 334
, goitre in, experimental production,

82

---, natural development, 82

, suprarenal-less, metabolism of

carbohydrates in, 154, 155

, thyroidectomized, changes in, 62-

7i

, various, histology of suprarenal
cortical granules in, 285

Anisotropic substances, 289
Antibodies, formation not provoked by

hormones, 16

Antigens, hormones and, 16

Antitoxic action of suprarenal cap-
sules, 293, 294

activity of thyroid glands, 108
Antlers as secondary sexual charac-

ters, 360, 365
Aorta, atheromatous degeneration fol-

lowing thyroidectomy, 63
,
toxic action of adrenalin on, 241

Apathy following suprarenal suppres-
sion, 156

Apes, acute tetany in, 41
, parathyroid glands in, 36

Apocodein, 197
and adrenalin, action on muscles
compared, 228

neutralizes action of adrenalin on
heart, 203

paralysing effect on nerve endings,
197

Arhythmia, production of by large
doses of adrenalin and extract of
chromaffine bodies, 236

Arteries, changes due to toxic action
of adrenalin on, 241, 242, 243

,
effect of adrenalin on, 198

, when isolated from bodv.
198

, isolated, suspension in Ringer's
solution, 198, 199

, muscles of, effect of adrenalin on,
200

, sympathetic innervation, 200
,
treatment with adrenalin, 199, 200;
see also Meyers method,

Arteriosclerosis due to adrenalin, 245,.
246

, hypertension in, 262

Artery, pulmonary, toxic action of
adrenalin on, 243

Athyrosis and dwarfism, 80
and endemic cretinism, 80
in man, 71
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Athyrosis, operative, changes follow-

ing* ?i , 72
Asthenia in Addison's disease, 164

following suprarenal suppression
156

Asthma thymicum, 122

Atropine, paralysis of vagal nerve

endings by, 200
and pilocarpine, action compared,

Auto-intoxication in pancreatic dia-

betes, theory of, 423
Auto-nephrotoxins, formation of, 443

BARIUM chloride, action of, altered by
increase in doses of ergot, 231

Basophile cells, 308
Batrachians, suprarenal capsules in,

299
Benzoic acid, affinity for glycocoll, 9

Bile, secretion, increased by adrena-

lin, 212

Biology, problems of, solved by
doctrine of internal secretions, 23

Birds, acute tetany in, 41, 42

,
castration in, results of, 378

,
heart of, action of adrenalin on,
202

, perversion of sex characteristics

in, 365, 366
, portal system of suprarenals pre-

sent in, 300
, suprarenal capsules in, 128, 130,

133, 299., 300
, thyroid apparatus in, 36

Bladder, urinary effect of pituitary
extract on, 326
action of adrenalin on, 205

, experiments to determine, 205

,
innervation of, differences in mam-
mals, 205, 206

, experiments to deter-

mine, 205
Blood, action of thymus extract on,

121

--, adrenalin in, 250, 251

--, disappearance, 256-258
, remaining after cessation of

specific action, 258
,
ultimate fate of, 255

,
see also Adrcnalscniia

, alkalinity of, disappearance of

adrenalin under, 256
, changes in, following extirpation

of suprarenals, 157, 158
, following thyroidectomy, 66

, cholesterinester in, source of, 292
,
circulation of, and humoral path-
ology, 2

in suprarenals of mammals,
300, 301
, pulmonary, effects of adrenalin

on, 185

, composition of, action of adrenalin
on, 214
j effect of castration on, 388

Blood formation, influence of thyroid
gland on, 37

, sugar-contents of, on what de-

pendent, 428
--, toxicitv after extirpation of supra-

renals, 156
Blood-letting in tetany, 56

Blood-pressure, action of adrenalin

on, 213
,
altered by previous adminis-

tration of ergot, 231, 232
of methylaminoketone on, 213

,
condition of, after extirpation of

suprarenal capsules, 147, 148

,
effect of intravenous injection of

organic extracts on, 21, 22

of pituitary extract on, 323
- of renal extract on, 442, 443

,
fall of, induced by cholin, 276, 277

,
increase induced by suprarenal
extract, how abolished, 157

,
intracranial conditions governing,
329

, permanent increase following con-
tinuous transfusion of adrenalin,
259

,
rise in, due to adrenalin, 183, 184

Blood-serum, mydriatic, 262

Blood-supply to kidney, action of

adrenalin on, 212

Blood-vessels, contraction, drugs in-

ducing, 200

,
contraction following injection of

adrenalin, 196
, dilatation, drugs inducing, 200

,
effect of pituitary extract on, 326

, portion of, acted on by adrenalin,
187

, pulmonary, effect of adrenalin on,

negative, 197

,
toxic action of adrenalin on, 240

Boiling, activity of thymus extract

not affected by, 121

Bones, changes in, in acromegaly, 333

, growth of, effect of pituitary ex-

tract on, 328
,
influence of generative glands

on, 382
Brain, blood-vessels of, dilated by

adrenalin, 185

,
fourth ventricle, puncture of, and
experimental adrenalin-glycos-
uria, 219

of pigs, lipoid substances in,

290, 291
, relationship of tetany to, 60, 61

-, weight of, in gigantism, 342
Bronchi, muscles of, action of adrena-

lin on, 208

CACHEXIA, chronic, following thyroid-
ectomy, 63

, following total thyroidectomv, 71,

72, 73

, strumipriva and Graves's disease,
symptoms common to, Q9
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Cachexia strumipriva, treatment by
thyroid extract, 87

thyropriva, symptoms compared
with those of Graves's disease, 94,

95
,
see also Myxcedema, post-

operative
Ca-ions, n
Calcium metabolism in relation to

parathyroid glands, 57

salts, treatment by, of tetany, 58,

59
Capons, characteristics of, 378
Carbohydrates, metabolism, action of

adrenalin on, 215
,
after extirpation of suprarenal

capsules, 154, 155

3 central point respecting, 427
-

,
in Graves's disease, 99

,
in suprarenal-less animals, 154,

155

,
influence of thyroid apparatus

on, controlled by pancreas, 430---
,
in thyroidless animals, 67, 68

Carbonic acid, affinity for urea, Q--
,
effect on respiratory centre, 15

Carnauba-acid-cholesterinester, 292
Carotid organ (gland), 302--

, origin, theories respecting,
303

Castration, effects of, 17

-,
on composition of blood, 388

,
on thyroid gland, 344

, hypertrophy of hypophysis after,

-, in relation to thymus gland, 116

, obesity after, 386
,
results of, 366

,
in animals, 379

,
in birds, 378

,
on generative glands, 376-382

,
in man, 378, 380

, weight of suprarenals increased

after, 269
Cat, acute tetany in, 39, 40

,
adrenalin contents in, 251

,
effect of iodothyrin on circulatory
apparatus in, 90

, parathyroid glands in, 35
, suprarenal capsules in, experi-

mental extirpation, 141

Cell-altruism, 5

Cell-complex of ovary, 399
Cell formation of hypophysis, 308
Cells of generation, 359, 362

, somatic, 359, 362
Cerebellum, relationship of tetany to,

60, 6 1

Cervida?, secondary sex character-
istics in, 360, 365

Children, hypothyrosis in, 76, 77
Chloral, poisoning by, adrenalin anti-

dote to, 201

Chlorinester, crystallizing, from hot
acetone used to distil pigs' supra-
renals, 292

Chloroform anaesthesia, sudden death
at commencement of, in status

lymphaticus, 123

Chlorosis, relationship to ovarian

function, 388
Cholesterin palmitate and stearate in

suprarenals, 288

Cholesterinesters, 287, 288

,
colour reactions, 289
in blood, source of, 292

, permanent emulsions of double
refractive globules yielded by,
288

Cholin, antagonism to adrenalin, 276,
278

,
constitutional formula, 277

,
distribution throughout body, 278

,
in combination with leci-

thin, 278
,
effects of, 324

,
fall of blood-pressure induced by,
276, 277

in suprarenal capsules, 275, 276
, method of extraction, 275,

276
, origin of, 278
, physiological activity, 278, 279

Chromaffine bodies, 304
-

,
extract of, action on dogs, 236

cells, 132, 133
-

, derivation, 264
, staining of, 247, 248

system, effect on metabolism, 70
, hypoplasia of, 158

, effect, 123
, in sudden death in status

thymicolymphaticus, 158
- -

tissue, 6
-

, free grafting of, 173

, extracapsular, extracts from,
action, 247
, hyperplasia, in true contracted

kidney, 263 (footnote)

,
in suprarenal medulla, hyper-

plasia, 262

Chromates, treatment of myelin forms
of suprarenal cortex with, 289

Chrome-brown cells, attached to gan-
glia of nervous system, 265

Chromophile cells of hypophysis, 308.
3ii

Chrysotoxin, action of, 198
Chyle, flow of, how increased, 444

, subcutaneous injection, effect on
adrenalin-glycosuria, 431

Circulatory system, effect of pituitary
extract on, 323
, physiological effects of thyroid
extracts on, 89, 90

Coccygeal gland, 304
, human, primal origin, 305

Collapse, adrenalin injection in, 188,
189

Colloid in parathyroid glands, 33
- substance of the hypophysis, 312

Coma, diabetic, cause of, 41.9, 420
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Conarium, see Pineal body
Corpus luteum, function of, 400, 402,

407
-

, hypothesis, 404
, menstruation originating in,

406
verum, cells of, similarity of

cells of suprarenal cortex to, 269
Crabs, parasites causing neuter charac-

teristics in, 367
Cretinism, endemic, 79

,
and athyrosis, So

, clinical signs, 79
, deaf-mutism in, 79
, geographical distribution, 79

, same as that of endemic
goitre, 8 1

,
in animals, 83

, metabolism in, 89
, treatment by thyroid extract,
87

.

Cryptorchidism, suppression of sper-
matogenesis, 393

, unilateral, 393-394
Curarin, effects of adrenalin, modified

by previous administration of,

196, 197
Cyanophile cells, 308
Cytotoxins, specific, attempted de-

struction of suprarenal capsules
by, 144

DEAF-MUTISM in endemic cretinism, 79
Decomposition, products of, effects of

over-irritation by, 15

,
formation in intestinal canal, 7

Dercum's disease, sec Adi-posis dolorosa

Diabetes, changes in pancreas in, 432
, clinical, and experimental pan-

creatic, analogy between, 431, 432
, duodenal, 422
, pancreatic, 220

and auto-intoxication, 423
, experimental in animals of

different species, 414
-, in dog, 414

,
failure of organo-therapy in,

423, 424
, glycosuria in, factors in-

fluencing, 416, 417
, metabolism in, 415
, mydriasis characteristic of,

production, 431
,
nervous origin, theorv of, 422

, permanent factors originating,
432
,
theories respecting, 420-432

, see also Adrenalin-diabetes

Diet, effect on glycosuria in pan-
creatic diabetes, 416

Digestive tract, action of adrenalin
on, 203, 204

Dimorphism, sexual, 361
Diphtheria, heart failure following

adrenalin administration in, 189
Diseases, reflex manifestation of, 2
Diuresis due to pituitary extract, 327

Diuretic action of thyroid extract, 91

,
adrenalin as, 212

Dog, acute tetany in, 39, 40
,
adrenalin contents of, 254

,
effects of large doses of adrenalin
and extract of chromamne bodies

on, 236
,
effects of ligature of excretory
ducts of pancreas on, 430

j effect of thyroidin on, 92

,
emaciation in, following extirpa-
tion of pancreas, 420

, extirpation of hypophysis in, 319,

320
, parathyroid glands in, 35

, supernumerary, 35

, production of pancreatic diabetes

in, 414
, suprarenal capsules in, experi-

mental removal, 141

, thymus gland in, 113
-

, extirpation, results, 114, 117
- implantation into, 119, 120

, thyroidectomized, changes in, 65

, staggering gait of, 61

,
toxic action of adrenalin on, 240

Ductless glands, functions of, early
discoveries, 3

, importance of, 17

Duodenum, see Diabetes, duodenal
Dwarfism, 78

, athyrosis and, So

Dystrophia adiposogcnitalis, 17, 345

ECK's fistula, formation of, leading to

ammonia poisoning, 10

Eels surviving removal of suprarenal
capsules, 153

Eggs, fertilization of, 356
Electric current, thymus gland and

reaction of motor apparatus to,
1 20

Emaciation in Addison's disease, 164

following extirpation of pancreas,
420

- following extirpation of supra-
renals, 154

, following thyroidectomy, 66

Embryo, development of hypophysis
in, 313

Enzymes, organic substances formed
by, in process of decomposition
of sugar, 426

P^osinophile cells of hypophysis, 308
Epilepsy, colloid in hypophysis, as

cause of, 305
Epinephrectomy, sec Suprarenal cap-

sides extirpation
Epinephrin, 178

-, toxic dose, 236
Epiphysis, see Pineal body
Epoophoron, 410
Ergot, administration of, increase in,

alters action of adrenalin, 231

,
alters action of adrenalin on preg-
nant uterus, 232
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Ergot, effect of adrenalin on blood-

pressure, altered bv, 231, 232
-

, inhibitory action of, site of dis-

cussed, 233, 234
, poisoning by, acute, 232
,
stimulation of sympathetic nerves
by adrenalin after large doses of,

^32, 233
Ergotoxin, effect on sympathetic

system, 196
Excretion, distinction from secretion, 3
Excretory organs, expulsion of toxic

substances by, 8

Exophthalmos in acromegaly, 331
in Graves's disease, 96, 97

Extremities, upper, effect of mountain
climbing on, 14

Eunuchs, characteristics of, 378
Eye, action of adrenalin on, 209

, diseases of, in acromegaly, 331
, symptoms following intravenous

injection of thyroid juice, 92

FASTING, prolonged, followed by gly-
cosuria, 216

Fat, absorption after ligature of ex-

cretory ducts of pancreas, 437
- ceases after total extirpation

of pancreas, 437
distribution in suprarenal cap-
sules, 285

granules in epithelial cells of para-
thyroid glands, 32, 33

, labile, in spongiocytes, 282

Fatigue, muscular, suprarenal cap-
sules in relation to, 295

Fats, metabolism of, effect of thyroid-
ectomy on, 71

Females, incidence of Graves's disease

among, 102

Femininity, 362
Ferments in suprarenal capsules, 275
Ferret, motor and inhibitory inner-

vation of bladder in, derivation,
205

_

Fever, inhibiting adrenalin glyco-
suria, 221 (footnote)

Fish, cortex and medulla of supra-
renal capsules distinct bodies in,

130
, embryology of pineal body in, 351
,
heart of, action of adrenalin on,
202

,
interrenal body in experimental
extirpation, 150, 152

, suprarenal capsules in, extirpation
not fatal, 152, 153

, thyroid apparatus in, 36
Fistula, pancreatic, 437, 438
Flesh-free diet in Graves's disease, 107
Foetus, extract of, effect on mammary

gland, 373
, sexually differential tissues in, 361

Fowls, extirpation of thynuis in, 1 14,
1 16

Frog, extirpation of hypophysis in,
'

316

Frog, extirpation of thymus in, results,

115

, pigment cells and granules of,
action of adrenalin on, 214

, suprarenal capsule in, experi-
mental extirpation, 140, 141

Frog's eye, isolated, action of adrena-
lin on, 209, 210

Function, suspension of, effects, 10

Functional equilibrium, disturbances

of, explanation, 2

GANGLION" cells, particular, affected by
nicotine, 194

Gastric and intestinal mucosa, internal

secretion, 438
secretion, action of adrenalin on,
212

Generation, cells of, 359, 362
, organs of, female, physiological

association of thyroid gland with,
37

Generative glands, developmental
history of, 358
3

effect of Rontgen rays on, 396
,
extract of, 389-391

,
hormone in, sexually un-

differentiated activity of, 382-389
,
influence upon growth of

skeleton, 382
,
internal secretory tissue, ele-

ments of, 391-410
, relationship to ostcomalacia,
387
,
results of castration, 370-382

Genitals, defective, in gigantism, 342,

344
(external), action of adrenalin on,
206

, female, tumours of, derived from
Marchand's accessory supra-
renals, 270

,
internal secretory tissue, elements
of, 410-412

, hypoplasia of, 340, 349
(internal), action of adrenalin on,
206

Genito-vesicular reflex, 390
Gigantism, infantile type, 344

, pathogenesis of, 343
, relationship to hypophysis, 341
,
sex incidence of, 342

, symptoms in acromegaly similar

to, 343
, weight of brain in, 342

Glandulae pinealis, see Pineal body
Glandular secretions, classification, 8

, deficiency or superfluity effects,

3

Globules, double refractive bodies

showing, 288

,
colour reactions, 289

Glycogen, accumulation in liver, 427,
428

,
content of leucocytes, increase in,

cause, 418
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Glycogen, conversion into grape-
sugar, 428

, deposition in liver after extirpation
of pancreas, how effected, 430

,
formation in liver, 216
in liver, reduced after extirpation
of pancreas, 418

in muscles, diminishing after

extirpation of pancreas, 418
Glycogenesis, 4
Glycogoll, affinity of benzoic acid for, 9
Glycolytic ferment in muscles, 426

, 'theory of, 424, 425
Glycosuria, absent after adrenalin

injection in thyroidectomized
animals, 68

- after partial extirpation of

pancreas, 415
, alimentary, in Graves's disease, QQ
, factors originating, 432
following administration of

adrenalin, sec Adrcnalin-glyco-
sitria

following inhibition of internal
secretion of pancreas, 428
ligature of thoracic duct, 431
prolonged fasting, 216
total extirpation of pancreas,

.413
in acromegaly, 332
in pancreatic diabetes, factors in-

fluencing, 416, 417
, immediate cause of, 418

,
marked after adrenalin injection
following parathyroidectomy, 68

, production following phlorizin in

suprarenal-less animals, 155
,

site of origin, 207
, slight, follows extirpation of

larger portions of pancreas, 416
,
test for, 2Qy

Glycuronic acid, affinity for mercap-
turic acid, 9

Goat, parathyroid glands in, 35
, tetany in, 41
, thyroidectomized, administration

of thyroid extracts to, 86
, changes in, 64, 65

Goitre, cardiac symptoms, 103
,
causal agent unknown, 82

, endemic, etiology, Si, 82

i geographical distribution of
endemic cretinism same as that

of, 8 1

, extirpation, preservation of para-
thyroid glands during, 44

, geological distribution, 81

, hyperplastic, reduction of amount
of iodine-thyroglobulin in, 30

in animals, 82
in Gravest disease, 95

, relation of iodine in thyroid gland
to, 29, 30, 31

, removal, thyroidectomy must be
partial in, 73

, simple, 102

Goitre, simple, functional aspect not
identical with hyperthyroidism,
103

,
soil in relation to, Si

,
transmission by drinking water, Si

Goitre-heart, 19
Graafian follicles, bursting of, 406

.
function of, 401

Grape-sugar, conversion of glycogen
into, 428

,
intravenous injection, effect on
islands of Langerhans, 435

Graves's disease, 93
, alimentary glycosuria in, 99
and cachexia strumipriva, sym-

ptoms common to, 99
associated with adrenalaemia,

264
, blood from, increases resist-

ance to acetonitril, subcutaneously
injected, 109
,
due to flooding of organism

with thyroid substances, 102

, etiological connection with thy-
roid gland, 100, 101

, exophthalmos in, 96, 97
,

flesli-free diet in, 107

, glandular hyperfunction in, 17

-, goitre in, 95
, hypertrophy of heart in, 96

of thymus in, 96
, incidence among females, 102

,
metabolism in, greatly in-

creased, 98
, mydriasis produced by adrena-
lin in, 211

- myxocdema and, difference be-

tween, 99
, reduction of amount of iodine-

thyroglobulin in, 30
, symptoms and organic changes
in, 95-98

compared with those of
cachexia thyropriva, 94, 95

- in relation to those of experi-
mental hyperthyroidization, 103

- resembling those of found
in other diseases, 99

, treatment by adrenalin causing
mydriasis, 211

by serum-therapy, 100

by thyrotoxic immune serum,
101

-

, operative, 100

by organo-therapy, 100

by X-ray, 100

,
vasomotor excitability in, 97

Guinea-pig, suprarenal capsules in,

exceptional weight of explained,
269

- experimental removal, 141,
M4

, thymus gland in, 113

extirpation, results, 116

Gynaecomastia, 372

H.EMOLYSINS, action of, iS
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Hair-muscles of different animals,
action of adrenalin on, com-
pared, 208

Heart, action of adrenalin on, experi-
ments to determine nature, 202

,
neutralized by apocodein,

203
after removal from living body,
action of adrenalin on, 201

, coronary vessels of, effect of
adrenalin on, 186

-

,
effect of adrenalin on, how and
when determined, 200
of pituitary extract on, 323-325

, embryonal, action of adrenalin on,
203

- failure, adrenalin in, iSS, 189
following diphtheria, adrenalin

in, 189
, hypertrophy accompanying hyper-

trophy of thymuSj 19

,
in Graves's disease, 96

, resuscitating effect of adrenalin

on, 201

,
toxic action of adrenalin on, 240;
see also Goitre-heart

Heart-beats, auricular and ventricular,
disassociation under adrenalin,
203

Heart-muscle, chemical changes in,

nature, 14

Heart-puncture, 221 (footnote), 226

Heart-symptoms of goitre, 103
Heat-tone raised by adrenalin, 226

Hens, extirpation of hypophysis in,

316
, thyroidectomizecl, changes in, 64

Hermaphroditism, 357, 362
, glandular, 363

Hippuric acid, where formed in body.,
9

Hirudin, suppression of adrenalin-

glycosuria by, 221

Homoeopathy, isopathy, a branch of, 2

Hormone, 5, 6

,
definition of, 5

, dissimilatory, action of thyroid
gland secretion as, 109, no

-
, adrenalin as, 266

, genital, relationship of Leydig's
cells to, 398

in generative glands, activity of,

382-389
, mammary, origin of, 374-376
, pancreatic, 431

,
action of, 429, 430

, isolation, so far, impossible,
430

Hormones, activity of, 12

and antigens, 16

j chemistrv of, 16

, classification, 13

, dissimilatory, 13, 109, 266

,
distinction from nutrient secre-

tions, 13

,
formation of antibodies not pro-
voked by, 16

Hormones, inhibitory, 14

, negative properties, 16

-, origin of, 15

, pancreatic, 423, 424
, production of, 8

Hydrogen ethyl sulphates, toxic
bodies with affinity for, 9

Hyperaclrenalinism, experimental, 261

Hyperremia > following exhibition of

adrenalin, 187

Hyperglycsemia accompanying adrena-

lin-glycosuria, 216

following subcutaneous injection
of adrenalin, 217

,
immediate cause of glycosuria in

pancreatic diabetes, 418
in suprarenal-less dogs, 155

, phenomena accompanying, 418
,
source of, 419

Hypernephroma, extracts of, 251
, renal, 270

Hyperparathyroidism, diseases follow-

ing, 46
Hyperpituitarism, 335, 337, 345
Hyperthyroidism, experimental, 92

, following administration of thy-
roid extracts, 90

,
functional aspect of simple goitre
not identical with, 103

, human, following administration
of thyroid extracts, 92, 93

, true, conditions classed under, 93
Hyperthyroidization, experimental,

symptoms in relation to those or
Graves's disease, 103

Hyperthyrosis in man, 71

Hypoparathvroidism, diseases follow-

ing, 46
Hypophysectomy, experimental, 315-

Hypophysis, accessory, 314
, anatomy of, 306-308
, chemistry of, 322
, change in function, no
,
death following removal of, 319-
321

, development of, history, 313
,
diseases of, 330-348

,
effects of, 326

on blood-pressure after stimu-
lation of, 329

, embryonal, development of, 313
3 enlargement, following thyroid-

ectomy, 63, 66

, experimental extirpation of, 315-
3 '9, 334

- stimulation of, 328-330
,
function of, 306

, determined by experiment, 18
- theory of, 305, 309, 348-50

, histology of, 308
, hyperfunction of, 338
, hypertrophy of, 335

following extirpation of thy-
roid, 19

,
influence of pregnancy on, 307,
309, 310
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Hypophysis, nervous portion of struc-

ture of, 310
, physiology of, 315-321
, relationship to gigantism, 341

to sexual glands, 339-341
to suprarenals, 339
to thymus, 339
to thyroid gland, 338

,
sarcoma of, 334

,
secretion of, histology of, 311

,
sources ot origin, 315

,
tumour of, extirpation of, in man,
330
,
in acromegaly, 306, 332, 333

, obesity associated with, 345-347
, weight of, 307
,
see also Pituitary extract

Hypothyrosis, metabolic changes in,
88'

in children, 76, 77
Humoral pathology, 2

- and circulation of blood, 2

INDICAN reaction in urine after re-

moval of suprarenal capsules,

Infantilism, 77
, dystrophic, 77

, following thyroidectomy, 64
, myxcedematous, 77

Infants, laryngeal spasm of, 122

tetany in, 45
Infective diseases, mortality from,

great among subjects of status

thymicolymphaticus, 124
Internal secretion, definition and

limitation of term, 5

,
doctrine of, date of origin, 4

, when first formulated, 3
Interrenal body in fish, experimental

extirpation, 150
bodies, accessory, 131, 134

, compensatory hypertrophy of

portions of, 268
in fish, experimental extirpa-

tion, fatal, 152

structures, accessory, 268

,
connection of suprarenal

capsules with, 268

systems, 129-131, 267-270
, development, 131, 132

,
functional significance of free

portions, 268

,
function of theory as to, 292-

294
tissue, importance of to life, 302

Interrenals, accessory, in white rats,

155
Intestinal canal, formation of products

of decomposition in, 7

mucosa, secretion, mechanism of,

440
tract, atrophy present in senile

degeneration, absent in myx-
(jedema, 76

Intestines, action of adrenalin on,
determined by experiment, 204

Intracranial blood-pressure, conditions

governing, 329
Invertebrates, adrenal system in, 135

, suprarenal systems in, tables illus-

trating, 135-137
Invertin, action of, inhibited by levu-

lose, 419
Iodine, distribution in human organs,

30
in thyroid gland, 29, 30, 106

,
relation to goitre, 29, 30, 31

lodine-thyroglobulin, 30
,
reduced in hyperplastic and ex-

ophthalmic goitre, 30
lodization, process of, in thyroid

gland, 105

lodothyrin, 30
-

,
administration of, after thyroid
suppression, 87

,
effects on circulatory apparatus,
in animals, 90

, function, 37
lodothyro-globulin, effects on circu-

latory apparatus, 89
Ions, function of, 1 1

Islands of Langerhans, see Latigcr-
hans, islands of

Isopathy, branch of homoeopathy, 2

, defined, 2

JECORIN, 286

KETONURIA, experimental, difficult to

obtain, 420
, symptoms of diabetes, 419

Kidney, blood-supply to, action of
adrenalin on, 212

, contracted, true hyperplasia of,
chromaffine tissue in, 263

,
disease of blood from subjects of,

containing lymphagogue sub-

stance, 444
disease, condition of adrenal
system in, 262

,
effects of pituitary extract on, 325,

.
3^7

,
internal secretion, 440

,
effect of renal extract on,

442
, parenchyma of, reduction of,

effects, 444, 445
, transplantation of suprarenal cap-

sules in, 170, 171, 172

LACHRYMAL glands, action of adrenalin
on, 212

Lactic acid and respiratory centre, 15

Langerhans, islands of, concerned in

internal secretory function of

pancreas, 436, 437
,
effect of injection of phlorizin

and adrenalin on, 435
- of intravenous injection of

grape-sugar on, 435
, function, 433, 434

Lecithin, cholin combined with, in

body, 278
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Lecithin, function of, 289
, pure, hardly obtainable, 290
in suprarenal capsules, 280

Lecithin-carbohydrate, 286

Leucocytes, glycogen content, cause of

increase, 418
Levulose, administration of, effect,

430
, experimental results, 417, 418,
419

,
inhibits action of invertin, 419"

Leydig's between-cells/' 392
Leydig cells, 394

, relationship to genital hormone,
398

Lipoid granules in cells of suprarenal
cortex, 272

substances, 21

in suprarenal capsules, 292,
293

Lipoids, suprarenal, 279, 287
Liver, accumulation of glycogen in,

427, 428
-

, deposition of glycogen in, after

extirpation of pancreas, how
effected, 430

,
effect on destruction of adrenalin,
257

,
formation of glycogen in, 216
- of sugar in, inhibited by pan-
creas, 430

,
how controlled, 428, 429

urea by, antitoxic function, 9

, glycogen in, reduced after extir-

pation of pancreas, 418
Lutein cells, origin of, 401

tabloids, therapeutic use of, 405
Lymph, excretion from thoracic duct,

promoted by adrenalin, 213

glands, cells of thymus gland not
identical with those of, 112

Lymph-vessels, passage of thyroid
secretion into, 28

Lymphagoga, suppression of adrenalin-

glycosuria by, 221

Lymphagogues, 443, 444
,
blood from subject of kidney dis-

ease acting as, 444
Lymphatic ducts, ligature of, 221

Lymphatics, peritoneal, action of

adrenalin on, 213

MAMMALS, blood-circulation in supra-
renals of, 300, 301

,
cortex and medulla of suprarenal
capsules amalgamated in, 130

,
innervation of bladder, differences

in, 205, 206

, suprarenal bodies in, develop-
ment, 133

Mammary glands, 355, 360
, development of, 372, 375

Marchand's accessory suprarenals,
tumours of female genitals
derived from, 270

"
Masculinity,-'' 362

Menstruation, connection of ovulation

with, 403, 406
, disordered, in acromegaly, 331, 337
, origin of, 406
, relationship of ovarv to, 381

Mental changes following thyroid-
ectomy, 65

Mercapturic acid, affinity of gly-
curonic acid for, 9

Metabolic changes in hypothyrosis, SS

,
how influenced by thyroid

extract, 88

Metabolism, action of adrenalin on,
214, 215

,
effects of pituitary extract on, 327

, thyroid extract on, 91
, end-products of, function, 15
in endemic cretinism, 89
in Graves's disease greatly in-

creased, 98
in myxcedema, 88, 89
in pancreatic diabetes, 415

, processes of, changes following
thyroidectomy, 67
, glands accelerating, 70

- retarding, 70
Methylaminoketone, action on blood-

pressure, 213
Meyer's method, effects of adrenalin

determined by, 199
Mice, parathyroid tetany in, 41
Milk diet in acute tetany, 107

, secretion of, 372, 375
Mongolism, diagnosis from sporadic

myxcedema, 78

Monoamidomonophosphatide cephalin,
292

Mors thymia, sec Status thymico-
lyin'phaticiis, sudden death in

Mountain climbing, effect on upper
extremities, 14

Muscarin and adrenalin, action com-
pared, 258, 259

Muscles, action of adrenalin on, 228,
229

and apocodein on, com-
pared, 228

-
3
chemical processes, relation of
formation of adrenalin to, 296

,
effect of pituitary extract on, 320

, glycogen in, disappearing after

extirpation of pancreas, 418
-

3 glycolytic ferment in, 426
, involuntary nerve supply to, 191
, toxicity of, following extirpation

of suprarenals, 156
3 unstriated, action of adrenalin on,

229
, and sympathetic nervous
system, 229

, vascular, see Arteries, muscles of
Muscular exertion, effect on glyco-

suria in pajicreatic diabetes, 417
weakness following suprarenal
suppression, 156
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Myasthenia gravis pseudoparalytica,
cause of, 46, 47

Mydriasis, characteristic of pancreatic
diabetes, production of, 431

due to adrenalin in Graves's dis-

ease, 211

due to blood-serum from chronic

nephrosis, 262
due to pituitrin, 322
following suppression of sympa-
thetic function, 210, 211

following treatment by thyroid
extract, 211

of frog's eye, due to adrenalin,
209, 210

produced by adrenalin in Graves's

disease, 211

, production of, 297
,

test for adrenalremiu by, 262, 263
,
see also Adrenalin mydriasis ;

Pupil, dilatation of

Myelin, 283
,
double refractive substances in

suprarenal cortex resembling,
284

forms, double refractive bodies

showing, 288

Myoneural junction, 229, 233, 234
Myotonia congenita, cause of, 46

periodica, cause of, 46
Myxcedema, abortive, 74

, appearances in, 72

, atrophy of intestinal tract present
in, 76

, congenital, 76
following thyroidcctomy, 66

j infantile, 70
,
metabolism in, 88, 89

,
normal processes becoming hypo-
plastic in, 17

, post-operative, 38, 71

, sporadic, diagnosis from mon-
golism, 78

,
treatment by thyroid extract, 87,
107

and Graves's disease, differences

between, 99

NECK, organs of, development, 33
Nephrectomy, experimental, 441, 442
Nephritis, chronic, hypertension in,

262

, toxic, experimental results, 417
NephroblaptinSj 443, 444
Nephrosis, chronic, blood serum from,

causing mydriasis, 262
Nerve cells in hypophysis, 310
Nerve-endings, effect of apocodein

on, 197
, sympathetic, as site of action of

adrenalin, 228

, effect of adrenalin on, 197
, myoneural, stimulation by
adrenalin, 230

, vagal, paralysis by atropine, 200
Nerve-fibres, efferent, supplying vege-

tative organs, 190

Nerve-roots, spinal anterior, function,
190

Nerves, autonomous, table showing,
192

, resection, experimental, to dis-
cover seat of tetany, 59, 60

, sympathetic and autonomous,,
effects of stimulation on, com-
parative table showing, 222-225
,
stimulation by adrenalin, under

normal conditions and after

larger doses of ergot, 232, 233
,
table showing, 193

Nervous centre, impressions conveyed
from periphery to, effect of, i

excitement, effect on thyroid gland,,
28

origin of pancreatic diabetes, 422
system, autonomous, 191

, definition, 191
, differentiation from sym-

pathetic, 194, 195

,
adrenal system connected with,.

160, 162

, central, regulation of organic
function bv, i

, centres of, in relation to forma-
tion of sugar, 428, 429
, cerebrospinal, 190
, classification, 190, 191
, effect of extirpation of thymus
on, 1 20

--, ganglia of, chrome-brown cells-

attached to, 265
j sympathetic and autonomous,
action of adrenalin on, com-
pared, 230, 231

,
adrenalin and, 219

- and autonomous, action of
adrenalin on, contrasted, 231

, effect of adrenalin on organs
controlled by, 189

- on dilatation of pupils..
210

, function, 191
of adrenalin connected!

with, 266, 267
, hyperinflation of, 218

, physiological effects of
adrenalin on, 196

, unstriated muscles and, 229.

, vasodilator function, 198

, vegetative, 190-196

,
effects of nicotine confined

to, 195

, effect of internal secretory
organs on, 70

, effect of toxic substances on,
105

, irritability of, no
Neural theory of correlation of

organs, 2

Neurin, constitutional formula of, 276
(footnote)

gold, 276, 277
Neuro-hypophysis, histology of, 310
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New-born infants, pineal gland in,

, Sexually differentiated tissues

in, 361
Nicotine, action of, altered by increase

in doses of ergot, 231
_ effects confined to vegetative ner-

vous system, IQ5

_, particular ganglion cells affected

by, 1 94 ,

Nitrogen, excretion after reduction ot

renal parenchyma, 445

?
metabolism of, in Graves s disease,

99
Nutrient secretions and hormones, dis-

tinction between, 13

OBESITY associated with hypophysal
changes, 345

, origin of types ot, 3^5

3
reduction by thyroid extracts, 91

Organic extracts, intravenous injec-

tion, effect on blood-pressure,

21, 22

3 physiological action, 21, 22

.

,
toxic action, 21

Organotherapy, 20

after experimental extirpation ot

suprarenal capsules, 165-168

t
failure in pancreatic diabetes, 423,

424
,
forerunners ot, 2

in Graves's disease, 100

,
uses of, ii

Organs of body, chemical correlation,

j experimental extirpation, ad-

vantages, 18

, by-effects, 19

}
internal secretory, 6

} partial destruction, 19

, potential energy, 10

Ossification, effect of extirpation of

thymus on, 117, n8
?
influence of generative glands in,

382
,
retardation of, following thyroid-

ectomy, 63
Osteomalacia, relationship to genital

glands, 387
Ovarian extract, effects of, 380

Ovaries, relationship of, to chlorosis,

388
, transplantation of, 380

Ovary, influence of X-rays on, 403

,
internal secretion of, 398-406

,
interstitial tissue of, 399, 42

, relationship to menstruation, 381

Ovotestis, 363
Ovulation, connection of menstruation

with, 403, 406
Ovum, nidation of, 408

Oxidation, increased, following extir-

pation of pancreas, 420

Oxybutyric acid, 419, 420

PANCREAS, action of adrenalin on, 212

Pancreas, agency in influence of thy-

roid apparatus on carbohydrate

metabolism, 4.1

, changes in, in diabetes, 432

effects on metabolism, 70

, excretory ducts, experimental liga-

ture, results, 436
, absorption of fat after,

,
external secretion, mechanism ot,

extirpation, deposition of glycogen
in liver after, how effected, 430

__ __
5 experimental, change in meta-

bolism following, 420
.

?
increased oxidation follow-

ing, 420
.

,
emaciation following, 420

_
, partial, not followed by gly-

cosuria, 4^5
of large portions followed by

slight glycosuria, 416

, total, followed by cessation of

fat absorption, 437
.

}
followed by glycosuria, 413 ;

see also Diabetes (pancreatic)
. _

3
reduction of glycogen in

liver under, 4 l &

-, function of, inhibitory, 2 1 1

?
in relation to decomposition ot

sugar, 426
-, internal secretion of, 412

,
inhibition followed by gly-

cosuria, 428
- of formation of sugar

in liver by, 430
- secretory activity of, action ot

adrenalin and, 220

,
inhibited by adrenalin,

221, 226

, limiting action of adrena-

lin, 226
.

,
elements of, 432-438

, function, 18, 421, 423
_

,
acini and islands of

Langerhans concerned in, 43^,

437
, transplantation experimental, 422
and metabolism of sugar, 424, 425
and thyroid gland, relationship

between, 60,, 70

,
see also Hormones, pancreatic ;

Langerhans^ islands of

Pancreatic extract, inhibition of

adrenalin glycosuria by, 429

Paralysis agitans, cause of, 46

Parathyroid extract, 49
, physiological activity, 49, 5p

-

,
treatment by, of post-operative

tetany, 49
glands, accessory, 31

, anatomy, 31

,
colloid in, 33

. .

, comparative anatomy, 34

, development, 34

-, effect on metabolism, 70



6oo INTERNAL SECRETION

Parathyroid glands, extirpation, re-

sults, 38
,

fat granules in epithelial cells,

32, 33
, function, 55

,
determination of, 18

,
functional derangement,

diseases, following, 46

5 glycogen in, 33

, histology, 3-

, preservation, at extirpation of

goitre, 4.4
.

,
in relation to calcium meta-

bolism, 58

, secretory function, 32

, supernumerary, 35
.

, transplantation, 48
- and thyroid gland, relationship
between, 51-55; see also under

Thyroid gland
Parathyroidectomy, effects of, 53, 54,

55, 84
, experimental, results, 41

, tetany following, 55
with remnant of thyroid tissue left,

result, 106
Parietal eye in saurians, 351
Parkinson's disease, see Paralysis

agitans
Penis, retractor muscle in rat, nervous

network, 228, 229
Periphery, impressions conveyed from,

to nervous centre, effect of, i

Peritoneum, lymphatics of, action of

adrenalin on, 213
Phenylalanin, 297
Phlorizin, action on suprarenal-less

dogs, 155
and adrenalin, injection, effect on
islands of Langerhans, 435

Phosphates in urine after removal of

suprarenal capsules, 154

Phosphorus, excretion of, due to

pituitary extract, 327
Phrenosin, 288

Pigeons, effects of ligature of ex-

cretory ducts of pancreas on, 436
Pigment cells and granules of frog,

action of adrenalin on, 214

Pigmentation, anomalies of, following
extirpation of suprarenals, 157

, disordered, in Addison's disease,
164, 165, 168

,
effect of adrenalin on,

165

Pigs, brain of, lipoid substances in,

291
, suprarenals of, lipoid substances

in, 290, 291
j thyroidectomized, changes in, 64

Pilocarpin, adrenalin-glycosuria in-

hibited bv, 226
effect on thyroid gland, 28
and atropine, action compared, 195

Pineal body, anatomy of, 351
, clinical signs of diseases of,

354

Pineal body, embryology of, 351

, histology of, 351
- in newborn infants, 351

, pathological anatomy of, 353
Pituitary body, see Hypophysis

extract, action of, altered by in-

crease in doses of ergot, 231

,
cardiac effects of, 323-325

,
characteristics of, 349

,
effect on circulatory system.,

323
- on metabolism, 327

, hypotensive action of, 324, 325
in acromegaly, 347

, physiological activity of, 323
, toxicity of, 322
,
vasoconstrictor action of, 321,

324
- gland, see Hypophysis

Pituitrin, mydriasis due to, 322
Placenta, extract of, effect on mam-

mary gland, 374
,
internal secretion, of, 411

Pneumothorax following experimental
extirpation of thymus, 117, 119

Poisons, inorganic, resistance to, small
after thyroidectomy, 108

Polyuria after extirpation of supra-
renals, 154

following reduction of renal paren-
chyma, 445

Portal system of suprarenals 298, 299
- in birds, 300
- in reptiles, 299

Potential energy of organs of body,
1 1

Precocity, sexual, 370

Pregnancy, enlargement of hypo-
physis during, 340

,
increase of weight of hypophysis
in, 307, 309, 3io

- of suprarenal capsules dur-

ing, 269
,
interstitial ovarian tissue de-

veloped during, 400
, mammary growth during, 372, 375
, mydriatic blood serum in urine of,

262

Progeria, 75

Prostate, effect of castration upon, 377
, hypertrophy of, cause of, 377
,
internal secretion of, 410

Protagon, 286, 287
- not a chemical entity, 290

Proto-adrenalin, see Adrenalin, pre-
cursors of

Pseudo-hermaphroditism, 358, 362
, hypertrophy of suprarenals in, 269

Puberty, precocious, connection of

hypertrophy of suprarenals with,
270

,
sexual development at, 369

Pulse, effect of pituitary extract on,
323-325

Pupil, action of adrenalin on, 230
,
dilatation of, effect of sympathetic
system on, 210
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Pupil, dilatation under adrenalin, 209;

see also Mydriasis
. O f frog's eye (isolated), action ot

adrenalin on, 209, 210

,
of various drugs on,

210

Pvlorus, action of adrenalin on, 204

RABBIT, acute tetany in, 40

,
adrenalin contents in, 251

^
effects of ligature of excretory
ducts of pancreas on, 436

, extirpation of hypophysis in, 3*7

, gestation in, 404

, parathyroid glands in, 35

, suprarenal capsules, amorphous
masses in, 284
. in, experimental removal,

139, Ui
, thymus gland in, 113

, extirpation, results, 114, 115,

116

,
toxic action of adrenalin on, 239,

240, 245

Rats, effect ot suppression of supra-
renals on, 155

,
retractor muscle in penis of, ner-

vous network, 228, 229

, suprarenal extract from, toxicity,

,
survival after extirpation of both

suprarenals, 143

, tetany in, 41, 43

, white, accessory interrenals in,

155
Reflex manifestation of diseases, 2

Renal extracts, administration, effects

of, 44i ,
- and internal secretion or

kidneys, 442
,
effect on blood-pressure, 442,

443
Renin, production ot, 442

Reptiles, embryology of pineal body
in,. 35i

, suprarenal bodies in, 128, 130, 133

Respiration, action of adrenalin on,

235

Respiratory centre, effect of carbonic

acid on, 15

,
lactic acid and, 15

Ringer's solution, suspension of

isolated arteries in, 198, 199

Rb'ntgen rays, action of, on spermatic
cells, 397
,
elective destruction of tissue

foundations by, 19

1
influence on ovary, 403

-, treatment by, of Graves's

disease, 100

Rutting and menstruation, 403

SALIVARY glands, action of adrenalin

on, 211

Salt, metabolism of, 267

,
increased by adrenalin, 215

,
effect of thyroidectomy on, 71

Secretin, discovery of, 439

Secretin, formation of, 5

,
function of, 439

,
nature of, 439

Secretion, distinction from excretion, 3

Secretory organs, internal, 6

tissue elements of generative

glands, 391-41

Selachians, suprarenal capsules in, 299.

Senile degeneration, 75
and thyroid gland, 75

? atrophy of intestinal tract pre-
sent in, 76

Sera, cytotoxic action of, 19

Sertoli's cells, 394
Serum (immune) in tetany, 56

therapy in Graves's disease, 101
^

, thyrotoxic immune, in Graves's

disease, 101

Sex, determination of, 356
Sexual characteristics, 355

, development of, 358

, secondary, 359
dimorphism, 361

derangement in acromegaly, 331

glands, activity of, connection with.

suprarenals, 269

, changes in, in gigantism, 342

, relationship to hypophysis, 33Q-

341
,
secretion of, changes following

suppression, how explained, 2

organs, changes following thyroid

suppression, how effected, 110

, removal, changes following,
how once explained, 3

precocity, 370

stigmata, 362, 364
Shark, interrenal body of, 151

Sheep, parathyroid glands in, 35

, thyroidectomized, changes in, 64

Skeleton, influence of generative

glands on growth of, 382-384
Soil in relation to goitre, 81

Somatic cells, 359, 362

Spasm, laryngeal, of infants, 122

Species, characteristics of, 360

Spermatogenesis, suppression of in

cryptorchidism, 393

Spermatozoa, varieties of, 356
"
Spermin," 389

Sphingomyelin, 288, 292

Spinal cord, relationship of tetany to,

60

Spleen, action of adrenalin on,

altered by increase in doses of

ergot, 232

, enlargement, following thyroid-

ectomy, 67

, implantation with thyroid tissue,

results, 86
into which thyroid had been

implanted, extirpation, effects,

85

, transplantation of suprarenal cap-
sules into, 170

Spongiocytes, 282

,
labile fat in, 282
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Staining methods for granules of

suprarenal cortex, 274
Stannius, corpuscle of, 129, 152
.Status thymicolymphaticus, 122

, enlargement of thymus in, 122,
i?3

, mortality from infective diseases

great among subjects of, 124
,
sudden death in, 122, 123

at commencement of
chloroform anaesthesia in, 123

-
in, with hypoplasia of

chromaffine system, 158
, symptoms, 122

Stigmata, sexual, 362, 364
.Stomach, action of adrenalin on, 204
.Struma suprarenalis, 270
Strychnine, neutralization by adrena-

lin, 293
Submaxillary glands, action of

adrenalin on, 21 1

Succus entericus, 439
.Sugar-contents of blood, on what

dependent, 428
Sugar, decomposition of, function of

pancreas in relation to, 427
,
formation in liver, how controlled,
428

,
inhibited by pancreas, 430

,
nervous centres in relation to,

428, 429
,
metabolism of, in relation to

pancreas, 424, 425'

,
oxidation of, 426

Supernumerary ribs and vertebrae, 361
Suprarenal capsules, accessory, 134,

139, M3
, compensatory hypertrophy

after removal of suprarenals, 268

, compensatory power of, 140,
146

,
connection of interrcnal

structures with, 268

,
tumours of female genitals

proceeding from, 270
,
active substance in chemistry,

177, 178; see also Adrenalin
,
adrenalin contents in Addison's

disease, 250
,
adrenalin in, how to ascertain

amount, 182

3
albuminoids of, 275

,
amount of substance necessary

for life, 146
- and activity of sexual glands,
connection between, 269
,
antitoxic action, 293, 294

, attempted destruction by specific

cytotoxins, 144
, blood circulation of, in mam-
mals, 300, 301
, chemistry of (excluding adrena-
lin), 274-292
, cholesterin, palmitate and
stearate in, 288

j cholin in, 275

Suprarenal capsules, chrome-brown
cells of, granules in, 252

colour of, 133

, comparative morphology and
embryology, 127
,
connection with precocious

puberty, 270
,
cortex of, 128, 131

,
cells of lipoid granules, 272

,
method of examining,

274
, pigment in, 274

,
essential to life, 268, 269

, experimental extirpation,
146-150

, histology, 270-274
, hypertrophy, connection with

tumours, 270
, granular, comparative his-

tology, 285
-

, granules in, 280
-

,
double refractive, 283

- chemistry, 286, 287
.

, resembling myelin,
284

, staining of, 284
, histology, 285

-

,
micro-chemical relation-

ships, 280
- -

, importance of, 148, 150
- and medulla, amalgamated

in mammals, 130
, methods of staining gran-

ules, 274
, myelin - forms, treatment

with chromates, 289
, similarity of cells to those

of corpus luteum verum, 269
, destruction without clinical

signs of Addison's disease, 162

, development, 133

,
disease of, see Addison's dis-

ease

,
effect of injected toxic sub-

stances on, 250
, extirpation, anomalies of pig-
mentation following, 157

, changes in blood, 157, 158
-

, effect on adrenal system,
267
3 experimental extirpation, 138

of one after another,
finally fatal, 141, 142, 145

of both, survival after,

146
,
condition of blood-pre-

sure after, 147, 148
- of one, not fatal, 141,

144, 145
- of both at once, rapidly

fatal, 138, 140, 141, 145
of one, followed by, Com-

pensatory hypertrophy in other,
139, MS

, not followed by death in

rat, 143
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Suprarenal capsules, experimental ex-

tirpation, death following, 142
. -

,
followed by toxicity of

blood, 156
-. .

,
followed by toxicity of

muscles and viscera, 156
-

, organotherapy after, 165-
168

, symptoms, 153-158

, fat-contents, distribution, 285
.

,
ferments in, 275

,
functions of, historical account

of discoveries, 124-127
,
in relation to muscular

fatigue, 295
, suppression chronic, 159

,
due to haemorrhage into

organ, 159

, symptom - com-
plex, 159

in man, 158

, symptoms, 153-158
, hypersecretion, experimental,
260; see also Hy-peradrenalism
, hypertrophy in pseudo-herma-
phroditism, 269
, hypofunction, 261

, hypoplastic infantilism of, 158
in adder, 298
in Batrachians, 299
in birds, 299, 300

, indispensable to life, 17
in fish, extirpation not fatal,

152, 153

, innervation, physiology of, 260
in Selachians, 299

,
lecithin in, 286

3 lipoids in, 279, 287, 292, 293
,
medulla of, 128, 131

, experimental extirpation,
146-150

, hyperplasia of chromaffine

tissue, 262

, quantitative value, 265
, over-estimated, 265

, secretory processes, morph-
ology, 252

,
total aplasia of, 158

,
not homogeneous organs, 127
of pigs, distillation with hot

acetone, 290, 291

, lipoid substances in, 290,

291
of rabbits, amorphous masses

in, 284
, physiology of, 134, 138

, portal system, 298, 299
in birds, 300
in reptiles, 299

, primary disease, rare, 159
, reaction to adrenalin, 212

, reduction in size of, 158

, relationship to hypophysis, 339
, secretory process of, 251

, sound, but with clinical signs
of Addison's disease, 159, 160

40

Suprarenal capsules, stimulation, ex-

perimental, 260

-3 substitution, 165

, transplantation, 168

,
functional capacity. 171

, histological observations,
169

, regression and proliferation
of tissue following, 170, 171

,
site of, 170, 171, 172

, successful, 170

,
conditions for, 173

,
tuberculosis of both, typical

feature of Addison's disease, 159.

,
vascularization of, 298

, weight of, increased after cas-

tration, 269
,
increase during pregnancy,.

269
in different animals, 269

extract, blood-pressure increased
bv, how abolished, 157
in Addison's disease, 168

, physiological action of, 173,.

174
, specific action centred in

adrenal body, 247
,
toxic action, 175, 176

, watery, intravenous injection,
177; see also Adrenalin

organs, accessory, 131, see also-

Intcrrctial bodies, accessory
systems in invertebrates, tables

illustrating, 135-13?

Suprarenin, 178

, d, toxic dose, 237
, 1, toxic dose, 237
, synthetic racemic, 179

Sugar in urine, see Glycosnria
Surgery, operative, knowledge as to-

internal secretions obtained

through, 17
Sweat glands, action of adrenalin on,

214
,
innervation of, 191, 195

TACHYCARDIA, following administration
of thyroid extracts, 90

Temperature, bodily, modified bv
action of adrenalin, 226

Testicle, cryptorchidic, 393
, development of, 366, 369, 371
, secretory elements of, 392
, watery extract, 21

Testicular extract, effects of, 389
, injection of, effect, 4

Tetania parathyropriva, 38, 39, 47
Tetany, acute, experimental, 37, 39, 40-

,
milk diet in, 107

, secondary symptoms following,
43
, tuberculosis and, 46

, chronic, experimental production,
43

, experimental, albuminuria accom-
panying, 43
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Tetany, following" extirpation of thy-
roid gland, 38
parathyroidectomy, 55

, human, 44
, infantile, 45

, causative factor, 120

,
localization of seat of, experi-
ments for, 5Q

, undetermined, 61

, post-operative, 44
,
treatment by parathyroid ex-

tract, 49, 50

, puerperal, 44, 45

, relationship to brain and cere-

bellum, 60, 61
- to spinal cord, 60

, symptoms of, latent, 45

,
toxin of, 55, 56

,
nature of, 56

, point of attack, 50

,
treatment by blood-letting", 56

bv calcium salts, 58, 59
- by immune serum, 56

by thyroid extract, 50, 51
Thomsen's disease, see Myotonia con-

genita
Thoracic duct, excretion of lymph

from, promoted by adrenalin,
213
, ligature causing glycosuria,

43i
Thvmus extract, action of, 121

on blood, 121

, depressant, 121

, toxic, 121

, activity not affected by boiling,
121

gland, no
, anatomy, in
, cells of, not identical with those
of lymph glands, 112

, development, 34. ru
, enlargement in status thymico-
lymphaticus, 122, 123

, extirpation, effect on nervous

system, 120

, experimental, 115

,
effect on ossification, 117,

118

,
followed by pneumo-

thorax, 117

, hypertrophy in Graves's dis-

ease, 96
,' accompanying cardiac hyper-

trophv, 19

, implantation, experimental,
119, 120

,
normal weight in man, 113

, involution, 112

, persistent and enlarged, follow-

ing thvroidectomy, 65
, physiology, 113

,
reaction of motor apparatus to

electric current, 120

,
relation of castration to, 116

, relationship to hypophysis, 339

Thymus extract, secretion, action as

disassimilatory hormone, 109,
1 10

,
size in dog, guinea-pig, and

rabbit, 113

Thyroglobin, 29
Thyroglobulin, 28, 31

Thyroid apparatus, 26

,
influence on metabolism of

carbohydrates controlled by pan-
creas, 430

-
j modification of action of

adrenalin by, 226

extract, administration after sup-
pression of thyroid function, 86

in cachexia strumipriva, 87
in endemic cretinism, 87

,
followed by hyperthyroid-

ism, 90, 92, 93
- by tachycardia, 90

in myxoedema, 87

, oral, resistance to sub-

cutaneous injection of acetonitril,
increased by, 108, 109

, physiological effects, 89-92

,
antitoxic theory, 104, 105

,
diuretic action, 91

,
effect on metabolism, 91

,
favourable influence on tuber-

culous processes experimentally
produced, 108

in myxoedema, 107

, neutralizing activity, 108, 109

, physiological effects on circu-

latory system, 89, 90
,
reduction of obesity by, 91

,
treatment by, mydriasis follow-

ing, 211

gland, administration, effect on
metabolic changes in hypothy-
rosis, 88

, anatomy, 26

,
antitoxic activity, 108

- autotransplantation, 73

, chemistry of, 29
,
colloid of, 27, 28

, comparative anatomy, 34-36
, development, 34
,
diseases of, cause of pathologi-

cal conditions following, 107

,
effect of adrenalin on, 28

of castration on, 344
on metabolism, 70
of nervous excitement on, 28
of pilocarpin on, 28

, etiological connection with
Graves's disease, 100, 101

, extirpation, followed by hyper-
trophy of pituitary gland, 19

3 function, secretory, negative,
104

, positive, 104
, suppression, 105

, histology, 26, 27
,
influence on blood-formation,

37
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Thyroid gland, iodization process in,
105

,
iodine in, 29, 105

, ligature of vessels leading
away from, result, 106

, parenchyma of, 27
, physiological association with
female organs of generation, 37

-, physiology, 62

,
theories as to, 36, 37

, relationship to hypophysis, 338
, secretion, passage into lymph
vessels, 28

, secretory processes, 27
, storage in, 28

, substitution of, treatment by,
83
, suppression, changes in sexual

organs, how effected, no
, transplantation, 84

, experimental, 47, 83, 84
, processes following healing

in, 85
and pancreas, relationship be-

tween, 69, 70
and parathyroid glands, rela-

tionship between, 51-55
- experimental evi-

dence, 52, 53
and senile degeneration, 75

glands, accessory, 62, 63
insufficiency in youth, 76

, partial, 107

juice, intravenous injections, eye-
symptoms following, 92

preparations, treatment by, of

tetany, 50, 5 1

substances, Graves's disease due to

flooding of organism with, 102

tissue, implantation into spleen,
results, 86

Thyroidectomy, effects of, 53, 54
adrenalin after, 54

, experimental, 62, 63
, changes following, 62-71
, resistance to inorganic poisons,
small after, 108

, results, 63
, partial, 42

1 necessity for, in removal of

goitre, 73
, results, 37-40
, symptoms following, how aborted,

84
, total, cachexia following, 72, 73

Thyroidin, 30
,
effect on dogs, 0,2

Thyroparathyroidectomy, effects of
adrenalin after, 54

, results of, 68

Thvroplasia, 76
Thyrotoxalbumin, formation of, 105,

107

Tissue-formation, elective destruction

by Rontgen rays, IQ

Tortoise, parathyroid bodies in, 36

Toxic substances, effect on vegetative
nervous system, 195

,
chemical neutralization, 9

, expulsion by excretory organs,
8

, injection, effect on suprarenal
capsules, 250

Toxins, chemical affinity for sub-
stances occurring in body, 9

, method of production, 105

,
see also Tetany, toxin of

Transplantation of glands, results of,

379
of organs, n, 20
- of body, see also Spleen, Thy-
roid, Parathyroid glands

Tritons, experimental removal of

suprarenal capsules in, 141

Trypsin ferment, 439
Tryptophan, 296
Tuberculosis and acute tetany, 46

, experimentally produced, effect of

thyroid extracts on, 108
of both suprarenal capsules, typical
feature of Addison'b disease, 159

Tumours, coexistence with hyper-
trophy of suprarenal cortex, 270

Turtle, heart of, action of adrenalin

on, 202

Tyrosin and adrenalin, 165

, conversion into adrenalin, 180

UREA, affinity of carbamic acid for, 9
,
formation by liver, 9

Ureters, ligature of, experimental, 441
Urine, acetone bodies in, increase of,

see Ketonuria
,
adrenalin in, method of testing
for, 182

,
examination after removal of

suprarenal capsules, 154
of pregnancy, mydriatic substances

in, 262

, sugar in, see Glycosuria
Urohypertensin, 256
Uterus, action of adrenalin on, 206

, altered by increase of doses
of ergot, 232

, effect of pituitary extract on, 326
,
internal secretion of, 411

, muscles of, action of adrenalin on,
206, 207

, pregnant, action of adrenalin on,
altered by ergot, 232

VAGI, stimulation of, effect on blood-

pressure, 329
Vagus nerve, assimilatory activity, 14
Vas deferens, ligature of, effects of,

3Q3, 395
.

Vaso-constriction due to adrenalin,
184

- to pituitary extract, 321, 324
Vaso-dilator effect of adrenalin, 198
Vasomotor excitability in Graves's

disease, 97
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Vegetative organs, innervation of,
table showing, IQO, 192, 193, 194

Vertebrates, embryology of pineal
body in, 351

lower than Batrachians, two

systems of bodies replacing
suprarenals in, 129

Viscera, toxicity of, produced by ex-

tirpation of suprarenals, 156

Vision, disturbances of, in acromegaly,
33i, 337

WATER (drinking), transmission of

goitre by, 81

Women, castration of, results of, 380
,
sexual characteristics of, 355

X-RAYS, see Rontgen rays

YOUTH, thyroid insufficiency in, 76

ZONA glomerulosa, 270
reticularis, 274

spongiosa, 282, 283










