


aps/-^'i

Columbia ©nitJCi^ttp

mtl)fCitpofi^ruig0rk

COLLEGE OF

PHYSICIANS AND SURGEONS

LIBRARY





(% ./^



ANIMAL CHEMISTEY



LOSDOS : PRINTED BY

EPOTTISWOODE ASD CO., SEW-STRKET SQCAaS

ASD PAKLIAJIEST STREET



ANIMAL CHEMIBTEY
OB

THE EELATIONS OF CHEMISTEY TO PHYSIOLOGY

AND PATHOLOGY

A MANUAL for MEDICAL MEN and SCIENTIFIC CHEMISTS

CHAELES THOMAS KINGZETT, F.C.S.

Member of Council of the Institute of Chfmistry of Great Britain and Ireland

Author of ' History, Products, and Processes of the Alkali Trade ' &c.

LONDON

LONGMANS, GEEEN, AND CO.

1878

All rights reserved





TO THE

EEV. E. CAPEL CUEE, M.A.

RECTOR OF ST. GEORGE, HANOVER SQUARE

WHOSE KINDNESS AND GOODNESS

ARE AMONG THE AUTHOR'S BRIGHTEST MEMORIES

OP HIS CHILDHOOD

S^l^is Wioxk is Insmbir

IN AFFECTION AND GRATITUDE



Digitized by tine Internet Arcliive

in 2010 witli funding from

Open Knowledge Commons (for the Medical Heritage Library project)

http://www.archive.org/details/animalchemistryoOOking



PEEFACE.

For four tears I was occupied with the practical study

of subjects comprehended in the following chapters, and

during the whole of that time there were no fluctuations

in the success attending the labours in which my services

were involved. The field of research was a compara-

tively new one, and in whatever direction the methods

of science were applied, results of no doubtftd mean-

ing were obtained. Simultaneously with these discoveries

greater fields for research came to view ; so quickly, in-

deed, that at every point the hand failed to keep time

with the mind. It was therefore a matter of sincere

regret with me that circumstances (which are said to be

stronger than men) ultimately necessitated the discontinu-

ance of my connection with work which had given me

so much real pleasure.

Pleasure is a different thing to different men. The

poet, in contemplating the harmony of nature which he

perceives beneath its rugged heterogeneity, and to whom

every blossom and every bough shaken with the wind

conveys a sense of the beautiful or the wild, finds his
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gi'eatest pleasure in his own thoughts. So again, the

artist gazing upon his handiwork; lost in the wonder-

work of his skill, the lines of beauty ^v^ought by his

hand, he sees therein the expression of his own fancy, and

his cunning is pleasure to him. The scientist knows

also his own pleasure. For if the poet, listening to the

surge of seas, may hve over again an age that is buried,

or may be reminded of another sound which was once

dear to his heart, so surely the scientist may prolong his

intellectual sight into the future wdth a corresponding

emotion.

As the excitation of a memory may hold the hand

and the heart spell-bound, so the anticipation of a coming

event may be a cause of equal pleasure, and with the

scientist such anticipations, composed as they often are

half of logical inference and half of intuitive assumption,

are not of rare occurrence.

The scientist is a greater philosopher than the senti-

mentalist, for while the latter pays his addresses to

heterogeneous nature as a whole, the former condescends

to details, decomposing and reconstructing; and the in-

nate perception of harmony lodged in the brain of the

poet, becomes at the hands of the scientist an established

law abidinsf with mathematical exactitude.

Given a line of inductive reasoning based upon ex-

perimental data, and its proper pursuit must lead sooner

or later, rarely or more often, to discovery. The dis-

covery may be of a substance, of a law, or better still, a

generalisation ; and the imagination, ever quicker than
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the hand, traces out the interworkings and connections of

the discovery, perpetuating its effect into the future. But

the attendant pleasure is reasonable, and may be alluded

to without conceit.

It was natural, then, that having experienced so much

pleasure, I should be moved with equal regret in re-

signing the practical study of physiological chemistry

;

and in order to complete a well-remembered but brief

connection with this subject, I determined to attempt a

task which should prove of service to scientific men,

namely, to collect and systematise, as far as could be, all

the trustworthy work on record in relation to Animal

Chemistry, so far as it concerns the human body.

The task has proved heavy, because the hterature

that had to be waded through was so enormous and was

scattered broadcast. Moreover, the sifting of the good

work from the bad was equally exhaustive. However,

I have tried to do my work faithfully and to the best of

my ability, and if I have wronged any investigator it has

been done unconsciously.

I may explain that it has not been my object to col-

late every fact which may fairly be included in the sub-

ject of physiological chemistry, nor to detail well-known

methods of analysis, but rather to present, in as natural

an order as possible, all those parts of the subject which,

when properly arranged, present something like a system.

In doing this, the various methods of research have been

particularly described, and even researches published up

to date have been included : further, I have endeavoured
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to comprehend in the sclieme of the work, every known

subject having a direct relation with the objects of Animal

Chemistry.

The proper understanding of the book will depend to

a large extent upon the reader's knowledge of chemistry

;

but this is inevitable ; and as pure chemistry is taught to

some extent in our medical schools, and so well treated

in many excellent text-books, I have not thought it

necessary to enter into the subject except in an incidental

manner here and there. I have availed myself freely of

all existing treatises upon the subject of this work, and

have given full references.

In conclusion, I earnestly hope (as I also believe) that

scientific chemists will find the volume useful as a guide

to them in their researches ; and with this thought before

me, I have given a category of subjects calling for further

investigation at their hands ; while for medical men my

object has been to present them with a comprehensive

account of the most important subject included in their

studies and profession.

Charles T. Kingzett.

12 AxjRioL Road,

The Cedars Estate,

West Kensington,

London, W.
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PART I.

G E N E E A L

B





CHAPTER I.

IJS^TRODUCTORY.

In tlie village of Vorhout, near Leyden, in 1668, was

born the man who in after life founded the science of

organic chemistry, properly so called. Learned in medi-

cine, chemistry, and botany, he constituted a type of men

who in later days have stood out from the crowd of

workers, not only as peculiarly qualified to undertake

their self-set tasks in organic chemistry, but also as the

most successful of workers, if the amount of success be

judged by the weight and importance of the obtained

results.

As Professor in the University of Leyden, Hermann

Boerhaave made its meclical school famous throughout

the world. Guided by sound ideas of the nature of life,

and devoted to the experimental phases of science, he

attracted by his discoveries a crowd of students who after-

wards became the leading men of their day.

Beyond the assumption of a ' vital force ' and mys-

terious notions regarding ' vital fluids ' which were sup-

posed to exist in animals and plants, the alchemists of

Boerhaave's time were without a thought as to the nature

and composition of the various matters entering into their

substance. It is true that the first observation of plant

B 2



4 GENERAL.

life was made by the wandering pliyt-ician, Van Helmont

(born 1577), who nourished a small tree from a twig of

willow by means, as he thought, of pure water. But the

experiment was not understood, and Van Helmont said

that the tree was developed out of the matter of the

water by the agency of vital force. Indeed, it does not

appear from the writings of that time that the constitu-

ents of animal substances were viewed as partaking of

an ordinary chemical identity. So absorbed were the

metaphysicists and alchemists in problems incapable of

solution by human efforts ; in imaginings outside reason
;

and so carried away by fanaticism, that to condescend to

the study of nature by ordinary observation was a thing

of which they had no conception.

It must not be supposed that all tlie labours since

the days of Hippocrates and Aristotle, or even of Galen,

the physician, had gone for nothing. Vesalius, Harvey,

Malpighi, Grew, and others had slowly but accurately

worked at the various organs of the body, and demon-

strated many functions in the act of life.

Boerhaave, however, was the first to apply the

principles of experimental chemistry to the materials of

which these organs were constituted, and to those exist-

ing in plants, and by so doing he obtained various ex-

tractives, essential oils, camphors, resins, and salts ; not

merely this, but he also conducted investigations upon

milk, blood, and bile, and sought to determine how they

conveyed nourishment to the body. His contemporaries

in pure chemical science were also working industriously,

and out of the multiform discoveries of new elements

and compounds, theories and specific laws were con-

structed and established. Such advances gave to other
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men the cue whereby they in their turn increased the

sum of knowledge of animal chemistry.

Boerhaave not only ascertained the composition of

some of the principles obtained from plants, but he went

further, and extracted similar principles from the soil in

which they grew, and then by beautiful experiments he

showed that the rain-water dissolved many of these salts

and other matters from the soil, and in this way enabled

the plants to suck them up and absorb them. Those

parts of the plants which he could not find in the soil

he concluded came from the air, and, almost simultane-

ously. Hales (a celebrated English chemist) gave, by the

method of experiment, a striking confirmation of these

views. He determined the amount of water absorbed

by the roots and that given off' by the leaves of plants,

and found it was through the agency of the little stomata

or mouths, previously described by Grew, that plants

breathe.

It is outside the present purpose to describe in any

detail the advances made at that time in pure physiolo-

gical science, but so intimately related to what has gone

before, and so necessary the whole before it was possible

for a Liebig, aided by the great animal chemists, Four-

croy and Yauquelin, to establish a new epoch in animal

chemistry, was the work of Bonnet and Spallanzani upon

annuals, and Haller and Hunter's anatomical investiga-

tions, that it is most necessary at least that we should

bear them in mind.

About 1770, Priestley observed that if growing-

plants were kept under a bell jar containing the bad air

(carbonic anhydride) produced by burning or breathing,

the air was thereby revivified and rendered fit for
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breathing again, and to support combustion. Although

].^hick had even tlien discovered ' fixed air ' or carbonic

anhydride, Priestley did not understand the residts he

himself liad obtained, and it was not until some time

afterwards that the meaning of the process of plant-

breathing was appreciated and understood.

Tlie discovery of animal electricity by Galvani in

1789 lost nothing in importance by being accidental.^ It

is 'mpossible to pay here even the most cursory attention

to the toils of Scheele, Lavoisier, and Cavendisli, and the

men who continued their Avork after tliem. It is

sufficient for the present purpose to bear in mind that all

advance in physiological chemistry depends upon an -ever-

increasing acquaintance with pure chemical science, and

that without those labours to which we have adverted,

and the investigations of Nicholson, Davy, Dalton, and

Gay-Lussac, Liebig's work would have been impossible.

It is to a brief consideration of this work that we liasten.

Since the days of Boerhaave nothing of any great

importance beyond the facts we have mentioned was

accomplished till the year 1828, when the celebrated

German chemist, Wohler, constructed urea synthetically.

This was a tremendous victory for the chemists, for it

had been loudly maintained that the substances elabo-

rated in animal tissues were outside the constructive

power of the chemist ; it was said tliat although, the

1 Madame Galvani was skinning frogs for making a soup, while an elec-

tric machine was in work at hand ; while the flow of electricity was
considerable an assistant who was working the machine touched by accident

with his knife the nerve of leg of a dead frog, whereupon the leg began to

straggle and move ; these facts were communicated to Galvani, and led him

to the discovery of animal electricity. (Buckley's History of Xatm-al

Science, p. 259.)



LTEBIG ESTABLISHES A IsTEW METHOD. 7

chemist could analyse, he could not synthesise ; he could

destroy, but he could not create. But the artificial

formation of urea showed how foolish are all precon-

ceived opinions; indeed, it has been well said,^ 'that

fallacy is the child of preconceived opinion. Precon-

ceived opinion is the pretended assumption by man of

godly attributes which he does not possess. Man has no

foreknowledo;e.'

Liebig followed Wohler, and gave extreme conviction

by further discoveries to those previously effected. His

earlier work was largely connected witJi a subject to

which Davy had devoted nmch time and thought,

namely, to the conditions upon which the growth of

plants depend, and the relations of the composition of

soils to such growths. It was not in these directions,,

however, that Liebig's work achieved the greatest suc-

cess. Hitherto there had existed no definite methods ot

analysis by which the composition of carbon compounds

could be determined with anything like accuracy, but in

1830, Liebig introduced the plan of heating them in

contact with metallic oxides, by which means they are

resolved into simple products of oxidation which are

readily determinable. It is upon this advance in chem-

ical manipulation that the great chemist's fame chiefly

depends. By the elaboration of a general method suit-

able to most compounds containing carbon and hydro-

gen, he placed in the hands of investigators an instru-

ment of research more potent and more important than

any corresponding discovery in the history of chemistry.

Other chemists were not slow to take up, improve, and

^ Thudichum. The Oration given at the 91st Anniversary of the Medi-

cal Society of London. Medical Mirror, vol. i., Nos. 7 and 8.
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amplify these methods of analysis, and the results whicli

have been achieved by their use constitute an epoch in

science without a parallel. Through the agency we have

described, the composition of most known substances

has been determined, and chemists have been led to

the discovery of hundreds, ay tliousantls of new com-

pounds, many of which have been built up synthetically

from their elements ; many, even of those substances

hitherto supposed to be inseparable from that mysterious

and human-effort-paralysing vital force. ' So great was

the impulse communicated by this perfection of method,

that from darkness it has led to darkness again ; for, in

teaching us the composition of bodies, it has brought us

to isomerism. When a new method of investiofation shallo

impart a new impulse, we shall again emerge into hght.' ^

Chemical investigation can afford to pause so far as

its development is connected with the sister science of

physiology, which it has left far behind in the race of

advancement. In the earlier days of Liebig, physiology

scarcely merited its nairte, for up to that time physiolo-

gists had concerned themselves only with the study of

anatomy and life functions, so far as this was possible

without the aid of chemistry. It w\as a science of

observation and deductive reasoning, while metaphysical

speculations entered largely into its narrow sphere.

In his attempt to apply the processes of reasoning

flowing out of chemical discoveries to the phenomena of

life, Liebig experienced on all sides the resistance of that

parent to fallacy, preconceived opinion, and, abandoning

the opinions of his contemporaries, he devoted his teach-

^ Physiology, and its Chemistry at Home and Abroad, by C. T. Kingzett

and H. W. Ilake, ' Quarterly Journal of Science,' January 1877.
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ings to a younger generation possessed of a more plastic

mind. He saw how futile it was to struggle with a race

of men of whom he was in apparent and such striking

advance, and as for their metaphysical vieAvs, he argued

that such must render men powerless in time to perceive

the relations of cause and effect. He devoted himself

with much earnestness of purpose to expose the unscien-

tific methods of reasoning and research so prevalent at

that time among physiologists, and ever advocated the

principles of that inductive logic so ably interpreted by a

man Liebig professedly admired, John Stuart Mill. Thus

he gathered around him, in spite of all opposition—for

truth was ever stronger than prejudice—a group of men

who, by adopting and disseminating his teachings, gave

rise by their labours to a new epoch in animal chemistry.

It would be of the deepest interest to follow up the

work thus originated ; to watch the ever-growing wave of

knowledge in its resistless advance; to study those lines

of thought and investigation whose pursuit has led by

rapid although imperfect advances to the idea of the

beginnings of life and the germ theory of disease. It is

true that men have here and there lost sight of those

principles underlying all sound research, and have oftener

plunged wildly into the mazes of uncerebrated research,

the results of which, by their interconfliction, have

hindered rather than helped scientific advance. But

this is a phase of modern times that we have no in-

tention of dwelhng upon here ; unfortunately, there

will be only too much opportunity and necessity for

its revelation in future chapters. Here let us consider

Liebig's philosophy somewhat more in detail. He as-

sumed the existence of a vital force, or whatever we
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choose to call it—say, an agency—powerful to develope

from the seed the plant, and from an egg the bird ; but

at the same time he acknowledged above all men, and

insisted upon the truth of his admittance, that the actual

])rocesses of life, with all their complications of function,

were based upon the same laws which operate between

matter and force in the chemists' laboratory.

The history of all science shows that it developes,

first, by the accumulation of isolated facts ; secondly, by

the discovery of determining influences, and of certain

relations between those facts ; thirdly, by the deduction

of general laws from larger series of observations than

those upon which special laws depend. Finally, it be-

comes possible from given conditions to predict the

next states of certain forms of matter. To these rules

physiological science makes no exception. The pheno-

mena of life stand like those of dead or inorganic matter

in certain co-relations which are determined by specific

causes ; and it is only in the light of a knowledge of

these causes and their nature, that the processes of life

can be ascertained. Such a search constitutes the most

important problem in physiology, for by it is to be dis-

covered the mutual dependence of the vital phenomena.

It is true that anatomy here is of great avail, but, un-

aided by chemistry, its discoveries have comparatively

little meaning ; not only is the anatomical method in-

sufficient of itself, but it is subordinate to the chemical

method. !Such were the opinions of Liebig.

There are those who hold the opinion that in life

there is something which renders negative all our con-

clusions drawn from laboratory experiments, and nullifies

all our hypotheses of functions, but they are men who
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fail to grasp thoroughly the conditions upon Avhicli life
|

depends. The vital force, compound by nature as it is,

partakes in its component parts of the same character as

the chemical force, inasmuch as it only acts when the

particles are more or less at infinitively short distances

from each other. Life itself is the expression of the

metamorphoses of the animal tissues ; in other words,

man lives by virtue of certain changes of matter in-

cessantly going on in his body, and what is chemistry

but the study of the laws of changes of matter ? Surely,

it has no further meaning.

The dogmatism of churches and ages, the unreason-

ing and prejudice always associated with ignorance and

untrained and unscientific minds, have done their worst

and they have done their best, but what explanation of

life, health, and disease have they given ? 'None ! They

have told us that nervous force emanated from a nervous

system, and that cooling substances are astringents ; they ?

have invoked superstitions and conjured up groundless

faith in an agency whose function they could not define,
,

and of which they thought it was blasphemous and ./

wicked to enquire. This dogmatism, this circumscrip-

tion of language, received from Kant in his earlier

writings long ago, what in more recent days it has

received and merited at the hands of John Stuart Mill.

And, although churches still boast their superstitions

under a cloak of rehgious faith, and although men's

minds are still tainted with that bias against improve-

ment so common to tlie savage, the further pursuit of

science will overpower and destroy it all in due time.

We may not live to see it, but it is as inevitable as the

daily setting of the sun.
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But to return to our more immediate theme. Tlie

object of physiological chemistry, then, becomes the re-

duction to general laws of those phenomena which, in

their multifarious co-relations, constitute the functions of

life. To prosecute this study witli hope of success, it is

essential that we should first become acquainted with the

composition and constitution of those substances which

are elaborated in the various tissues, organs, and fluids of

the living body, and of which these are themselves consti-

tuted. It is only by means of such knowledge that we

can be enabled to trace out the intricate concatenations

of the various parts of the animal body, and of those

metamorphoses which are constantly in process in the

living laboratory. Such studies are as necessary to phy-

siology as it is to ascertain the composition of hydro-

chloric acid and chalk, before we can explain any action

they may have one upon the other.

From what has gone before, it will be apparent that

the method to be pursued in the study of pathology

is identically of the same order as that requisite for use

in physiology, and the results of these parallel investi-

gations appear as the expressions of health and disease.

Mr. John Simon has well expressed ^ this truth by

describing pathological results as the 'morbid declen-

sions' from the 'normal chemical standards' of Jjhysi-

ology.

While the method to be pursued in such studies is

plainly visible, and when the results to be attained are so

all-important to the prosperity and health of man, it is

surely matter for deep regret that there are but very few

' Reports of the Medical Officer of the Privy Council, SjC. New Series,

Ko. 3, p. 8.
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men availing themselves of it. Not only is this true of

England ; it is true in a different measure of Germany,

France, and other nations. The reason for this is not far

removed. It is true that in the science of physiological

chemistry there are pending matters for research which

might fairly be undertaken by men of ordinary attain-

ments at very httle expense ; but there are many ques-

tions (and these are the most important of all) to be

solved, which are much further removed from the abilities

of the untrained mind, and which demand for their eluci-

dation means and time at the command of but few

private individuals. This is notorious and acknowledged.

I contend, however, that even were there men who have

the time and the means whereby to grapple with these

problems in science, there is not, at least in our country,

any system of training })y which such men find it easy to

qualify themselves for such studies and researches. The

result is, that the work is to a large extent neglected, or,

when undertaken, from the reasons stated, the results at-

tained are often lamentably worthless or deficient. The

truth of this statement is not to be gainsaid ; it is a matter

of everyday experience, and to those who are conversant

with recent scientific literature, these remarks will furnish

no matter for surprise. It were easy to substantiate these

statements, but it is unnecessary, it having been already

done.^

On the successful pursuit of the study of animal

chemistry, all medicine rests. Diseased livers, brains,

hearts, and lungs ; organic and chronic diseases ; cholera,

typhus, and typhoid fevers ; all these and hosts of other

' See Essay in Qum-terly Journal of Science, bj C. T. Kingzett and II.

W. Hake. January 1877.
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diseases and disorders, no nuittcr wliat their causes or

tlieir origin, liave something in common. All diseased

organs and all morbid processes speak of chemical

changes and processes different from those actuating and

controlling the organs, tissues, and fluids in health, and

of necessity, therefore, curative and preventive medicine

must in the main have its basis in a knowledge of

histo-chemistry. At present, medicine is rather an accu-

mulation of experiences than a natural science, whereas

it ought to occupy the leading place in science, in fact

shine out as that ultimate focus in science upon which

and towards which all other science sheds its rays of

light, and to which human efforts should be above all

things directed.

Many are the medical men who saj^ and say with

considerable show of reason, all this is very true, but if

we stay in life to study animal chemistry and the

chemical changes underlying pathological processes, our

patients will die in the meantime. It is true we are

terribly overmatched by disease, but still we can do

something to stay its progress, and to that something we

must devote ourselves. Who then is to prosecute the

science, if the medical men will not or cannot? The

chemists ? Unfortunately, physiological chemistry is not

taught as an ordinary part of the science, and chemists

who ordinarily devote themselves to research, fmd such

labours too tedious or too unprofitable in results, and so

the work is left undone for the most part, and in the

meantime disease ravages mankind, and demonstrates in a

terrible manner how futile are our strongest efforts to

stay its progress. Still something might be done if the

system of teaching at medical schools were improved.
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Animal chemistry finds no advocates at our Universities '

and public schools, and is not embraced in their curri-

culum ; it is professedly taught, however, at our medical

schools ; but if one takes the trouble to enquire into this

teaching, one is rudely shaken in their beliefs. What is

really taught is not animal chemistry, but a certain num-

ber of facts. The students are made acquainted in an

empirical manner witli the ordinary methods of separation

employed in the qualitative analysis of substances, which,

for the most part, do not occur, and have little to do

with the animal body ; they are taught certain tests for

poisons of various kinds, and are put through, it may be,

a few exercises in quantitative analysis of inorganic sub-

stances. Their learning is crowned by cramming a fur-

ther number of facts regarding the blood, the urine, and

bile, and imbued with this knowledge they enter on their

medical career. This is not the way to teach animal

chemistry, and the teachers are to a large extent incom-

petent to fulfil this task. To appreciate and to pursue

this study, a previous knowledge of ordinary chemistry,

and a wide one too, is requisite ; moreover, a more than

superficial acquaintance with physics is required, and, for

most purposes, an understanding of human physiology.

Then, again, facts do not, constitute a science ; science is '-^'^"^'i

U^ constituted of principles ; and from our teaching, and our

text books, and our teachers, from none of these do

medical students of to-day learn these principles. Of the

teaching and the teachers we have already spoken ; as

for most of the text books in use, not only in this

country, but abroad also, they are the merest compilation

of facts—facts picked up here and there and arranged

together in chapters ' specially designed for the medical
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student.' Alas ! for the medical student ; he finds no

philosophy in them, but only a certain number of state-

ments with which he must make himself familiar without

understanding them ; a certain array of facts which he

must learn as he learnt dates of historical events when a

boy at school ; facts without a binding link ; statements

possessing no exhibition of relation ; the whole devoid of

connecting principles and a scientific philosophy. In the

face of what has been shown, is a man having such

knowledge as- he may acquire at our medical schools

well fitted to understand the processes of health and

disease? has he any power to add to our knowledge of

these things ?

Moreover, the books of the day have another grave

fault ; they are not only imperfect so far as they go, but

they do not go far enough. Recent and the most im-

portant scientific researches find too often no mention, or

when they do, the accounts are, not rarely, worse than

useless; they mislead from their inaccuracy; they injure

men by the prejudice they exhibit.

It is quite true that one half of the world does not

know how the other half lives. There are people who

talk of the republic of science as others once talked of

the repubhc of letters. Alas ! for the republic of science.

In art, in hterature, in law, in medicine, in fact, probably

nowhere at the present time is there so much bickering,

jealousy, and conceit as in the infant republic of science.

Not only is this true of private life ; there slander, machi-

nations, and prejudice are exerted to the full. This is

bad enough, but it is too bad to carry this sort of thing

into public life and scientific literature, and yet it is done,

and on a glaring scale too. The consequence is that our
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literature loses in value ; the teaching of the day is frus-

trated by external politics ; the whole system of science

receives a serious check.

Boast is made of the rapid progress of science. Bah !

it is untrue. Science never did, does not, and never can

make rapid strides. Eelatively, progress may be rapid,

but it is only relative to times when progress was much

slower. But if men would only throw aside, at least in

certain w^alks of hfe, jealousy, prejudice, and partiality,

and unite in a true and honourable republic of science,

how much better would it be for science. There was

never a finer example set by man than that taught to the

disciples of alchemy, ' Ora ! Lege, Lege, Lege, Eelege,

Labora et Invenies.' ^

^ See Mr. Rodwell's Birth of Chemistry.
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CHArTEK IT.

LIFE : FROM A CHEMICAL POINT OF VIEW.

For the purposes of the present work it is not requisite

to enter at all deeply into the anatomy of the human

body. In order to show the processes according to

which man ' lives, moves, and has his being,' it is but

necessary to regard him as a conscious machine or an

automatic instrument. Nor is it necessary to have regard

to man's place in nature beyond its enunciation. Pos-

sessed of conscience, will, and power, he finds himself as

the creature of a generation composed of beings like

himself, exhibiting certain relations among each other.

Of the individualities or character we shall have a little

more to say later on ; it will sufiBce here to recognise

the individuality of man. This individuality, controlling

the w^hole life-actions, is unfortunately almost universally

ignored, or where it is not ignored, it is not rarely mis-

interpreted. The doctrines of evolution and survival of

the fittest, and all those thousand minor laws which in

view of the teachings of men hke Darwin, Spencer,

Wallace, and others, we hold to be true of lower forms

of animal life, are true also of man. He is the resultant

of a thousand conflicting predestinations and emotions

;

the focus of predispositions and circumstances that have

been in action for ages. Wliere then lies the difference

of individualities ? Partly in the brain power
;
partly in
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the individual organs of the body
;
partly in the general

relations these bear to one another, and the whole of

them to the brain power. For, in a general sense, all

men are constituted alike ; the philosopher Aristotle,

Homer the poet. Mill the logician, JSTapoleon, of iron

will ; all these, and all men, are in their physiological

form ahke. The characters and individual powers of

these men are to be traced not so much to any individual

difference of form of the various organs of the body, but

rather to quahties possessed by some or all of those

organs
;

qualities which have a quantitative expression,

but whose meaning is hidden deeply in the tissue of

which the organs themselves are composed

To return, however, to our consideration of man as

a conscious machine having complicated functions, that

is to say, a machine powerful to do muscular and mental

work by viitue of a force generated in situ, and guided

by will. It is a fact of the deepest meaning that the

food which we eat takes part in that with which we

think, and the body having once attained a full develop-

ment of form and size, food henceforth represents one

side of the equation of life ; on the other side is repre-

sented the history of our life.

It is not intended to study those processes of develop-

ment and growth antecedent to maturity ; it is sufficient

to bear in mind that there is a beginning, an embryo

phase, and intermediate stages of life. But from the

beginning there is an inherent power in the life substance,

caU it protoplasm, bioplasm, or what we may, which

determines the evolution out of its own elements, of

tissues and organs, and which constantly regenerates

itself, so to speak, from the food presented to it.

c 2
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Hence we may fairly say tliat tlie luiman body is a

mere apparatus by the agency of which man lives in

another sense, viz. the mental or intellectual sense. The
-fc:,^ study of the construction, of that apparatus constitutes the

science of physiology ; the life which is maintained in and

by the human body is the result of chemical changes inces-

santly occurring in the matter of which the tissues and

organs and fluids of the body are constituted. The same

life depends for its continuation upon the food which is

taken into the body, and from which there are elaborated

new fluids, and new tissue to replace that previously lost

by the act of hfe. When the processes we have alluded

to, follow an inherent determinated direction, they may be

conveniently summed up under the title of physiological

chemistry ; but when declensions arise the processes are

morbid, and the result is disease : this study constitutes

the science of pathological chemistry. Together, these

two subjects are included in the expression ' animal

chemistry.'

Let it not be thought, however, that there is in this

description any desire to hide away that which we cannot

explain. In life, anatomy has its share and chemistry

and physics have also their parts. All these subjects,

however, cannot be considered together, and tliis state-

ment is here made in order to avoid the stigma which

Henle attached by his criticism to Liebig's work on

' Animal Chemistry.' Henle wrote :
' With consummate

skill he (Liebig) draws a few crystalline threads out of the

tissue of life, and holds them up to admiration as the

share of chemism ; he then throws us tlie lump which he

cannot unravel as the share of vitalism.'

Kow according to the above showing, a man requires
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to take daily a given amount of food properly prepared

by cooking and otherwise. This is comminuted in the

mouth and is there mixed with saliva ; as it arrives in the

stomach it is farther mixed with various fluids and secre-

tions, including gastric juice, bile, pancreatic juice? and

so on, and here digestion partly occurs ; it is completed

in the smaller intestine, and the undigested and valueless

part of the food is excreted as faeces. The chyme and

chyle thus formed are conveyed by proper vessels to the

blood system, and by means of the heart's action are dis-

tributed throughout the body. As the blood circulates

through the system, the various organs assimilate from it

the nutriment they require to reconstruct themselves and

keep in working order ; at the same time they yield to the

blood the soluble effete products of life
;
products result-

ing from decomposition and change, upon the carrying out

of which their very functions depend. In this way the

blood passes on to the kidneys, through which it filters

as it were, and allows the worthless part of it—that con-

sisting of the excrement!tious products—to be removed as

urine. Simultaneously with these processes occurs that

of respiration, an act which depends upon the inspiration

of air and its passage through the lung tissue into the

blood. This oxidising effect is carried out by the blood

in all parts of the body, and in return that fluid takes up

carbonic acid—a product of oxidation—which is after-

wards duly eliminated through the lung tissue also, viz.

at the moment when the blood arrives there for a fresh

supply of oxygen. It would also appear that man
undergoes a cutaneous respiration, although in a smaller

degree, much water and certain other matters being

eliminated through the skin. Each and all of these
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processes will be fully considered hereafter, and this re-

sume is given merely to demonstrate, at the outset, how

great a share chemistry takes in life. It concerns itself

with the nature and composition of the food taken ; with

sahvary, stomachic, and intestinal digestion ; not merely

so far as these processes themselves are concerned, but

also with the composition of the various ammal juices taking

part in them, as well as with the very composition of the

organs which secrete the said juices. Then again, chyme,

chyle, lymph, blood, have each their chemistry and inter-

relations, and, what is more important, the act of respira-

tion is essentially a chemical one. This then has to be

studied, as also the methods by which the organs and

tissues of the body oxidise and repair themselves. That

these organs, such as the brain and lungs, have a chemistry,

is a matter which has only of late years received the atten-

tion the subject merits, for, as previously stated, there

were in past times not wanted men who denied, or at

least did not recognise, the fact of their chemical compo-

sition. Finally, there is the chemistry of bone and muscle,

and of the various excrementitious matters, such as sweat,

urine, faeces, and breath.

Regarding the various subjects just enumerated, our

chemical knowledge is both small and great ; that is to

say, it is great in itself, but does not nearly represent the

whole possible knowledge. The chemistry of digestion

particularly is but little understood, whereas there can

be no doubt that an increased knowledge of the com-

position and properties of those specific ferments which

take part in it, would lead to an immense gain, not only

for human physiology, but also in our appreciation of

the meaning of fermentation as a general phenomenon.
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With the subject of ferments is intimately connected one

which of late years has attracted a predominating amount

of attention, namely, the germ theory of disease and in-

fective processes ; and, once arrived at this stage, we verge

upon the beginnings of life. It cannot be doubted that

for the future progress of our knowledge of these questions

we must look more to chemical science than has been

done in the past. It is too true that our slight know-

ledge of the composition and inter-relation of bodies

occurring in the human system, and of the processes by

which they are built up from food and transformed into

ultimate products after fulfilling the vital functions, only

shows how much yet remains to be learnt. It is soon

perceived that we stand but on the threshold of know-

ledge, and many must be the thinkers and workers, and

generations upon generations will pass away, before the

processes of life shall stand forth entirely revealed

;

before it shall be known how, from a few simple matters

tolerably well known themselves and administered as

food, is built up man with his marvellous and beautiful

structure, with his power of thought, feeling, and action.

That such a time will come scientific men have no

doubt ; we shall know more to-morrow of the sun that

shines to-day

!

There is darkness around the vital phenomena, but

that darkness exists only because science has not yet

attacked nature and illuminated it sufficiently by its dis-

coveries, waiting to be effected in these directions.

There will always exist men who will doubt the

possibihties of science ; who will call in question matters

which have been established as truth for all time, just as

men, even to Bacon, rejected the doctrines of Galileo,
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and as Leibnitz spurned the philosophy of Newton on

gravitation. But, in spite of all, the sun of science will

dispel the morning cloud of ignorance and prejudice, and

will unfold to us the laws of nature unbiassed by the

poetry of man's mind and free from the superstitions of

churches.
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CHAPTEE ni.

CHEMISTEY AS APPLIED TO PHYSIOLOGY AND PATHOLOGY.

Although this work pre-supposes a certain knowledge of

chemistry on the part of its readers or students, it may
yet be desirable to make a few observations regarding

the classification of carbon compounds, inasmuch as the

greater part of the human body is made up of such sub-

stances. In doing this, it is not proposed to consider the

reasoning upon which the various systems of classifica-

tion are based, nor to comment upon the relative values

of them, but rather to supply an explanation, brief

though it be, of terms and names which will be found in

use throughout this work. Moreover, while a system of

classification is all-important in certain branches of pure

science, it serves a far minor although important service

in a science like that of which we are treating, and for

this reason ; that the function of physiological chemistry

may be said to consist in the elucidation of those pro-

cesses by which life with all its many side-issues and

declensions is maintained. In this study, chemistry is

competent to teach us how from certain substances given

as food, the constituents of the body are produced ; and

again, how these products sufier subsequent change, and

give rise to other and excretory substances. In other

words, the physiological chemist, having regard to his

ultimate objects, seeks to determine the relations existing
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between different substances supplied to, found in, and

excreted by the body. It is upon a knowledge of such

relations that he is enabled to understand the processes of

life ; that, in fact, he is able to hope for the attainment of

his object. In such a search it is not requisite, at least in

the present state of the science, to consider the chemical

constitution of bodies in greater degree than that which

is requisite to show how this substance is produced from

that substance, or this other compound may give rise to

that other compound. In short, chemistry as applied to

physiology is a means of working out dynamical equa-

tions in which certain masses are dealt with on the one

side, and on the other, lesser sums, the total of which is

equal to the original mass. To instance our meaning, let

us deal with a body like fat, which is known to yield

glycerine and fatty acids when decomposed in a certain

manner. The chemist has a particular interest in deter-

mining, not merely the general properties of these sub-

stances, but also in seeking to ascertain their actual

constitution, or the manner in which the atoms entering

into their composition are arranged. By the application

of certain tests he can tell the general nature of sub-

stances, and can place them by the side of others of

similar characters, and believed by him to have a corre-

sponding or comparable constitution. True that such a

method has its meaning, even in physiological chemistry,

but what is more directly important to the physiological

chemist is the quantitative determinations of the total

products obtained in the particular decomposition of fat

referred to, and such other instances.

The chemist may obtain one product upon which he

may devote imhmited study to ascertain its properties,
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general nature, behaviour to reagents, and constitution,

whereas the physiological chemist should seek rather to

devote his attention to all the products, until not only

the individuality of each is established, but until their

sum is equal to the mass of matter from which they are

originally produced.

Again, we shall see in another chapter that, chemi-

cally considered, leucine is an amidated fatty acid, and

chemists have made themselves well acquainted with it,

its character and constitution ; they also know it to be

obtainable from albuminous substances, and further

know it, when thus prepared, to be identical with the

leucine prepared by artificial synthesis. But this is not

enough for the physiological chemist, who seeks to

ascertain exactly its amount and the nature and quan-

tities of all other substances by which it is accompanied

when made from albumin. Further, it is important for

him to know whether it can arise from other sources in

the body, because, if not, he is at once able to indicate

its origin under any particular set of circumstances, and,

indeed, is in a position to make a sort of generalisation.

Now, of late years, there has been introduced into

chemical teaching the so-called ' structure ' hypothesis of

carbon-compounds, under which these latter are repre-

sented as structures comprised of constituent atoms ar-

ranged graphically. This graphical arrangement is arrived

at from a knowledge of the way in which substances

decompose when subjected to particular processes. That

is to say, if they yield by some process a particular sub-

stance, this is considered as sufficient evidence that they

contained in their structure a particular group of atoms

;

and so far so good. But many chemists go further than
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this, and say not only that such and such a group is

present, but also that it is present in a certain position.

It is this last-named assumption that is so extremely un-

profitable and unmeaning, particularly for physiological

chemistry. Being purely hypothetical, it has no place in

true science or healthy logic. Let us try to indicate how

far lomcal reasoning enables us to indicate the constitu-

tion of substances. Glycocholic acid, when decomposed

with dilute acids or alkalies, yields cholic acid and

glycocine, and as the process employed is a mild one,

and as these are the only products, it is inferred that in

the original molecule of glycocholic acid, these sub-

stances, or residues of them, were co-existent. But

even this is mere inference, because if glycocholic acid

be submitted to other processes it yields other products,

and applying the same reasoning, we make the rediictio

ad absurdum that this substance contains, as primary or

proximate nuclei, such a number that the sum total of

their elements is greater than the amount of substance

operated upon.

To say that because a certain substance yields certain

other substances by a particular mode of decomposition,

therefore residues of these latter must have been present

in ihe parent molecule, is an assumption having ad

mittedly more or less plausibihty and even usefulness,

but it is an argument which must not be pushed too far,

or at least must be limited by very clear definitions.

This is so, because it appears equally good reason to say

that, since by acting upon a particular substance with

another substance a third one is produced, and is un-

attended with other substances, therefore this new sub-

stance contains groups or radicles previously contained
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in tlie two separate ones ; but sucli reasoning as this

soon leads us into a fog, since very often the same sub-

stance may be prepared in half-a-dozen different ways,

and from substances of such different natures that ob-

viously these could not contain a common group. The

fact of a chemical reaction cannot be exceeded, and a

chemical equation may or may not express the whole

truth. When carefully thought out, it becomes clear

that chemical constitution is a phrase of little mean-

ing ; it is a something conceived to have a relation

of some sort with the substances from which and the

manner in which a body is produced, and again,

the substances into which and the process by which it

may be resolved. In short, and curiously enough, the

chemists who most bravely defend the ' structure ' theory

of carbon compounds, have latterly assumed a position

which indicates its own indefensibihty. For example,

benzene, when submitted to various processes, is capable

of yielding hundreds of different substances. ' Structure

'

chemists may write benzene as a graphical arrange-

ment of carbon and hydrogen atoms, in which each

carbon atom is directly united with a hydrogen atom,

and continuously with all the other carbon atoms. But

putting aside the illustration for what it is worth—the

particular figure varying with the author—their structure

amounts to the recognition of the fact that in benzene

there are six carbons united with six hydrogens (CeHg)

and amounts to nothing else. ' Structure ' chemists are

not without a kind of reasoning in defence of their

propositions, but it is a sort of reasoning not compre-

hended in the science of logic. In fact, the structure

theory of benzene amounts to nothing more or less than
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the statement, made in a particular way, that benzene

consists of two elements, and that if a certain quantity

be taken and submitted to the action of a certain quan-

tity of other substances, it may yield a number of sub-

stances, but supposing that from these the benzene could

be got back again, then the amount would be equal to

the original quantity •taken. In other words, it is true

that, given a mass it is possible to break it up into parts

the sum of which equals the original mass. Vary the

means employed to break it up, and with them the parts

or products differ also.

For the purposes of physiological chemistry, it is

sufficient to understand the meaning of a chemical re-

action, and it is desirable that a chemical equation

illustrating such reaction should be as far as possible a

mathematical equation in the sense that the other side

should specify not one particular product, but embrace

all and indicate their relative amounts. These amounts

should be equal to the acting masses represented on the

first side of the equation.

The Chemical Principles and Educts of tlte Body.—
It will be seen from the contents of the following chap-

ters, that a large number of the substances found in the

body are of huge molecular proportions, and do not

admit, so far, of any reasonable classification. Thus it

will be shown that there are reasons for regarding

haamatocrystalUne, or the colouring matter of the blood,

as a distinct chemical individual of probably greater com-

plex constitution, than fibrin. So complex indeed must

be its constitution that even one of its decomposition

products hasmatin—is ofundetermined structure. Again,

the immense variety of albuminoids cannot be formulated
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Upon a general type, while many of their decomposition

products require much more study before they admit of

classification. Chemical researches have already led to

general formulse for many of the brain principles, in-

cluding the phosphorised substances aUied to lecithine,

C43H84NPO9, but of the constitution of the cerebrines and

other substances, next to nothing is known with any

degree of certainty.

While, therefore, it is impossible to comprehend

many principles and educts in any system of classification

known to chemical science, the same cannot be well said

of the better known simpler substances which are not

peculiarly of animal origin, and they embrace represen-

tatives of almost every type of chemical substance.

The majority, however, of these classifiable bodies

consist of alcohols, acids, amidated acids, and amines.

Hydrocarbons, or compounds consisting exclusively of

carbon and hydrogen, do not occur in the body, nor are

they contained in the food ordinarily partaken of by man.

One may well conceive that under the universal condition

of oxidation which obtains in the living body, it would

be, perhaps, impossible for any hydrocarbon to per-

manently exist, even if elaborated therein.

The alcohols, chemically considered, are substances

containing replaceable hydroxyl (HO) ; or they may be

regarded as substitution derivatives of the hydrocarbons

;

thus ordinary ethylic alcohol may be written C2H5(HO),

which signifies that it is the hydrate of ethyl. These

compounds are the analogues of the metalhc hydrates,

and extend to and embrace many carbohydrates be-

longing to the groups of starches and sugars.

Many alcohols, therefore, enter into the composition
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of our food, and not onl)^ so, but they are also probably-

elaborated witliin the body itself, in some cases by a pro-

cess of hydration operating upon suitable originating

substances. In this way all giucosides yield sugar, and

many starches also yield sugar.

Mercaptans, or thioalcohols, of which ethylic sulphy-

drate (C2H5IIS) is an example, do not occur, so far as is

known, within the body, nor is it possible to say whether

the sulphur contained in some albuminous substances

exists in combination in some such form.

If any of the starches constitute ethers (as the anhy-

drides of the alcohols are termed), then these form not

only part of the food, but are also found in the body,

as for instance, glycogen (CeHjoOa) in the liver. The

ethers are converted into alcohols by heating witli water

or alkalies, thus ethylic ether becomes ordinary alcohol

as follows : (C2H5)20 + H20=2C2H5(HO). Glycogen under

the same treatment takes up water and becomes sugar.

But the true constitution of the bodies known as

starches is far from being accurately determined, and in

the chapter on carbohydrates, it will be sliown that some

forms of starch are regarded as aldehydes, or compounds

intermediate between the alcohols and the acids.

The aldehydes are regarded as hydrocarbon derivatives

in which hydrogen has been substituted by a monatomic

radical group (C'^0"H)'. Thus ordinary alcohol gives

rise to the formation of ethylic aldehyde when subjected

to partial oxidation, CH3CH20H+ 0=CH3(COH) + H20.

By further oxidation acids are produced, as for ex-

ample :—CH3(COH)+0=CH3CO.OH—this equation re-

presents the oxidation of aldehyde into acetic acid.

It is thus seen that in an ultimate sense, acids may be
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regarded as oxidation products of hydrocarbons, in which

hydrogen is replaced by a monad carboxyl group

(CO.OH), and as there are different series of hydro-

carbons, so there are various series of acids. They all

furnish metalhc salts, haloid salts, ethereal salts, amides,

and whole series of other compounds of more peculiar

interest to the chemist.

Of the acetic series, a large number of members

occur in the body, and are obtained by processes of

decomposition from various substances of animal origin.

The acetic series is derived from the hydrocarbons of the

general formula CJl2n+2^ f^nd is represented by the gene-

ral formula CnH2ii+iC0(0H). It consists of homologous

members, differing by CHg, as shown by the following

examples.

Methylic or Formic acid

Ethylic or Acetic acid .

Propylic or Propionic acid

Tetrylic or Butyric acid

Pentylic or Valeric acid

Hexylic or Oaproic acid

HOO(OH).
CH3.00(OH).

O^Hj.OOCOH).
C3H-00(0H).
O.HgOOCOH).
0,H,,00(OH).

All these may be obtained from animal sources, and

notably by the oxidation of albuminous and other sub-

stances.

The following are also of interest to the animal

chemist, and belong to the same series.

Palmitic acid . . .... CijHjiOOCOH).
Margaricacid OieHjgOOCOH).
Stearic acid Cj^Ha^OOCOH).

The Acrylic, or CjiH2n_iC0(0H) series of acids, de-

rived from the CnHgn hydrocarbons, is represented by

oleic acid, with which we shall make ourselves acquainted

in other chapters.

D
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The Benzoic, or CnH2„_7CO(OH) series of acids de-

rived from tlie CnHjn.g series of liydrocarbons, is repre-

sented by benzoic acid, CcH5C0(0H), and other sub-

stances.

Again, the Acetic series gives rise to a secondary

series, known as the Lactic, and of the general formula

CnHo„(OH).CO(OH) ; while from the Benzoic series,

another secondary, Salicylic or CuHjn— 8(0H).C0(0H)

series may be derived.

The juice of flesh contains two isomeric lactic acids,

one of which appears to be identical with ethylenic lactic

acid, Avhile the other, sarcolactic or paralactic acid, as it

is variously called, is distinguished by its power to direct

polarised light to the riglit. Its products of oxidation

are identical with those derived from ethylidenic lactic

acid.

Among the many derivatives of the acids, none are

of so much interest to physiological chemistry as tlie

amides. Artificially, these substances present no difficulty

in formation ; thus they may be readily obtained by the

action of ammonia on the acid chlorides, as for example :

CH3COCI + 2NH3 = CH3.CO.NH2 + NH.Cl,

or by distillation of the ammonium salts of the acids ; thus,

CH3CO.ONII4 = c1i3.co.NH2 + on^.

Of course each series of acids gives rise to its own

amides, which may be viewed as compounds formed from

the acids by replacement of the (OH) group in the carb-

oxylic group by the monad residual radicle (NHg), (ami-

dogen derived from ammonia, KEI3).

Tlie monobasic acids yield only normal amides, while
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dibasic acids give both normal and acid amides, or amic

acids as they are termed.

In the chapter on albuminous substances it is shown,

that in the decomposition of these bodies by a process of

hydration, a large number of amides and amic acids are

obtained. There are representatives of these substances

also in the urine, notable among them being hippuric

acid (benz-amido acetic acid).

The only other class of bodies we need notice here

is the amines, which are viewed as being derived from

ammonia by the substitution of hydrocarbon groups for

hydrogen. The amines, or compound ammonias, as

they are also termed, may be grouped into three classes,

namely monamines, diamines, and triamines.

Thus we have among others the following mon-

amines :

—

Primary.
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neiu'in, or the ammonium base obtained in the decom-

position of the phosphorised principles of brain matter.

All these organic ammonias strongly resemble ammonia

in their properties, combining directly with acids to form

salts, by treatment of which with oxide of silver the

corresponding hydrates are obtained. Tims

—

C2H5.XII2 + HCl = C2H5.XH3CI.

and
2CjH,.NH3Cl + Ag,0 + H,0 = 2O2Hj.Nrr3.OH + 2Ag01.

The hydrates obtained in this way are caustic substances,

exhibiting many of the properties of their analogues, the

caustic alkahes.

Chemical Changes Occurring in the Body.—The

chemical decompositions for ever occurring in the living

body are all included in two processes, viz., those of

hydration and oxidation, that is to say, they are decom-

positions depending upon the assimilation by substances

of the elements of water, or upon the action of oxygen.

These processes occur of course separately, but they

may be, and often are, associated in succession. They

are of sufficient importance to merit some special con-

sideration in this place, and glancing lightly over the

ground which is covered more particularly in the various

chapters, a number of instances of hydration and oxida-

tion may be en passant referred to. For instance, the

starch of food is, in the mouth and stomach, transformed

into sugar by the assumption of water, an assumption

directly caused by the unexplained ferment-like or

contact-like power of ptyaline. Again, the amyloid-

substance of the hver is supposed to undergo a similar

change, or, yet again, fats in course of digestion are like-
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wise split up by hydration into fatty acids and glycerine.

In pathology, the hydration process is apparently of yet

greater importance, thus, for example, in softening of the

brain, one of its principles suffers disintegration in this

way. The following equations show these changes,

which are seen to depend upon the direct assimilation

of water by the bodies thus changed.

C3Hjoi3H3;o,' + 3H,0 = 0,H,(H0)3 + 30,3H3,0,

(^18^3502

fOisHaaOj
C3HJ0j,H3,O, + 3H,0 = G,-H,VO, + C.H^.NO +

(H0(0P0)05Hi3N0

C18H34O2 + OiflHjoOg.

This assumption of water takes place, in numerous

instances, at the ordinary temperatures, but for other

cases, a more or less elevated temperature is required.

This latter condition is, of course, provided in the animal

body also. Changes by hydi'ation may result from mere

contact with water of the bodies to be changed ; in

many other instances they occur by the intermediation

of a third body, such as dilute acids or other substances,

partaking of the nature of a ferment or zymase. The

specific manner of this intermediation is undetermined.

It is by a process of hydration that albuminoids in the

stomach are changed into peptones, and again, it is by a

similar process, perpetuated further, that these are decom-

posed into such proximate nuclei as tyrosin, leucine, &c.

Oxidation, as a process happening outside the body,

or in the laboratory, is very well understood. There are
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degrees of oxidation as there are degrees of hydration,

and these depend upon the nature of the oxidising agent

and the conditions under whicli the process is efTected.

Thus the products of the oxidation of turpentine, for

example, differ according as the oxidant be air, or nitric

acid, and so fortli. It is so-called ' limited ' oxidation

that is of peculiar import in studying the chemistry of

animal and vegetable processes ; in other words, it is

oxidation by air Avhich chiefly concerns us here.

In some cases hydrogen is removed, having com-

bined with the oxygen of the air to form water ; this

happens with alcohol as follows :

—

C.HsO + 02 = II^O + CjH^Oo

;

or the reaction may go further in the body, perhaps, and

give rise to water and carbonic anhydride only ; thus

—

0,11,0 + 70 = 311,0 + 2002.

Or, again, oxygen may not only remove hydrogen from

substances in this way, but may also attach itself simul-

taneously. It is doubtful whether such a state of things

ever happens in the animal system, but it is quite con-

ceivable, inasmuch as one may realise it in the labora-

tory.

Further, oxygen may resolve large molecules into

simpler ones, with the elimination of water and the pro-

duction of oxidised compounds. Thus

—

CjHoO + 3O2 = H2O + CjHeOa + 2O2H4O2.

Here, triethylcarbinol is resolved into propionic and
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acetic acids, whilst water is also formed. In other

cases oxygen is simply added on to the substances ex-

posed to its action, aldehyde becoming in this way acetic

acid,

C2H^o + o = 0,Hp2.

As with hydration, so also with oxidation, it may be

said that the milder the means resorted to, the more

closely allied are the products to the original parent

molecules. The remarkable thing to be noted here,

however, is, that w^hereas out of the body it is difficult to

make air or oxygen itself effect certain decompositions,

stronger reagents being required, yet, in the body,

oxygen is the only substance which is utilised for pur-

poses of oxidation. There is this difference to be

observed, which throws some light upon this curious

fact, viz., that the substances which undergo oxidation in

the body are probably the simpler molecules which have

been first produced from larger molecules by hydration
;

these larger molecules, being for the most part colloidal

in nature, offer, as a rule, less resistance to processes of

change than substances of a crystalline character, to

which class most of the substances treated in the labora-

tory belong. Moreover, the simpler nuclei, which undergo

oxidation within the body, may be in statu nascendi, that

is to say, just broken off from the parent substances, and

scarcely settled down into their next forms, and it is

notorious that bodies in this state of being are peculiarly

liable to undergo oxidation under given conditions.

No doubt, within the body these processes of hydra-

tion and oxidation may occur successively so quickly as

practically to occur together, or they may even literally

occur together. We have an example of this in the
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laboratory with acetylene, which, under these combined

influences, becomes acetic acid,

It is too often ignorantly imagined, and also stated

sometimes, that the animal function is mainly or entirely

one of analysis. The act of synthesis is conceived to

reside almost exclusively in life of a vegetable character.

This is erroneous, for we find most complicated syn-

thetical acts going on in the animal body itself, and

surely the very existence of brain matter and haemato-

crystalline is sufficient proof of this. To appreciate the

truth of this it is only necessary to bear in mind that life

can be sustained upon food made up of albuminous com-

pounds, fat, starchy matters, sugar, and water ; and hence

it must be by reactions occurring between these sub-

stances, or the products produced from these within the

system, that the brain-matter and other principles are

evolved. Not only is it so with brain principles, but also

with many of the constituents of the bile and the blood,

&c. But of the exact processes by which such syntheses

are effected, we may be said to know next to nothing.

One of the most evident of these synthetical acts is the

formation of the solid tissues themselves, mainly composed

as they are of albumin in one or Other form. Fibrin, or

the flesh of animals, when eaten as food, suffers a kind

of analytical change in the stom.ach ; it is changed, as

we know, into soluble peptone-substance, which, by its

solubility and ultimate state of division, admits of being

absorbed into the circulating fluids of the body. By
and by, however, the peptone-substance is synthetically

changed into solid albumin "again, and, as such, goes to
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form muscle and so forth. Much more marvellous, how-

ever, is the power existing in the protoplasm of brain

matter—the power by which those constituents of the

blood which are requisite are selected, and combined to

make the solid principles entering into the brain compo-

sition. One can conceive that this selective power seizes

hold of a fat or similar principle, together with a suitable

form of phosphoric acid, and also neurine, and these

substances being thus more intimately brought in con-

tact, they, through the synthetical influence residing in

the protoplasm, combine, giving rise to those compli-

cated substances with whose chemistry we shall else-

where make ourselves familiar. Allowing that the

lai'ger number of principles met with in the living body

are excretory ; that is, products of analytical or destruc-

tive change, there yet remain a scarcely inferior number

of other principles which, as they do not exist in our

food, must be regarded as the products of synthesis or

construction elaborated in the body itself

The proper pursuit of chemical enquiry has taught us

somewhat of these various processes and products, and

will in its perpetuation yield much more—almost an un-

limited amount of information.

It will be seen that the researches of chemists—such

as those of Schiitzenberger—directed upon albuminous

bodies, have thrown much light upon what may be called

the excretory power in life, so that we may say with

tolerable certainty, that this and that constituent of the

urine have been derived from the decomposition of albu-

min. So in the future, as this sort of knowledge shall

increase, we may possibly be able to trace back all excre-

tory substances, not only to their parent molecules, but
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also to indicate the very processes which have led to

their production.

Schiitzenberger's method of procedure was one em-

ployed beforehand by Strecker in many of his investi-

gations, and is the same as that employed by Thudichura

in his study of the constitution of brain principles. And

this method is a proper method, because it is in imitation

of that natural hydration process incessantly going on in

the Hviug body. But it has been shown that oxidation

by air also occurs within the body, and hence it is reason-

able to expect that researches having for their object the

study of the mild oxidising power, or that united with

one of hydration, as applied to albuminous and other

principles, woidd lead to even more important infor-

mation than any of which mankind is now in possession.

The blood may be viewed as a solution containing a

variety of substances exposed to the action of dissolved

and combined oxygen ; a similar process is going on at

every point of the body reached by the blood currents.

Hydration is also going on here and there, if not every-

where, and the two processes often together. What

wonder, then, that the multitude of substances thus

elaborated and produced is so great. Even the sub-

stances thus elaborated and produced act and react, and

thus the number is increased till it becomes almost end-

less. It is in the power of chemists to imitate such a

state of things to some extent in the laboratory, but the

power is one of which they have availed themselves as

yet in a very small degree. Who can tell, for instance,

what results might be obcained by studying the action of

oxygen or air upon peptones, or upon the phosphorised

matters of the brain, under conditions where hydration
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could not obtain, and also under other conditions where

this process may precede or accompany that of oxidation?

Such studies would probably throw much hght upon the

relations existing between bodies found in the blood, the

brain, the bile, and the urine, and it is principally upon

a perfected knowledge of such relations that we can hope

for a philosophy of chemical physiology to be constructed.

At present there is no such philosophy, but only a number

of oases of facts, between some of which certain probable

relations are dimly visible. But the connection is broken

at almost every point, and thus we are left with a semi-

rational view of life, and a less rational art of medicine.





PART II.

ORGANS, FLUIDS, AND PEOCESSES CONCEENED

IN DIGESTION, &c.
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CHAPTER ly.

SALIVA AST) ORAL DIGESTION.

Befoee entering upon the study of foods and the nature

of those best quahfied to meet the demands of the system,

it will be best to consider what those demands are, and

the methods by which food is assimilated in the body.

Mixed Saliva and Oral Digestion.—The food is com-

minuted in the mouth by chewing, and at the same time

it becomes mixed with the saliva—a mixture of fluids

secreted by different sahvary glands (the ducts of which

discharge into the cavity of the mouth), and buccal mucus,

or the secretion of the mucous membrane of the oral cavity,

containing some few epithelial particles. Mixed human
sahva is a turbid, opalescent, and somewhat viscid fluid,

having a specific gravity of 1-004 to 1'006 generally; its

specific gravity is very hable to variations, being dependent

upon the amount of admixed mucus, and it not rarely

rises as high as 1-025. According to Wright, saliva is

denser after partaking of food than when observed under

fasting conditions. It may be obtained in quantity by

tickling the fauces with a feather. As thus obtained it

presents a more or less alkaline reaction to test paper,

and has the power of transforming starch into sugar, as

first shown by Leuchs.

This power possessed by ptyalin, as the active prin-

ciple of saliva is termed, resembles that of diastase, a
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ferment produced from malt, and one wlii eh Baron Liebig

applied in the fabrication of a food for infants. Although

we are unacquainted with the chemical identity of ptya-

line, its action upon starch so far resembles that of many

ferments and dilute sulphuric acid, in that it consists in

determining the molecular addition of water to starch,

thereby producing sugar.

In a paper by Lefberg and Georgieski,^ it has been

shown that all starches are not affected alike. Thus

potato-starch is converted more easily than wheaten

starch, while maize-starch occupies an intermediate posi-

tion ; soluble starch behaves Hke potato-starch.

Starch, as is well known, consists of an outer coating

of cellulose enclosing alternating layers of granulose, and

although these bodies present the same empiric composi -

tion, there is a considerable difference of property betrayed

by the two. Thus granulose is immediately coloured blue

by iodine, whereas cellulose does not exhibit this reaction

until it has been first exposed to the action of sulphuric

acid or zinc chloride. Similarly, in the action of saliva

upon starch it is the granulose which is first converted

into dextrine and sugar, and only after some time, or at

higher temperatures, is the cellulose likewise altered. Of

these specific changes, however, we shall have more to

say in another place.

Ptyalin may be isolated in a measure, though not

in a pure state (probably), by precipitating fresh saHva

with phosphate of lime produced in situ, that is, by the

addition of phosphoric acid and Hme water. In this way

1 Bull Soc. Chim. [2] xxv. 393.
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the ferment is carried down in a mechanical manner with

the calcic phosphate, and may be afterwards extracted

by water. From the aqueous solution it is precipitated

by alcohol, and by continually repeating the solution in

water and reprecipitation by alcohol, ptyalin is obtained

in a snow-white form ; its composition has not yet been

determined. As it fails to give the xanthoproteic reac-

tion with nitric acid, it is not regarded as an albuminoid,

although it is not improbably derived from some such

substance. Its solution does not coagulate on heating,

but its fermentive power is destroyed at 60°; it is also

destroyed by strong acids and alkalies, and does not take

place at 0°C. Ptyalin is most active at 40°C.

Besides ptyalin, mixed saliva contains, as we have

seen, mucus, a small quantity of undetermined fat or

fatty acids, potassic and sodic sulphocyanides, calcium,

and alkaline carbonates. According to E. Bottger,^ he

has obtained indications of the presence of a nitrite in

saliva by acidifying with sulphuric acid, and adding a

mixture of cadmium iodide and starch, when a blue

colour is said to be produced.

The presence of sulphocyanogen in saliva is peculiar

to man, and its function remains unexplained, although one

author (Kletzinsky) has suggested that its presence resists

the formation of fungi between the teeth. A tooth-brush

would do this as well ! Sulphocyanides are recognised

in saliva by the red colour which ferric chloride imparts

to it, or to the distillate obtained by boihng it with acids.

This colour disappears on adding mercuric chloride, and

thus distinguishes it from that given by meconic acid.

1 aiem. Centr. 1872, 741.

E
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E. Bottger^ recommends, in preference to tins test, to

impregnate a strip of Swedish filter paper with tincture

of guaiacum, dry, and afterwards pass through a solution

of cupric sulphate (1 in 2000) ;
paper thus prepared

instantly turns blue when moistened with saliva. Wright

found the quantity of sulphocyanides to increase under

medicinal treatment involving consumption of sulphur.

Calcium exists in combination in saliva other than as

carbonate, perhaps with ptyalin, for if it be allowed to

stand in the air, a crust of calcic carbonate forms over

the surface ; it is not improbable, however, that it exists

as bicarbonate. The deposits of so-called tartar, which

frequently are allowed to form upon the teeth, consist of

calcic carbonate which is derived from saliva. Magne-

sium is also found in saliva, and traces of phosphoric

acid, alkaline chlorides, carbonates, and sometimes sul-

phates, but their proportions, as also those of the other

constituents, are by no means constant. Lehmann deter-

mined the fixed solids in mixed saliva at 0-388 to 841

per cent. ; frequently, however, 1-5 per cent, is found.

Ptyalin constitutes about one third of the soluble solids

of saliva.

The follo\ving analysis of mixed saliva ^ exhibits its

general composition



CONSTITUENTS AND FUNCTIONS OF SALIVA. 51

saliva, albumin is invariably present in small quantity in

the respective forms known as globulin and mucin. As

hereafter we shall consider albuminous principles at some

length, we need not refer more particularly to them in

this place.

The part taken by saliva in the great process of

digestion is not thoroughly known, but there can be no

doubt that one of the most important functions of saliva

is exerted through the power of ptyalin to convert the

starchy matters contained in food into sugar, as already

described. It has been pretty well ascertained experi-

mentally by Lehmann and others, that there is scarcely

time for this process to complete itself in the mouth ; it

is continued in the stomach and the smaller intestine.

Saliva serves also to moisten the food, and thus it

facilitates the act of deglutition ; this is, of course, an im-

portant point, and from what we know, it appears to

admit of experimental confirmation by the fact that dry

foods cause a more abundant flow of sahva than wet

foods or liquids.

Liebig suggested, from the frothy nature of saliva,

and the fact that it occurs full of air bubbles, that one of

its purposes was to convey air to the stomach and intes-

tinal canal. All that can be said, however, in favour of

this view is that it has not yet been determined whether

the presence of air is essential to the transformation of

starch into sugar by means of ptyalin; probably it is

not.

The quantity of mixed saliva secreted by a man in

24 hours varies between 300 and 1500 grammes ; it is

increased by excitants and certain medicines and poisons.

Particular Salivary Secretions.—There are four kinds

e2
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of salivary glands, and the secretion furnished by each

of these is distinct in character.^

The sublingual gland lies underneath the tongue,

^vhile the submaxillary glands are situated on the sides of

the tongue underneath the lower jaw; all these glands,

however, discliarge into the same duct, which lies under-

neatli the forepart of the tongue. From these and the

parotid glands the saliva is collected by the introduction

of canulce into the ducts, but the secretion of one and

the same gland or set of glands ma}' vary according to

the acrencies which call them into action. For these

reasons and the difficulty attached to the operation of

collecting saliva, the chemical nature of the secretions of

distinct glands is but little known. Four different kinds

of secretion, however, are recognised, according to the

nerves whose irritation has furnished the supply.

Chordal saliva is secreted by the submaxillary glands

on irritation of a nerve which is a brancli of the facial,

and is termed ' chorda tympani.' Its composition is

described by Thudichum as follows :

—

( =1-5 Globulin, mucin, and coagulable

albumin.
Solid matters = 4 per cent.. ^2-5 mainly alkaline chlorides and lime

I salts (chiefly bicarbonate).

Sympathetic saliva is furnished on irritation of the

sympathetic nerve, and is collected from the submaxillary

cflunds. It is opaque and tough in character, contains

from 15 to 28 per mille of solids and much free alkali.

Ganglionic saliva flows when the submaxillary gan-

1 Lehmann's Physiological Chemistry, vol. ii. Also Thudichum's Physio-

loyical Chemistry.
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glion is made the centre of a reflex action working by

way of the lingual nerve.

Paralytic saliva is very thin, and contains but little

solid matter ; it results under the influence of nervous

paralysis, caused by degeneration, or poisoning, or

wounds which separate the secretory nerves. Nothing-

is known of its composition.

Parotid saliva is alkaline and viscous, and has the

following composition in 1000 parts :

—

Water =995-3

Organic matter—ptyalin, albumin, globulin . =1*4
Calcium carbonate . . . . = 1"2

Other mineral matters . . . . = 2"1

inoO-0

Pathological Aspects of Saliva.—The presence of

lactic acid in saliva has been frequently asserted, but

while there is great doubt about it, it is certain that

during some diseases the saliva grows more or less acid

;

thus, according to Donne,^ saliva is acid in inflammatory

aflections of the primse viae, in pleuritis, encephalitis, &c.,

&c. Wright assumes the acid state sometimes observed

in saliva to be referable to, among other diseases, rachitis.

But all these and many similar observations are not

worth much credit, being too vague, and admitting of no

reduction to definiteness. It is also said that lactic acid

is to be found in saliva in cases of diabetes, but the state-

ment has as often been contradicted. In salivation pro-

duced by mercury, the sulphocyanides ordinarily present

disappear from saliva, and mercury appears.

Many medicinal preparations, such as potassic iodide

^ Histoire physiol. et -pathol. de la Salive. Paris, 1836.
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and chlorate, readily pass from the blood into the saliva,

nnd may be detected there long before they appear in

the urine. Leucine has been found in tlie paralytic

sahva of hysteric persons, and in other diseases the

presence of urea has been stated ; this is not surprising,

lor in cases of cholera it appears in quantity in the

brain also. According to Wright, biliary matters, and

especially cholesterine, sometimes even pus, pass into

the saliva, but Lehmann viewed Wright's work on saliva

with considerable suspicion. Some of his work is, how-

ever, of no mean value ; and, among other matters, he

states that he was led by experiment to lend confirmation

to the old opinion that the saliva of enraged animals, or

men during violent anger, is capable of inducing sus-

piciously morbid symptoms when introduced into the

blood. Later experiments by Lehmann and Jacu-

bowitsch have not supported the results obtained by

Wrio;ht, although, as is well known, saliva is the carrier

of the contact ferment-poison by which hydrophobia is

propagated.
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CHAPTEE V.

GASTRIC JUICE AKD GASTRIC DIGESTION.

Resume of Gastric Digestion.—The food, reduced to a

pulp in the mouth and mixed with saHva and air-bubbles,

arrives in the stomach and there undergoes what is

termed gastric digestion. The mucous membrane lining

the walls of the stomach is covered with multitudes of

simple glands which open upon its surface, and among

these there occur others which are more complicated, and

have their blind ends subdivided. These latter are the

peptic glands, which are excited by the presence of food

in the stomach to excrete a thin acid fluid, called the

gastric juice. The contractions of the stomach roll the

food about and thoroughly incorporate it with this said

juice, forming, in process of time, a matter of consider-

able consistency called chyme.

Description and Characters of Gastric Juice.—Gastric

juice is an acid, glairy, shghtly yellowish fluid of varying

specific gravity, according to the means adopted for

causing its flow and the relative time of collecting it

to that when food was last in the stomach, &c. At early

stages in the process of digestion it has a specific gravity

of I'OIO. It does not become turbid on boiling, and

has no great tendency to putrefaction. Its composition,

which is no doubt not a constant, has been variously

given.
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Thus Sclimidt,^ who made an analysis of a sample

obtained from a woman suffering from gastric fistula,

assigned to it the following constitution:—
Specific gravity 1'020

Water = 954-13

Pepsin = 0-78

Sugar, albuminates, lactic and butyric acids, ammonia,

&c = 38-43

Potassic chloride = 0-70

Sodic cliloride = 426
Potash = 0-17

Calcic phosphate ...... = 1-03

Magnesic phosphate = 0-47

Ferric phosphate = 0-01

From the presence of sugar, albuminates, &c., it will

be seen that this analysis refers to gastric juice mixed

with food which has been to some extent previously

altered by saliva. This probably explains wdiy the

fluid thus examined was slightly alkahue, a result which

would be brought about by the presence of saliva. This

is confirmed by the fact that when the gastric juice

was made to flow by introducing peas into the stomach,

it was obtained unmixed with saliva, and containing free

hydrochloric acid.

The amount of gastric juice secreted daily by the

human stomach has been variously estimated. Gruene-

waldt^ estimated it at 264 grms. for every kilogramme of

body weight, or about 31 lbs. in twenty-four hours. Other

determinations lead only to about 10 per cent, of the

body weight, or 16 lbs.

Schmidt determined the amount of free hydrochloric

acid in dogs' gastric juice at from 0*245 to 0-423 per

cent., and also found traces of chloride of ammonium.

' Lehmann's Physiological Chemistry, vol. 3, AppendLx, p. 503.

^ Sued yastrici humani Indoles physica et chemica, ed. Dorp. Liv. 1853. ,
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L. Rabutem and F. Papillon^ have demonstrated the

presence of hydrochloric acid in the gastric juice of the

ray, and a metallic bromide, but no hydrobromic acid.

Mr. Ealfe,^ without naming the source of his analysis,

gives the following composition to human gastric juice.

Specific gravity . , . . . . . 1-0010

Water = 97600
Organic matter and pepsin . . . . = 15-00

Free acid . = 4-78

Sodium chloride = 1'70

Potassic „ = 1'08

Calcic „ = 0-20

Ammonic „ = 0'65

Calcic phosphate = 1*48

Magnesic „ = 0*06

Ferric „ = 0-05

Thudichura expresses^ the composition of this juice

as follows :

—

(1) Water 994-6

(2) Solid and permanently fluid ingredients, other

than water 5*39

(3) Contains pepsine 3"0

Hydrochloric acid 0-2

Perhaps a little lactic acid.

Chlorides of the alkalies.

Phosphates of the earths.

Ch. Eichet, in some observations* upon digestion,

made through the agency of a gastric fistula, points out

that the mean acidity of the gastric juice, whether pure

or mixed with food, is nearly equivalent to 1'7 grm. of

hydrochloric acid per 1000 grms. of liquid. The highest

1 Compt Rend. Ixxvii. 135-138.

^ Ralfe, Physiological Cliemistry, p. 128.

^ Thudichum, Chemical Physiology, p. 10.

* Compt, Rend. Ixxxiv. 450, 452.
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acidity observed was 3'2 grms., and the lowest 05. It

appears, also, according to this author, that the acidity is

not influenced by the quantity of fluid in the stomach,

but is invariable, or almost so, whether the stomach be

empty or full. The acidity is increased by alcoholic

drinks, but diminished by cane-sugar. When acid or

alkaline liquids are injected into the stomach, the gastric

juice reassumes its normal acidity in about one hour.

The gastric juice is more acid during digestion, and the

acidity increases with the digestion. M. Ch. Eichet

comes also to the conclusion that hunger does not result

solely from emptiness of the stomach.

Before going further, it should be stated that inas-

much as the juice examined has been mainly obtained

from persons sufiering from fl'stulas, or from dogs upon

whom fistulas have been produced by certain operations,

it is difficult to say how far the analyses are to be re-

garded as representing normal gastric juice or morbid

juice. These studies, however, led to the formation of

what is termed artificial juice, and most of the properties

possessed by gastric juice have been ascertained from a

study of this preparation. We shall consider this matter

further presently. For the moment, we may view gastric

juice as a fluid containing dilute hydrochloric acid, and a

ferment termed pepsin.

Function of Gastric Juice.—Together, these sub-

stances have the power of dissolving otherwise insoluble

albuminous substances, such as white of egg, fibrin,

casein, gristle, gluten, &c., thereby yielding thick turbid

solutions of what are called peptones. Connective tissues

are not so readily attacked by gastric juice, and fats do

not appear to be altered by contact with it.
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By being rendered soluble, the food henceforth

becomes assimilable by the blood system, and the pro-

duct, or chyme (a solution of peptones mixed with

saliva and saccharine matter resulting from the action of

saliva upon starchy matters) is, to some extent, absorbed

by imbibition through the walls of numerous delicate

vessels which convey it from the stomach to the blood,

and thence to the vena portas. This absorption is no

doubt effected by a process of dialysis. These peptone

solutions, unlike albumin in its ordinary forms, easily

dialyse through parchment paper. Part, however, of

the chyme escapes through the pylorus and enters the

duodenum, where a distinct kind of digestive process is

carried on. This will be considered in another chapter.

Let us here consider more fully the nature of the con-

stituents of gastric juice and their functions.

Nature of Pepsin.—Pepsin may be isolated by the

same method described already for isolating ptyaline,

viz., by its adhesion to phosphate of lime precipitated in

situ.

It may be also prepared by macerating the mucous

membrane of the stomach of a recently killed animal

(rejecting the pylorus) in dilute phosphoric acid. It is

in this way dissolved, and the solution, on precipitation

with lime water, yields a precipitate from which the pep-

sin may be extracted by glycerine. Another method

consists in the re-solution of the phosphate precipitate in

very dilute hydrochloric acid and addition to this of a

saturated solution of cholesterine, consisting of 1 part ether

and 4 of alcohol. This latter is best added down a thistle

funnel, and the whole mixture well agitated. The choles-

terine thus separates, and as it rises to the surface it
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attaches the pepsin to itself in a mechanical manner.

The cholesterine may be subsequently removed after fil-

tration, by means of ether, and tolerably pure pepsin i»

thus left behind.

Although pepsin is a ferment evidently of albuminous

origin, it is not ordinarily considered as a form of albu-

min, and mainly because it does not yield the xantho-

protein reaction {see Albumin) with nitric acid. In a

subsequent place, however, it will be shown that it

possesses undoubted relations to albuminous substances.

Pepsin is not itself destroyed during digestion, and

thus far its functions appear to belong to what are

termed ' contact actions ;
' that is to say, it is able to re-

solve large quantities of solids into a soluble form in the

presence of dilute acids—more particularly at 40°. This

action is well exhibited by exposing some pieces of

coagulated white of egg to a faintly acid solution of pep-

sin; they are speedily and entirely dissolved. When,

however, the liquor is saturated with peptones it ceases

to act, just as yeast ceases to cause fermentation of

sucrose solutions when the percentage of alcohol rises

above a certain extent. An addition of acid fluid enables

further digestion, however, to take place. As is well

known, pepsin occurs now in various commercial forms,

and is extracted chiefly from pigs' stomachs.

Pepsin may be obtained in the form of a greyish

powder by precipitation ; it is insoluble in alcohol and

ether, but very soluble in dilute acids and glycerine. Its

solutions are precipitated by alcohol, and coagulated by

boiling; once boiled, its solutions lose their power of

digesting, and the same ability is destroyed by a neutrali-

sation of the acid solutions. Aqueous solutions of pepsin
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are precipitated by corrosive sublimate, by lead salts, and

by solutions of tannic acid.

The Acid of Gastric Juice.—The nature of the acid

in the gastric juice has been the subject of much dispute.

Blondlot maintained that it consisted of phosphoric acid

existing as acid phosphate of calcium. Others have re-

garded the acidity of gastric juice as due to the organic

acids contained in or developed from the food by means

of pepsin and ptyalin. Yet others have asserted the

acidity referable to the presence of lactic acid, many

investigators having again and again detailed the means

whereby they have established the presence of that acid,

and others denying this statement on experimental data

with equal enthusiasm. The matter appears, therefore,

to be still somewhat unsettled so far as the normal occur-

rence of lactic acid in gastric juice is concerned. This

lactic acid has been supposed by some to be formed from

carbohydrates by the action of ferments.

Lehmann and others state to have found lactic acid

in gastric juice, while Schmidt and Maly failed in their

attempts to identify it. One thing, however, has gradu-

ally become matter of certainty, that the main acidity of

the gastric juice is due to free hydrochloric acid.

E. Maly^ has recently made an investigation of the

source of the acid of the gastric juice, the details of which

are not without interest, confirming as they do in a

singular manner the hypothesis first advanced by Thu-

dichum, and described later on. Maly wished to find

out whether the hydrochloric acid was derived from the

dissociation of neutral chlorides or from their decompo-

1 Ann. Chem., clxxiii. 227-273.
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sitioii by lactic acid formed from carbohydrates. From

a numerous series of experiments upon dogs, he arrived

at the conclusion that the source of the free hydrochloric

acid is to be sought in the dissociation of chlorides with-

out the aid of an acid ; and further, that the formation of

lactic acid from carbohydrates is not a function of tlie

living membrane of the stomach. Incidentally, several

important facts were demonstrated ; first, that chlorides

of sodium distilled with lactic acid yielded traces only of

hydrochloric acid towards the end of the operation ; and,

secondly, that when lactic acid was allowed to diffuse in

presence of ferrous, sodium, calcium and magnesium

chlorides, free hydrochloric acid was produced.

In a series of experiments with the mucous mem-

brane of pig's stomach, he found that at 40*' with 2 per

cent, solutions of grape-sugar, cane-sugar, milk-sugar,

and dextrin, lactic acid was formed; but he views this

result as due to the presence of a special organised body,

and not a soluble chemical ferment. Interesting as these

experiments are, they leave a margin for doubt, but

we pass on to consider Thudichum's hypotliesis above

alluded to.

The Function of the Acid.—Thudichum ^ assumes that

in the walls of the stomach, chloride and lactate of

sodium are split up into the free acids and caustic soda

;

in tliis way the decomposition of salt would be repre-

sented thus, NaCl + H20=NaH0-l-HCl. But inasmuch

as we never meet with caustic soda in the animal economy,

at first blush the above idea would appear to be nega-

tived. Thudichum, however, supposes that before the

' Chemical Thysiology, pp. 14 and 15.
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soda enters the blood it has a distinct function to per-

form, and that is the protection of the stomach against

the corrosive action of its own excretion. Under certain

abnormal conditions this corrosive action really obtains,

and gives rise to gastric ulcer and other pathological

processes. In the blood Thudichum supposes that the

caustic soda is converted into carbonate, and passing

through the gastric veins into the portal, enters the liver.

There its function is completed, but its consideration

must be left until we come to study bile and its influence

upon the process of digestion.

General Characters of Chyme and Peptones.—As above

stated, the product of stomachic digestion is chyme, con-

taining starch, sugar, fat, and peptones (if both carbohy-

drates and animal matters have been eaten). It appears

also that there are present a number (five or more) of

albuminous substances more or less closely related on the

one hand to peptones, strictly speaking, and on the other

hand to unaltered albumin. It is probable that these but

represent the various phases presented in the gradual

change of ordinary albumin under the influence of

hydrochloric acid and pepsin.

The peptones, ciu-iously enough, mainly agree in

general composition with the original matters from which

they are produced, a result which shows that the change

is more of an intermolecular nature than a sphtting-up.

Peptone solutions are not coagulated by boiling, but are

precipitated by absolute alcohol. With nitrate and

nitrite of mercury they give Millon's reaction ; optically,

they turn the plane of polarisation towards the left.

The Specific Nature and Actions of Pepsin.—Liebig

showed many years ago that if albuminous matters were
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SO exposed to air and moisture as to undergo partial

putrefaction, even if to a very slight extent, the whole

would liquify and become a diffusible fluid of a composi-

tion agreeing with that of the original unclianged matter.

That is to say, in the change of a minute fraction some

sort of ferment or agent is generated which has the

power of acting upon tlie remaining quantity as pepsin

acts on albumin. Moreover, Liebig said what we call

pepsin is but a part of a mucous membrane which in its

own particular composition is identical witli those albu-

minous princii)les whose properties are changed by con-

tact with it ; in fact, said he, the tendency to change

inherent in the Hving tissue is communicated by contact

to those similar but non-living matters outside. In the

present day science has no better explanation than this to

offer.

In another place we give an account of some re-

searches of Alex. Schmidt and of Erlenmeyer, which,

taken in conjunction with the work of Schlitzenberger,

promise to throw much light upon the general nature of

chemical ferments in the human body, and their relation

to that form of matter ordinarily called albumin.

Abnormal Constituents of Gastric Juice.—Very Httle is

known regarding the pathological phases of gastric juice.

In cases of gastric catarrh the mucus of the stomach ap-

pears to accumulate to an abnormal extent, and to induce

processes which result in the formation of acetic, butyric,

and lactic acids, thus increasing the normal acidity of the

stomach. In uraemia, or after extirpation of the kidneys,

urea is said to be secreted by the gastric glands.
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CHAPTEE VI.

THE BILE ; PANCREATIC, INTESTINAL, AND SPLENETIC JUICES

;

INTESTINAL DIGESTION AND F^CES.

It has been shown in the last chapter, that while yet

in the stomach a certain quantity of the chyme under-

goes direct absorption into the blood system. Another

part, however, passes through a further process called

duodenal digestion, where bile and pancreatic juice play

a prominent part. Before proceeding to the study of

this and intestinal digestion, it is proposed to make our-

selves acquainted with the general nature and properties

of these fluids, beginning with the bile. Among the

functions of the liver the most important is its secretion

of bile ; it has other functions, whose study, however, is

best postponed for a time.

General Characters of Bile.—Bile is one of the most

comphcated secretions of the human body, and has a

most important chemistry. It accumulates probably

continuously, but is expelled during digestion from the

gall-bladder wherein it is stored, and a further quantity

escapes during the emptying of the stomach. As taken

from the gall-bladder, it often receives the name of gall

or cystic bile ; and when warm smells like musk. It

constitutes a viscid liquid of a yellowish-green colour, but

which becomes strongly yellow on dilution ; it is heavier

than water (sp. gr. 1"02), and owes its viscidity to the

p
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presence of a quantity of mucus derived from the gall-

bladder. Until this mucus be removed, bile exhibits a

tendency to undergo putrefactive change, but if the

mucus be removed by dilution, addition of acetic acid

(thereby producing coagulation), and filtration, it is readily

preserved. Human bile has been studied, but not so

intimately as ox bile, the former being obtained only

from fistulous openings, whereas there is no difficulty

in obtaining that from the ox ; this is of a green colour.

Tlie following analysis given by Berzehus ^ is useful

as representing, in a general way only, the composition of

ox-bile.

Water 90-44

Biliary and fatty bodies 8"(X)

Mucus 030
Watery extract, chlorides, phosphates, and lactates . 0-48

Soda 0-41

The composition presented by the bile of various

animals has been shown by Strecker^ to difier only in

the varying proportions in wliich two of its constituents

(taurocholic and glycochohc acids) exist therein. Thus

he has stated that the bile of the dog is almost free

from the sodium salt of glycochohc acid, without regard

to the nature of the food ; while the bile of the sheep, and

that of the goose (Marsson), contains chiefly taurocholate

of sodium also. The bile of the pig is characterised by

hyocholic acid.

Somewhat chfierent estimates have been given of the

amount of bile secreted in the human body, one fixing it

at 1200 grms. per day, while others give varying quan-

1 Miller's Chemistry, Part iii. [1867] p. 883.

« Ann. de Chem. mid Pharm., Bd. 70, S. 140-198.
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tities from about 30 to 800 grms. per 24 hours. Bile

appears to be most actively secreted shortly after eating,

when the solids constitute about 5 per cent. ; these in-

crease up to about 10 per cent., and then decrease again

to 5 per cent, during fasting. The quantity secreted by

each animal seems to be pecuhar, and not to bear any

definite relation either to the body weight, or, as Thu-

dichum suggests, to the size and weight of the liver, but

rather to the size and weight of the hver in relation to

the weight of the blood, since, as we shall hereafter see,

it is from this fluid that the liver elaborates the bile.

It is a curious fact that most of the salts found in the

bile of salt-water fishes have potassium as their base,

while the bile of fresh-water fishes contains chiefly sodium

salts.

Most of the literature relating to the chemistry of the

bile is without value ; Strecker's researches stand out,

however, from the others before and since in a remark-

able manner, and it is to his work that we owe most

of our knowledge regarding its composition. Bile, then,

contains taurocholate and glycocholate of sodium (resi-

noid salts), and a number of colouring matters, the chief

of which are bilirubin and bihfuscine ; a third colouring

principle is termed biliprasine. Bile also contains leci-

thine, chohne, and cholesterine, but is free from albumin.

Ox bile is also said to contain a small amount of stearic,

oleic, and lactic acids, in combination with potassium and

ammonium. As bilirubin occurs in bile, it a]3pears to

exist as lime salt, the brown granules of which may often

be observed while examining bile microscopically. Phos-

phates of sodium, calcium, and iron, sodic chloride and

traces of copper, are also contained in bile.

f2
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0. Jacobsen,^ in an analysis of the ash of bile obtained

from an abscess, found the following quantities in 100

parts of dog bile

—

KOI 1-276

NaOl 24-508

Na.,C()3 4-180

NagPO^ 5-984

OaalPOJj 1-072

C. G. Lehmann^ claims to have demonstrated tlie

presence of preformed alkaline carbonates in ox bile.

Thus in one experiment he found 00046 per cent., and

in a second 0"1124 per cent., normal sodic carbonate.

This fact has a very important bearing upon our views

of the great process of digestion, and is particularly in-

structive when viewed in connection with Thudichum's

hypothesis regarding gastric digestion.

Biliary concretions, when they occur in man, consist

of cholesterine, colouring matters, earthy salts, and other

principles not so well ascertained. Corresponding con-

cretions are liable to occur also in other animals.

THE PANCREAS AND THE PANCREATIC JUICE.

The pancreas is constructed in the main of albu-

minous substances, but it contains also a considerable

quantity of leucine, xanthine, hypoxanthine, and guanine.

The ferments, to which further allusion will be made

under pancreatic juice, may be extracted from it by suit-

able means.

The function of its secretion is entirely confined to

the digestive processes. Its nature has been studied upon

» Deut. CTiem. Ges. Ber , vi. 1026-1029.

^ Lehruann's Phys. Chem,, vol. ii. p. G7. Euglisli Translation.
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the juice obtained from temporary or permanent fistulas,

while the properties of the ferments contained in it have

been ascertained by isolating them in an impure form

from the pancreas itself.

General Characters of Pancreatic Juice.—Pancreatic

juice is a more or less tough, viscid secretion of alkaline

reaction, and having a specific gravity of from 1-008 to

1*009, or somewhat greater. It contains from 10 to 11

per cent, of sohds, and is peculiarly liable to putrefactive

change after removal from the body. According to Ealfe's

'Physiological Chemistry,' its composition is as follows :

—

Water 900-76

Organic matter ...,...,. 90"38

Sodium chloride 7'36

Free alkali 0-32

Sodium phosphate 0-45

„ sulphate 0"10

Potassium „ ....... 0*02

Oomhinations of lime 0*64

„ magnesium . ... . . 0'05

„" iron 0-02

The organic matter of pancreatic juice contains

soluble albumin and alkali-albuminate, ferment mat-

ters, and often small quantities of fat, leucine, tyrosin,

butyric acid, &c.

According to Gmehn and Tiedemann, it sometimes

contains as much as 4 per cent, soluble albumin, and it is

not unlikely that this exists as an intermediate formation

to be afterwards elaborated into ferment matters, or

which has resulted from the action of the ferments upon

fibrin. Kiihne states that the prolonged action of pan-

creatic ferments upon peptones leads to the formation of

leucine and tyrosin ; and, as we shall see in a future

chapter, these bodies are known to result from a certain
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decomposition of albumin. Basil Kistiakowsky^ has also

observed that by the action of pancreatic juice on fibrin,

leucine, tyrosin, and glutamic acid result. S. Eadzie-

jewski and E. Salskowski,'-^ in the same process, have

observed, moreover, the production of aspartic acid (viz.,

by digestion of fibrine at 40-50°).

Although from time to time statements have been

made relative to the isolation of the pancreatic ferments,

yet so far as can be judged, they have never been isolated

as chemical individuals, but always in a form associated

more or less Avith foreign matters. Some writers speak

of the existence of tliree ferments in pancreatic juice, and

Dauilewsky has affirmed that he has separated two of

these.

Such preparations are obtained by various methods,

the best of which is that recommended by Wittich, which

consists in reducing the pancreas of the ox to a mince-

meat, hardening by standing in alcohol for 24 hours,

and extraction by glycerine. From the filtered extract,

alcoliol precipitates the ferment-matter. In a more im-

pure form it may be isolated also by rubbing down ox

pancreas with sand or broken glass, extraction with

water, and precipitation of the extract with alcohol.

Of the amount of pancreatic juice secreted, many

various estimates have been made, but little reliance

can be placed upon them, since the observations have

been effected under more or less deranged physiologi-

cal conditions. From certain experiments upon dogs,

Bidder and Schmidt have calculated that an adult man,

weio-hincT 10 stone, secretes 150 grammes in 24 hours.

1 Pfliiger's Archiv. fiir Phjsiologie, ix. 438-459.

* Dent. Chem. Ges. Ber., vii. 1050-1051.
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According to Frericlis, it is only secreted during di-

gestion.

The pancreatic juice appears to exercise a number of

fimctions, wMcli may be expressed as follows :

—

(a) The completion of the solution of imperfectly

digested matters issuing with the chyme from the

stomach ; so-called albuminoids being converted into

albuminones, or substances soluble in alcohol and not

coagulable by heat.

(b) The emulging of neutral fats. Pancreatic juice

makes perfect emulsions when agitated with neutral oils,

and it was chiefly upon observations of this kind, backed

up by certain physiological experiments, that Bernard

came to the conclusion that one of the chief functions of

pancreatic juice is to aid in the assimilation of fatty

substances. Bidder and Schmidt and others, however,

in more recent experiments, gave no support to these

views.

The emulsion of neutral fat transforms it into such a

fine state of subdivision that it can pass through the

pores of the mucous membranes into the chyle ducts.

(c) Pancreatic juice is further supposed to have the

power of splitting up neutral fats into free fatty acids

and glycerine, and it appears certain that among other

products of the decomposition of fatty matters, butyric

acid has been well recognised.

(d) It has also the property, in an intense degree, of

converting starch into sugar, thus completing any change

of this kind that may have been left imfinished by the

saliva in the mouth and stomach.

One of the few attempts that have been made

to obtain precise chemical information regarding the
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changes undergone by albuminoid under the influences

of pancreatic ferments, is by Basil Kistiakowsky (see his

paper above referred to). He obtained pancreatic fer-

ment matter by Wittich's process, and then investigated

its action upon fibrin (from ox blood) by digesting the

latter in an aqueous solution of the ferment during a

number of hours. The original fibrin was not pure,

yielding 0'625 per cent, ash, and on analysis it yielded

numbers approximating to the formula C139H.226N37S O46.

The peptone produced in the experiments described was

also impure, yielding 1'186 per cent, ash, and on analysis

it gave the composition CnsHassNggS Oee- Although these

numbers and formulae can only be regarded as approxi-

mately correct, yet this fact comes out, that the peptone

contains less carbon and more oxygen than the oiiginal

fibrin—a fact which may be related to the production of

tyrosin, leucine, and similar bodies.

A failure in the supply of pancreatic juice has been

viewed as the acting cause of certain diseases in which

undigested lumps of fat are stated to pass out with

the faeces. In hentery, also, the pancreas appears to be

affected.

INTESTINAL JUICE,

General Character of Intestinal Juice.—But very

little is known either of the constitution or the functions

of intestinal juice, although there can be small doubt

that its influence upon the great process of digestion is

by no means unimportant.

From Frerichs's researches it would appear that

Peyer's glands contribute but slightly to the formation
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of intestinal juice, while on the other hand, Brunner's

glands and Lieberkiihn's follicles are chiefly instrumental

in its secretion.

From what is known (and that is next to nothing),

it would seem that in chemical composition the fluids

secreted in the small and large intestines are identical.

According to the researches of Lehmann, Bidder and

Schmidt, and Frerichs, intestinal juice is a yellowish

viscid, transparent, alkaline secretion, which coagulates

on treatment with chlorides and sulphates of the alkalies.

It has a specific gravity of about I'Ol, and contains from

2 to 2-5 per cent, solids, part of which is of a fatty

nature.

While Thierry and Frerichs have not succeeded in

establishing the fact of any important change of food

through the influence of intestinal juice, Bidder and

Schmidt concluded that it behaves very much in the

same manner as does pancreatic juice. These last-named

observers calculated (on grounds not sufl&ciently precise

or reliable, however, for absolute acceptance) that an

adult man, weighing 10 stone, secretes about 300 grms.

of intestinal juice in twenty-four hours. Intestinal juice

would seem to combine in itself to some extent the

powers both of the gastric and pancreatic fluids, for

while bile and pancreatic juice interfere with the diges-

tion of albuminous matters by gastric juice, such is not

the case when albuminoids are in process of digestion by

means of intestinal juice.

It is in the small intestine, apparently, that certain

diseased processes have their origin, such, for instance, as

cholera, typhus, and typhoid fever, &c.
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THE SPLEEN AND ITS JUICE.

From a histological investigation of the spleen, Kolli-

ker advanced the opinion that this organ was the seat of

the solution and complete disintegration of the blood

corpuscles, while it had been previously held that this

organ was the seat of their formation. The opinion of

Kolhker derived some support from a further study made

by Ecker, but more especially from the researches of

Scherer. This latter observer found in the splenic juice

many characteristic decomposition products of the albu-

minous and other nitrogenous matters said to include

the blood pigment itself It was hence conjectured that

the spleen accomplishes the destruction of those cor-

puscles which are no longer able to carry out their

original functions. Among other acids of the same series,

Scherer detected formic acid in the splenic juice, and

also in leucasmic blood. It cannot, however, be said

even now that we are properly acquainted with the func-

tions of the spleen, although later researches make it

more probable that it is connected rather with the con-

struction of certain constituents of the blood and with

the processes of digestion.

According to Thudichum ^ the spleen contains much

blood, and hence it is difficult to procure its own juice in

an unmixed state. The fresh spleen shows an alkaline

reaction, but this becomes acid on standing. A water

extract of the spleen contains liEematocrystallme, albumi-

nous matters, cholesterine, hypoxanthine, xanthine, and

uric, lactic, succinic, formic, acetic, and butyric acids,

leucin, and inosite.

^ Chemical Fhysiolojij (Longmans & Co.), p. 49.
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Professor Schiff has recently published an important

paper ^ upon the functions of the spleen, in which he

shows that extirpation of this organ has no durable in-

fluence on the absolute or relative quantity of the white

or red corpuscles of the blood. During stomachic di-

gestion the spleen prepares the ferment which, entering

with the blood into the tissue of the pancreas, transforms

in this gland an albuminoid substance into pancreato-

pepsin or trypsin, or, in other words, into a substance

capable of digesting albuminous foods. After removal

of the spleen the pancreatic juice loses its digestive in-

fluence upon such special substances, but otherwise re-

tains its digestive properties. Although it is therefore

evident from Schiff's and other researches that the spleen

is actively employed in life, it yet appears that animals

from which it has been removed by operation continue to

live without any great disturbance.

Thudichum points out that in leucocythsemia the

spleen is frequently large, and weighs from nine to ten

pounds ; when in that disease it is small, the lymphatic

glands are always enlarged. Among diseases which affect

the spleen one is particularly remarkable, namely, waxy

or so-called amyloid degeneration. In such cases the

spleen is indigestible in artificial gastric juice, and is not

prone to change. Thudichum objects to the term ' amy-

loid ' degeneration because the spleen in such disease

gives no sugar on boiling with dilute sulphuric acid,

which it would do if it contained any amyloid (starch

-

like) principle.

M. G. Pouchet, in a recent communication to the

^ Read before the Medical Congress of Geneva, 1877. Gaz. Hebdoma-

daire, Sept. 21, 1877.
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Societe de Biologie, has shown tlmt in certain Selachian

fislies the elements of the splenic parenchyma are undis-

tinguishable from certain corpuscular elements contained

in the blood, and hence he conjectures, in opposition to

some views above stated, that the spleen is concerned in

the genesis of the blood corpuscles. That the corpuscular

elements in the blood of the fishes alluded to ultimately

become transformed into red corpuscles appears beyond

doubt, but M. G. Pouchet does not seem to have estab-

lished this to be true of the splenic elements resembling

them.

INTESTINAL DIGESTION.

After the completion of gastric digestion which has

been already described, the chyme passes by way of the

pylorus into the duodenum, and here the bile and pan-

creatic juice come into play ; they flow through a com-

mon aperture, and convert chyme into chyle. We have

seen (in the chapter on gastric digestion) that the soda

set free by the action of the stomach walls upon sodic

chloride ultimately reaches the liver and combines with

carbonic and certain biliary acids, forming sodium salts

therewith. Now the first action of the bile, as it mixes

with the chyme, consists in the decomposition of these

same sodium salts by the free acid of the gastric juice,

and this is attended consequently with the formation,

but not the precipitation, of free biliary acids.

Although Marcet held that the neutral fats are split

np into fi'ee fatty acid and glycerine while yet in the

stomach, no adequate evidence of such a change is forth-

coming. Indeed we may view the action of bile and

pancreatic juice (both of which are alkaline) to be one of
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saponification, the chyme assuming, after admixture with

these juices, the form of an emulsion. In this way the

fat is rendered absorbable by being enabled to pass

through the fine pores of the mucous membranes, ulti-

mately reaching the blood system.

While treating of this subject it is convenient to draw

attention to the power of ordinary phosphate of sodium

to emulsify certain fatty acids, and it is to the presence of

this substance in bile that Thudichum (see his ' Chemical

Physiology ') attributes its property of emulsification.

, In the duodenum the bile also causes a precipitation

of peptones, and these being passed down the intestines

with biliary acids and colouring matters, are altered and

absorbed by the digestive influence of intestinal juice.

It is supposed that in the intestines the biliary acids

split up, yielding taurine and glycocin, which return into

the circulation, but the cholic acid (their complementary

product) disappears for the most part. It is true a cer-

tain part of it occurs in the fseces, but this by no means

accounts for the whole quantity, and it is not improbable

that a large proportion of it is likewise absorbed into the

system.

The pancreatic and' intestinal juices also complete the

transformation of the starchy matters present in chyme

into glucose, and so, in one way or the other, the food

introduced into the alimentary canal is rendered soluble

and absorbable so far as this is possible.

The destiny of the bihary colouring matters is un-

known, beyond the observation which has been made,

that they are profoundly changed.

By means of the peristaltic contractions, the chyle is

thrust alono; the small intestine, and the vessels of the
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villi absorb the dissolved matter, and admit of the pas-

sage of the mimitely divided particles of fatty matter. At

the same time much of the chyle enters the lacteals, and

only reaches the blood system after travelling along the

mesenteric lymphatics and the thoracic duct.

Passing through the ileo-ca3cal valve, the digested

matters enter the ccecum and the large intestine, and

by this tmie they constitute a more consistent mass,

owing to the removal of soluble and liquid matters.

What remains is the insoluble residue of the food, and

changed principles which have been of influence in its

digestion.

It is in the large intestine that the excrementitious

matters assume an acid reaction and peculiar odour, both

of which features become more marked as they approach

the rectum. It has been supposed that the acid reaction

alluded to is owing to processes of fermentation arising in

starchy matter which has escaped conversion into glucose,

but the grounds on Avhich this statement rests are far

from satisfactory.

THE FAECES.

General Description of Fceces.—Faeces represents the

undigested and altered portions of the food which have

refused absorption ; its quantity and composition there-

fore necessarily vary with the nature and amount of the

food. It contains certain changed products derived from

biliary matters and the juices involved in digestion.

The faeces often have an acid reaction, which has

been ascribed to the presence of lactic and butyric acids,

though more often they are quite neutral and sometimes

alkaline ; as for the colour, this depends largely upon the
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nature of the diet, a flesh diet imparting a dark colour,

while much milk causes them to be yellow. This last

fact is probably connected with the observation of

Thudichum, that the fseces of children at the breast

contain a yellow matter, soluble in alcohol, and exhibit-

ing an absorption band in its spectrum at the beginning

of blue. Thudichum names this unknown substance

' intestino-luteine.' The fgeces are more solid, and of a

paler colour, when a bread diet is more resorted to.

Many chemical reagents taken as medicines have an

influence upon the colour of the fasces ; thus it is well

known that iron preparations give a black colour to the

f^ces, while mercurial ones lend a green colour.

Composition of Fceces.—Beyond the normal consti-

tuents of feeces, many extraordinary ones are hable to

be found present, and depend also upon the nature of the

food,.&c. In illustration of this it may be stated that, in

conjunction with Paul, the author has recently shown,^

that when the diet includes preserved peas containing

copper, this substance is excreted for the most part in the

fgeces. The copper exists in the form of an insoluble

combination with the substance of the peas (albumin),

and to a great extent resists digestion.

E, Yogt^ found weighable quantities of morphine in

the fseces of a man who had taken large quantities over

a period of some years.

Unchanged bile is never met with in fseces, and

Schmidt has shown that one half of the bile efiiised into

the intestinal canal is decomposed before it reaches the

middle of even the small intestine. Several products,

^ Pharm. Journ. September 1877.
2 ^,.c^_ Pharm. (3), vii 23, 26.
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liowever, derived from bile are to be found in the fseces,

as will be hereafter shown. Meconium, or the matter

found in the intestinal canal at birth, consists for the

most part of biliary matters. Here it should be stated

that Pettenkofer's test for bile is by no means reliable,

and the explanation of this is given in a special chapter.

At times certain matters are recognised to be present

in fasces which admit of digestion and assimilation

;

therefore, when these occur they must be regarded not

as excrementitious matters in the proper sense of the

term, but as materials which have escaped, from some

extraordinary circumstances, the action of the stomachic

and the various digestive influences. Such a state of

things often indicates conditions of disease.

As regards the odour of faeces, it in no way indicates

any process of a putrefactive kind, but is merely a pro-

perty of certain matters which are present, and which

may otherwise be produced, as, for instance, by the

action of alkalies (when fused) upon such bodies as

casein, gelatin, and fibrin (Liebig). When out of the

body, however, Liebig has shown that fseces are liable to

putrefactive change, and have then the power to com-

municate a state of fermentation to other substances,

such as sugar solutions.

The amount of water present in fasces is not a fixed

quantity, but averages about 73 to 75 per cent.; it also

contains about 26 per cent, matter, dry at 100°C., but

this is the average of quantities ranging from 17 to 31

per cent. Faeces contains but little nitrogen ; Dr. Edward

Smith has stated that on the average the daily elimination

of nitrogen by the bowels amounts to about 3 grms.

Liebig calculates that a healthy adult excretes about
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5^ ounces of feces in twenty-four hours, but it is a vary-

ing quantity, and as often amounts to 7 or 8 ounces.

Mucus is present to the extent of a few per cents.,

and it is by no means improbable that the habihty of

f^ces to putrefaction exhibited after removal from the

body resides in this substance, which is known to be

remarkably prone to such decomposition.

Fseces generally contains but small quantities of salts,

consisting of phosphates of calcium, magnesium, sodium,

and potassium ; traces of iron are also present, and some-

times crystals of the ammonia-phosphate of magnesium.

Chlorine and sulphuric acid occur only in traces.

Small quantities of albumin in a soluble form, and

fats are also often met with, as well as glucose. This

last-named substance is supposed to result from the action

of pancreatic juice upon starchy matter in the intestine.

Among the altered biliary matters excreted in the fseces

there occur dyslysin, cholalic acid, choloidinic acid,

taurin, and other perfectly undefinable substances chiefly

derived from the biliary colouring matters. The undi-

gested matters present in fseces include fat of a waxy

and partly unknown nature, starch granules, cellular and

muscular fibres, cellulose, particles of bone, &c., &c.

Gases are often occluded in the intestine, and more

especially in cases of imperfect digestion ; they consist for

the most part of carbonic anhydride, with variable

quantities of marsh gas (CH^) and hydrosulphuric acid

(HgS). These symptoms are often painfully increased in

disease ; thus, in typhus fever, the stomach is often found

distended with gas.

Some years ago Marcet submitted fseces to an elabo-

rate investigation which was attended by a number of in-
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teresting results, the chief of which was the discovery of

a nev/ organic substance of an alkahne reaction, and

which he named excretin. It is very soluble in ether,

but sparingly soluble in cold alcohol ; insoluble in water

and crystallising in acicular forms. It fuses between

95° and 96° C, and burns away at higher temperatures

leaving no ash. Ultimately, Marcet gave to this sub-

stance the formula C^sHiggSOg. More recently F. Hinter-

berger^ has re-investigated the matter, and found that

Marcet's excretin was a mixture, the pure substance

being free from sulphur and consisting of CaoHagO. It is

obtained by exhausting fresh faeces with boiling alcohol,

and allowing the extracts to stand over a week, filtering

from the black precipitate which forms, and precipitation

with milk of Ume. The precipitate thus obtained, after

drying, yields the pure excretion to a hot mixture of

ether and alcohol, and on cooling the extract below 0°,

it deposits in the form of yellow needles. A hundred

pounds of faeces yielded 8 grams of the pure material,

which forms, with bromine, a crystalUne substitution pro-

duct of the formula CgoHoiBrgO.

Marcet also examined the deposit thrown down on

standinjT from the alcoholic extract of fresh fseces, and

describes it as a soft fatty body which he named ex-

cretolic acid. This fuses between 25° and 26° C, and is

not saponifiable by boiling potash. It is soluble in ether,

but insoluble in water. It has never been analysed.

Stercorin is the name given by Dr. Flint to a sub-

stance which he found in faeces, and which he considers

to be derived from cholesterine. It has not been ana-

1 Ann. Chem. Pharm., clxvi. 213-216.
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lysed, but from its described characters it appears to be

related in some way to, and is perhaps identical with,

excretin or excretolic acid.

Playfair found, in a sample of faeces which he ex-

amined, as much as 15 per cent, of nitrogen and 45 per

cent, carbon, and from the amount of nitrogen and phos-

phates present, human fseces has often been recommended

as a useful manure. Various plans for dealing with it

have been from time to time discussed at the Society of

Arts in London and elsewhere. Quite recently, H.

Schwarz has proposed^ a process which consists in heat-

ing human excrements with milk of lime, condensing the

ammonia which is evolved, and separating and pressing

the lime mud which is obtained ; it is this mud which

is recommended as a manure, but it appears to be of

small value.

Fceces in Disease.—In the mucous evacuations from

a case of intestinal catarrh, Liebig detected the presence

of alloxan, an oxidation product of uric acid. Under

abnormal conditions, uric acid, urea, leucine, &c., have

also been observed present. These are facts which

possess some sort of connection with the great process of

oxidation which is constantly going on in the body, but

the nature of the relation is quite unknown.

In cholera and typhus it has been stated that the

serous evacuations contain much soluble albumin. Thu-

dichum has examined cholera evacuations, and has incor-

porated the results in a report '^ on cholera.

^ Dingl. polyt. J., ccxx. 161-171.

^ Hepoi'ts of the Medical Officer of the Pi-ivy Council, Sj-c.

q2
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CHAPTER VII.

CHEMISTRY OF THE BILE.

It is not intended in this place to discuss the function of

the liver; that will come hereafter. Here it will suffice

to state that beyond all doubt, the great purpose served

by the liver is the production of bile, which it elaborates

by unknown processes out of the matters contained in the

blood which feeds it.

The general characters of bile have been already

described ; it is now necessary to study the chemistry, so

far as it is known, of those constituents of bile with which

we are acquainted. These may be said to be glycocholic

and taurocholic acids (which exist as sodium salts),

cholesterine, and the various biliary pigments.

Glycocholic acid, C26H43NO6.—This acid constitutes the

greater part of the resin of ox bile, but it is only present

in small quantity in human bile. It is best obtained by

fully extracting dry bile with absolute alcohol, and frac-

tional precipitation of the extract with ether. The first

precipitates consist for the most part of colouring mat-

ters ; the latter ones are crystalline, and contain the

sodium salts of glycocholic and taurocholic acids. The

mixture last named is dissolved in water and precipi-

tated by acetate of lead, when taurocholate of lead re-

mains for the most part in solution. On decomposition

of the lead glycocholate dissolved in hot alcohol, with
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sulphuretted hydrogen, the free acid is obtained, and is

deposited as a white crystalline mass from the filtrate

after removal of the sulphide of lead.

It is obtained in a purer state if the bile be first

decolorised by animal charcoal, and it then only requires

washing with water to be quite pure.

Gorup Besanez recommends the extraction of dry bile

with alcohol of 90 per cent. ; distillation of the excess of

alcohol ; dilution of the residual extract with water, and

precipitation with milk of lime. In this way most of the

colouring matter is thrown down in combination with

the lime, and on neutralisation to faint acidity with sul-

phuric acid, the filtrate gradually deposits crystals of

glycocholic acid.

Glycocholic acid forms long silky needles, which lose

weight at 100° C; it is sparingly soluble in cold water,

but dissolves freely in hot water. Eecrystallisation from

water may therefore be resorted to as method of purifi-

cation. It is sparingly soluble in ether.

The salts which it forms with the metals of the

alkalies and earths are crystalline, and are soluble in

alcohol. Its aqueous solution is not precipitated by

neutral lead acetate, mercuric chloride, or nitrate of

silver, but the lead, copper, iron, and silver salts may be

obtained by precipitation from its sodium salt held in

solution.

The sodium salt will not crystallise from water or al-

cohol, but dries up to a varnish ; it exists in this form

naturally in bile.

The soluble glycocholates are decomposed by acetic

and other acids, with the precipitation of glycocholic acid

in a viscid form.
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When glycocholic acid is boiled with a solution of

baryta water, it is decomposed as follows :

—

C,eH,3N0e + BaH,0, = Ba(0,JI3P5), + 2C,n,N0,.

That is to say, the barium salt of cholic acid, and glyco-

cine are produced.

Acids decompose it in a somewhat different manner;

a molecule of water is first removed, and cholonic acid,

C26H41NO5, is produced ; this tlien decomposes into cho-

loidic acid, C48H78O9, and glycocine ; finally the choloidic

acid is resolved into dyslysin, C48H72O6.

It is not at all unlikely that the dyslysin and other

allied compounds, the presence of which has been re-

marked in the faeces, results from a similar decomposition

instituted by the acid of the gastric juice under condi-

tions governing intestinal digestion. In that case glyco-

cine would probably be reabsorbed into the system, and

this view derives considerable support from some facts

now to be mentioned. Hippuric acid, C9H9NO3, is not a

normal constituent of human urine, but is found in that

of the horse and cow. But when benzoic acid is being

taken, hippuric acid is found in the human secretion, and,

curiously enough, hippuric acid readily decomposes by

the agency of acids, as follows :

—

O9H9NO3 + H5O = O^HgO, + C^ll^xo.,.

That is to say, it spHts up into benzoic acid and glyco-

cine, suggesting the probability that the hippuric acid,

when found in man's urine, has resulted from a S3mthesis

of these substances by the removal of one molecule of

water. It will be seen in another place that glycocine
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also bears a decided relation to many other bodies found

in urine.

Taurocholic Acid, C26H4gNS07.—This constituent of

bile, which is peculiarly characterised by the sulphur it

contains, is less abundant in ox bile than the correspond-

ing acid. In the human bile, however, the order of

things is reversed, and taurocholic acid is the most

abundant (in dogs it is the only one).

It is prepared from the mother liquor resulting after

the precipitation of the glycocholate of lead. As tauro-

cholic acid is only precipitated by basic lead acetate,

ammonia and more acetate of lead must be added

to the mother liquor referred to. The precipitate is

purified by dissolving in alcohol and reprecipitating by

water, after which the alcoholic solution is decomposed

with sulphuretted hydrogen, the sulphide of lead is

removed, and the solution concentrated. The free acid

may be obtained on evaporation, or by precipitation with

ether, when it is deposited as a syrup which crystallises

on continued standing.

Heintz recommends the direct precipitation of bile

with normal lead acetate, and the precipitation of the

filtrate with basic lead acetate, until the precipitates are

white and of a plaster-like consistence. The ultimate

filtrate yields nearly pure taurocholate of lead, if now
precipitated with a mixture of basic lead acetate and

ammonia.

The combinations of taurocholic acid with the alkali

metals are very soluble in water and alcohol ; the basic

lead salt is soluble only in boiling water.

When decomposed by boiling with acids, it splits up

much in the same way as glycocholic acid, yielding
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cholic or choloidic acids, or dyslysiii
;
glycocine (glyco-

coll), however, it does not yield, but in its place taurin

appears

—

CjeH^jNSO^ + up = CjH^NSOj + C^^H^oOs.

Baryta water, when boiled with taurocholic acid, also

decomposes it, giving cholate of barium and taurin.

This same decomposition would ap]:)ear to take place

in the small intestine, taurin being found in the intesti-

nal canal to some extent ; most of it, however, gets into

the circulation, and the sulphur it contains, representing

the whole of that contained in bile, is excreted in the

urine as sulphuric acid.

Cholic Acid (C20H40O.5).—This acid may be obtained

as already described under taurocholic and glycocholic

acids. Although it is probably produced as a decom-

position product in the body, it is nowhere met with, and

hence it would api)ear to become burnt up in the circu-

lation.

It crystallises from alcohol in colourless glassy forms,

but as obtained from its barium salt by decomposition

with hydrochloric acid, it forms a resinous mass. Cholic

acid is slightly soluble in water, more so in ether, and

still more in hot alcohol. Its ethereal solution deposits

the acid in rhombic tabular crystals, which contain one

molecule of water of crystallisation wliich may be ex-

pelled at a gentle heat. At a higher temperature it loses

water of constitution, and successively becomes choloidic

acid and dyslysiu.

The potassium, sodium, and barium chelates are

soluble in water and in alcohol, and from the latter
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menstruum most of tlie salts crystallise, although in many

characters they approach to the nature of soaps.

On oxidation with nitric acid, cholic acid yields

cholesteric acid (CgHioOg).

Cholic acid fuses at 195° C„ and crystallises with

2J molecules of water, if we accept the C20 formula,

but in all probabihty this formula will have to be multi-

plied.

F. Baumstark,^ by acting on an alcoholic solution of

cholic acid wdth hydrochloric acid, has obtained an ether

of the formula 0241139(02115)05, which splits up by caustic

alkalies into cholic acid and ordinary alcohol, but when

heated with alcoholic ammonia to 120° it is said to yield

cholamide, O24H39O4H2N, which is identical with the

amide obtained on heating ammonium cbolate. The

same chemist has also obtained ethyl-benzoyl-cholate,

024H38(02H5)(071150)05 by the action of ethyl-cholate

upon benzoyl chloride.

H. Tappeiner^ states that when cholic acid is

oxidised by chromic acid (potassic chromate and sul-

phuric acid), it yields acetic acid and a fatty acid which

is either palmitic or stearic, and a second acid wdiich

is crystallisable and melts at 250°. These facts remind

forcibly of the relation of chohc acid to oleic acid, which

splits up also into acetic and palmitic acids by the action

of fused alkalies.

In an attempt to ascertain the nucleus of cholic acid

by distillation with alkali, F. Baumstark obtained a semi-

fluid oil, the nature of which, however, was not ascer-

tained.^

. 1 Deut. Chem. Ges. Ber., vi. 1185, 1187.

2 Deut. Oiem. Ges. Ber., vi. 1285.

3 Deut. Chem. Ges. Ber., vi. 1377, 1379.
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When cholic acid is subjected to dry distillation it

yields a volatile product said to exhibit the properties

of phenol ; and when distilled with alkalies, it yields

volatile products between 150° and 280°, which give the

Pettenkofer reaction.

Gorup Besanez states^ that by melting the acid with

potassic hydrate, acetic and propionic acids are formed,

and a substance resembling dyslysin.

From these and other considerations, which will be

insisted upon more particularly when treating of the

Pettenkofer reaction, there is little doubt that between

certain bile compounds and the fatty acids on the one

hand, and certain benzene derivatives on the other hand,

there exists some close relationship.

By acting on cholic acid with phosphorous chloride, a

phosphorised product has been obtained according to

some such reaction as is here given

—

30,,H,,o, + 2POI3 = 0,,H„,P,0,, + 6HCI.

This phosphorised product has been compared to

certain compounds also containing phosphorus, which

exist in brain and nerve matters. As we come to study

the chemical constitution of the brain, it will be seen

that this comparison is to some extent justifiable. But

there is this difference presented by all the phosphorised

principles present in brain matter, that they are also

nitrogenous. Attempts to produce amidated compounds

from the above-mentioned artificial phosphorised com-

bination would no doubt yield singularly nnportant and

valuable results. Between the chemistry of the brain

and bile compounds there is much in common.

1 Ann. Ch. Pharm. clvii. 282.
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Choloidic Acid (C48H78O9).—This acid, so-named by

Demarcay, is derived, as already explained, from two

molecules of cholic acid by the removal of one of water.

It is a resinous white, friable substance, freely soluble in

alcohol, but shghtly so in ether, and altogether insoluble

in water. The salts of the alkalies are soluble in water

and alcohol, but do not crystallise. The barium salt is

insoluble in water.

Eedtenbacher .has determined that when the acid is

distilled with nitric acid it yields volatile fatty acids of

the series CnHsnOa, including acetic, butyric, caproic,

oenanthylic, capryhc, pelargonic, and capric acids ; oxalic

and cholesteric acids remain behind, and a third crystal-

lisable acid termed choloidanic (C16H24O7).

In the transformation of choloidic acid into dyslysin

under the influence of acids, each molecule loses three of

water and becomes C48H72O6, which is a body fusible at

140° C, and behaves like a resin.

Generalisation.—Among many of the substances

described in the preceding sections there are several rela-

tions perceptible which are of great importance, both

physiologically and chemically. Thus it has been shown

that cholic, choloidic acid, and dyslysin each give, as an

oxidation product, cholesteric acid. Choloidic acid yields

also other products like to those given in a similar

process by oleic acid. Moreover, all of these acids, and

the conjugated glycocholic and taurocholic acids, as well

as cholesterine, yield with sugar and sulphuric acid a re-

action which Pettenkofer, at the time of his discovery,

considered characteristic of bile compounds. Choles-

terine (C26II44O) also yields cholesteric acid as an oxida-

tion product. Now, in a subsequent chapter on the
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Pettenkofer reaction, the relation of these bihary acids to

oleic acid and the members of the ftitty acid series

generally ^vill be still more fully developed ; in the

meantime, that there is a connection between the bile

acids and cholesterine on the one hand, and the whole of

these to oleic acid on the other hand, seems evident.

Again, the bile of the pig contains a resinoid acid

termed hyocholic, of the formula C27H43NO6, and this

splits up in a manner similar to glycocholic acid, yielding

glycocine and hyocholahc acid, thus :

—

0„H,3N0, + 11,0 = C,II,NO, + C,,H,A-

Hyocholaho acid may furtlier split up into water and

hyodyslysin, CsoHjgOe, a body which is homologous with

ordinary dyslysin. Further, the sulphuretted acid of pig's

bile, which is complementary to hyocholic acid, has the

formula C27H45NSO6, and is related to taurocholic acid as

hyocholic is to glycochohc acid.

Glycocine or Glycocoll (C2H5NO2).—As stated while

describing glycocholic acid, glycocine is produced by the

decomposition of this substance into its proximate nuclei.

It is also yielded as stated above by a similar decomposi-

tion of hippuric acid.

Most interesting is the derivation of glycocine from

gelatin when boiled with dilute sulphuric acid, or with

potash or soda—interesting, because, as will be shown

hereafter, it is from albuminoids similar to gelatin that

the liver elaborates the bile, one of whose constituents is

glycochohc acid which yields glycocine. By evaporation

of its aqueous solution the base may be obtained in hard,

sweetish crystals. The artificial synthesis of glycocine

has been effected by several methods. Thus, Perkin and
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Diippa ^ obtained it by acting upon an alcoholic solution

of ammonia with broraacetic acid at an elevated tempera-

ture, the following reaction taking place :

—

O^HaBrOs + 2NH3 = O^HgO^NHa + NH^Br.

That is to say, amido- acetic acid (glycocine) and am-

monium bromide are produced.

A. Emmerling ^ performed the synthesis by passing a

current of cyanogen through a saturated boiling solution

of hydriodic acid, thus :

2(0N) + 5HI 4 2H,0 = O^H^NO^ + NHJ + 1,.

Strecker found that by acting on uric acid with

hydriodic acid, glycocine was also produced, and this

fact led him to beheve that uric acid contained a glyco-

cine residue ; Emmerhng, however, says the fact is due

to the presence of a cyanogen molecule in uric acid.

Glycocine is soluble in about 400 parts of cold water,

but insoluble in alcohol or ether. It forms combinations

with variable molecular proportions of hydrochloric,

nitric, sulphuric, and oxalic acids ; and many of these,

such, for example, as the nitrate CsHgNOgjHJSTOg, crys-

tallise. It also behaves as an acid towards bases, forming

many soluble compounds with metallic oxides which are

also crystalline. Compounds of zinc, copper, lead, barium,

calcium, and silver are known.

It reduces merciu-ous nitrate and expels acetic acid

from acetate of copper. Heated with strong potash

solution, a transitory fiery-red colour is produced,

ammonia is set free, and oxalic and hydrocyanic acids

1 Q. J. Chem. Soc, xi. 31.

2 2)eMiJ. Chem. Ges. £er., vi. 1351-1354.
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are formed in the solution. Beyond behaving as an acid

and as a base, it behaves also, in some respects, like an

alkaloid, forming combinations with salts which are

crystalline.

A mixture of sulphuric acid and manganic dioxide

gives, on distillation with glycocine, carbonic anhydride

and hydrocyanic acid, thus

—

C2H5NO, + O, = CO., + 2H,0 + HON.

By the passage of nitrous acid through its aqueous

solution, glycocine is resolved into nitrogen and glycolic

acid, as follows

—

O2H5NO2 + HNO, = C2HP3 + H„0 + N,.

The glycolic acid may be extracted by ether. According

to E. Dreschsel,^ an ammoniacal solution of glycocine,

when treated with a solution of ammonium permanga-

nate, yields carbonic, carbamic and oxamic acids ; dioxide

of manganese being precipitated. He also states that

the same products are given by similarly treating leucine,

tyrosin, or albumin, and he concludes that carbamic

acid is always formed when carbon dioxide and ammonia

act upon each other in the nascent state. From his

experiments (which are not, however, of absolute pre-

cision) he infers that, in the formation of urea from

albuminoids, glycocine, leucine, and tyrosin are first

formed, and that these are subsequently oxidised into a

carbamate, out of w^hich some ferment arranges urea.

This must be regarded, however, as highly problematical,

notwithstanding that Schiitzenberger has recently ob-

1 Journ.pr. CJiem. (2), xii. 417-426.
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tained decisive evidence of the production of urea from

albumin. Of this more anon.

E. Engel states/ the coloiur-reaction said to be yielded

by glycocine and alkalies is due, when observed, to

impurities, and that the reactions with mercurous nitrate

and copper sulphate are not sufficient to characterise it.

He gives two new reactions, which are as follows.

With ferric chloride, glycocine gives an intense red

colour, which disappears on the addition of acids, and is

reproduced by ammonia. A drop of phenol and some

sodium hypochlorite gives, with a solution of glycocine,

a fine blue coloration ; other amines, however, behave

similarly.

Before concluding, it may be noticed that K. Kraut,^

in a study of glycocine derivatives, states that when silver

glycocine acts upon methyl iodide, the methiodide of

methylic dimethylamidacetate is formed, from which

oxyneurine can be produced. This fact is interesting by

bringing into plausible relationship bodies which occur in

the animal organism, and which must have a common

origin—namely in albuminoids.

Taurin (C2H7NSO3).—This substance, which can be

detected in the faeces, is obtained from taurocholic acid

as described under that substance. Cloetta has detected

it in small quantity in the lungs of the ox, and has estab-

lished its identity with the substance named by Verdeil

pneumic or pulmonic acid.

It is isomeric with sulphite of aldehyd-ammonium

(C2H40,NH3,S02), from which, however, it differs in its

properties. Taurin appears to be dehydrated issethionate

^ Bull. Soc. Chim. (2), xxiii. 435-437 ; and Compt. Rend. Ixxx. 1168.

2 Liebig's Annalen, clxxxii. 172.
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of ammonium, and was prepared synthetically by Strecker ^

as follows :—Isetliionic acid (prepared from olefiant gas

and sulphuric anhydride) in aqueous solution is neu-

tralised with ammonia, and the solution on evaporation

yields crystals of the salt NH4C.2H5SO4, which, on heating

to 230° C, loses water and yields taurin, thus

—

NH^O.HjSO^ = 11,0 + 0,II,NS03.

E. Engol, however, points out^ that the body thus

obtained differs from taurin proper in its fusion point and

by the fact that it yields ammonia when boiled with

potassic hydrate. From further researches, he concludes

that taurin is not isethionamide, but a glycocine or acid

amide which may be synthetically prepared by acting on

ammonia wnth chlorethylsulphurous acid. Engel shows

its further similarity to glycocine by having prepared a

basic salt of the formula CgHeHgNSOa + HgO.

Taurin crystallises in forms like quartz ; it is soluble

in 16 parts of cold water, but is insoluble in absolute

alcohol (although it dissolves in weak alcohol) and in

ether. On burning in the air, it yields sulphurous

anhydride. Potash dissolves it, and on evaporation am-

monia is evolved, while potassic sulphite and acetate are

formed.

It is oxidised in the system, and the sulphur is

excreted in the urine as sulphuric acid.

Cholesterine (C26H44O).— This beautiful substance,

entering into the composition of bile, occurs still more

largely in brain and nerve substance ; it is also met with

1 CJiem, Gaz., 1854, 388 ; and Verh. d. phys.-med. Ges. zu Wiirzhurg,

Bd. 2, S. 299.

» Compt. Rend., Ixxx. 1398-1400.
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in the yelk of egg, the seminal fluid, and in blood attached

to the corpuscles. It has been found in milk, the spleen,

the excrements of various animals, in the corpus luteum

of the cow, in peas, and other vegetable substances, &c.

In several morbid products, as gall-stones, the fluid of

hydatid ovarian cysts, and pus, cholesterine also occurs,

while it is a common product of putrefactive changes in

muscular tissue.

The quantity present in bile is variable, and is,

according to Berzelius, one in 10,000, while, according

to others, bile contains as much as 0*25 per cent.

From its ready solubility in, and crystallisability from

alcohol or ether, it is easily obtained in a pure state ; if

required to obtain it free from fatty matters, this is best

done by a process of saponification, by which the choles-

terine is not attacked, and consequently may be readily

extracted from the soap by ether.

Cholesterine is practically insoluble in water, and

crystallises in beautiful pearly plates somewhat resembling

naphthahne. These crystals may be obtained in a form

containing 5 per cent, water of crystallisation which is

expelled at 100° C. It fuses at 137° C, and at a higher

temperature may be distilled unchanged, if care be taken
;

but at still higher temperatures it decomposes.

By heating cholesterine during some hours in sealed

tubes with various acids, certain compounds termed

cholesterides are obtained (Berthelot), resembling saccha-

rides in their general nature. These may be regarded as

the ethers of cholesterine (itself a monobasic alcohol,

C26H43HO, according to Gerhardt). Thus the following

compounds have been obtained— butyrocholesterine,

C26H43,C4H702
',

stearocholcstenne, C26H43,Ci8H3502 ; and

H
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benzocholesterine, C26H43,C7H502 They are white fusible

bodies, and but sparingly soluble in hot alcohol, but

dissolving easily in ether. By the action of alcoholic

solution of potash, they decompose, yielding cholesterine

and the various acids from which they are relatively con-

structed. Sodium cholesterate, CssH^jNaO, is produced

by the action of metallic sodium upon cholesterine dis-

solved in petroleum spirit. This body, when heated with

ethyl iodide, gives cholesteryl oxide.

Cholesteric acetate, C26H43(C2H30)0, is prepared by

the action of acetyl chloride on sodium cholesterate or

cholesterine.

Cholesteryl chloride, C26H43CI, may be obtained by

acting upon cholesterine with phosphorous pentachloride
;

when decomposed with aqueous potash it yields choles-

terine and potassic chloride.

Cholesterylamine, C2CH43NH2, results when the body

C26H43CI is digested with alcoholic ammonia ; it is crystal-

line, and melts at 104° (Henry).

The action of terchloride of phosphorus upon choles-

terine yields neutral phosphorised bodies difficult of puri-

fication, and resembling, according to Gorup Besanez,^

the so-called myelin ; this, however, is only partially true,

as myelin is also nitrogenous in character. Strong sul-

phuric acid removes water from cholesterine, and gives

rise to the production of three hydrocarbons of the

formula C26H42 named cholesterilin.

Nitric acid oxidises cholesterine, and yields (like the

biliary acids) cholesteric acid, CgHjoOg, which is a yellow,

deliquescent substance readily soluble in alcohol ; other

' A7m. (7i. Pharm. clvii. 284,
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acids of tlie series CnHjnOs, and oxalic acid, accompany

the cliolesteric acid.

By oxidation of a milder character, such as is pre-

sented by a mixture of sulphuric acid and potassic

dichromate, a white amorphous acid, termed oxycholic,

C23H40O6, is produced, and certain members of the fatty

acid series.

LatschinoJBf has studied^ the oxidising action of

potassium permanganate upon cholesterine, and has

obtained three different acids whose salts he has separated

by the use of different solvents ; the acids are—cholesteric

acid, C26H42O4 ; oxycholesteric acid, CsgH^sOs ; and dioxy-

cholesteric acid, C26H42O6.

By the action of bromine upon cholesterine dissolved

in carbon disulphide, an additive product of the compo-

sition C26H440Br2 is obtained. It crystallises in white

needles, and is insoluble in water, but dissolves readily in

ether. Sodium amalgam reconverts it into cholesterine.

Cholesterine rotates a ray of polarised light to the

left. When evaporated with a drop, of nitric acid at a

gentle heat it leaves a yellow spot, which turns red when

moistened with ammonia.. By heating with a mixture of

2 or 3 volumes of strong hydrochloric or sulphuric acid

and 1 volume of moderately dilute ferric chloride solution,

and evaporation to dryness, a reddish violet residue is

obtained.

In strong sulphuric acid, cholesterine dissolves to a

reddish colour, and on the addition of sugar (concentrated

solution) the Pettenkofer reaction is exhibited.

E. Schulze has shown ^ that sweat contains, besides

"• Budl. Soc. Chim., xxvii. 456.

^ Journ. Chem. Soc, vol. xi. (ser. 2), p. 513,; and J.pr. Chem. (2), vii.

163-178.

H 2
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cholesterine, a modification of the same principle termed

Ijy him isocholesterine. It is particularly distinguished

by depositing from its alcoholic solution as a translucent

jelly ; this was when it had been obtained from its ben-

zoate by the action of potash, Tlie author of this treatise

has often observed, however, cholesterine from normal

sources to beliave similarly when recrystallised from

benzene, and hence it appears doubtful whether more

than one cholesterine really exists ; a surmise which is

supported by the identity of reactions and properties pre-

sented by cholesterine and so-called isocholesterine.

BILE PIGMENTS.

Bilirubin (C9H9NO2).—Of the biliary pigments, that

M-hich has been best studied is bilirubin, also called

cholophoeine. It is readily prepared by extracting in-

spissated bile, or, what is better, crushed gall-stones,^

successively with water, alcohol, dilute hydrochloric

acid, boiling alcohol, and ether ; the residue is dried and

then extracted with boiling chloroform, which assumes a

yellow colour as the bilirubin dissolves. The chloroform

extracts when saturated, deposit minute crystals of bili-

rubin on cooling, but it is best to concentrate the solution

by distillation, and to precipitate the fioal extract with

alcohol.

' Maly (Annalen der Chemie, clxxv. 70, 77) has given the following

analysis of ox gall-stones :

—

Soluble portion
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The reasons for using the above method are as fol-

lows :—The water extracts whatever is soluble therein,

such as mucus, salts, &c. ; the alcohol takes out cholester-

ine, fatty and biliary acids ; the acid decomposes the

lime salt of bilirubin (for it exists in combination in gall-

stones), and removes the lime ; the alcohol and ether

finally complete the extraction of soluble matters pro-

duced by the previous use of the acid, and dissolves only

traces of bilirubin, which is, however, easily soluble in

chloroform. It is also soluble in bisulphide of carbon,

turpentine, and benzene.

In the form of powder, bilirubin is of a brilhant red

colour; its crystals have a bluish shade over the red.

The bihary calculi of oxen derive their yellow colour

from the presence of bilirubin, and are much valued by

artists for compounding pigments of a brilliant tint and

durable character.

Stadeler assigned to bilirubin the formula CigHigNaOs,

but he afterwards withdrew this formula, and taking more

extensive results obtained by Thudichum,^ constructed

upon them the theory of bilirubin as a hexabasic acid.

Thudichum, however, has protested^ against this, and

indeed his work is entirely opposed to the conclusions

drawn by Stadeler.

Maly^ has also occupied himself with studies upon

bilirubin; but as his results, so far as they have been

estabhshed, are merely confirmative of those obtained

' lOtk Report Med. Officer of Privy Council, 1867, pp. 240-251 ; also

Journ. f. pract, Chemie, 104 (1868) 4.

^ Journ. Chem. Soc, May 1875,

* Maly's researches are summarised and criticised loj Thudiclium in an

open letter to the Vienna Academy. See Chemical News of April 13 and

21, 1876.
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previously by Thiidichiim, we shall confine ourselves to

the researches of the latter. He has shown that from a

solution of bihrubin in very dilute ammonia, nitrate of

silver precipitates the compound C;,H8AgN02,H20. Chlo-

rides of barium and calcium, precipitate from a similar

solution, compounds of a red colour and of the composi-

tion 2(C9H8NO.,)Ba,C9H9N02 + 2HoO and 2(C3H8N02)Ca,

C;)H9N02,2H20. Beyond these, the same chemist has also

described the follow^iug preparations :

—

Basic silver salt Cgll^AgoNOj

Neutral barium salt . . . 2(C9H8N02)Ba^2H,0

„ calcium salt . . 2(C9ll8NO,)Ca,2H.,0

Acid zinc salt . . 2(C9H8XO,)Zn,C9ll9NO,,2H",0

Basic lead salt CgH^PbNO.^

If bilirubin be dissolved in caustic or carbonated

alkali, and the solution exposed to the air for some days,

the product turns green, and on addition of hydrochloric

acid, green flakes of biliverdin (CgHgNOa) are produced,

and may be purified by regeneration from an alcoholic

solution.

By the action of nitric acid containing nitrous acid,

upon bilirubin, a play of colours is produced, passing

from green, blue, violet, and red to yellow.

Briicke modified this test, and recommends the use

of boiled pure nitric acid and the cautious addition of

sulphuric acid to the bottom of the test-tube. E. Fleischl^

has simplified the test by using a concentrated solution of

sodium nitrate instead of the freshly boiled nitric acid.

If concentrated nitric acid be added to an ammo-

niacal solution of bilirubin, a blue precipitate is formed

at a certain stage. This is soluble in alcohol, and has

* Chem. Centr, 1875, p. 5G8,
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been termed cholocyanin ; it presents a characteristic

spectrum. Concentrated sulphuric acid gives with bili-

rubin a green solution, and this in contact with a moist

atmosphere, or on the addition of water, gives, among

other products, cholothalline, C9H11NO3.

There is no established connection whatever between

bilirubin or other biliary pigments and the colouring-

matter of blood ; it is necessary to state this emphatically

on account of the existence of erroneous statements and

impressions to the contrary. Thus, Maly ^ obtained by

heating bilirubin suspended in water with sodium amal-

gam in excess, a body which he termed hydrobilirubin,

and which he viewed as identical with the colouring-

matter of urine ; but Thudichum ^ has demonstrated the

inaccuracy of the latter proposition.

When dry bilirubin is exposed to the dry vapour of

bromine, it forms the substitution product C9H7Br2N02

:

this is stable at 100° C, and constitutes a dark blue-

black powder soluble in dilute acids to a blue colour,

Thudichum has also described the following compounds

:

CgHgBrNO, and C9H8BrNO,C9HoN02. This chemist had

by earlier experiment fixed the atomic weight of bili-

rubin at 163, a figure which is confirmed by the direct

bromination experiment leading to the production of

CgHyBraNOs : the only doubt about this formula which

now remains, attaches to the hydrogen ; this figure

may possibly have to be increased.^ Iodine vapour has

no action upon bilirubin, but chlorine gas seems to give

several substitution products, among them C9HgCl4N02.

^ Ann. Chem. Pharm. 1872, No. 7, p. 77.

* Journ. Chem. Soe., May 1875.

^ See analyses executed by tlie author for Tiudichum, ani described on

p. 9- of Thudichum's open letter.
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Bilirubin is the substance which is supposed to give ihe

colour to the skin in ' yellow jaundice,' while ' black

jaundice ' colour is due to the retention of biliverdin
;

these principles may be extracted from the skin in jaun-

dice (bilirubin by chloroform, and biliverdin by alcohol^).

As before stated, the further history of the biliary

pigments after they mingle with the contents of the in-

testinal canal is practically unknown,

Biliverdin (CgHgNOj).—As already explained under

bilirubin, this substance is best produced by Heintz's

process, wliich consists in passing a current of air through

an alkaline solution of bilirubin and precipitation of the

resulting solution by means of hydrochloric acid.

Biliverdin is soluble in alcohol, benzene, and carbon

disulphide, but insoluble in water, ether, and chloroform.

In a fiu'ther investigation of the properties of bili-

verdin, Thudichum^ has confirmed his hypothesis ac-

cording to which it is produced from bilirubin by the

reaction C9H9N02 + 02=C02 + C8H9N02. Stadeler's hy-

pothesis, that in the change to biliverdin, bilirubin takes

up one molecule of water and one of oxygen (CieHigNgOs

HoO + O^CisHgoNoOj) is no longer tenable. By the

action of dry bromine vapour upon dry biliverdin, and

subsequent heating of the product to 100° in a current

of dry air, Thudichum has obtained a monobrominated

product, CgHsBrNOj. This compound is perfectly black,

insoluble in ether, and only slightly soluble in alcohol.

When biliverdin is dissolved in caustic soda and exposed

to the action of sodium amalgam, a change is brought

about which has not yet been precisely ascertained.

1 See Chem. News, May 12, 1876.

^ Journ. Chem. Soc, July 1876.
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The product, however, which is termed hydro-bihverdin,

is distinct from a compound produced similarly from

bilirubin.

An ammoniacal solution of biliverdin is not precipi-

tated by calcium or barium chloride ; but the acetates of

lead, silver, and mercury yield precipitates in an alcoholic

solution of the colouring matter.

Bilifuscin (C9HnN03)(?).—To obtain this pigment,

gall-stones may be powdered and extracted, first with

ether, then with very dilute acid, as preliminaries to

extraction by absolute alcohol. The bihfuscin dissolves

in the boilins; alcohol to a brown colour. It is insoluble

in water, ether, and chloroform, but is soluble in alkalies,

and reprecipitated by hydrochloric acid in brown flakes.

It furnishes calcium and barium combinations by

precipitation of its ammoniacal solution with the respec-

tive chlorides of these metals.

Its precise formula is yet doubtful ; Stadeler regards

it as bilirubin plus one molecule of water ; but as his

formula for bihrubin is wrong, dependence cannot be

placed upon that for bilifuscin.

Other Biliary Pigments.—Bihprasin is said to be ob-

tained by extracting inspissated bile or gall-stones succes-

sively with ether, hot water, chloroform, dilute acid, and

boiling chloroform ; the residue on extraction with alcohol

takes up biliprasin to a green colour.

Bilihumin is left in the residue after the extraction

of the foregoing pigment.

According to Thudichum a number of other colouring

matters which may be spectroscopically identified are to

be found in certain diseased processes terminating in the

production of calculi.
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Other Constituents of Bile.—The only remaining con-

stituents of bile are lecithin and choline ; the one is a

phosphorised and aniidated fat, the other is the ammo-

nium-base it yields on decomposition. As we shall have

to enter more fully into the study of these principles in

treating of brain chemistry, their consideration is reserved

till then.
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CHAPTEK VIII.

THE LIVER ; ITS FUNCTIONS. GLYCOSURIA AND DIABETES.

In Chapters YI. and VII. we have studied the nature

and chemistry of that liquid the secretion of which con-

stitutes the principal function of the liver, and in our

present study it will be important to bear in mind what

is taught in Chapter IX. regarding the presence of sugar

in the blood.

The liver is the largest glandular organ in the body,

being from 50 to 60 ounces in weight, and consisting of

cells Avhich seem to be the seat of its specific functions.

It is supplied with blood vessels and bile ducts, inter-

spersed with lymphatics and nerves. Fat and bilirubin

may be contained in it, and it also furnishes albumin,

mucin, glycogen, sugar and biliary acids. When re-

cently extracted from the body, the liver presents an

alkaline reaction, but becomes acid on standing. Boil-

ing water extracts from the liver, lactic and volatile

fatty acids, inosite, xanthine, hypoxanthine, uric acid,

and leucine. Its ash furnishes potassium and phosphoric

acid.

There are various diseases of the liver, the best known

being so called degeneration, or ' bacony liver,' but of

the chemical causes underlying it, or of the chemical

interpretation to be placed upon it, we are without

knowledge.
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There can be no doubt that the principal function

performed by the liver consists in the elaboration of bile

and its secretion. This elaboration is effected from the

constituents of the blood which is presented to the liver,

but we are totally ignorant of the profound changes

which must constitute this important process. The

whole process is controlled and regulated no doubt by

the nervous system, a fact which A. Socoloff has brought

to bear in explanation of some otherwise uninteresting

experiments detailed^ by him. The author found that

the secretion of bile is distinctly increased by tlie intro-

duction of glycocholate of sodium into the stomach or

blood, but from a further consideration of these and other

results, he concludes that the phenomenon is one of

peculiarly nervous origin, and due in the particular in-

stance cited to the irritating properties of the biliary acids.

Socoloff's paper is characteristic of many others of a

like kind, and equally worthless ; so worthless indeed that

we shall disregard them, and for this reason. Between

the methods of experiment having themselves no safe

warranty of employment, and the results, there is no

direct connection ; it is impossible to reason from effects

to causes, or vice versa, and as the methods of experi-

ment are generally ill-considered, and the results misun-

derstood or misinterpreted, it is best to leave them out

of consideration. As regards, therefore, the production

of bile from the elements of the blood we know at pre-

sent no more than the fact.

It has been thought that the Hver is one source of the

colourless corpuscles of blood, but here again w^e are

^ Pfl tiger's Archiv.fur Physiologie, xi. 166-177.



GLYCOGEN. 109

without absolute knowledge. We therefore pass on to

consider a further function known to be resident in the

liver.

Bernard and Hensen discovered in the liver a kind of

dextrin of the formula CgHioOg, and they concluded that

it was produced through a decomposition of albumin

exerted by that organ. Subsequently, it has been ascer-

tained by Dr. M. Foster, Bernard, Pavy, and others, that

a similar amyloid matter is found in other forms of life

(Entozoa, larvse of flies, solidified lung of pneumonia, &c.)

accumulated in structures having one feature in common
with the Hver, namely a limited supply of oxygen, Pavy

has used this fact as an argument in theories which we
must hereafter consider, but for the present it cannot be

regarded as decided whether this character in common
is anything more than the utmost accident. More espe-

cially must this precaution be observed since glycogen

has been stated also to occur in the transversely striated

muscles. Abeles found ^ this substance also in the spleen,

lungs, and kidneys of dogs fed exclusively for some days

previous on bread.

The characters of glycogen are very simple ; when
dry it is a yellowish-white powder, but it may take up

one or two molecules of water, and become gummy.
Its aqueous solution polarises light to the right four times

as intensely as dextrose sugar. In alcohol it is insoluble.

With iodine it gives a violet or maroon-red coloration.

Its aqueous solution dissolves oxide of copper, but exer-

cises no kind of reducing action on the potassio-tartrate

of copper. When boiled with dilute acids, or when

1 Chem. Centr. 1876^ 230.



110 ORGANS, FLriDS, ETC,, 00XCER5ED IX DIGESTIOX.

subjected to the action of saliva, pancreatic juice, serum of

blood, or cold prepared extract of liver, it is transformed

into glucose by the assimilation of a molecule of water.

It is readilv prepared by minring a fresh liver and boiling

with water, filtering, and pressing. The filtrate is then

concentrated and precipitated with much strong alcohol,

when yellowish-white flocks are thrown down, consisting

of impure glycogen. It may be purified by boiling with

caustic potash, dilution with water, and reprecipitation by

absolute alcohoL Or the glyc-ogen may be precipitated

&om the concentrated aqueous extract of hver by means

<^ glacial acetic add.

As r^ards the precise method by which the liver

elaborates it from the blood, little definite knowledge is

possessed. But from what has been ascertained it may

be fonned from albumin alone, although with fowls a

mixed didt of starchy and albuminous matters is most

&vouiable to its production.

Numbers of researches bearing upon this question

have been published, but in most of them it is impossible

to draw any definite conclusions from the experiments

described. S. WoUTbeig has discussed^ the whole ques-

tion, and after reviewing the views and experiments of

Bernard, Voit, Pettenkofer, Vallentin, Bauer, Bock, and

oth^iB, amcludes from his own investigations that gly-

cogen is an intermediate decomposition product of albu-

min in the smimal organism. In connection with this

view it may be interesting to bear in mind two fects,

viz., that the liver undoubtedly produces bile by the de-

composition of albumin, and that certain albuminoids,
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(such as chondrin) yield glucose when decomposed by

hydrating agents (see Chapter on Albuminoids). J.

Forster ^ finds that when sugar is injected into the veins

of dogs which have been kept without food for several

days, the amount of glycogen in the hver is increased.

It cannot be supposed that glycogen is formed in the

economy from sugar, and J. Forster concludes that the

increase of glycogen arises from an increased decomposi-

tion of albuminoids brought about through the sugar.

Thus it arises that one of the points at issue between

those experimentalists who have devoted time to this

matter is this : is glycogen formed directly from bodies

introduced with the object of increasing its amount (as

maintained by Pavy and others), or do these substances

only contribute indirectly by being themselves oxidised,

and thus protecting the glycogen from change, as main-

tained by Tieffenbach and Weiss and others ? V. Mering-

attempts to decide this question, and he has found that the

assimilation of a number of substances such as grape-sugar,

cane-sugar, milk-sugar, fruit-sugar, inulin, hchenin, glycer-

ine, arbutio, gelatin, and albuminates, produces a consi-

derable accumulation ofglycogen in the hver. On the other

hand he found that inosite, mannite, quercite, erythrite,

and fats failed to behave in the same way. To sum up

this part of our subject, it may be said that of the his-

tory of the production of glycogen we do not know

sufficient to decide precisely regarding it.

Opinion is by no means unanimous either as to the

final destiny of liver glycogen ; some physiologists main-

tain that it passes from the liver in an unaltered state,

1 iV. Eep. Pharm. xxr. 773-739.
* Pfliiger's Archiv. f, Physiologie, xiv. 274-284
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and is finally oxidised in the circulation, while others hold

that it is changed while yet in the liver into sugar, and this

passing by the hepatic vein into the system becomes oxi-

dised. This latter view is supported strongly by Bernard,

and to a large extent has been adopted by physiologists

who wTite of the ' glycogenetic function of the liver.'

This theory certainly derives weight from the fact that

dead liver is capable of quickly converting glycogen

into sugar. Pavy, however, who ardently supported it

at first, became the first to as strenuously oppose it on the

alleged ground that no sugar is made in the liver in health.

Nevertheless some sugar can be found in hepatic

blood, and it has been shown by Thudichum^ that Pavy's

experiments are by no means conclusive.

According to Tiegel, the blood corpuscles undergo

disintegration in the liver, yielding a ferment which trans-

forms starch into sugar, but v. Wittich has shown ^ that

even serum yields such a ferment by extracting its alco-

holic precipitate with glycerine. He has also obtained a

diastatic ferment from the parenchyma of the liver when

it has been quite freed from blood. It oppears to be

formed in the cells, and is partly poured out with the bile.

W. Epstein and J. Mliller^ seem to have confirmed

in some measure the experiments of v. Wittich.

Liebig showed that the liver itself, when finely

minced and suspended in w^ater, ferments and evolves

carbonic dioxide and hydrogen, and Bechamp has re-

peated and extended these observations, and has shown

that the same occurs even when the liver has been

^ Thudichum's Chemical Physiology, p. 8.

2 Pfluger's Archiv. vii. 28-32.

3 Deiit. Chem. Ges. Ber. viii. G70-682.
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washed in water containing phenol. Bechamp also show^ed

that the fermentation is independent of the presence of

micrococci and bacteria, and W. K. Yasnopolsky^ has con-

firmed these views. So that altogether it seems to be

fairly established that the liver contains certain active

ferments ; it also produces glycogen, which admits of

being changed into sugar by means of the said ferments.

We must now apply this knowledge in attempting to

explain an artificial form of diabetes termed glycosuria,

and the true disease itself

On the theory that sugar is formed in the liver and

oxidised in the blood, a lack of oxidising power was

conjectured to constitute the disease known as diabetes

mellitus, since in this disease, sugar is voided in the un-

changed state.

EoUo alleged^ that 'this disease consists in an in-

creased morbid action of the stomach with too great a

secretion, and an alteration in the quality of the gastric

fluid, producing saccharine matter by a decomposition of

the vegetable substances taken in with the food, which

remains unchanged.' Others, however, and among them

Dr. BailHe, maintained that the morbid action resided in

the kidneys; but Eollo argued that from their very nature

these organs are incapable of forming sugar, simply

acting as separating agents ; he yet allowed that they

might become morbid through an increased activity and

sympathy to which they may be subject in such a disease,

and he thus explained a fact he himself observed, viz.,

that in certain cases the urine contains more sugar than

the blood. In consonance with these views, sugar-form-

1 Pfluger's Archiv. xii. 78-86.

^ Eollo on Diabetes Mellitus, p. 387.
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ing foods were avoided in the treatment of the disease,

while such oxidising agents as potassic chlorate and nitric

acid were recommended for administration.

We pause here, to remark how characteristic such

reasoning as this is, even in these days, of some medical

men who fail to perceive the common requirements of logi-

cal science. Assuming that by means of oxidising agents

all the sugar existing in the blood admits of oxidation,

it by no means follows that because the sugar is thus de-

stroyed, the causes of its formation are also removed, for

its formation is the revealing characteristic of the disease !

Moreover, it is very doubtful whether the sugar which

may be present in the blood can be oxidised in this way.

Dr. Day, of Geelong, has recommended peroxide of

hydrogen for this purpose, although he admits that it does

not remove the causes of the disease. We know nothing

of what relief it may afibrd to sufferers, but it certainly

does not appear to act by virtue of its oxidising powers

over sugar. This the writer has ascertained for himself,

at least so far as regards the diabetic sugar present in

urine, and what holds good with urine most probably

is true of the blood. ^ But to return from this digression.

With the view of testing the prevailing theory of

diabetes. Dr. A. Dupre made some experiments which

were published at the time in the Practitioner. He ad-

ministered known amounts of fruit-sugar (in the form of

honey) to a diabetic patient, and estimated the sugar

voided in the urine. In this way it was shown that all

the fruit-sugar contained in the administered honey was

oxidised in the system ; it therefore becomes clear that

' Chemistry of Diabetes MellituSf by C. T. Kingzett. Chetn, Xetcs,

vol. xxxii. p. 184.
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diabetes is not to be explained as due to a lack of oxidis-

ing power in the blood. Dupre went further than this

in his conclusions ; he thought his results pointed to the

conclusion ' that the sugar found in the urine has not pi-e-

viously existed ready formed in the blood, but has been

formed only in its passage through the kidneys.'

The correctness of the first conclusion is supported by

Bernard's observation, that an artificial diabetes (gly-

cosuria of Pavy) can be developed in dogs and rabbits

by irritation of the fourth ventricle of the brain with a

needle, whereby sugar is developed in the blood, and

passed in the urine.

The other conclusion is by no means so clear ; Leh-

mann and Dupre both found that the percentage of sugar

in the blood in cases of diabetes generally amounts to

0*04 per cent, only, a quantity not comparable to that

excreted in the urine, but nevertlieless such a conclusion

is in opposition to all our knowledge of the functions of

the kidneys. Moreover, other observers differ from Leh-

mann and Dupre in their determinations of the sugar

present in diabetic blood ; thus Thudichum found in one

case as much as 2 per cent, sugar. Dr. Dalton also de-

termined the amount of sugar present in a normal liver

immediately after removal from the body at 0*25 per

cent.

That diabetes is an exceedingly ill-understood disorder

is evident from other points of view. For instance, Dupre

observed that the administration of sugar in his experi-

ments caused a decrease in the amount of urea secreted,

a fact previously noted by F. Hoppe.^ In this disease,

also, lactic acid has been alleged to make its appearance

1 Arch.f. Path. Anat. x. pp. 144-169.

I 2
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in the saliva, and aceton in the stomach and urine ; as

regards aceton, however, this is more than doubtful, be-

cause the tests employed in its detection are tests also for

alcohol.

Glycosuria may be variously produced. Thus Wick-

ham Legg found that if the ductus choledochus of a cat

were tied, while no sugar was found in the urine within

five or six days after puncture, yet without tying the

duct, glycosuria commenced within an hour after punc-

ture. Afterwards v. Wittich found that the tying of the

duct diminished the amount of glycogen in the liver, and

caused glycosuria. In an endeavour to account for this

fact observed by v. Wittich, experiments were made by

E. Kulz and E. Frerichs,^ and their results were claimed

by them to show in common with previous experiments

by Legg, that it was due to the hver not producing

more glycogen beyond what existed at the time of

tying.

Bernard's observation of the causation of glycosuria

by a nervous interference paved the way for other dis-

coveries of a similar nature. Thus Pavy found that a

division of certain parts of the sympathetic system oc-

casioned the presence of sugar in the urine. In his more

recent researches^ Pavy condemns, on the basis of experi-

ment, Schiffs hypothesis, in which the escape of sugar

from the liver, and incidentally, the production of glyco-

suria, are supposed to be brought about by the develop-

ment of a ferment in the blood flo"vving to the liver as a

result of the hyper^emia which succeeds those operations

on the nervous system which give rise to artificial dia-

* Pfliiger'g Archiv. f. Physiohgie, xiii. 460-468.

• Proc. Roy. Soc. to], ixiii. p. 539, and vol. xxiv. p. 51.



GLYCOSUKIA. 117

betes. In some experiments upon dogs, Pavy has found

that when defibrinated arterial blood is injected into the

mesenteric vein, sugar is developed in the circulation ; in

the urine the sugar amounted to from 10 to 15 grains per

fluid ounce. Inasmuch as venous blood fails to produce

these results, Pavy concludes that the production of gly-

cosuria through influences on the nervous system is due

to a vaso-motor paralysis affecting the vessels of the

chylo-poietic viscera, by which process the blood reaches

the portal system without having been de-arterialised.

Pavy finds the support of his theory in the results of ex-

periments in which animals were made to breathe oxygen

;

in several experiments upon dogs saccharine urine was

thus developed, but oth-er experiments, however, failed in

this respect ; so also with frogs the results were partly

negative although chiefly affirmative. Tieffenbach had pre-

viously determined that artificial respiration with air is

sufficient to produce glycosuria, and Pavy confirms this

observation, as also one made previously by Dr. Eichard-

son and by Schmiedeberg to the effect that inhalation of

carbonic oxide produces a hke result. A similar action

of puff-ball smoke is explained by Pavy as due to its

contained carbonic oxide ; it should be remarked, how-

ever, that the physiological effects of pure carbonic oxide

are totally distinct from those of puff-ball smoke.

In explaining the power of oxidised blood to con-

vert the glycogen of the liver into sugar, Pavy looks

upon this event as only a part of the whole truth, nor

does he regard the action as due directly to the oxy-

gen in the blood, but rather to the action of the de-

arterialised blood as a ferment. Pavy's theory is in no

wise deserving of full credence. In the first place he
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is credited with having sho^vn that temporary glyco-

suria can be induced by impeding respiration, and unless

it can be shown that in such case, blood reaches the

liver in an arterial condition (an incomprehensible result),

the fact, if true, is directly opposed to his more recent

experiments above described, raid irreconcilable with

the conclusions he has drawn from them. Again, if

oxygen in the blood gives rise to a ferment, then carbonic

oxide, acting (as Pavy says it does) like oxygen, must give

rise to a ferment also ; but on chemical grounds it is at

once seen that the ferments (if such exist at all) cannot

be identical ; hence the production of glycosuria by the

two agents must be brought about in different ways in

the two instances, and then again such cases of artificial

diabetes must be explained differently to the ordinary

disease of that name.

Pavj^'s conclusions admit of experimental criticism as

follows : If glycosuria be due to the transformation of

amyloid substance into sugar through the agency of a

ferment present in oxidised blood, then if this dextrin-

like body be isolated (as it can be) and treated with arte-

rial blood out of the body, it should give rise to the for-

mation of sugar. The same result should be attained by

])lood saturated with carbonic oxide. But even if affirma-

tive results w^ere attained, they would be of little value

if the statement be true, as alleged, that blood serum

contains a ferment possessing this power. If blood serum

contains such a ferment, or if the liver contains one

(and both are said to), then the amyloid substance, both

in health and during diabetes, should be transformed into

sugar ; in truth, such appears to be the case, the difference

being that in health the sugar is oxidised in the blood,
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whereas in diabetes and glycosuria it is voided in an

unchanged state.

Thus, in spite of all the researches which have

been made on these vexed questions, we are left without

' a plausible theory or a rational treatment of diabetes

'

(Thudichum). Organic diseases affecting the brain and

spinal cord, external injuries to the brain, and certain in-

fluences on the sympathetic nervous system, are known

often to precede diabetes, and perhaps to lead to it, and

these observations, supplemented by Bernard's famous,

and Pavy's skilful experiments, would seem to indicate

that diabetes, as we recognise it in its chief characteristic

(the presence of abnormal quantities of sugar in the blood

and urine), represents a factor of interference of the proper

functions of the blood, as governed solely by the nervous

system. It becomes therefore of great and necessitated

importance, that research should be directed to the chem-

ical and anatomical investigation of the brain and other

nervous centres in cases of death from diabetes mellitus.

The disease seems to exist in many forms which may or

may not be related to the same original causes, but in the

foregoing remarks the subject has been treated as a whole

for the sake of convenience, and in order to carry out

the more immediate object of this work, viz., the appli-

cation of chemical science to physiology and pathology.
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CHYLE.

CHAPTEE IX.

CHYLE, LYMPH, AND BLOOD.

CHYLE.

Chyle is tlie digested fluid absorbed by the lympliatics

—

or lacteals, as they are called—of the intestines. These

lacteals form networks in the walls of the small intestine,

and send blind prolongations into the little processes

termed villi. The lymphatics have trunks which lead

through the mesenteric glands and discharge themselves

into the receptacle of the chyle, a dilated part of the

lower end of the thoracic duct. The chyle is ultimately

poured into the general circulation near the junction of

the left internal jugular and subclavian veins.

A large part of the chyle, while yet in the intestine,

is absorbed directly into the blood-system. It constitutes

the fluid which yields to the blood all those matters

which are necessary to maintain all parts of the body in

a proper state of nutrition, and to atone for those pro-

cesses of work and waste which we shall see hereafter

constitute the essential conditions of life.

It is an opalescent creamy-looking fluid, deriving its

yellowish white or slightly red colour from the suspension

of fatty matters in the form of an emulsion. It also

contains fibrin, or a form of principle immediately ante-

cedent to fibrin ; hence, after removal from the body, it

speedily coagulates in the same way as blood. Chyle is

of an alkaline reaction and a saline taste, and contains
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potassium- albumin, casein, and seralbumin, also lactates,

sugar, urea, and alkaline salts, besides white and red

corpuscles. It has been conjectured that these corpuscles

form in certain lymphatic glands through which the

chyle passes, as already explained.

It appears that the amount of fibrin increases as the

chyle reaches that point wliere it is discharged into the

blood; hence it is supposed that in its passage, it is

gradually formed from the albumin present.

The following analyses^ express the general compo-

sition of chyle in full digestion and while fasting :

—

Water .
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blood of a horse contains 22 per cent, solid matter, its

chyle furnishes only from 4 to 9 per cent, solid matter.

No fibrin is found in the chyle as it is absorbed by

the lacteals of the intestines, an observation which lends

probability to the view already expressed, that it is formed

in its passage to the thoracic duct from the soluble albu-

minous principles present. Among the extractives not only

urea, but leucine and tyrosin are stated to have been found.

The ash resembles that of blood, and yields chiefly potas-

sium salts
;
phosphate, carbonate, and chloride of sodium

being also present as well as a little calcium and magne-

sium.

Before entering the blood, chyle is always mixed with

a considerable amount of lymph, and Bidder has calcu-

lated from some experiments on animals, that in an adult

man there are discharged from the thoracic duct into

the subclavian vein about 6'6 lbs. of true chyle mixed

with 22 lbs. of true lymph in twenty-four hours. The

emulsive state in which the fat exists in the chyle has

been alluded to under the processes of digestion. In

certain diseased processes—for instance, chylous urine

—

a persistence of fatty emulsion is observed in arterial

blood, and occurs also in the disease cited, in the urine.

LYMPH.

Lymph may be regarded as transuded serum of blood

which has been reabsorbed from the tissues, and carried

back to the circulation by the lymphatics. Like the

blood, it is alkaline, and consists of a plasma and cor-

puscles which, however, are all white ; it contains about

5 per cent, solid constituents, and is, indeed, diluted

blood-serum, from which the tissues have already taken
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what they require for their proper nouiishment. Tlie

serum of blood contains about 8 per cent, sohd matters.

It is calculated that a quantity of fluid equal to that of

the blood is pom-ed daily from the lymphatic system

into the former.

Lymph constitutes a clear, nearly colourless, or straw-

coloured fluid, and of composition very like to that of

chyle, except that it contains less fibrin and fatty matter.

Its fat occurs in the form of globules, and its ash presents

a further difference from that of chyle by having a pre-

dominance of sodium salts ; it also contains lactic acid.

For the purposes of ordinary study, it may be obtained

from a blister, but its whole constitution is not well

known by reason of the difficulty experienced in obtaining

sufficient quantity in a healthy state.

In scrofula and tuberculosis, both lymph and chyle

are often deranged simultaneously with the diseased

glands, and Thudichum states it is probable that improper

nutrition has the main share in causing these diseases in

many children.

BLOOD.

Of the nutrient fluids contained in the body, blood is

from every point of view the most important. Elabo-

rated from the food by virtue of the digestive and other

processes already described, it serves to supply to the

body fresh material in place of that which is worked up

—worn out—by the processes of life. It also dissolves

and carries aWay those products which result from the

processes just alluded to, and it is through the blood that

the great process of oxidation by respiration is effected.

Blood consists in 1000 parts of about 795 water and

205 solids, these latter being made up, as might be con-

jectured from the known composition of chyme and
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chyle, of albumin, fibrin, colouring matter containing iron,

fatty matters, extractives, and salts. But inasmuch as

it constitutes the drainage-system of the body also, or the

stream which absorbs the effete products of life-changes,

these latter are also contained in it and complicate its

constitution. Owing, however, to our imperfect know-

ledge of the real steps involved in the wear and tear of

the animal tissues, it is difficult to say in regard to some

of the blood constituents which are principals and which

are excrementitious.

Blood is of an alkaline reaction and sahne taste, with

a specific gravity ranging between 1050 and 1060. As

it exists in the body, it has a temperature of 36*5° to

37 "8° C, a fact which will require more particular study

hereafter, in considering the meaning of vital force ; it is

sufficient here to remember that animal heat is primarily

due to the process of oxidation which is incessantly going

on in the human economy. The temperature of the blood

is not uniform throughout the body ; that of the hepatic

and portal veins has a higher temperature than ordinary

venous blood, a state of things referable probably to more

active local oxidation (see ' Functions of the Liver,' Chap.

VIII.); the blood in the right ventricle is also warmer

than that in the left one.

The difference between arterial and venous blood is

slight as regards the composition ; the former contains

more water and fatty matter. But there is a more vital

difference between the two, consisting in the different

degree of oxidation—a state of the blood which depends

upon the presence in it of the red colouring-matter

(hsemato-crystalline), containing iron, ofwhich more anon.

The coao^ulation of the blood which occurs after it

has been removed from the body, and which sometimes
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happens in disease to a smaller extent during life, is a

phenomenon not yet satisfactorily explained. It will be

studied more in detail hereafter.

Besides the various albuminous matters present in

blood, viz., fibrin, albumin, globulin, and the colouring-

matter ho3mato-crystalline, it contains oleic, stearic, lactic,

hydrochloric, phosphoric, and sulphuric acids ; these are

more or less in combination with sodium, potassium, ammo-,

nium, calcium, and magnesium. The fat present in blood

amounts to about 2 per cent., and it contains also soaps

or saponified fats. The blood also contains a little choles-

terine and a phosphorised body identical with one of

many similar principles contained in the brain, but different

from that apparently present in the bile. The blood also

contains a little nitrogen in a dissolved state, and oxygen

;

but the oxygen is mainly held in a sort of combination with

the colouring principle. Again, the carbonic acid given off

at all points of the body is held in the blood partly in a

dissolved state and partly as carbonate of sodium.

It is intended to study hereafter the chemical con-

stitution of the corpuscles of blood, but it should be

stated here, that beyond their own chemical constituents,

a certain amount of a matter called stroma is present,

and it is this which is supposed to give shape to the

corpuscles. Stroma is not albuminous in nature, being

soluble in ether, alcohol, and chloroform ; but it contains

a small amount of fibrino-plastic substance, termed para-

globuhn by Schmidt.

The total amount of blood contained in the body

varies with the time and each person, and is difficult to

estimate, but ordinarily it appears to amount to about

one-tenth of the body-weight. Bischoff has more recently
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determined the quantity at 7"7 per cent, of the weight of

the body.

J. Steinberg^ has determined the absokite mass of the

blood in various animals, and he gives the following

table showing the relative weights of the blood and of the

bodies of the animals from which it was derived :

—

Eabbits
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Specific gravity of Liquor sanguinis 1"028

1000 parts contain

—

Water . 902-UO

Solid con-"!
^ > 9rl0 consisting of

—

stituents J

1000-00

Fibrin . . 4-05

Albumin . . 78*84

Fat. . . 1-72

Extractive matter 8'94

Mineral substances 8*55 consisting of

—

Chlorine

97-10

. 3-G44

Sulphuric oxide (SOj) 0115
Phosphoric anhy-

dride (PoOj)

Potassium

Sodium .

Oxygen .

Calcic phosphate

Mao-nesic „

0-191

0-323

3-341

0-403

0-311

0-222

We also take from tlie same source as

furnishes the two foregoing tables, the next

seuting, according to Becquerel and Eodier,

composition of blood in man and in woman :-

8-550

that which

one, repre-

the average

Woman.
Specific gravity of defibrinated
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Sodic chloride . ,
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III. Defibrinated Ox Blood.

Per 1000 parts of blood corpuscles.
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supposed to be produced in coagulation (Schmidt) by the

action of paraglobuUn upon fibrinogeneous substance.

Blood in life contains rather less than half its own

volume of gaseous matter, consisting of oxygen, carbonic

acid, and nitrogen.

Of the Sugar present in Blood.—That sugar is a

normal constituent of blood might be inferred from a

knowledge of the various processes occurring in the

digestive apparatus, which result in the transformation of

starchy matters into sugar. For the detection of this

principle in the blood there are several methods more or

less reliable.

One recommended by Bernard consists in making the

blood into a paste with animal charcoal, addition of a

little water, and filtration. The filtrate should be colour-

less, and Trommer's test for sugar may be then applied

to it.

In another method, the blood is precipitated with

much alcohol, and the precipitate extracted with toler-

ably strong spirit ; from the combined solutions the

alcohol is distilled off, and the residual watery solution

tested for sugar. Both these methods remove albumin

and colouring matter, and some other matters which

might interfere with tests for sugar.

Moore's test is only reliable when the sugar is present

in considerable amount ; it consists in boiling a solution

(after applying one of the two foregoing methods to blood)

with strong potash or soda, when the presence of sugar

is revealed by a colour which is first yellow, then reddish,

and finally black or brown.

Bottcher's test consists in the addition of a pinch of

oxide of bismuth or its subnitrate to the suspected solu-
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tioD, previously rendered alkaline by a large excess of

potash or soda. The fluid, in the presence of sugar,

becomes black or dark grey on boiling, owing to the

reduction of the bismuth.

The fermentation test for sugar is well known. A
given quantity of solution is maintained in a suitable

vessel at 35° C. in contact with a little yeast. Any

carbonic anhydride which is evolved may be caught in

baryta water, and the precipitate of baric carbonate after-

wards isolated, dried at 100°, and weighed ; while the

alcohol, if any be produced in the solution, may be dis-

tilled off, made up to the original volume of the solution

employed, and its specific gravity taken. By these means

the amount of sugar may be estimated. The alcohol

may be detected qualitatively by adding a little potassic

bichromate solution acidified by sulpliuric acid, and

boiling ; alcohol turns the solution green by reduction.

Sugar may be estimated by the ordinary process, which

consists in the reduction of a standard Fehling's solution,

or by boiling with excess of Fehling's solution, and isolating

the cuprous oxide thus formed, converting it into cupric

oxide by ignition and weighing.

Amount of Sugar present in Blood.—From the

determinations made by Lehmann and Dupre, the per-

centage of sugar present in normal healthy blood is

extremely small, and generally amounts to O-O-l per cent,

only.

In a recent paper,^ C. Bernard shows that sugar is a

vital constituent of blood, and exists in quantities varying

from 1 to 3 parts per 1000. It rapidly disappears from

tlie blood after death, and so also from blood which has

1 Ann. Chrm. Phys. [5], ix. 207-2.58.
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been withdrawn from the body. Thus Bernard found in

the blood of a dog as much as 1-07 parts per 1000,

immediately after drawing it from the body, but after

standing five hours it had diminished to 0*44 parts per

1000, and after twenty-four hours it had totally dis-

appeared. Bernard also shows that arterial blood con-

tains more sugar than venous blood, as the following

results indicate.
Sugar per 1000 parts.

Arterial Blood. Venous Blood.

Dog (i) 1-45 . . 0-73

„ (ii) 1-24 . . 0-99

„ (iii) 1-17 . . 0-88

Finally, Bernard claims to have traced the production

of the sugar found in blood to the liver, but of this part

of the subject we have already treated.

Since the publication of Bernard's paper, Dr. Pavy

has communicated^ to the Eoyal Society two papers re-

lating to the sugar found in blood and its determination.

His method consists in properly preparing the blood by

coagulation, filtration, &:c., and then boiling the solution

with excess of potassio-tartrate of copper. The suboxide

of copper thus obtained is oxidised by a few drops

of peroxide of hydrogen, dissolved in nitric acid, and

from this solution the copper is electrolytically deposited

on a platinum spiral and weighed. It is only the appli-

cation of this method that Dr. Pavy can claim as new,

and indeed barely that, inasmuch as chemists have long

been acquainted, and have used every particular in this

method. Pavy then claims to have demonstrated that-

—

1000 parts of dog's blood contains an average of 0-787 parts sugar.

1000 „ sheep's „ „ „ 0'521 „ „

1000 „ bullock's „ „ „ 0'543 ,, „

1 June 14 and 21, 1877.
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He contrasts these results with those obtained by Bernard

and described above, and also states that he has observed

no difference in the amount of sugar present in arterial

and venous blood ; but he agrees with Bernard on the

diminution and ultimate entire disappearance of the sugar

in blood, after death or after withdrawal from the body.

It is not possible to decide whether Bernard or Pavy

is right in the matters where they disagree, until more

Avork of a chemico-mathematical order shall be forth-

coming.

Blood Corpuscles and their Chemical Constitution.—
The corpuscles of the blood are of a tw^ofold character,

\iz., red and colourless, but the latter, while larger in

size, are far less numerous than the former.

The red corpuscles are flattened circular disks, having

an avenige diameter of
-3^\,-o

of an inch, and a thickness

of about one-fourth of this. From this it follows that

more than 10,000,000 will cover only one square inch,

and it has been calculated that a cubic inch of blood

contains no fewer than 70,000,000,000 corpuscles. The

colourless corpuscles have an average diameter of ^Jq-q of

an inch.

The red corpuscles are soft, flexible, and elastic

bodies, and are semifluid in the centre, where globulin is

held in solution ; they derive their colour from a special

substance found nowhere else in the body. By exposure

tu carbonic anhydride, the red corpuscles swell out, while

oxygen flattens them.

Colourless corpuscles are constantly vibrating ;
' under-

going active contraction, or being passively dilated by

llie contraction of other parts.'

^

^ Huxlev, Lessons in Elementary Physiology, p. G3.
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It appears certain that the red corpuscles are in some

way or the other derived from the colourless ones, but

the exact changes and steps have not been ascertained
;

even the origin of the colourless ones is not known,

although it is supposed that they are formed in the duct-

less glands, and pass as lymph corpuscles into the blood.

The colourless corpuscles increase in number after eating,

and diminish between the meals.

The corpuscles of blood, which are heavier than the

plasma, are best isolated by treating defibrinated (by

whipping) blood with its own volume of a solution of

common salt consisting of a saturated solution diluted ten

times. The mixture is stirred, and then put on one side

to settle ; when the corpuscles have deposited, the super-

natant liquor is decanted, and the deposit washed by

decantation with a similar solution of salt, and in this

way the corpuscles are obtained free from serum. They

consist of stroma or colourless skeleton containing hsemato-

cryptalliue (h^emaglobulin), a little cholesterine, a phos-

phorised body, paraglobulin, and salts consisting chiefly of

potassic chloride and sodic phosphate. The stroma is

insoluble in water and salt, but easily soluble in ether,

chloroform, and alkalies ; so that, when washed corpuscles

are shaken up with water and ether, the stroma, cho-

lesterine, and fatty matters are taken up by the ether,

while the colouring matter of the blood is liberated and

dissolves in the water. The filtered aqueous solution

crystallises on exposure to a temperature of — 5° to — 10° C,

but sometimes it is necessary (for instance, when the

blood is from birds) to add alcohol before crystallisation

ensues. The deposit from the blood of man, the ox, and

sheep is, however, amorphous, but in every case it
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consists of hsematocrystalline. The cholesteiine may be

extracted from the corpuscles separated from the blood

as described, by means of alcohol ; it is easily recognised,

and is accompanied by a phosphorised body. Hoppe-

Seyler has estimated that the corpuscles present in 100 cc.

of blood contain 004 to 0-06 grm. cholesterine. Blood-

crystals from man consist of four-sided prisms with

dihedral summits, and when from other animals they are

also of a rhombic character, but the precise form differs.

These crystals contain 0*4 3 per cent, iron, and ana-

lyses invariably lead to an atomic weight for the molecule

of 1 3,280, and to the formula CeooHgeoFeNis^SyOiyy. Hsemato-

crystalline is insoluble in alcohol, chloroform, ether,

benzene, and other solvents, but readily soluble in water

and alkahne solutions. Notwithstanding the large size of

the molecule of htematocrystalline, there appears to be

little doubt of its individuality, inasmuch as the percentage

of iron is a constant, and its other properties confirm the

fact. It contains, therefore, or consists of the following

proximate principles : an albuminous substance which,

when separated, is amorphous and colourless, and a crys-

talline body named hematine. Of the first of the sub-

stances nothing is known, but many researches have been

made relative to the second. To obtain it in a crude

state, the process of Wittich is most applicable, and this

consists in treating blood "with seven times its bulk of a

cold solution of potassic carbonate, containing one part

by weight of the salt in two parts of water. The mixture

is filtered through calico, then pressed and afterwards

heated with alcohol to free it from the excess of potassic

carbonate, and then dried. It is now extracted with

alcohol at 40° C, and the extracts are treated with an
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equal volume of absolute alcohol containing tartaric acid

in solution. In this way the potash is precipitated, and

the hemine remains dissolved, but is precipitated on

cooling (after concentration of the filtrate) in minute

bluish black crystals consisting of rhombic plates.

Thudichum and Kingzett^ have analysed these crystals

and obtained from them their proximate constituents, for

as thus isolated they are not constituted of one individual

substance.
Synopsis of Analyses,

(a) (6) (c)

Iron . . . . 7'677 7-625

Chlorine . . . 2-98 3-08 3-005

Phosphorus . . . 0-6666 0-6105 0-6479

Now hemine, as this substance is termed, has been

considered as a hydrochloride of hematine, but these

analyses of a perfectly crystalline substance show that the

substance cannot be regarded as a chemical individual,

but as a mixture of two or several matters.

From the fact of its taking up hydrochloric acid when

exposed to a current of that gas, it is seen that ' hemine
'

must contain free hematine. Preyer in his treatise on

blood-crystals states that hemine dissolves in nitric acid

with decomposition, and that ammonia throws down

white hydrated ferrous oxide from the yellowish solution.

This statement, in itself incredible, because ferrous oxide

cannot exist in a nitric acid solution, is shown by Thudi-

chum and Kingzett to be incorrect in its entirety. Preyer

must have mistaken the precipitate yielded by mere dilu-

tion of the nitric acid solution for one yielded by ammonia,

because the precipitate is entirely soluble in excess of

ammonia and contains the original amount of iron.

^ On Hemine, Hematine, and a Phosphorised Siihstance contained in

Blood Corpuscles. Jeurn, Chem. Soc, September 1876.
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C. Paquelin and L. Jolly, ^ in a paper on the colouring

matter of blood, have stated that it does not contain iron.

In former papers they claimed to have demonstrated that

the iron present in blood corpuscles exists as tribasic

ferrous phosphate, and in the paper cited they undertake

to substantiate their former proposition.

Thudichum and Kingzett have repeated the experi-

ment of Paquelin and Jolly, but with no confirmation of

their results. The errors of the French chemists are

made perfectly manifest, and other important results are

established. Thus it is shown that by acting upon hemine

with a mixture of acetic and citric acids under the con-

ditions stated by Paquelin and Jolly, its composition is

not affected ; but by extracting it with benzene and acetic

acid, a certain amount of hematine goes into solution,

while the larger quantity remains undissolved, and is

freed from the phosphorised impurity by means of the

benzene which dissolves the latter. The undissolved

portion in fact proved to be probably the purest hematine

ever made, and gave on analysis the formula C32H32FeX406.

The benzene and acetic acid extracts, after freeing from

benzene by distillation, left a black viscous matter which

proved mostly soluble in hot absolute alcohol, and

deposited therefrom on coohng in a perfectly white form.

Its alcohoHc solution gave combinations with platinum

chloride, cadmic chloride, and lead. The cadmic chloride

salt was recrystallised from alcohol and analysed, when

the fact of its identity with one of the phosphorised con-

stituents of brain-matter was established. This is shown

by the following comparison of the analytical figures.

1 Compt. Rend. 79 (1874), 918.
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best to present the facts in a form which will enable the

memory to retain a true regard of their position.

Ha3matocrystalline or haimoglobulin is the colouring

matter of the blood; the formula for it is CeooHycoFeNis^SgO,;;.

This consists of hematine and albuminous matters. From

the blood there may be obtained hemine, a substance

primarily consisting of hematine, but containing also

hydrochloride of hematine and a phosphorised principle.

When hemine is submitted to the process described by

Thudichum and Kiugzett, pure hematine is obtained from

it of the formula C32H32FeN40o, and the phosphorised

principle is isolated in a pure state, and found to be iden-

tical with one present in brain-matter.

General Characters of Hematine.—Hematine is in-

soluble in water ; it is also insoluble in ether when neutral,

and but slightly soluble in alcohol. It readily dissolves

in caustic alkalies, particularly ammonia, and also in acid

or alkaline alcohol.

Hoppe-Seyler has assigned the name haemato-pop-

phyrin to a substance said to be free from iron and

obtainable from hematine by treatment with strong

sulphuric acid, but no proof of this fact has ever been

presented, that is to say it has never been shown by

analyses that the preparation is free from iron. The

same author also states ^ that by the action of tin and

hydrochloric acid and other reducing agents upon an

alcoholic solution of hematine, a yellow colouring matter

is obtained agreeing in properties with the urobilin of

Jaffe and the hydrobilirubin of Maly. Hoppe-Seyler

heads his paper ' Formation of the Colouring-matter of

» Deut. Chem. Ges. Ber. vii. 10G5.
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Urine from Blood,' but for such a title there is no justifi-

cation. The urobilin of Jaffe is a mixture and has never

been analysed ; the hydrobilirubin of Maly, whatever it

may be, is not yet estabhshed ; Hoppe-Seyler gives no

analysis of his product. Indeed, in regard to the many

mere statements made of late years by various authors

relative to the assumed identity of colouring-matters

present in the blood, the bile, and the urine, it may be

said with all justice that such identity has not received

a single analysis in its favour or a single proof of its

truth. It is for similar reasons that many papers bearing

on physiological chemistry, but totally unsupported by

analytical data, are not noticed in this work.

A. Bechamp,^ for instance, has described a process

for obtaining hematine in a pure and soluble form, but

that his product is pure is not sustained by any analytical

or other evidence. Defibriuated blood is mixed with

water and precipitated by lead acetate, and basic lead

acetate containing 10 per cent, of solution of ammonia,

successively. The filtrate, yet containing the blood pig-

ment, is freed from lead by carbonic anhydride or car-

bonate of ammonium, and dried at 35° to 40°. The

garnet-coloured laminee contain a little ammonium car-

bonate, acetates of the alkahes, and probably urea. To

free from these, the red solution after the basic lead pre-

cipitate, is mixed with half its volume of 50 per cent,

alcohol, and is then again precipitated with ammoniacal

lead acetate. The brick-red precipitate is isolated,

washed with 40 per cent, alcohol (out of contact with

carbonic anhydride), mixed with water, a little ammonic

1 Ann. Chim. Phys. (5) iii. 340-342.
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carbonate added, and then decomposed by means of

carbon dioxide ; the filtered solution coagulates at 61°,

and must be dried below that temperature to obtain the

' pure solid pigment.' But what is meant by * the pure

sohd pigment,' and what it is, is not shown.

Alex. Schmidt^ asserts that the colouring-matter of

the blood has nothing to do with its coagulation, but tliat

this has its source entirely in the protoplasm. Hema-

tine and hiemato-crystalliue occur in the urine in cruentu-

resis (paroxysmal haimaturia) ; while a diminution of

hasmatocrystalline in the blood constitutes the disease

termed ' chlorosis ' or ' anemia.'

The Coagulation of Blood.—Of all the properties

exhibited by blood, the most remarkable, perhaps, is its

power of coagulation. This act generally sets in after

the blood has been removed from the body, in from four

to five minutes, but it is retarded by exposiu-e to a low

temperature, and when kept at if will not coagulate at

all ; it is accelerated by an increase in temperature,

taking place most readily at about 38° C. The coagu-

lation is prevented by allowing the blood to flow from

the vein into alkaline solutions, or concentrated solutions

of various salts, such as potassic nitrate or sulphate and

acetate of sodium. In certain cases of sudden death,

the blood also appears to lack its power of spontaneous

coagulation.

Contact of the blood, as it is withdrawn fi'om the

body, with non-Uviug matter promotes coagulation, wdiile

direct contact of living matter retards or entirely prevents

its coagulation. Thus, if it be kept in a portion of a vein

' Pflug-er's Archiv.f. Phjs. ix. 353-357.
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tied at both ends, it remains fluid for a long time. Still

more remarkable is the fact that blood not only is not

coagulated when poured into the excised heart of a turtle,

but solidified blood becomes fluid again under these con-

ditions and remains so, as long as the heart lives, which

it does for some hours or days after excision. The living

surfaces of blood-vessels are therefore the agencies which

preserve the fluidity of the blood ; but as yet we do not

even know the rationale of the process of coagulation.

It is certainly known that when blood is allowed to

stand it becomes solid, and the solid matter thus coao-u-

lated encloses in its meshes the blood-corpuscles. The

same solid substance is obtained by whipping the newly-

drawn blood, and may be obtained white by washing

with water to free it from blood-corpuscles. This sub-

stance is called fibrin, and fibrin appears to be a more

complex substance than seralbumin, since, on the one

hand, it seems to be elaborated from albumin, and on

the other hand, to yield that substance under certain slight

decomposing influences. But what is not yet decided is

this : has the fibrin existed previously in the blood in a

state of solution, or is it a synthetical product under

changed conditions? The most acceptable explanation

of the coagulation of the blood originated with Alex.

Schmidt. He supposes that blood contains two sub-

stances, viz., fibrino-plastic substance or paraglobulin,

contained in the serum and corpuscles, and fibrinogen

also contained in the serum and other fluids of the body

;

he further supposes that these two substances have the

power of combining to form fibrin. Now it is quite

true that in a sense such substances may be isolated and

behave as indicated when they are brought together,

L
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The globulin or paraglobulin of blood-corpuscles, when

added to serous infusions (such as hydrocele fluid or fluid

of pericardial, pleural, or peritoneal exudation) developes

fibrin. It does so chiefly in a w^eakly alkaline solu-

tion ; strong acids and alkalies completely suspend its

action, but it does not lose its power by drying or

keeping in alcohol. The substance contained in the

serous infusions, and upon which the paraglobulin acts,

may also be isolated ; but what is yet wanted before this

hypothesis of the cause of coagulation of blood can be

accepted, is the establishment of accurate formulas for the

tw^o substances supposed to be concerned, and the further

})roof of their combination in molecular pioportions. It

is possible that the paraglobuhn acts as a ferment by

contact action, but whatever be the explanation, another

explanation must be provided to show why coagidation

does not occur in the living blood-vessels.

In another paper,^ A. Schmidt claims to demonstrate

that the colourless corpuscles of the blood constitute the

true soui'ce of fibrin ferment, or rather that tliey become

so as soon as the blood has left the body ; at the same

time he states that coagulation is attended with the de-

struction of white corpuscles. In a yet later paper ^ it

is stated that the ferment is present in all cells which

contain protoplasm ; these include lymph, chyle, and pus

cells, and perhaps connective tissue generally. The same

author has also given further information regarding the

coagulation of fibrin in yet another paper,^ But in op-

position to these views, Olof Hammersten ^ contends that

1 PaUgers Archil', f. PJnjs. xi. 515-577. ^ Compt. Bend. Ixxxiv. 78-80.

3 Compt. Mend. Ixxxiv. 112-115.

* Pfluger's Archiv.f. rhys. xiv. 211-273.
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paraglobulin does not unite with fibrinogen to form

fibrin, nor become in any way converted into fibrin.

He gives experiments in support of his views, but it is

quite unnecessary to consider them at all in detail, for the

reason why we have so briefly condensed other papers

bearing upon the subject of coagulation, viz., that the

authors have dealt with substances which cannot be

defined by analytical figures, and that chemico-mathe-

matical considerations are not included in their researches

;

so that it is never known what it is precisely they have

experimented upon, nor is it possible to place a fair inter-

pretation upon their views, except in the most general

manner. We must now give some attention to a more

.recent view of the causes of the coagulation of blood.

E. Mathieu and V. Urbain have stated ^ (in 1873), that

when egg albumin is deprived of the carbonic anhj^dride

it contains, by means of the exhaust (mercury) pump, it

also loses certain volatile salts, viz., ammonium carbonate,

and traces of sulphate and sulphide, and that in this con-

dition it is not coagulable even at 100° ; the deprivation

of albumin of its salts they state to convert it into globu-

lin. These statements, in themselves utterly inacceptable

to chemists, were reiterated^ in a subsequent paper,

and while it was again stated that the cause of the

coagulation of blood is the presence of carbonic acid, it

was said that this latter may be removed by exosmose,

and that its effects may be neutralised by neutralisation

with an alkali.

In opposition to these views, A. Gautier^ made a

1 Compt. Rend. Ixxvii. 706-709.
"^ Jom-n. Pharm. Chim. (4) xx. 337-345.

3 Compt. Rend. Ixxx. 1360-1363.

L 2
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number of experiments confirmative of tlie view that the

deatli of the blood is essential for coagulation, and dis-

proving the hypothesis of Mathieu and Urbain. It may

here be stated also that on the publication of these

papers, Dr. Thudiclium, in conjunction with the author

of this work, made a number of experiments, and

repeated those of Mathieu and Urbain, and it appeared

from these that the new view of tlie causes regulating

the coagulation of blood was utterly without founda-

tion. M. F. Glenard also described^ experiments to the

same effect. To this latter chemist, Mathieu and Urbain

replied,^ describing a few experiments in which it was

demonstrated that exposure to carbonic anhydride deter-

mined the coagulation of the blood, even when kept in

contact with the segment of a blood-vessel. The best

answer, however, to these experiments, is the fact that

blood does not coagidate in life under conditions where

carbonic acid is certainly present in the blood-system.

To sum up these observations, it may be admitted that so

far, no perfectly acceptable explanation has been given of

the cause of the coagulation of blood.

The Albuminous Principles contained in Blood.—The

serum of the blood contains, as already stated, a modifi-

cation of albumin termed seralbumin ; this is present to

the extent of 7 to 9 per cent, in the serum, which also

contains a small amount of paraglobulin. It also con-

tains sodium-albumin and a little potassium-albumin.

The paraglobulin, or fibiiuo-plastic substance, may be

precipitated from serum, after dilution with ten volumes

of water by means of carbonic anhydride ; while the

1 Compt. Rend. Ixxxi. 102-103. ^ jj^i^ 535-536.
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alkaline albuminates are precipitated on addition of a

little acetic acid.

Seralbumin is completely precipitated by boiling in

the presence of a little acetic acid also, but if no acetic

acid be present, sodium-albumin remains dissolved.

The fibrinoo;enous matter of the serum is deposited in

an adhesive form, after removal of the paraglobuhn, by

dilution and exact neutralisation with acetic acid.

Fibrin produced by spontaneous coagulation or

whipping of blood is supposed to result from the action

of paraglobulin upon fibrinogenous matter. Fibrin is

characterised by certain definite properties which are

easily demonstrated.

Thus if it be kept moist and in a warm place, it

gradually liquefies (Liebig) and decomposes after the

manner of putrefaction, evolving butyrate and valerate of

ammonium ; but the most remarkable fact is, that albumiu

appears to be produced, and may be identified by its

coagulable and other properties. Ammonic sulphide is

also formed.

Its ultimate products of decomposition are similar to

those of albumin.

Fibrin dissolves in dilute caustic potash at 60° C,

and in the filtrate, acetic and phosphoric acids produce

precipitates soluble in excess of the acid.

If boiled with caustic potash, fibrin evolves ammonia,

and potassic sulphide is formed in the solution.

Concentrated hydrochloric acid, aided by warming,

dissolves fibrin to a violet-coloured solution : nitric acid

turns it yellow and dissolves it.

Tannic acid precipitates it from its solutions, and per-

oxide of hydrogen is decomposed by it ; this latter pro-

perty is particularly distinctive.
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The Blood in Disease.—The blood presents an ex-

pression of the whole state of the body ; combining in one

the elements of nutrition and excrementation (to some

extent), and presenting the powers which enable the

greatest process of life, viz., respiration, to be carried on.

It is the feed-stream and the sewage- system at once of

the human economy, and hence its composition is affected

by every change in health or disease.

Thus in fevers, cholera, diarrhoea, and the like diseases,

the amount of water in the blood is diminished, from the

fact that a greater wearing down of the solid tissues is

experienced ; in gout, uric acid occurs as urates of sodium

and calcium ; in diabetes, tlie amount of sugar present is

abnormally high ; in jaundice, biliary colouring matters

are found present ; while formic acid occurs in leukocy-

thaemia.

In certain diseases, Thudichum has found free fatty

acid in the blood, emulged by the sodium phosphate

which it contains.

Thudichum has also shown, in a research upon cholera

(published in the ' Eeports of tlie Medical Officer of the

Privy Council '), that in this disease, the serum of the

blood exhausts water and other matters from the blood-

corpuscles, which latter henceforth cease to be carriers of

oxygen.

In yellow fever some of the colouring-matter of the

blood decomposes and colours the skin yellow ; while in

paroxysmal cruenturesis it appears in the urine as a red

matter. In cases of poisoning by arseniuretted hydrogen,

serpents' bites, or sulphuretted hydrogen, prussic acid,

ammonia, &c., the colouring matter of the blood is also

seriously affected, but in what precise manner is unknown.
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CHAPTER X.

NUTRITION OR ALIMENTATION.

The processes of life are sustained and kept in order by

means of the food which we take into our mouths, and

which is prepared for assimilation by the various pro-

cesses of digestion already studied. The chyle is the

fluid by means of which the blood is kept constantly

supplied with new matter, to be afterwards absorbed by

the body in place of those parts broken down by every

act of life. In this way a man of average size and activity

must take into his body 8,U00 grains of chemically dry

solid matter, if he is not to gain or lose in body weight.

The blood also absorbs through the lungs about 10,000

grains of oxygen, making a total daily gain of 18,000

grains, or nearly 2^ lbs. avoirdupois of solid and gaseous

matter.^ The alimentary canal excretes not more than

800 grains of dry solid matter in the same period, and it

therefore follows that 7,200 grains of solid matter must

pass out of the body in other forms as well as the 10,000

grains of oxygen. These 17,200 grains of matter pass

out of the body through the breath, the sweat, and

urine. Of course the matters which leave the body are

not identical in nature with those substances absorbed in

the body, but they constitute the effete changed sub-

^ Huxley's Elements of Physiology, p. 138, 1st edit.
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stances resulting from tlie metamorphosis of animal tissue.

Food therefore is substance which, when introduced into

the body, and modified by the processes of digestion,

serves for the renewal of body structure, or for main-

taining vital action. Some foods, being nearly identical

in nature with some of the substances entering into the

constitution of the tissues, require but little change before

being capable of assimilation. Other foods are not as-

similated in the sense that their substance is taken up by,

and becomes part of the tissues, but serve other functions

equally important. Xo one food serves to supply all the

materials required by the body, but they differ in value

according to the degree in which they supply one or

more requirements.

The mass of the body consists of various forms of

albuminous principles ; these are built up in the body by

a re-arrangement of allied principles taken in the food.

The fat which we eat is not supposed to give rise to the

whole amount of f\it in the living tissue, but is what

is termed a respiratory food, being oxidized in the blood

—an act which is attended with the generation of force,

ordinarily viewed as heat, but not necessarily so. The

fat present in the body tissues is supposed to be derived

in some w^ay from saccharine food, and in part from nlbu-

niinous substances. In experiments made by Gundelach

and others, it was found that bees fed exclusively upon

sugar secreted wax in abundance ; about 20 lbs. of sugar

being consumed while 1 lb. of wax w^as being produced.

The principles of the brain and nervous system ap-

pear to be built up, at least for the most part, by syn-

thetical processes occurring in the body, but otherwise

unknown at present. The various secretions of the tody
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are produced by acts of decomposition which will receive

special consideration hereafter. Everywhere in the animal

economy mineral matters are found either in the free

state or associated in combination with organic principles.

The bones and teeth in particular contain a large propor-

tion of earthy matters, and hence it is necessary that our

food should include matters from which a proper supply

of these substances is obtainable.

The nitrogenous parts of the body are in the main

derived directly or indirectly from the vegetable kingdom

(as elsewhere pointed out), and in a large measure there-

fore the vegetable is constructive, while the animal is

both constructive and destructive.

While life maybe maintained for a greater or less length

of time by a restricted number of kinds of food, perfect

health and unimpaired functions are best secured and

maintained upon a mixed diet comprising all the matters

—

nitrogenous, saccharine, amyloid, and saline—which are

available for sustenance. The idea of f:)od is too often

identified with solid matters of which we partake, but in

truth, air and water are as necessary foods as any others.

Moreover, there are many kinds of food which, while

they are not absolutely necessary, are not therefore harm-

ful when partaken of in proper amount ; these may be

considered as luxuries, but they are nevertheless foods.

Among this class of bodies we have alcohol, which must

be placed side by side with fat as a respiratory food, or a

substance which admits of oxidation in the lungs.

Every act of life, be it one of thought, will, conscious-

ness, or work, is attended by the consumption of matter

in the body. That is to say, all work done signifies some-

thing destroyed or changed. It is difficult to decide in
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many cases wliether tliese changes—geuerally of oxida-

tion take place in the tissues themselves or in the

blood ; but be it one or the other, the same necessity exists

for food, which must take the place of matter used

up in previous acts of life. This is as essential to life as

is the supply of oil to a lamp which is required to give

light.

Starch and sugar are substances which require a deal

of oxviien to burn them into carbonic anhydride and

water.
C«H,o05 + 0,, = 6C0., + 5II..0

C,,H,,Oi, + 0,, = 12C6,, + 11H,0

It will be seen from these equations that starch

and sugar contain in themselves sufficient oxygen to

burn their hydrogen into water, but that required by the

carbon is supplied in the lungs from the air inspired.

Fats, however, require far more oxygen than starch and

sugar, because they do not contain even enough oxygen

for the combustion of the hydrogen present in them. So

also with the fatty acids into which and glycerine, fats

are resolved (at least in part) in the processes of digestion.

This may be instanced with stearic acid derived from the

tristearine of mutton fat.

C^gllaeO, + 0,, = 18C0,, + 18H,0

From the fact that oxidation in the lungs is a process

of combustion, and the source of muscular power, the

foods which undergo this process are termed heat pro-

ducers ; but we shall see presently that it is by no means

clear that blood oxidation is attended directly with the

evolution of animal heat.

In his work on ' Practical Hygiene,' Parkes quotes

the figures of Moleschott in illustration of the amount of
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food required by an adult man of average weight—140 lbs.

—who occupies himself in moderate work. These are as

follows :

—

Dry Food.
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carboliydrates are easily calculated by a simple rule-of-

three sum. Thus, supposing the allowance is 12 oz. of

meat, one-fifth must be deducted for bone ; the water in

remaining 9'6 oz. will be ascertained as follows :

75x9-6 ^^ ^

and so on for the other constituents.'

Food, then, serves two main purposes : (a) to keep

up the supply of force which may be registered, and is

generally spoken of, as animal heat ; and {h) to restore

matter lost to the body by acts of life.

The following table ^ shows the amount of heat

generated from ten grains of certain different foods during

their complete combustion within the body. The figures

themselves were worked out by Frankland, to ^vhose

experiments we sliall further allude hereafter :

—

Food. In combustion raises WTiich is eqiial to

lbs. of water 1° Fahrenheit, lifting lbs. 1 foot high.

10 grains
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work ' On Foods,' shows the relative amount of air

inspired during varying degrees of exertion :

—

The lying posture





ADVANTAGES OF A MIXED DIET. 159

purely proteid diet must eat a prodigious quantity of it.

This not only involves a great amount of physiological

labour in comminuting the food, and a great expenditure

of power and time in dissolving and absorbing it, but

throws a great amount of wholly profitless laboiu- upon

those excretory organs which have to get rid of the

nitrogenous matter, three-fourths of which, as we have

seen, is superfluous.'

Hence, to avoid such an evil, experience teaches us to

mix fats or amyloids with albuminous foods, and these,

supplemented by the salts found in the body and furnished

by vegetable and other matters, make up the total neces-

sary foods for sustaining life.

It is impossible here to discuss the relative value of

foods, or the politico-economical aspects of the question,

or the various influences exerted by age, time, climate,

and other conditions upon the quantity or quality of foods

required. These questions have been ably treated in

separate treatises by Letheby, Smith, Hassall, and others,

to which, excellent as they are, we must refer our readers.

We, however, quote on the next page a table from

Letheby's work ^ ' On Food,' showing the nutritive values

of food. It should be stated that in the construction

of this table Letheby has calculated the carbonaceous

matters as starch, for the reason that the fattenincf and

respiratory values of starch, gum, fat, &c., are very dif-

ferent, as already explained. The power of fat is about

2*5 times that of sugar.

To enter at all into the life history of tissues,—to

attempt to depict the actual manner in which the hving

1 On Food, by Dr. H. Letheby, p. 5. BaiUiere, Tindall & Cox, 1872.
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organs and tissues assimilate from the food, the matter

they require to keep them perfect and in good working

order, would be to enter the domain of pure physi-

ology. To a large extent, work of this kind is not within

the powers of observation ; but we may refer our readers

to such works as that of Lionel Beale upon ' Bioplasm '
^

for a description of what is known upon the subject.

Bioplasm is a living, moving, and growing matter which

exists in every part of the body, and it has the power of

taking up lifeless material, which it changes in such a

way that its elements are assimilated and become living

matter. After a time the living matter undergoes further

change. It, or a part of it, is resolved into non-living

substances, which may be gaseous, liquid, or sohd. Bio-

plasm in fact, occurring in every tissue, in every part

of the living body, is germinal matter possessed of a

power of selection of elements from the pabulum supplied

to it, by which it converts dead or lifeless matter into

living matter. But all bioplasm must die, and by the

death—or in other words, by the specific changes which

result at certain stages—tissue results, and hair, skin,

bone, nerve, and muscle are produced.

Whether the oxygen taken in respiration is the cause

of decomposition of the tissues or not is difficult to decide.

Carl Yoit ^ insists that it is a consequence of the tissue

decomposition ; the tissues sphtting up independently of

oxygen, and forming products which combine with the

oxygen which is inspired. Voit further divides the albumin

of the body into circulating albumin (that contained in

1 Bioplasm, 8,-c. By Lionel S. Beale, M.B., F.R.S. J. & A. Churchill.

1872.

2 Zeitschrift fiir Bidogie, viii. 297-388.
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lymph) and organ albumin. He supposes tliat the first of

these readily undergoes decomposition, whereas organ al-

bumin is not subjected to the conditions of decomposition

until it has become converted into circulating albumin.

E. Hoppe-Seyler-^ contests these opinions of Voit, and

maintains that the consumption of albuminous matters iri

the organism takes place in the living cells of the tissues

and not in the lymph in which they are bathed as held

by Voit, or in the blood as was maintained by Lehmami,

Frerichs, Bidder, and Schmidt. Such consumption, he

contends, may be efiected by oxidation or through the

agency of ferments. When oxidation is the cause, Hoppe-

Seyler believes it to be due to the direct action of ozone

produced in the tissues from oxygen. This latter doc-

trine is eminently improbable, and, indeed, there is . so

much speculation in all these matters, as scarcely to

repay the student for following them. Those who may

desire to learn further of such matters may consult the

publications referred to, as also one by E. Pfluger on

' Physiological Combustion in Living Organisms,' ^ and

the writings of E. Becquerel^ upon the operation of

electrocapillary forces in the phenomena of nutrition.

After all it may be fairly said without prejudice that,

regardiDg these deep questions concerning vitahty and

its sustenance, our knowledge is neither sufiiciently com-

prehensive or precise to admit of final statements.

The organs through which the excretory matters of

the body are eliminated, do not form the various sub

stances thus got rid of. But it is otherwise with glands

which furnish substances destined to play a further role in

1 Pfliiger's ArcMv. Tii. 399-428. 2 jj^-^ ^ 261-368.
» Compt. Rend. Ixxx. 411-417.

M 2
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the economy. These seem to effect a special trans-

formatiou of specific matters presented hi the blood or

elsewhere, sugar of milk, for example, being produced in

the mammary gland in this way, but the true mechanism

of such processes is entirely without explanation. Gene-

rally, these processes are referred to the action of fer-

ments, but no satisfoctory explanation has been afforded

of the fact that fi'om a similar matter totally different

substances should be produced by different causes or

agents.
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CHAPTEE XI.

RESPIEATION—BREATH—MUSCLE OXIDATro:S

.

We have seen that the blood conveys to the body the

food which has been previously prepared by the various

digestive and alterative processes antecedent to the time

when it enters the blood. The composition of the blood

may therefore vary to some extent according to the

nature of the food eaten and other causes. By the action

of the heart the blood is pumped through the lungs (into

the pulmonary arteries) at the rate of 22 to 27 Ibs.^ in one

minute, and here it undergoes a process of oxidation

which we must now consider more in detail. We have

already described the colouring matter of the blood, but

it is now necessary to review a few of its spectroscopic

characters. A sufficiently diluted solution of haemato-

crystalline, when examined spectroscopically, exhibits two

bands of absorption : the blood of all vertebrates when

viewed within the living blood-vessels shows also the

same bands, therefore there can be no doubt tliat the

colouring matter is not radically changed by the process

of extraction. ISTow Stokes many years ago demon-

strated that these two bands were characteristic of arte-

rial blood ; venous blood exhibiting but one band ; and

that these properties are in direct connection with the

^ Other determinations do not agree witli this figure, 10 lbs. "being the

anaount estimated.
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colouring principle of tlie blood there is no doubt,

because a solution of hasmato-crystalline can be deprived

of its oxygen, and it then gives the single absorption

band of venous blood ; by shaking it again with oxygen

the second band is restored.

Now all researches, even including those most

recently published, show that the oxygen ^vhich is ab-

sorbed into the blood during respiration, is not held merely

in solution in a dissolved state, but at least a part of it

exists in combination with this haimato-crystalline. For

instance, Bert,^ w^ho has devoted much time to the deter-

mination of the quantity of oxygen wdiich can be absorbed

by the blood under various atmospheric pressures, and

also Fernet, who has conducted similar investigations, both

conclude that a part of the oxygen in the blood is inde-

l)endent of barometric pressure, and consequently it exists

in a state of combination with the colouring matter. This

combined oxygen is unaffected in amount by barometric

pressure ; it is only the lesser quantity of dissolved oxygen

which can be so influenced. From all this, it appears

certain that the corpuscles of the blood are the carriers

of oxygen, which, entering into combination with the

hasmato-crystalline, is carried by the blood-circulation to

the most distant and hidden parts of the body, where at all

points it is given up to the body ; the tissues in their turn

give up carbonic acid, water, urea, and other excremen-

titious products of the blood. The carbonic acid is

absorbed by the blood, and is contained therein partly

in the state in wdiich it exists as in soda water, but

partly also in combination with alkaline bases, particu-

larly sodium. In the lungs, oxygen is absorbed on the

1 Compf. Rend. Ixxx. 733-736.
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one hand, and carbonic acid is given out and respired ; it

is easy enough to understand how the free carbonic acid

is liberated, but not so simple to explain the liberation

of that part previously in combination with alkaline bases.

Thudichum supposes that when the venous blood reaches

the small breathing cells, the hgemato-crystalline is partly

oxidised into what he calls hematic acid, and this passing

into the serum at the same moment, decomposes the car-

bonates in the blood, setting free carbonic acid which

with the watery vapour escapes through the lung tissue

into the respiratory passages. It is true that Liebig dis-

puted the presence of carbonates in the blood, but it has

been since shown that the method of analysis upon which

he based his opinion was such as to prevent their dis-

covery. Confirmative of the process of blood oxidation

which has been described, is the prediction of John Stuart

Mill, made in 1856,^ and which resulted from a logical

consideration of Graham's researches upon diffusion. This

work of Graham brought out the fact ' that gases have a

strong tendency to permeate animal membranes, and dif-

fuse themselves through the spaces which such mem-

branes enclose, notwithstanding the presence of other

gases in those spaces.' Mill then says : ' The exchange of

oxygen and carbonic acid in the lungs is not prevented,

but rather promoted by the intervention of the mem-

branes of the lungs and the coats of the blood-vessels

between the blood and the air. It is necessary, however,

that there should be a substance in the blood with which

the oxygen of the air may immediately combine ; other-

wise, instead of passing into the blood it would permeate

the whole organism ; and it is necessary that the carbonic

» Sijstem of Logic, Aih. Edit., 1856, vol. i. p. 523.



168 NUTRITIOX ; OR ' WORK AND WASTE.'

acid, as it is formed in the capillaries, should also find a

substance in the blood witli which it can combine, other-

wipe it would leave the body at all points, instead of being

discharged through the lungs.'

Thus it is seen that the necessities of reasoning are

entirely satisfied and fulfilled by the theory of the process

of blood oxidation held to-daj^ ; but chemists have not

yet succeeded in isolating the body which they know

exists, viz., the particular combination of the colouring

matter present in blood corpuscles with oxygen, or

hematic acid as Thudichum terms it.

P. Schiitzenberger, in his work on Fermentation,' has

described a beautiful experiment illustrative of the oxi-

dising power of blood. He causes red arterial blood to

circulate through a sufficiently long system of hollow

tubes constructed of goldbeater's skin and immersed in

a mixture of yeast diffiised in fresh serum without glo-

bules, at a temperature of 35° C. (95° F.). Under these

conditions the blood gives up its oxygen to the yeast

through the walls of the tubes, and then passes out black

and venous at the other extremity.

Schiitzenberger, in conjunction with Ch. Eisler,^ has

determined the amount of oxygen contained in blood by

adding to a given quantity an excess of standardised

sodium sulphite, and estimation of the excess in an at-

mosphere of hydrogen. The quantity of oxygen may

be thus determined within 2 per cent. The authors

show that the oxygen of the blood does not act on the

sulphite like free oxygen, but like oxygen combined with

ammoniacal cupric oxide. Fresh ox blood, saturated

J Eng^lish Edition, 1876 (King & Co.).

2 Compt. Bend. Ixxvi. 440-442.
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with oxygen, shows in respect of the sulphite an oxidis-

ing power equal to 45 per cent, of oxygen, whereas where

it is deoxidised by the air-pump, or by carbonic oxide,

this becomes reduced to 25 or 26 per cent. The oxygen

removable therefore from blood by the air-pump is about

19 per cent.^

We have already considered the process by which

blood becomes oxidised in the lungs ; the study of the

mechanism belongs to the science of pure physiology. It

is sufficient therefore to state the main points.

The pulmonary capillaries are wide and thin-walled,

and are arranged so that they form a complete network

with but small meshes. The blood in the capillaries is

separated from the air only by their own walls and the

delicate thin lung membrane. These conditions favour

the processes of diffusion which, so far as they have a

bearing upon respiration, may be thus stated. Gas

which is held mechanically by any solution has a

tendency to diffuse into any atmosphere to which it may

be exposed until it is present in that atmosphere in a

proportion corresponding to that remaining in solution.

Hence this law appHes to the carbonic acid dissolved in

venous blood. Again, gases separated from each other

by a porous partition diffuse into each other with a

rapidity inversely proportional to the square roots of their

densities. This law applies to the carbonic acid set free

in the capillaries by the action of so-called hematic acid

upon the sodic carbonate of the blood ; it also applies to

the oxygen in the air on the other side of the lung mem-

^ Serum dissolves about as much oxygen as -water at 100° F., viz. — of

its "bulk, therefore each pound of blood would dissolve about 12 cc. of oxygen

;

and it has been calculated that three times this quantity really enters the

blood.
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brane. By the application of these principles we obtain

at least a general sort of appreciation of the modus

operandi in the lung tissue.

The expired air is saturated with aqueous vapour, and

registers a temperature about that of the blood, varying

between 35° and 36° C. Ten thousand parts of ordinary air

contain 2,100 parts of oxygen, 7,900 of nitrogen, and 3 of

carbonic anhydride ; 1 0,000 parts of expired air contain

from 1,500 to 1,600 parts of oxygen, 7,900 of nitrogen,

and 470 of carbonic acid.^ That is to say, the nitrogen

is not affected, but on the other hand the air loses 5 per

cent, oxygen, and gains an almost equal amount of car-

bonic anhydride. Vierdot gives 4*7 per cent, of oxygen

as removed from the air and 4-3 per cent, of carbonic

acid returned to it.

According to Eegnault and Eeiset,- warm-blooded ani-

mals both take in and respire a trace of nitrogen, but it

undergoes no chemical change, and is partly exhaled by

the skin. Pettenkofer has also found traces of hydrogen,

marsh gas, and ammonia to be present in expired air

;

these probably arise from the digestive processes, and may

at times amount to more than traces. We cannot here

refer at all in detail to the many various researches on

respiration which have been carried out of late years, as

all of them have a more direct meaning to physiologists

than to chemists. Beyond Regnault and Reiset's observa-

tions already referred to, Scharling^ has experimented

upon respiration ; also Andral and Gavarret,* Pettenkofer

* Huxley, Eleinents of Physiology, p. 85.

^ Ann. de Chimie, III. xxvi. 511.

' Liebiy's Annul, xlv. 214, and Ivii. 1.

* Ann. de anmie, III. viii. 129.
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and Yoit/ Dr. Edward Smith,^ E. Pfliiger,^ and Moritz

JSTussbaum * and others.

The sort of apparatus employed in the study of the

respiratory process consists of an air-tight chest large

enough to hold the animal operated upon, and capable of

being fed with air by means of a pump. Attached to the

apparatus are series of vessels, some containing sulphuric

acid intended to absorb the water contained in expired air,

and others holding caustic potash to absorb the carbonic

anhydride exhaled. Dr. Smith, however, used a different

apparatus. In this case the air for inspiration was con-

ducted by a caoutchouc tube from a small spirometer by

which it was measm-ed, to a mask closely covering the

nose and chin. The expired air was passed through

another tube (by means of a proper disposal of valves)

,

into the analytical apparatus. The quantity of air passed

through the lungs in twenty-four hours is very variable,

and depends upon individual habits and bodily condi-

tions. It has been variously estimated. Dr. E. Smith

gives from 804,780 cubic inches to 1,568,390 cubic

inches. Huxley states ^ that, taking no exercise, it is esti-

mated at 350 to 400 cubic feet, a figure widely different

to Dr. Smith's.

The water given off in twenty-four hours is estimated

by Smith at an average of 311 grms., and the carbon

as carbonic anhydride, as from 7*144 oz. to 11*7 oz.

Dumas has estimated the carbon passing off through

the lungs and skin in twenty-four hours at 8J oz., and

^ Liehig's Annal. Suppl. Bd. ii. 1.

2 Phil. Trans. 1859, 681.

' Pfliiger's .4?'eAw. y. Physiologie, x. 251-368.
* Pfliiger's Archiv. vii. p. 296.

* Elements of Physiology, p. 86.
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Scharling, as well as Andral and Gavai'ret, have given

similar determinations. Liebig gave a much higher

figure, but he only arrived at it from calculations not

based upon experiment. Dr. Smith has also ascertained

that the oxidation of carbon, so to speak, is most active

between the ages of 35 and 40, and less in youth and

old age : females exhale somewhat less carbonic anhy-

dride than males, and this is decreased during menstrua-

tion ; during pregnancy there is an increase. In cer-

tain skin diseases the quantity is increased ; it is also in-

creased by cold, but diminished by heat. Muscular exer-

tion appears to be tlie great incitive to active respiration,

by which means the amount of carbonic anhydride ex-

pired is doubled or even trebled in amount. Asphyxia

results whenever the carbonic acid in tidal air reaches 10

per cent. ; uneasiness and headache, however, are caused

when less than 1 per cent, of the atmospheric oxygen

is replaced by other matters. The poisoning, as it is

called, of carbonic acid results rather from an interference

with the proper function carried out by oxygen in the

blood than from any direct action possessed by itself.

Every man should have at least 800 cubic feet of air

space to himself, and this should be in direct communica-

tion with the atmosphere, so that it may be constantly

supplied with fresh air as the initial quantity becomes

vitiated.

Calculating on the basis that 8*5 oz. of carbon are

expired as carbonic acid in every twenty-four hours, and

further assuming that 10 lbs. of blood pass through the

lungs every minute, then every pound of blood must

emit two cubic inches of carbonic anhydride. Again, if

15 per cent, of the oxygen absorbed be allowed for that
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quantity fixed by hydrogen, then 2 6
'7 oz., or more than

1^- lbs. of oxygen, are consumed daily by every adult.

Barral has published some elaborate researches ^ upon

the average assimilation and consumption of food com-

pared with the excreta of the body, but we cannot do

more here than quote a table which he has constructed

upon his results, notwithstanding that these latter are not

free from objection.

Quantities nsr Oz. AvorRDtrpois of Food aito Exceeta rsr TwEKTT-FotrR Hotjes.

Period of Year
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Already it has been found tluit during sleep a quan-

tity of oxygen is stored \i\) in the body, particularly in the

muscles, and this is ready for the production of force

when required. The means whereby oxygen is thus

stored up are not known exactly, but the myochrome or

colouring matter of the red muscles appears to be identical

with tlie hgemato-crystalline of the blood, and hence it is

probable that it is with this principle that the oxygen

stored up in the muscles is in combination.

Paul Bert has studied the poisonous natiure of oxygen

or compressed air upon animals, and in a recent paper ^ he

confirms and extends these observations. In dogs, con-

vulsions begin when the external pressure of oxygen is

about 3.'> atmospheres, or 17 atmospheres of air, and

death occurs at 5 atmospheres of oxygen. He examined

the blood and found that oxygen acts as a rapid poison

when arterial blood contains 35 per cent., or nearly

double the normal amount. These convulsions and death

are due to an exaggeration of the excito-motor power of

the spinal cord, and are accompanied by a considerable

and constant diminution in the internal temperature of the

animal : that is to say, oxidation is hindered.

Far more unreasonable, how^ever, is the conclusion of

A. Fiaukel' to the effect that a diminished supply of

oxygen is invariably followed by an increase of urea in

the urine of animals, and therefore an increase of albumin

degradation ; he supports his conclusion by the gratuitous

assumption that albumin degradation and urea formation

bear no absolute relation to the amount of oxidation going

> Compt. Rend. Ixxvi. 443-446.

* Chem. Cenfr. 1875, 708-709.
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on in the organism, oxygen being further assumed by

him to act only upon dead and not living nitrogenous

matters ! As the act of life is intimate with the act of

oxidation, and considering that urea is derived from the

oxidation of albumin, it is not easy to fall in with such

a conclusion, more especially if we keep in mind Frank-

land's experiments on muscular force.

E. Pfliiger has also written much upon the theory of

respiration ; here it is proposed to refer briefly to two of

his more recent ones.

One of these is entitled ' On Physiological Combustion

in Living Organisms,' and has been already referred to •}

it is for the most part of a theoretical nature, and in

support of doctrines previously expressed in other earlier

papers. Thus the author insists that the living cell

regulates the amount of oxygen consumed, and that

animal combustion of the cell presupposes not only no

active, and only neutral oxygen, but is within wide limits

entirely independent of the partial pressure of the neutral

oxygen. That is to say, Eegnault and Eeiset's law that

animals absorb the same quantity of oxygen, and ehmi-

nate an almost equal amount of carbonic acid, holds good

without regard to the pressure of the oxygen that is in-

haled. It is not worth while to follow the author through

the reasons that he arrays against the supposed and stated

presence of ozone in the blood ; it is enough to state

that its presence has never been established, although

Dr. Binz,^ and others have laboured hard to make the

contrary doctrine acceptable.

^ Pfliiger's Archiv. fib- Physiologie, x. 251-368.
2 Chem. Centr. 1873, 73-75.
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In a later paper by E. Pfliiger,^ experiments are de-

scribed to show that although pure oxygen be respired, the

intensity of internal combustion is tlie same as when air

is respired, and Dittmar Tinkler and E. Oertmann^ have

confirmed the view that the respiratory mechanism has no

influence on the amount of total tissue-metamorphosis.

1 Pflu<?er's Archiv. xiv. 1-38. 2 Ibid. xiv. 38-72.
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CHAPTEE Xn.

ANIMAL HEAT VITAL FOECE MUSCULAR ACTION.

Notwithstanding that the breath leaves the body at the

temperature of the blood, and that the body itself radiates

heat just as other natural objects do, yet animal heat is

almost a constant, and is maintained at from 36*6° to

37-7° C. (98° to 100° F.) almost uniformly, while health

lasts. This constant temperature is primarily maintained

by virtue of the conditions which obtain in the body, and

which are essential to life, viz. the generation and distri-

bution of heat within the body. At all points of the

body the tissue is undergoing oxidation—metamorphosis

—

change ; it is absorbing oxygen carried by the blood, and

breaking up into simpler products ; every such act of

oxidation is necessarily attended with the evolution of

heat. In most chemical reactions there is either an absorp-

tion or evolution of heat, and the oxidation of albu-

minous matters is always accompanied by heat. The

supply of oxidisable matter is kept up by the regenera-

tion of the tissues and organs from the nutriment sub-

mitted at the same time in the blood. Even apart from

tissue change, heat may be produced, for example, by

acts of oxidation occurring in the blood itself, such as

the burning up of fat or alcohol, or carbohydrates, into

carbonic anhydride and water.

In order to diminish the quantity of heat which would

N
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luive otherwise to be generated in the body itself, animals

are provided with natural coverings to their bodies, com-

posed of feathers, w^ool, or liair, and these prevent the

loss of heat by radiation which would otherwise occur.

Man, on the other hand, provides himself with clothes to

effect the same purpose.

Despretz has shown by experiment that the combus-

tion of one ounce of pure carbon evolves sufficient heat

to raise the temi)erature of 14,200 times its weight of

water through 1°F., or enough to convert into vapour

12*63 times its weight of water at the temperature of the

blood. The combustion therefore of 8 "5 oz. of carbon

in the body daily should suffice to evaporate 107 "7 oz.

of water, or nearly 6"75 lbs., whereas on an average not

more than 2*5 lbs. are evaporated daily from the body,

calculating on that expired with the breath and that given

off by the skin (1-5 lbs.). It is the surplus heat which

must be held accountable for the maintenance of the

body at a constant temperature, and for the supply of

muscular force.

The process of oxidation takes place at every point in

the body where vital activity reigns, and the amount of

heat liberated is simply proportional to the activity of

the chemical changes going on. As this activity is not

always of the same extent at all times in all parts of the

body ; and as some parts of the body are more directly

subject to radiation than others, the temperature of the

body would be unequal in different parts were it not for

the circulation of the blood, which distributes and regu-

lates the heat. It is admitted on all hands that muscular

poAver is derived from that same oxidation which gives

rise to and maintains animal heat ; but it is an open ques-
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tion whether the oxidisable matter must first become

muscle or not, before its oxidation can give rise to mus-

cular force. Liebig maintained that the non-nitrogenous

part of food was simply useful as of a heat-producino-

character ; and this doctrine received the support of

Eanke, Playfair, and others. On the other hand, with

much show of reason, J. E. Mayer maintained that ' a

muscle is only an apparatus by means of which the trans-

formation of force is effected, but it is not the material

by the change of which the mechanical work is pro-

duced.' The blood was regarded by him as a slowly

burning liquid, ' the oil in the flame of life.' This doc-

trine was put forward by Mayer in 1845.

In 1854 Dr. T. Gordon Hake communicated to the

' American Journal of the Medical Sciences ' (October), a

paper on Vital Force, which he reprinted ^ after Frankland

had in 1866 made his well-known experiments on mus-

cular force. In this paper Dr. Hake laid down the prin-

ciple (previously originated by Mayer), ' that the oxida-

tion of carbon and hydrogen in the lesser circulation was

the source of muscular in common with all other vital

force.' He ' insisted particularly on the view that a

cerebro-spinal system does not generate its own force, but

derives it through the chemical changes in tJie luns^s.'

Again, he writes :
' In every system the force destined to

control organic functions undergoes a metamorphosis
;

chemical in the lungs, it becomes electrical in the blood-

cells, nervous in the cerebro-spinal axis and the ganglia

of the sympathetic, endo-muscular in the muscles, and

^ On Vital Force: its Pulmonic Origin, and the General Laus of its

Metamorjjhoses. By Thomas Gordon Hake, M.D., F.C.S. H. Eeusliaw,
London, 1867.

If 2
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calorific when, as nervous or muscular, its vitul act is

completed.' It is not possible in this place to follow Dr.

Hake through all his potent reasoning : here and there is

room and perhaps occasion for a difference of opinions,

but in the main his conclusions are beyond refutation.

By thus giving attention to his pamphlet based upon

experimental data and facts, it is hoped to direct a more

extended attention to his views on such an important

subject. In support of his theory, which we shall follow

soniewhat more closely hereafter, cliolera may be in-

stanced. In this disease the body temperature sinks as

low as G7°F., although the carbon and hydrogen in the

blood is oxidised in the usual manner and the products

evolved. It is a disease similar in its revealed state to

shocks following upon nervous lesions, in which also the

body temperature is depressed. Dr. Hake writes, ' We
have only to weigh the phosphates ejected daily from

the system to adopt the conclusion that the nervous

centres do not yield the physical resources through which

their own currents are supplied ;
' and he rejects as a whole

the doctrine of a temperature derivable from a mechanical

diffusion of heat generated in the lungs.

He believes that the chemical changes as they occur

in the blood system and comprised in the act of oxidation,

do not result in the evolution of heat, but force, which

becomes electric by tlie agency of the blood corpuscles
;

and it is certain that this is perfectly consistent with what

we know of cell life. On this hypothesis, the blood cells

form chains and conductors for the electric current thus

generated, and this is subsequently metamorphosed into

heat at every point of the system. On reaching the cerebro-

spinal centres it becomes vital force—another name for
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electric force—and this becomes eventually heat, namely,

when it is transmitted to enable the consummation of a

vital act, such as sensation, muscular motion, or secretion.

Faraday and Du Bois Eeymond, and hosts of other ex-

perimental enquirers, have insisted on the identity of

electrical and vital force, and the experiments of Du
Bois Eeymond in particular go to prove that nerve force

is only electric force manifested through media not met

with out of living bodies. Of course on Hake's hy-

pothesis, nerve force is derived from the common centre

(the brain), where it is stored in the grey matter of which

brain matter is partly composed, and from which the nerve

tubes spread everywhere. Our author even goes further,

and with consummate skill, reasons that when this cerebro-

vital force is united in action within the same organic

medium with other forces influencing us from without,

viz. hght, sound, heat, &c., new results are attained, and

phenomena of sense and intelhgence are observed. In

an£emia, a disease in which the corpuscles of the blood

are seriously diminished, the brain loses somewhat of its

intense vital force, the power of attention is defective,

forgetfulness obtains, the faculties are slowly exercised,

and why? Because the source of vital force, viz. blood

oxidation, is interfered with.

The nature and sources of the mind must be con-

sidered with Dr. Hake as the grandest problem in science.

It is from sharing this impression, and entertaining the

rational hope that even in this direction, conclusions are

within the attainment of future science, that we have

given so much attention to Dr. Hake's theory. This has

been done the more readily since all recent science tends

to show two things, namely, the unity of force and the
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possible transmutation of its revealed forms. The form

in which force is revealed differs according to the media

by which and the conditions under which it is re-

vealed.

We must now return to the attempt made by Frank-

land to ascertain the origin of muscular force ; and we

may remind our readers that in theory he differs from

Hake only in detail ; in fact, he leaves the nervous system

as an intervening factor in the transformation of animal

force out of consideration.

To ascertain the source of the dynamical power of

the animal, it appeared necessary to determine the fol-

lowing problems •}—
(1) The amount of force which can be generated by

the oxidation of a given weight of muscle in the body
;

(2) The amount of force actually exerted by the

muscles in the body during a given time ; and

(3) The quantity of muscle actually oxidised in the

body during the same time.

The first of these problems has been solved by

Frankland ;
^ but before stating his results it should be

explained that a unit of force is that amount which is

necessary to lift a kilogramme to the height of a metre.

Now Joule has supplied the connection between this unit

and the amount of heat which it represents, and this may

be thus expressed : 423 metre-kilogs. of force are re-

quired to raise 1 kilog. of water 1° C. Frankland found

that the combustion of 1 grm. of dry muscle in oxygen

gave out sufficient heat to raise 21 Gl kilogs. to a height

1 Miller's Elements of Chemistnj, Part 111., .3rd Edition, 18(17.

2 Phil. Mag. 18G6.
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of one metre ; but as muscle never leaves the body in a

completely oxidised state, but mainly as urea, and as

muscle and albumin would furnish almost exactly 33

per cent, of their weight of urea, the quantity of heat

emitted by the oxidation of one grm. of muscle into

urea amounts to 1848 mko^s. instead of the total 2161

mkgs. obtained in perfect combustion.

Fick and Wislicenus ^ have attempted to solve the

second and third problems by raising a known Aveight

(their own bodies) up a given height (in climbing a

mountain) and determining the quantity of nitrogen

excreted by the kidneys during the effort, and compar-

ing it with that thus escaping before and after the

exertion. Although objections have been raised to the

method employed, and although these have consider-

able importance, yet as all possible precautions were

taken, the results obtained by the Swiss professors have

much interest. Without going into the figures they give,

it is shown that the work done, required a consumption of

86"3 grms. muscle, whereas the nitrogen found in the urine

only amounted to 30*63 grms. muscle (using Frankland's

estimate), so that it appears something besides azotised ma-

terial was expended in maintaining the manifested energy.

Curiously enough, less nitrogen was excreted in the urine

during the climbing (5^ hours) than escaped through this

channel during an equal period of repose before the ascent

!

It is true that the Swiss professors placed themselves upon

a diet free from nitrogen for one day before the ascent,

but altogether the results are singularly confirmative of

Mayer's and Hake's hypotheses.

1 Fhil. Mag. 1866.
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Professor Franklaud not only determined the force

values of albumin, but also of fat and farinaceous matters,

in kilogrammetres, and obtained these resiQts :

—

1 gi'ui, of dry albiunin gave 1781 kilogrammetres.

1 „ „ fat beef „ 3841 „
1 ,, ,, starch „ 1G27 „

In relation to this subject it should be remembered

that Frankland's estimate is not without objection, and

this objection will remain so long as we are ignorant of

the precise manner in whicli albumin or muscle splits up

in the living body.
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CHAPTER XIIL

THE URINE AND ITS CHEMISTRY.

The blood which suppUes the kidneys is conveyed by the

renal arteries from the aorta, and altlioiigh it is pure so

far as carbonaceous waste matters ai'e concerned, it is

loaded with the nitrogenous educts of the living body,

notable among the constituents being urea and uric acid.

The function or act of secretion of the kidneys consists m
the removal of these impurities, and this is effected in a

sort of dialytic manner. That is to say, as the impure

blood filters through the kidneys, the crystalhsable and

soluble impurities are abstracted from the blood just as a

solution of albumin may be freed from salts by dialysis

through parchment paper. The secretion is conveyed

by the ureters to the bladder, from which it is ejected

,at will at requisite periods. Although the passing of

urine is intermittent, the secretion is really constant, the

fluid flowing drop by drop from the ureters into the

bladder.

The blood which is thus purified by the kidneys is the

purest in the body, but what is remarkable is the absence

of fibrin in the plasma of the blood of the renal vein, in

which respect it much resembles serum.

General Characters of Urine

:

—Urine is an amber-

yellov,^ coloured fluid, of peculiar odour, and of slightly

acid reaction. It may become more acid outstanding, owing
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to certain fermentative processes which set in, and wliich

result in the production of lactic and otlier acids. Later

on, the urea decomposes and ammonium carbonate is

produced, and in this way the reaction of the urine

becomes, or may become, alkaline.

It should be remarked that urine possesses no in-

herent tendency to cliange when kept after evacuation.

The changes which do occur, OAve at least their initiation

to the germs contained in the air ; these fall into the urine

and set up processes of putrefaction or fermentation in

the way described in a special place (see Chapter XXII.).

Urine is not always acid when passed, but frequently

neutral or even alkaline.

The cloud which forms in urine on standing, consists

of mucus and the epithelium of the urinary passages, but

other deposits and changes are liable to occur, and these

generally indicate diseased processes at work in the body.

More attention will be devoted to this part of the subject

hereafter.

The colour of urine, as likewise many of its other

qualities, differs according to many circumstances, includ-

ing the nature of the food, the state of the body imme-

diately preceding micturition, the general state of the

health, and so on.

As certain articles of food influence the colour

of urine, so certain other substances influence its odour.

Thus coffee, onions, port wine, garlic, asparagus, and

oil of turpentine, each communicates a peculiar odour

;

oil of turpentine in particular, even when breathed in

most minute quantities, gives to tlie urine an odour of

violets.

The general characters of urine are comprised within
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very wide limits, and this is perfectly comprehensible if

we bear in mind that this fluid is really ' the lixivium of

the blood,' as Boerhaave termed it. It is a sort of mirror

which reflects the processes going on in the body ; it

is a register influenced by every changing condition in

life.

In all animals the urine constitutes the outlet for the

nitrogen of effete azotised tissues of the body, though the

compounds in wliich it is excreted vary to a large extent

with the animal, and are, indeed, somewdiat diverse in

individual animals.

According to the proportion of nitrogen contained in

the food, the urea excreted in the urine of man in-

creases, an observation originally due to C. G. Lehmann,

and one which has been since often confirmed. By re-

stricting himself to an animal diet for twelve days, he ex-

creted daily 53"2 grms. of urea, and 1*4 grms. of uric acid,

while upon a purely vegetable diet, extending over an

equal period, he excreted daily 22'5 grms, urea, and

1 grm. uric acid, and by subjecting himself to a far

less nitrogenous diet, the urea excreted sank to 15*4

grms. daily.

It is impossible in the limits of this work to describe

these general characters in any great degree of minute-

ness, and this will not therefore be attempted. We shall

study the chemistry of healthy urine pretty broadly, and

indicate its main features in pathology. Anything beyond

this is as unnecessary as it w^ould be laborious, inasmuch

as several excellent treatises on urine already exist, and

to these we must refer our readers. The most compre-

hensive and accurate treatise of this kind is one, the

second edition of which Thudichum has recently pub-
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lislied,' and which the writer has freely consulted in what

follows.

The quantity and ingredients of the urine vary

greatly according to the time of day, the condition of the

alimentary canal, the nature of the food, and tlie tempera-

ture and hygroscopic condition of the atmosphere. About

one lialf of the water ingested into the body leaves it

through the kidneys, the other half escaping by the lungs,

the skin, and the fajces.

Huxley states that an average healthy man excretes

by the kidneys about 50 oz., or 24,000 grains of water

a day, and in this are dissolved about 500 grains of urea,

but not more than 10 or V2 grains of uric acid.

From a table constructed by Thudichum it is shown

that tlie urine of twenty-four hours amounts to, on tlie

average, from 743 c.c, to nearly 3,000 c.c, but of

course the quantity of fluid may be, under given condi-

tions, very much more or less. Thus taking the mean

quantity at 86 c.c. per hour, it ma}' rise as high as

1,000 c.c. (after taking large quantities of mineral water)

or as low as 37 c.c. (on a very dry diet). During sleep

the secretion of mine is less active, and the mean quan-

tity is 58 c.c. per hour. As regards tlie amount of efiete

matter contained in urine in health, it is in direct propor-

tion to the activity or work of the body. Definite pro-

positions regarding the attitude of certain diseases may be

made upon the registered quantity and properties of the

urine.

The average specific gravity of urine corresponds with

that of blood serum, and is about 1020. It varies, how-

1 Patholofjij of the Urine. By J. L. W. Thudichum, M.D. 2nd Edit.

J. & A. Churchill, 1877.
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ever, between 1018 and 1040, and the solid constituents

range between 42 and 93 parts per thousand. Thudi-

chum writes, ' in disease generally where little solid food

is taken, the amount of solids sinks from the daily 60 to

50 and 40 grammes ' per twenty-four hours. But in life

the solids of urine never fall below a certain standard,

because even where food cannot be taken, the body lives

at its own expense, on its own albumin and fat, as

hybernating animals do, and, as a consequence, emacia-

tion is produced.

Beyond the urea and uric acid contained in urine

there are other animal matters and saline principles,

amounting to from one-third to the same quantity of the

urea present ; among these saline matters occur common
salt, chloride of potassium, phosphates and sulphates of

potassium, sodium, calcium, and magnesium. The urine also

contains a small quantity of the same gases as are found

in blood, namely, chiefly carbonic acid, a little oxygen,

and a trace of nitrogen. In fact, urine may be viewed

as blood minus its corpuscles, fibrin, albumin, and

colouring matter. The following table is taken by per-

mission from Thudichum's work on the urine already

cited.

Average Composition of the Normal Urine of twenty-four hours, of men
weighingfrom 60 to 65 hilos :

—
Average quantity from 24 hoars

Average specific gravity .

Mean amount of solids

Urea

Uric acid .....
Xantliine-like alkaloid

Kreatine .....
Kreatinine ....
Eeducine

1400 to 1600 culiic centimetres.

. 1-020

55 to 60 grms.

m „ 40 „
0-5

undetermined.

0'3 grms.

0-45 _„

undetermined.



190 NUTRITIOX ; on ' WORK AND WASTE.'

Areraye Composition of the Normal Urine, etc., continued.

0*5 grms.liippuric acid ....
Indigogen ....
Un-hodinogen ....
Phenol-producing substances .

Cresol- ,, ,,

Chromogen of urobiline .

Ooiicbmyl-oxide

Urocbrome ....
Acetic acid ....
Formic acid ....
Ki'vptopbanic acid .

Carbonic acid ....
Chlorine

Chlorides of sodium and potassium

Sulphuric acid....
Other sulphur compounds containing

Phosphoric acid

Potassium ....
Sodium .....
Calcium oxide ....
Magnesium oxide

Earthy phosphates ,

Iron

Ammonia ....
Trimethylamine

Biliary acids ....
Dinitrogenised derivative of sarcolact

Oxaluiic acid ....
Oxalic acid ....

up to

ic acid

0-2 ffrms, of s

'undetermined.

J

0-288 grms.

O'OoO grms.

0G5 „

undetermined.

6 to 8 grms.

10 „ 13 „

l-5„ 2-5 „

ulphur in 24 hours.

3*06 grms.

I undetermined.

0"17 grms.

019 „

1-28 „

undetermined.

0'7 grms.

undetermined,

0-012 grms.

- imdetermined.

The minor estimates accomitfor 48 out of 55 grms. of

solids, the hircrer estimates for 62 out of 66 fjrms. of sohcls.

Urea (CH.N^O).

This substance was discovered by Boerhaave before

1720, and was called by him the essential salt of urine,

but he was in error in regarding it as only a product

of putrefaction of urine.

Berzelius obtained the oxalate, and Prout analysed a

perfectly pure specimen of urea.
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Other chemists found that when decomposed it gives

rise to the production of cyanic acid and ammonia, and

by evaporation of a solution of these mixed substances

Wohler produced urea artificially. This accomplishment

was of extreme importance at that time, because it was

then generally thought that urea was one of those sub-

stances elaborated by vital processes which could not be

produced artificially. Since then, of course, many other

animal and vegetable prhiciples have been elaborated in

the laboratory, and so-called vital force is now gradually

finding its proper interpretation and place.

Urea is a never-failing and principal constituent of

urine, and from the fact that it is regularly found present

in smah quantity in the blood, but not in the juice of

flesh, it appears that this substance is produced within the

blood ; it is only secreted by the kidneys.

It seems certain then, that urea results from the du^ect

spHttiug up of albumin in the body, and this hypothesis

is confirmed by observations which are described in the

chapter on albuminous compounds. It will be there seen

that Bechamp states to have obtained urea by subjecting

albumin to the oxidising influence of potassic permanga-

nate, while Schiitzenberger seems also to have proved that

urea is one of the direct products of the decomposition of

all albuminous matters by hydration.

In certain diseases, such as cholera, its excretion is for

a time suppressed, and in consequence an increased quan-

tity is found in the blood, in the sweat, and in the cerebro-

spinal fluid.

Various observers have detected the presence of urea

in other fluids besides blood and urine ; thus Wohler de-

tected its presence in the liquor anmii.
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The artificial formation of urea may be efTected l)y

several processes. Tims by mere evaporation of a mix-

ture of cyanic acid and ammonia urea is produced by the

following reaction :

—

C„N,0 + 2XII3 + 11,0 = SCII^N.p.

The same result is attained when a metallic cyanate

and a salt of ammonia are em})loyed in the place of cyanic

acid and ammonia. Carbonate of ammonium is resolved to

a certain extent into urea by merely/ heating it in sealed

tubes to 150° for some hours, and it is said that ammonio

carbamate behaves similarly. The transformation of the

first named salt is particularly interesting, as the change

virtually consists in a molecular re-arrangement with eli-

mination of the element of water :

—

(NH,),C03 = 2H,,0 + CII,N,0.

Urea may be also obtained by heating a mixture of

two parts potassic ferrocyanide with one of peroxide of

manganese upon an iron sheet. The mixture ignites and

smoulders ; this completed, it has to be extracted with

water, and the extract mixed with rather more than

20 parts of dry ammonic sulphate. In this way potassic

sulphate is formed, and may be removed by crystallisa-

tion ; the mother liquor contains urea, and this may be

isolated by evaporation to dryness and extraction of the

dried residue with absolute alcohol.

Urea is also a product of the action of peroxide of

lead and other oxidants upon uric acid, while it is likewise

produced when alkalies act upon alloxan and kreatine, as

well as by the action of sulphuretted hydrogen upon the

double fulminate of copper and ammonium. It may be

also obtained by tl.e action of phosgene gas (COCI2) upon
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ammonia and by the reaction which takes place, accord

ing to JSTatanson, between ammonia and carbonic ether

((C2Hg)2C03) at a temperature of 182°C., thus :—

Carbamic ether Ethylic alcohol

(0,H3),003 + NH3 = cXjI,n;00, + 5l5lO
and

Carbamide (urea) Alcohol

02H„HoN,00o + NH3 =OH^O * + OH^

Several methods are available for the extraction of

urea from urine or other animal fluids.

a. Urine is rendered strongly alkaline by means o!

baryta (5 grms. to the litre), after which a strong solu-

tion of nitrate of barium must be added so long as a pre-

cipitate is produced. The mixture is then to be filtered,

neutralised with nitric acid, and evaporated to dryness,

and the residue extracted with absolute alcohol, from which

extract the urea may be crystallised after concentration.

h. If the urine or other fluid be albuminous, Thudi-

chum recommends treating; it at once or after concentra-

tion with alcohol, and subjection of the residue obtained

by evaporation of the alcoholic extracts, to the above

described baryta-process.

c. The urine is to be concentrated to a thin syrup and

then treated with its own volume of nitric acid, keeping

the mixture cool. In this way nitrate of urea is formed,

and crystallises out. It is purified by recrystallisation

from water, and decolorisation with animal charcoal. To

get urea perfectly pure, the nitrate must be redissolved in

water, neutralised by potash or potassic carbonate, allowed

to crystallise, filtered from the nitrate of potassium crys-

tals, the mother liquor evaporated to dryness and extracted

with alcohol.
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d. The urine is to be concentrated and treated with

an excess of strong solution of oxaUc acid ; tliis precipi-

tates the urea as oxalate. On redissolving the minute

crystals in water, and warming the solution wnth calcic

carbonate, decomposition ensues, calcic oxalate is precipi-

tated, and irrea remains in solution, and may be purified

by recrystalhsation.

General Characters of Urea.—Urea crystallises from

water in quadratic prisms with a rectangular terminal

plane, and from alcohol with octahedral planes ; the crys-

tals ])olarise with a faint blue colour.

It is a colourless substance with a somewhat bitter

sahne taste, and is soluble in its own weight of water, dis-

solves in five parts of alcohol of 0-816 specific gravity at

ordinary temperatures, and in its own weight of boiling

alcohol. It is insoluble in ether.

It may be decomposed by acids, alkalies, heat, certain

suits, and various ferments, such as yeast and those which

abound in putrid matters. It is decomposed by nitrous

acid as follows :

—

CH^N.p +NA = CO, + 4N + 2H,0,

and a similar decomposition is effected by nitric acid con-

tainin"*- nitrous acid, or by a nitric acid solution of the

lower nitrite of mercury.

When fused with potash or treated with concentrated

sulphuric acid, urea is resolved into carbonic acid and

ammonia. Heat and alkahes decompose it similarly : if

baryta be em[)loyed as the agent of decomposition, car-

bonate of barium is of course produced, and Bunsen,

by weighing the carbonate thus formed, determined

quantitatively the amount of urea operated upon.
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Ferments split up urea into the same products as

alkalies ; that is to say, they act (as shown elsewhere) as

hydrating agents :

—

CH^NjO + H^O = CO2 + 2NH3.

With alkaline hypochlorites and hypobromites, urea

decomposes, yielding most of its nitrogen in the gaseous

form, the carbonic anhydride being simultaneously ab-

sorbed, and several very useful processes -^ for the quanti-

tative determination of urea have been based upon this

fact. The modification employed by Eussell and West ^

is perhaps the best. When a solution of urea in admix-

ture with argentic nitrate is subjected to evaporation,

nitrate of ammonium is produced, and cyanate of silver

forms and may be crystalHsed out.

Urea melts at 120° C, and at slightly higher temper-

atures is decomposed, yielding ammonia, cyanate and

carbonate of ammonia, and leaving cyanuric acid in the

retort. At higher temperatures this cyanuric acid decom-

poses, leaving a white residue of melanuric acid, thus :

—

Ui-ea Melanuric acid

40hXo = CXNA + CO2 + 4NH3.

By heating urea in sealed tubes to 140° C, in contact

with water, it decomposes by a reaction exactly the re-

verse of that by which its synthesis is effected, thus :

—

CH4N,p + 2H20 = 2(NHJC03;

that is to say, two molecules of water are assimilated, and

ammonic carbonate is produced. This change sometimes

1 E. W. Davy, PhU. Mag., June 1854, p. 385.

* Journ. Chem. Soc, August 1874.
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takes place in the urine through influences excited by the

mucus of the bladder, and the ammoniacal odour of such

urine is due to this cause.

The cliemical relations of urea are particularly in-

teresting, and deserve a few words. By the displacement

of a certain number of hydrogen atoms, a whole series

of compounds, known as compound ureas, may be pro-

duced, and their constitution is readily explicable on the

assumption that urea itself is carbamide, or the diamide

of carboxyl, 00(^112)2, or a body in which two hydrogens

of the double molecule of ammonia are replaced by the

radical CO (carboxyl). Sulpho-carbamide or sulpho-urea

lias the constitution CS(NH2)2, and is related to am-

nionic sulphocyanate just as carbamide is related to am-

monic cyanate. It is obtained by heating dry sulpho-

cyanate of ammonium to 170° C. for some hours. To

return now to our original proposition regarding com-

pound ureas.

Amnionic cyanate, CjS"0(NH4), as already shown,

readily becomes converted into the metameric body urea

or carbamide, CO(NH2)2. Cyanic acid also readily com-

bines with the primary and secondary monamines (and

diamines), with the evolution of lieat and the formation of

so-called compound ureas. Thus ethylcarbamide, or

ethylurea, is produced by the reaction

—

CNOH + NHAH5 = COJj'^'^^Hs
(JNH2,

in which ethylamine and cyanic acid undergo the process

of combination. Again, diethylurea is produced by the

action of diethylamine upon cyanic acid :

—

CN.OH + NHCCjH,)^ = C0|^^
N(C,H,),.
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Compound siil|jho-ureas are also obtainable and simi-

larly explicable.

There are many other series of bodies, such as the

so-called ureides and urethanes, of much interest to the

chemist, but having no particular importance from a

physiological point of view. Some of these substances

will be studied hereafter.

The Compounds of Urea.—Urea forms three distinct

compounds with oxide of mercury, viz. CH^N^O + HgO;
2CH4N2O + 3HgO ; and CH.N^O + 2HgO.

By mere evaporation with sodic chloride urea gives

rise to the double salt CH^NsO+NaCl + H^O.

The nitrate CH^N^O, HNO3, and oxalate 2(CH,N20),

C2H2O4, have been already described.

Liebig has described ^ three curious compounds of

urea, obtained from it and mercuric nitrate ; they are

represented by the formulse :

—

CH^N^O + HgO, HXO3
CH,N,0 + 2HgO, HNO3
SCCH^N^O) +3HgO, 2HNO3.

These substances are formed when a solution of urea

is treated with one of nitrate of mercury, the determining

conditions being the relative proportions of the two sub-

stances and the amount of free acid in the mercurial solu-

tion. Upon the formation of the second of these com-

pounds Liebig based a method for determining the

amount of urea in urine volumetrically. This process

with all modifications is fully described in Thudichum's

work on the urine and elsewhere, so that it is unnecessary

to enter into its consideration here.

Physiological quantity of Urea excreted.—A healthy

1 Ann. Chem. 85, 294.
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man discharges from 30 to 40 grms. of urea in 24

lioiirs, but of course tlie quantity varies within certain

Hmits caused by individual circumstances, such as size, and

weight of body ; nature and quantity of food. In fact,

urea is the expression of tissue cliange or disintegration, as

is shown by the fact that its secretion and discharge goes

on even without food. Dr. E. Smith found as the result

of observations upon himself, that the average hourly

excretion of urea, in the 24 hours, amounted to 1"4 grms.,

wliile the average at night per hour was 1 "07 grms.

It was originally thought that food could not give

rise to the production of urea (among other products of

cliange) without first forming part of some vital tissue,

but more modern researches tend to show that vitality

consists more in the clianges occurring in the blood, andCO '

that these changes may result in the direct production of

urea. (See Chapter on * Nutrition,' &c.)

Pathological quantities of Urea.—An excess of urea is

secreted during certain stages of all acute febrile dis-

orders, such as typhus fever, pneumonia, &c., when the

quantity may rise, according to Thudichum, as high as

50 to 80 grms. per 24 hours. So soon as the fever

abates tlie quantity sinks. In other diseases of a chronic

nature and accompanied by impaired nutrition, the

amount of urea excreted Mis below the average, and

Thudichum illustrates this by a case of a lady who suf-

fered from tumour and an ancemiated condition of the

body, in which ordy 5 grms. of urea were contained

in the 24 hours' urine.

Sometimes the amount excreted becomes less by affec-

tions of the kidneys, in which case the amount present

in the body becomes unduly large and causes the cachexia

known as uraemia.
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Uric Acid, C5H4N4O3.

- This substance, originally discovered by Scheele be-

fore the year 1776, occurs apparently more or less in the

urine of all classes of animals. In that of man its amount

is not great, while on the other hand it is largely

contained in the urine of snakes. Front found in the

dried residue from the lu-ine of boa-constrictors more

than 90 per cent, of uric acid, and Simon determined the

presence of nearly an equally great percentage in that

from rattlesnakes.

Uric acid forms a principal constituent of urinary

calcuH and deposits, but of this subject we shall treat

more fully hereafter. It is only rarely that the acid

occurs in urine in such large amount as to spontaneously

deposit with red colouring matter attached, on, cooling

and standing ; moreover such deposits consist for the most

part not of free uric acid but of urates.

In gout it is found in the blood and other juices,

while it enters largely into the constitution of the concre-

tions and deposits which are noc unfrequently formed near

the joints.

It is best obtained in a p^re state from the excrements

of serpents by dissolving or extracting them in hot dilute

alkaline solutions (potash or soda) and boiling therewith

until all urate of ammonium is decomposed. On then

precipitating with hydrochloric acid, flakes of lu-ic acid

are thrown down, which only require re-dissolving in

potash, and re-precipitation with acid, to be compara-

tively pure. The scales thus obtained consist of small

rhombic plates.
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By decomposition of a cold saturated solution of

potassic urate with hydrochloric acid, larger crystals are

obtained with 2HoO, whicli water of crystallisation is

expelled at 100° C. In the purification of uric acid, it is

necessary to avoid long boiling with strong potash, as

otherwise a potassium salt of uroxauic acid (C5H10N4O6)

is apt to form.

To obtain uric acid from human urine, this should be

treated while fresh with about 5 per cent, hydrochloric

acid, and the mixture allowed to stand for twenty-four or

more hours in a warm place. In this way the urates are

decomposed, and yellowish or reddish crystals of the acid

are deposited. Or the urates may be obtained by con-

centration of the urine, and then by decomposition of the

removed deposit and purification by the potash process

above described, the free acid may be obtained.

When pure, uric acid is a white crystalline powder,

almost insoluble (one in 10,000 parts) in cold water, and

only slightly soluble in boiling water ; insoluble in alcohol

and ether, but readily dissolved by strong sulphuric

acid, and re-precipitable from this solution by water.

The urates are much more soluble than the free acid.

The acid salts of ammonium, sodium, and calcium are

frequent ingredients of urinary calculi.

The most readily applied test for uric acid consists in

moistening it with dilute nitric acid, whereby alloxanthine

(C8H4N4O7) is produced, and this, when gently w^armed

with ammonia, produces a purple coloration, due to the

production of murexide or purpurate of ammonium

(C8H,(NH,)X,0e).

Strecker found that by the reducing action of a weak

amalgam of sodium upon uric acid, xanthine (C5H4N4O2)
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is obtained in the first place, and subsequently liypo-

xanthine (C5H4N4O), and we shall see hereafter that uric

acid is accompanied in the urine by these less oxidised

compounds and also by guanine, C5H5N5O.

Compounds of Uric Acid.—Uric acid is dibasic, and

hence forms neutral and acid salts. It will be sufficient

for the purposes of the present work to give the for-

mulae and chief characters of these. They are all sparingly

soluble in water, but more soluble in alkaline solutions, par-

ticularly when heated.

The following salts have been prepared and ex-

amined :

—

Urate of potassium

Acid urate of potassium

Quadriurate „

Urate of sodium . .

Acid urate of sodium

Quadriurate „

Acid urate of ammonium
Urate of calcium . .

Acid urate of calcium .

,, „ barium

,, „ magnesium

2(K05H3N403)+H.,0
KCjHgN^Oj + C5H4N4O3

NaaO^H^N^Og + H.,0

SCNaCgHsXPa) + H2O
NaC5H3N,03 + C,H,NA
(NH,)0,H3N,03

CaCsHoNPa + C^H^N^Oj + 2YL.p

BaC^nXOs + C5H,N403

MgO.H^N.Og + C,H,N,03 + 6H,0.

The urate of lithium is a more soluble salt than any

of the others, and thus it is that lithia water is often pre-

scribed to gouty and other persons who are supposed to

suffer from an excessive amount of uric acid in the system.

The neutral urates are unstable and are decomposable

by carbonic anhydride. The acid urates are far more

permanent salts. The urates of the heavy metals are

amorphous insoluble compounds, and are comparatively

unimportant.

The deposits of urates in urine occur for the most part

(according to Scherer and Bence Jones) with persons who

eat much meat and drink but little water ; they consist
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chiefly of acid salts of the alkaUes, and particularly potas-

sium.

Decompositions of Uric Acid.—By dry distillation, uric

acid is resolved without fusion into ammonium carbonate,

hydrocyanic acid, cyanmic acid, urea, and other unde-

termined substances. By fusion with potash, it furnishes

ammonia and the cyanide, carbonate and oxalate of potas-

sium.

By the reducing action of sodium amalgam it gives

rise to bodies which will be more particularly described

presently.

The most interesting products of decomposition are

those which are formed under the influences of hydrating

and oxidising agents. First, as to the former.

When heated to 160° or 170° in sealed tubes witli

strong saturated solutions of hydrochloric or hydriodic

acids, the following decomposition ensues :

—

C5H4N4O3 + 51I2O = CJl^NOj + 3CO2 f 3XH3.

That is to say, it gives glycocine, carbonic anhydride, and

ammonia, and from this reaction it would appear to be

a cyanuretted derivative of glycocine or amido-acetic acid.

The products which are formed by the action of

oxidising agents vary with the activity and intensity of

the action, and are many and interesting. They have

been examined by Liebig, Wohler, Schliesser, Strecker,

and Baeyer.

Concentrated nitric acid forms alloxan (041121^205),

urea, and nitrous acid, and the two last-named substances

then mutually decompose, giving carbonic acid and nitrogen.

Alloxan, which is simultaneously produced with urea

by the action of bromine upon uric acid, is a substance
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which may be variously prepared, and which, on continued

oxidation with bromine, gives carbonic anhydride and

parabanic acid ; thus :

—

C^H^NA + O = C02 + 03H,N,03,

and this latter substance, by the assimilation of the ele-

ments of two molecules of water, gives rise to the pro-

duction of urea and oxalic acid :

—

C3H2N2O3 + 2H3O = aHaO^ + CHjN.p.

The formation of urea by the oxidation of uric acid

has given rise to the hypothesis that the uric acid of

urine is only a part of that primarily produced in the

system—that part, in fact, which has escaped oxidation

into urea, carbonic anhydride, and water.

Alloxan is resolved into urea and mesoxalic acid by

the action of boiling baryta water, thus :

—

C4H2N2O4 + 2PI2O = CH.N^O + C3HA.

It seems, then, that although urea is derived from uric

acid in two stages, yet it represents the whole of the

nitrogenous part of the original uric acid molecule, while

the non-azotised part gives rise to mesoxalic acid, or a

product of its further change.

It is from a consideration of the characters of mes-

oxalic acid that the various derivatives of uric acid are

best understood. They may for the most part be classed

under two great headings, viz. monureides and diureides.

In other words, mesoxalic acid, C3H2O5, oxalic acid,

C2H2O4, tartronic acid, C3H4O5, glyoxalic acid, C2H4O4,

malonic acid, C3H4O4, and glycolic acid, C2H4O3, are

each capable of combining with one or two molecules of

urea, with the elimination of the elements of water.
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Thus alloxan may be viewed as a monureide derived

from mesoxalic acid as follows :

—

CjHaOj + CII.N/) = C.IIaN^O, + 211^0,

while uric acid may be classed as a diureide derived horn

tartronic acid (Gerhardt) as follows :

C3HA + 2(Cn,N,0) = C,H,X,03 + 411,0.

But these considerations are not without their uncertainty,

and uric acid has never been obtained in this way.

The following formula is given by the author with all

reserve, nevertheless it does undoubtedly express some

of the decompositions of uric acid in a clearer manner

than any other :

—

CO .

CAoJ
ex I N,

cxj
H j

On this speculation uric acid is derived from two

molecules of ammonium by the substitution of 2 hydro-

gen by the CO, the substitution of another hydrogen by

the radical (C2II3O2) and two others by 2 groups of CX,

leaving only one hydrogen not replaced.

The objection to this speculation is that it leaves un-

explained the dibasic character of uric acid, which may,

however, be rendered intelligible by the following struc-

tural formula :
—

HO
ex
eo
ex
HO
iSrS}^'"-
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This is best written as follows :

—

H 0-
,

-N
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Not only do urates of the alkalies deposit sometimes

spontaneously in the m'ine after emission, but at other

times uric acid itself is deposited ; in other cases the

urate which is thrown down consists almost exclusively

of the ammonium salt. The precise conditions upon

which these results depend are, to all intents and purposes,

unknown. Of course these deposits also occur sometimes

in the urinary passages, and Thudichum states that on

the average 8-69 per cent, of the cases of calculi present

nuclei of urates, while 16 -OS per cent, contain layeis or

crusts of urates. The deposition in the urinary passages

appears to occur through two causes, namely, through

saturation of the urine with urates and consequent pre-

cipitation under given conditions, and (which appears to

be the more fi'equent cause) alkaline fermentation of the

urine in the bladder.

Xanthine^ C5H4X4O2.

This substance was discovered by Marcet in 1819 as

the principal constituent of a rare sort of vesical calculus.

It was called by him xanthic oxide, and is known in

old pubHcations also as uric oxide and urous acid,

linger discovered its presence in guano. In 1848

Strahl and Lieberkiihn established its normal presence

in human urine, and in 1858 Thudichum found it as a

normal constituent of the human liver in health and

disease. Stiideler more recently found xanthine diffused

through various organs of the body, as the brain, liver,

spleen, also muscular tissue, of which it is now considered

to be a constant ingredient.

Preparation from Cdcidi.—The xanthine calculi are
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dissolved in potash, and from this xanthine may be pre-

cipitated in the form of a white powder by means of an

acid. Even carbonic anhydride will precipitate it from

an alkaline solution.

Preparation from Human Urine.—Precipitate fully

with baryta water, filter, and evaporate the filtrate to a

syrup ; remove the crystals which form on cooling, and

boil the mother liquor with solution of cupric acetate.

The precipitate thus produced is isolated and dissolved

in warm nitric acid, precipitated with nitrate of silver,

and the silver salt re-crystallised from dilute nitric acid

(about 1 : 10). By suspension in water and decomposi-

tion of this silver compound with sulphuretted hydrogen,

free xanthine goes into solution, and may be obtained

therefrom by concentration and crystallisation.

Thudichum recommends direct precipitation of the

urine rendered acid by a mixture of sulphuric and nitric

acids with phosphomolybdic acid, and decomposition of

the precipitate with baryta water. The solution thus ob-

tained is freed from excess of baryta by means of car-

bonic anhydride, and the resulting filtrate is fully pre-

cipitated with basic acetate of lead and ammonia. On

decomposition of the mixed compounds of lead with

sulphuretted hydrogen, xanthine goes into solution, and

is deposited in yellowish crusts on concentration. It is

best purified by preparing from it the argentic nitrate

compound, as already described.

It may be similarly prepared from extracts of the

liver, brain, and muscular tissue generally. Xanthine

also results from the oxidation of guanine with nitric

acid containing nitrous acid, and from hypoxanthine by a

similar process.
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Properties and Characters.—Xanthine forms wliite

amorphous granules or crusts, which, when compressed

and rubbed, have a waxy appearance. The caustic

alkahes, particularly ammonia, dissolve it freely, but it ia

not very soluble in water, and is insoluble in alcohol and

ether.

A watery solution is precipitated by argentic nitrate,

giving a gelatinous mass, which is insoluble in dilute

ammonia, but readily soluble in nitric acid. It is also

})recipitated by mercuric acetate. A hot hydrochloric acid

solution, treated with platinic chloride, gives on coohng u

yellow double salt of unascertained composition.

An ammoniacal solution is precipitated by ammoniacal

solutions of the chlorides of cadmium and zinc : these

white precipitates dissolve, however, in much strong am-

monia.

Compounds.—Xanthine forms a white crystalline sul-

phate of the composition C5H4N402,H2S04,H20. A nitrate

of a yellow colour is obtained by gentle evaporation to

dryness of a nitric acid solution ; this consists of delicate

crystals, and becomes violet red on heating, but if over-

heated the mass readily carbonises. It also furnishes the

hydrochlorate C5H4N4O2 + HCl. The silver compound

precipitated from an ammoniacal solution has the com-

position C5H4N402 + Ag20. The nitrate of silver com-

pound is soluble in nitric acid and recrystallises therefrom

in needles ; it loses nitric acid and silver by much washing

with water. In this respect it differs from the corre-

sponding hypoxanthine silver nitrate compound.

Decompositionproducts.—Eheineck obtained xanthine

from uric acid by deoxidation with sodium amalgam thus :
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but attempts to consummate the converse of this reaction

have not been successful. By a continuation of the

above process of reduction Eheineck also states to have

obtained hypoxanthine (05114^40). Thudichum, in his

work on the urine, is not disposed to admit the close

relationship thus apparently existing between these three

bodies, and for this reason—that while all three yield

parabanic acid (CsHaNsOg), by continued oxidation with

nitric acid, yet only uric acid yields alloxan (CiHsTsTsO.!)

as an antecedent substance. Eeferring, however, to the

structure formula I have given above to uric acid, this

admits of explanation in some measure, as is presented

below :

—

Uric Acid. Xanthine. Hypoxanthine

HO ,. H H
0:::N ;.v--N--..

o-:"N"v::r:-;:N
••"

H O HO H

In the formulae for xanthine and hypoxanthine, H,HO
and H,H take the place of the groups HO in uric acid.

Quantity of Xanthine excreted.—Thudichum records

a case of albuminous urine where from 0*84 to 1*12 grm.

of xanthine was excreted during the twenty-four hours.

Hypoxanthine., Q^J^^O.

This substance was discovered by Scherer in the

spleen, and subsequently in the blood of persons suf-

fering from leukocythgemia, when it is also accompanied

by leucine. The base described by Strecker under the

name of ' sarkine,' and obtained from the extract of flesh,

is the same substance. Hypoxanthine, moreover, occurs

in the thymus and thyroid glands, in the brain, liver, kid-

p
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neys, and other organs, but does not appear to be a normal

constituent of urine. In leukocytliajmia and diseases of

the Uver and kidney, it appears in that fluid.

Method of Preparation.—It may be extracted from

muscular tissue, the brain, or the heart of the ox, &c.

&c., by making water extracts and subjecting them to

the processes described under ' Xanthine.' Its hydro-

chlorate being more soluble than the corresponding salt

of xanthine, it may generally be separated from that sub-

stance by a process of fractionation carried out with the

mother liquors. Or it may be separated from luric acid

and xanthine by dissolving in dilute sulphuric acid,

boiling, filtering whilst hot, and precipitation of the

filtrate by nitrate of mercury. The filtrate from this

precipitate gives, with an ammoniacal solution of argentic

nitrate, a compound which, on decomposition with sul-

phuretted hydrogen, yields the free base. Or it may be

obtained, as already described, from xanthine by reduc-

tion with sodium amalgam.

Properties and Characters.—Hypoxanthine is a white

powder consisting of needle-like crystals, which are

nearly insoluble in cold water, and which deposit in crusts

on concentration of its aqueous solutions. Its general

reactions are like those of xanthine, to which substance,

as already stated, it is chemically closely allied. This

connection is rendered more certain by the fact that it

admits of transformation into that substance by oxida-

tion with fuming nitric acid, and treatment of the nitro-

product thus obtained with ferrous sulphate and am-

monia, thus :

—

2(C3H,N,0) + 2(,N0,) + 30 = 2(C^^^(^0^)^^0^) + H^O,

and
C.Hs(,NO,)X,0 , + oil = C,H,N,02 + 2H,0 + N.
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Compounds of HypoxantMne.—The hydrochlorate

CgH^N^OjHCl + HsO, crystallises in colourless plates, and

is somewhat decomposable by much water.

The platinum salt 2{Q,^J^Jd,Y{.G\):?iO\ is also crys-

talline, and is more soluble in hot than in cold water.

A nitrate and sulphate are also known, as well as the

compounds aH^BaN^O + 2H2O ; CgH^Ag^N.O + H^O, and

C5H4N4O + AgNOg. This latter salt is very character-

istic, and may be obtained by precipitation of an aqueous

solution of the base with nitrate of silver. It readily dis-

solves in somewhat strong boihng nitric acid, and is re-

precipitated on coohng, in beautiful needles of a definite

composition.

Other chemical Relations of Hypoxanthine.—Hypox-

anthine is considered to be closely related also to guanine

(a well-known constituent of guano, and sometimes found

in the human liver and spleen). The two substances pre-

sent many characters and general reactions in common.

Guanine is, however, CsHgNgO, and is sometimes re-

garded as amidated hypoxanthine ; moreover, just as

hypoxanthine yields xanthine by oxidation and sub-

sequent reduction of the nitro-compound with ferrous

sulphate, so also guanine under such treatment yields

xanthine.

By one process of oxidation, guanine yields parabanic

acid, guanidin, and carbonic anhydride, thus :

—

C^H^N-O + H2O + 30 = C3H2N2O3 + CH3H5 + CO2 :

and by another milder process of oxidation, employing

potassic permanganate, guanine is converted into urea,

oxalic acid, and oxyguanin.

The great interest of these bases consists in their rela-

p2
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tion to the urea bodies and uric acid on the one hand,

and their common derivation by metamorphosis of albu-

minous compounds on the other hand.

The other chemical relations of guanine are given

below.

Guanine^ C5H5N5O.

This substance is so chemically interesting, that,

although it is doubtful whether it ever occurs in urine,

it deserves some mention here. Scherer states to have

found it in the liver and pancreas, but the detection

depended for its interpretation rather upon mere test-

tube experiments than upon analysis.

Guanine occurs in the excrements of spiders, the

crayfish, the scales of fishes, &c. &c. Peru guano fur-

nishes about a half per cent, of guanine, and other kinds

yield it also in smaller amount.

Method of Preparation.—It may be obtained by

boiling guano with milk of lime for 24 or 30 hours, until,

in fact, ammonia ceases to be evolved. The insoluble

deposit is then repeatedly extracted with boiling water, and

the united extracts neutralised with hydrochloric acid and

concentrated. After some time a reddish precipitate

occurs ; this consists of a mixture of guanine and uric

acid. It is isolated and extracted with boihng hydro-

chloric acid, which, while it leaves the uric acid almost

entirely undissolved, takes up the guanine, and on cooling

of the filtrate the hydrochlorate is deposited in crystals.

From the hot aqueous solution of tliis salt, the pure base

is obtained by precipitation with ammonia.

General Properties of Guanine.—Guanine is a white

powder, insoluble in water, alcohol, and ether, and quite
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insoluble in acetic acid. With strong acids it forms

crystallisable salts, and with the chlorides of mercury,

cadmium, zinc, and platinum, the hydrochlorate yields

double salts.

Kerner found ^ that, when introduced into the human

stomach, it increases the amount of excreted urea.

The chemical decompositions of this base have been

already described under ' Hypoxanthine,' and it is only

necessary here to name the chief compounds of guanine.

They are as follows ;

—

Nitroguanine, C5H^(N02)N50, and a nitrate of this, C5H4(N02)N50,HN03.
The hydrochlorate, CsHjN^OjHCl + H^O.

„ nitrate, C5H-N50,HN03.

„ „ of silver compound, CjIIgNjOjAgNOj.

„ double platinum salt, 2(C5H5N50,HC1) + PtCl^ + HoO.

And the mercury compound, 2(C3H5N30,HgCl2) + SH^O.

Diagnosis of Bases^ allied to Xanthine.—Thudichum,

in his work on the urine already mentioned, gives an

interesting and important diagnosis of the chief reactions

of bases of the xanthine group, which, with his permis-

sion, I here reproduce ;

—

Xanthine, hypoxanthine, and guanine resemble each

other :

—

' (1) By their solubility in dilute warm nitric acid.

(2) Their precipitation from this solution by argentic

nitrate.

(3) The solubility of this silver compound in much

warm moderately dilute nitric acid.

But they dilBTer by :

—

(4) Hypoxanthine silver nitrate being quickly de-

posited in crystals on cooling.

1 Kerner, Ann. Chem. 103 (1857) 219.
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(5) Xanthine silver nitrate being deposited from a

similar solution only after long standing.

(6) Guanine silver nitrate seems to be deposited at a

period later than hypoxanthine and earlier than

xanthine.

They further resemble each other :

—

(T) By being precipitated as silver compounds free

from nitric acid by a slight excess of ammonia

added to the nitric acid solution just described.

(8) By the complete solubility of these silver com-

pounds in a large excess of concentrated caustic

ammonia.

(9) By the reappearance of the silver compound when

the large excess of ammonia is allowed sponta-

neously to evaporate or is expelled by heat.'

Kreatine^ C4H9N3O2.

Kreatine was discovered in the juice of flesh by Chev-

reul. It is in particular a constituent of working muscles,

such as the heart of the ox, which contains as much as 1*3

per mille. According to Gregory, a pound of human

flesh yields about 5 grains of kreatine, or according to

Thudichum, 0-67 per mille ; the flesh of fowls 3*2 per

mille, and that of codfish 0-y to I'T per mille.^

Thudichum further relates that the flesh of an ox fed

on meat during 200 days at the Anatomical Institution

of Giessen did not yield more than one-tenth as much

kreatine as was obtained from the flesh of wild foxes.

This and other considerations seem to indicate that krea-

tine is a product of change produced in muscles by the

^ See Thudichum's work on the Urine, p. 133.
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influence of motion : that it is an excretory product there

can be httle doubt, as we shall presently see when its

chemical relations to urea and other bodies are described.

In the blood it appears to become changed into urea

and kreatinine ; but whether it occurs in normal urine is a

matter of doubt, because, although it may be found ac-

companying kreatinine in urine, it is not certain whether

the operations involved in its detection are not sufficient

to produce it from that substance.

Method of Preparation.—Kreatine is best prepared

from ox heart, fowls' flesh, pigeon's flesh, or beef, by

freeing the tissue as far as possible from fat. then mincing

it, and extracting repeatedly with water. The extract

so obtained is heated to about 60° or 70° C, when the

albuminous parts held in solution coagulate and carry

down with them the myochrome (or colouring matter of

muscles). The mixture is then filtered, first through a

linen cloth and afterwards through paper, and freed from

phosphoric acid and certain coloured matters by precipita-

tion with excess of baryta water. The strongly alkaline

solution must then be filtered, and the filtrate concen-

trated to a syrup and allowed to spontaneously evaporate,

by which means a crystalline crop of the base is obtained.

Or the syrup may be precipitated with basic acetate of

lead, and the filtrate freed from excess of the reagent by

means of sulphuretted hydrogen. The ultimate filtrate

on concentration and spontaneous evaporation yields crys-

tals of kreatine. These may be purified by re-dissolving

them in hot water, and boiling with a little animal char-

coal, then filtering and again crystalhsing.

General Properties and Characters.—Thus obtained,

kreatine forms colourless brilliant prismatic crystals of a
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specific gravity 1*3-1:-1*35, and contaiuing a molecule of

water wliich may be dispelled at a temperature of 100° C.

Cold water dissolves only about 1*34 per cent, of kreatine,

but the substance is readily soluble in boiling water. It

is insoluble in absolute alcohol and in ether. The aqueous

solution has a neutral reaction and a bitterish taste.

Kreatine will not neutralise even dilute acids.

Compounds.—The hydrochlorate, C4H9X302,HC1, may

be obtained in colourless, well-defined crystals, as may

also the corresponding sulphate, 2(C4H9N'302),H2S04, by

the evaporation of equivalent quantities of the base and

the acids in vacuo, or at a temperatm'e below 30" C.

The nitrate, 04119X302,11X03, is obtained in brilliant

crystals by passing nitrous acid gas into a mixture of

kreatine and water ; the kreatine is thus dissolved, and

after some time the nitrate is formed and deposited.

Chemical Decompositions and Relations of Kreatine.—
When kreatine is boiled with excess of a strong solution

of baryta water, it suffers decomposition, and in the first

stage of the process sarkosine (O3II7XO2) is formed, while

ammonia and carbonic anhydride are evolved, but these

latter probably result from a secondary change consisting

of the decomposition of urea, w^hich substance may be

obtained from the solution ; thus :—
C4H9N3O, + H,0 = CH,X,0 + CjH^XO,.

On the other hand, if kreatine be boiled with strong

solutions of hydrochloric, sulphuric, nitric, or phosphoric

acid, it loses the elements of water and is transformed

into kreatinine thus :

—

C.HgXjO, = C.HjXjO + H2O.
*

When kreatine in water is boiled with mercuric
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oxide, it yields an oxalate of a basic substance called

methyluramine (C2H7]Sr3), and the same base may be pro-

duced by substituting sulphuric acid and peroxide of

lead for the oxide of mercury.

Methyluramine yields methylamine (CH5N) by treating

with alkalies, and this substance is also produced by

treating kreatine itself with soda-lime. As kreatine,

when subjected to other processes of decomposition,

yields methyl-parabanic acid ; methyliuramine may be

regarded as the residue of a compound of urea and

methylamine, resulting from the abstraction of water,

thus :

—

C^H^Ng + HjO = CH4N2O + CH5N.

The other decompositions of kreatine are not of

pecuhar interest for the purposes of this work.

Kreatinme, C4H7N3O

.

Kreatinine was first obtained (in the form of an

unknown compound with zinc chloride) by Heintz and

Pettenkofer from human urine, and afterwards Liebig

established the simultaneous presence of kreatinine and

kreatine in the juice of all kinds of flesh from verte-

brate animals. But inasmuch as Heintz and Liebig both

subsequently determined that kreatine is formed at the

expense of kreatinine (as already explained under ' Krea-

tine '), it remains doubtful whether kreatine exists at all

naturally in the body. Liebig also found that in urine

which has undergone putrefaction, the kreatine becomes

changed and disappears, while the kreatinine is not

attacked.
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Kreatinine, then, is excreraentitioiis, like to and re-

lated to urea, and it is accompanied in the juice of flesh

and in the urine with ki'eatine, but the latter may pos-

sibly be derived entirely from the former.

Method of Preparation.—Kreatinine is best prepared

from urine by treating it with milk of lime, neutralisation

of the filtrate with acetic acid, evaporation, and removal

of the salts which are separated on crystallisation. The

ultimate sp'upy mother hquor gives on addition of a

neutral solution of chloride of zinc, and standing for a

few days, a deposit of kreatinine in combination with

that salt, C4HyX30,ZnCl2. This, however, is not un-

mixed wnth kreatine, and to purify the preparation the

deposit is dissolved in water at 100° C, and decomposed

with hydrated oxide of lead. In this way an oxychloride

of lead is produced, together with oxide of zinc, both of

which are insoluble, while the kreatinine and kreatine pass

into solution. On evaporating this to dryness, and ex-

tracting w^th much absolute alcohol, the kreatinine dis-

solves, while the kreatine remains undissolved.

The same result may be obtained in a more direct

way by evaporating the neutralised filtrate resulting after

the milk-of-lime treatment of urine, to dryness, and

extraction of the residue with alcohol which leaves

kreatine undissolved.

The extract so obtained gives the zinc compound,

with a few drops of the neutral chloride of zinc solution,

and after it is fully deposited (in the course of 48 hours

or so) it may be decomposed as before described. JSTeu-

bauer found that the zinc salt obtained as above was

pure enough, after washing with alcohol, to be weighed.

Kreatinine may be also obtained, as already de-
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scribed, by boiling kreatine with strong hydrocliloric

acid, which process yields the hydrochlorate, and this,

by decomposition with hydrated oxide of lead, gives

the free base.

It may also be obtained from urine in a way different

from that sketched above. Fresh urine is fully pre-

cipitated with neutral lead acetate and the filtrate con-

centrated and freed from lead by sulphuretted hydrogen.

On adding a solution of corrosive sublimate to the

mother hquor, a white double compound of kreatinine

with mercuric chloride is precipitated, and this, by

suspension in water and decomposition with sulphuretted

hydrogen, gives hydrochlorate of kreatinine, which may

be crystallised out of the solution after concentra--

tion, &c.

Kreatinine may be purifi.ed by re-crystallisation from

alcohol containing a little animal charcoal.

General Characters and Properties.—Kreatinine crys-

tallises in obhque rhombic prisms. Water dissolves

about 8-7 per cent, at 15° C., and in hot water it is

much more soluble. Cold absolute alcohol dissolves

about 1 per cent, of kreatinine, but it is readily soluble

in hot alcohol.

The watery solution is of an alkaline character and

taste. It is precipitated by argentic nitrate, giving a

mass of small dehcate needles of a double compound,

soluble in hot water, and crystallising out again on

cooling.

Compounds of Kreatinine. — The hydrochlorate

C4H7N30,HC1 may be obtained, as described above, from

urine. It may be also produced in an anhydrous state

by passing dry hydrochloric acid gas over dry kreatine at
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100° C. This salt is soluble in hot alcohol, and is crys-

talline.

A crystalline sulphate, C4H7N30,H2S04, is also known.

By evaporating a mixed solution of kreatinine hydro-

chlorate with one of platinic chloride, rosy prismatic

crystals of a double salt are obtained, containing 30'95

per cent, platinum.

The chloride of zinc compound has the formula

2(C4H7N30)ZnClo, and crystalhses in large granules, warts,

or needles. It is not very soluble in cold water or in

strong alcohol.

With the salts of copper, kreatinine forms a blue

crystallisable compound.

Chemical Relations and Decompositions.—The general

relations and changes of kreatinine have been already

described under ' Kreatine,' but the following facts may

also be noted here :

—

When treated in water with nitrous acid gas, an

effervescence occurs, and the nitrate of a weak base

of the composition CgHioNgOg is formed. When this is

heated to 100° C. with hydrochloric acid, oxalic acid,

chloride of ammonium, and a base (perhaps 04114^203)

are produced.

When boiled with potassic permanganate, kreatinine

is decomposed, yielding methyluramine oxalate.

2CJS.,'^f> + H,0 + 50 = 2(C2lI.N3)C,H,0, + 2CO2.

Physiological and Pathological Quantity of Kreatinine

in Urine.—Calculating all the kreatine and kreatinine

obtained from the urine as kreatinine, Thudichum deter-

mined the amoimt excreted in twenty-four hours at about

0'745 grm., and Neubauer found from 0*6 to 1'3 grms.
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Of the quantity excreted in disease, Thudiclium writes,

' The quantity of kreatine, together with that of kreati-

nine, might serve to indicate the intensity of any spas-

modic or convulsive action.'

It appears that the quantity of kreatine and its con-

gener contained in the muscles stands in a sort of relation

to the quantity of fat deposited in the body, or rather

to those causes which, by their operation, determine the

deposition of fat. The more fat the less kreatine is there
;

and this is quite appreciable if we bear in mind that the

mass of evidence goes to show that kreatme and kreati-

nine are products of change induced through muscular

exertion : if so, then the amount depends upon the

degree of exertion, and the amount of fat deposited in

the body will be in an opposite proportion.

Sarkosine, C3H7NO2.

Although this substance has never been obtained

direct from the fluids or tissues of the body, it is of

interest as a product of decomposition of kreatine.

We have seen that when kreatine is boiled with baryta

water it splits up into sarkosine and urea, and it may

thus be obtained by continumg the process until all the

urea is decomposed into carbonic anhydride and am-

monia, and crystalhsing it from the residual filtered

solution, after freeing this from excess of barium by

means of carbonic acid.

It may be purified by conversion into the sulphate

and decomposition of this with carbonate of barium.

Properties and Characters.—Sarkosine crystallises in

transparent, colourless, right rhombic prisms. It is freely
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soluble in water, sparingly soluble in alcohol, and quite

insoluble in ether.

The crystals melt at a little above 100° C, and

sublime unchanged. The aqueous solution has no action

on vegetable colours. A solution of sarkosine gives, with

one of cupric acetate, an intense blue colour ; and, on

evaporation of the mixture, a dark blue crystalline double

salt is obtained.

If to a solution of mercuric chloride a crystal of

sarkosine be added, a double crystalline salt is formed

throughout the mass.

Chief Compounds of Sarkosine. — The sulphate,

2(C3H7N02)H2S04,H20, crystallises in colourless cubes,

and is obtained by mere treatmeut of sarkosine with

sulphuric acid in equivalent quantities, and crystallisation.

When a solution of the hydrochlorate is heated with

platinic chloride and allowed to spontaneously evaporate,

large flattened yellow octohedral crystals of a double

salt separate ; this has the composition expressed by

2(C3H;N02,HCl).PtCl4,2H20, and loses its water of crys-

tallisation at 100° C.

Chemical Relations and Decompositions of Sarkosine.

—Sarkosine is isomeric with relanine, carbamic ether

(urethane), and lactamide, but quite distinct from all these

substances in its properties ; chiefly by its insolubility in

ether and alcohol.

Strecker regarded sarkosine as methyl-glycocine,

C2H2(CH3)(H2N)02, and an experimental support was

given to tliis view by Volhard, who prepared sarkosine

synthetically by heating methylamine in excess with

chloracetic acid in sealed tubes to 130° C.

C2H3CIO2 + CH^N = HCl + C2H2(CH5N)02.
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The connections between sarkosine, kreatine, kreati-

nine, xanthine, hypoxanthine, guanine, and uric acid and

urea, are therefore pretty well estabhshed in many points
;

but this is a subject whicli admits of and calls for ex-

tended investigation. It will be seen that the structural

formula given to uric acid in the section on that subject

becomes more intelhgible in the light of other results

given in subsequent places.

Hippuric Acid, C9H9NO3.

This substance was discovered as a chemical in-

dividual present in the urine of cows by Eouelle, in

1784 ; he also showed that during the putrefaction of

the urine it decomposed. About 1829 Liebig analysed

it, and Keller showed that when benzoic acid was taken

into the stomach, hippuric acid appeared in the urine in

increased quantity. Subsequently, Dessaignes effected

the synthesis of this acid from benzoic acid and glyco-

cine.

That hippuric acid is a normal constituent of human

urine appears to be proved beyond doubt, while it is a

regular ingredient also of the urine of herbivorous

animals ; it is, moreover, present in guano.

Method of Preparation.—The fresh urine of cows is

treated with milk of lime, boiled, filtered from the pre-

cipitated phosphates, &c., and the filtrate treated with

hydrochloric acid to neutralisation. On concentration

and a further addition of hydrochloric acid, brown

crystals of hippuric acid are gradually deposited. As

thus obtained, the acid may be purified by re-dissolving

in water and decolorisation by means of chlorine gas.



224 NUTRITIOX ; OR * WORK AXD A7ASTE.'

In this way the colouring matter associated with the

crystals is oxidised and rendered soluble, and by crystalli-

sation of the solution, pure hippuric acid is obtained in

long, colourless, transparent needles. *

Or the impure acid may be directly obtained from

the fresh urine of cows fed upon grass by addition of a

considerable excess of hydrochloric acid ; Kraut in this

way obtained more than one pound of the crude product

from 120 pounds of urine.

It is best obtained from human urine as follows :

—

While still fresh, the urine is treated with milk of mag-

nesia, filtered, and the filtrate concentrated to a syrup.

The product has then to be strongly acidified with

hydrochloiic acid, and the mixture extracted with ether-

By distillation of the ethereal extract, hippuric acid is

obtained in a more or less impure state, and may be

purified as above described, or by heating its aqueous

solution with animal charcoal, filtering, and re-crystal-

lising. Or the acid may be prepared synthetically by

heating equivalent quantities of benzoic acid and gly-

cocine in sealed glass tubes at 160° C. A similar result

is obtained by heating monochloracetic acid and benz-

amide, also in sealed tubes, at 155° C, when the

followino; reaction occurs :

—

cjijCio, + c,n5(H,x)0 = C9II3NO3 + iici.

Properties and Characters of Hippuric Acid.—Pure

hippuric acid crystallises from water in prisms, but from

alcoholic solutions it is deposited in granules of a crys-

talline nature. It is but slightly soluble in cold water

(1 in 400), but is soluble in boiling w^ater and alcohol

;

quite or almost insoluble in ether, but soluble in sodium
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phosphate solution. Its aqueous solution presents an

acid character to test paper. Hippuric acid is monobasic,

and forms a number of clearly-defined salts.

Compounds of Hippuric Acid.—The salts of the

alkalies and of magnesium are very soluble in water,

and crystallise with difiiculty. Acid salts of potassium

and sodium may be obtained. Calcium hippurate,

Ca(C9H8N03)23H20, is obtained by the decomposition of

calcic carbonate with hippuric acid. It is soluble in

water, and crystallises in rhombic prisms.

Hippurate of lead, Pb(C9H8N03)2, is also somewhat

soluble in water. It is deposited in curds from strong

solutions, but from more dilute solutions it crystallises in

tufts of silky needles, containing 2II2O, and these gradu-

ally change into broad quadrangular plates, containing

3H2O. There is also a basic hippurate of lead and salts

of mercury, silver, iron, cobalt, nickel, copper, and zinc.

When to a solution of hippuric acid in concentrated

nitric acid there is added an equal bulk of sulphuric

acid, meanwhile avoiding any considerable rise in tem-

perature, nitro-hippuric acid, C9H8(N02)N'03, is produced,

and is gradually deposited from the solution on dilution

with much w^ater. By boiling with sulphuric or hydro-

chloric acid, nitro-hippuric acid is converted into nitro-

benzoic acid and glycocine. On the other hand, when

nitro-benzoic acid is taken internally, it reappears in the

urine as nitro-hippuric acid, having combined in the

system with glycocine.

Decompositions and Chemical Relations of Hippuric

Acid.—^Hippuric acid melts at a gentle heat, and at

about 260° C. decomposes with an appearance of ebul-

lition : by distilling in this manner it yields benzoic acid,

Q
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and a red oil containing benzo-nitrite ; hydrocyanic acid

and ammonia are also produced, while a mass of charcoal

is left behind.

It has already been stated that by boiling with acids

it is resolved into benzoic acid and glycocine, thus :

—

C9H9NO3 + H,0 = C^TIeO, + C2H5NO2.

Alkalies produce a similar result with the formation

of benzoates of the alkalies ; and it is also stated that

certain ferments are capable of initiating and carrying out

a similar decomposition, particularly in the presence of

alkalies. The decomposition of the acid in putrefying

urine is explained in the way last mentioned. From the

behaviour of benzoyl chloride with oxide of zinc it is

conjectured that hippuric acid is benzoyl glycocine,

02114(071150 )K02, and this view derives support from

the fact that, when boiled with peroxide of lead, a

solution of hippuric acid yields carbonic anhydride and

benzamide, thus :

—

C,H,(C,H,0)NO, + 03 = H„0 + 2CO2 + (0,Il5(NH,)0).

When hippuric acid is acted upon by nitrous acid,

the following reaction occiurs :

—

2(C9H9N03) + N2O3 = 2(C9H804) + 4N + H,0.

That is to say, benzoglycoHc acid and nitrogen are

formed, and it was upon this basis that Strecker regarded

hippuric acid as amidated benzoglycolic acid.

This benzoglycohc acid crystalhses in rhombic prisms,

and is easily soluble in alcohol and ether, but not

very soluble in water. It also forms the calcium salt

0a(0gH7O4)2, which is crystalline.
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When heated with dihite acids, benzoglycohc acid

splits up into benzoic acid and glycohc acid, thus :

—

From the foregoing detailed facts, hippuric acid is

sometimes regarded as benzoyl glycocine and sometimes

as amidated benzoglycolic acid.

Physiological Quantity of Hippuric Acid.—Not only

benzoic acid, but also benzoic ether, benzoyl hydride,

cinnamic acid, and in short, a large number of benzene

derivatives, split up when introduced into the animal

economy, the benzoyl radical reappearing in combiaation

with glycocine in the urine as hippuric acid. In con-

sequence, the nature of vegetable food has a direct in-

fluence upon the quantity of hippuric acid present in the

urine. Greengages, which contain much benzoic acid,

therefore, when taken as food, materially increase its

amount. From the fact that hippuric acid seems to be

a constant ingredient in urine, it appears necessary to

assume that albuminous substances in the body are

capable of furnishing the benzoic acid necessary to give

rise by combination with glycocine, to the production

of hippuric acid. The source of the glycocine is still

problematical.

Eeviewing a mass of evidence based upon the re-

searches of Ure, Keller, Hallwachs, Ducheck, Proust,

and Kiihne, in addition to his own, Thudichum writes^

relative to the transformation of benzoic into hippuric acid

in the economy as follows :

—

' On the whole, the experiments show that the trans-

formation is probably effected in the intestinal canal
;

1 Work on the Urine. 1877 edition, p. 164.

ft 2
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that the bile is not essential to it ; that other products of

the decomposition of the food in the intestinal canal can

- furnish the glycocine, and that the blood l)y itself does

not furnish the glycocine, or allow its combination with

benzoic acid to take place within the Hmits of the cir-

culation.'

Hallwachs determined the quantity of hippuric acid

contained in 24 hours' urine at 1 grm., while Weissmann

arrived at a larger figure, but it is probable from his

method of investigation that the hippuric acid he ob-

tained was contaminated with other substances. Bence

Jones, in a number of experiments, arrived at a mean

figure less than one-half of that given by Hallwachs, and

showed that the quantity was increased after taking food.

Thudiclnun found much larger quantities,—a fact which

he explains by pointing out possible losses in the method

of Bence Jones and other investigators. Hallwachs'

determination may therefore be taken as tolerably near

the truth. It must not be forgotten, however, that the

amount of hippuric acid varies with the nature of the

food, and is particularly increased when greengages,

plums, blackberries, and other fruits are eaten.

The hippuric acid present in urine is supposed to

exist, partly at least, as sodium salt ; but when the quan-

tity is great, or when the urine contains much free acid,

hippuric acid is deposited in the free state.

It should also be stated that, accompanying hippuric

acid, Thudichum met with benzoic acid in a number of

cases, and according to him, under such conditions as

negative the derivation of it fi'om hippiu^ic acid.

According to certain authors, the excretion of hippuric

acid is increased in febrile affections and diabetes, but as a
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matter of fact the quantity appears to depend more upon

the nature of the food than upon the disease.

Reducine, CgH^jNgO^.

In a recent pubhcation/ Thudichum details the

method by which he succeeded in isolating what he con-

siders to be a new constituent of human urine. This

matter will be best understood by briefly indicating the

exact way in which he obtained it.

The urine was acidified by sulphuric acid, and fully

precipitated by a nitric acid solution of phosphomolybdic

acid. The precipitate was washed with water slightly

acidulated with sulphuric acid, and then decomposed by

boihng baryta water in excess, filtered, and the filtrate

freed from excess of uncombined barium by carbonic

anhydride. This filtrate, when concentrated, deposited

urate of barium, and was shown to contain much uro-

chrome, as evidenced by the decomposition products which

it yielded. It was therefore subjected to successive pre-

cipitations with neutral lead acetate, basic lead acetate,

and an ammoniacal solution of the latter reagent. It

w^as from these precipitates by decomposition with sul-

phuretted hydrogen that Thudichum obtained urochrome

and xanthine. The filtrate from the lead precipitates

w^as freed from lead by sulphuretted hydrogen, and was

then found to contain kreatinine and the new body re-

ducine. These were separated by evaporation to dry-

ness and extraction of the residue with boiling absolute

alcohol. In this way the kreatinine was removed, and

^ Repwt Medical Officer of the Privy Council. New Series, No. vi.

p. 211, 1875.
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an insoluble combiuatiou of reducine with barium re-

mained undissolved.

Tliis barium salt was soluble in water, and left barium

carbonate when ignited. A solution of the salt iu water

when acidified with nitric acid and treated with silver

nitrate, gave a white precipitate, which blackened almost

immediately. Hence Thudichum named the new body

reducine.

The barium salt dry at 100° C, showed on analysis

the following percentages :

—

c
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a principle resolvable by acids into indigo blue on the

one hand and a sort of glucose on the other hand, as

follows :

—

Indican. Indigo Blue. Indiglucin.

C26H33NO,3 + H,0 = C3H3NO + 3CeH,„0e.

Subsequently, by suitable treatment, he claimed to have

demonstrated the identity of Heller's and Kletzinsky's

uroxanthine with his indican.

Since then (1864) Thudichum controverted this doc-

trine of the glucoside nature of uroxanthine ; but to-day,

while Thudichum is not alone in his views, a number of

other physiological chemists endorse the more popular

notion already alluded to, and which is supported by

Jaffe.

Thudichum's view has been supported by Kingzett

and Hake,-^ who, writing of indican, say :
' Its presence in

the urine at any time is extremely doubtful, for in the

first place no such substance has ever been isolated from

urine, and in the second place, when that blue colour is

obtained which is supposed to be characteristic of indigo

blue, and referable to indican, side by side with it, sugar

is not produced. When a solution is obtained which

exercises a reducing action on Fehling's copper solution,^

there is every reason to beheve the case abnormal in

some respect. When urine is treated with its own volume

of hydrochloric acid, a blackish precipitate falls on stand-

ing, and this, after extraction with dilute acid and then

with absolute alcohol, is said to leave indigo blue upon

the filter. We have rarely met with cases where any

blue is obtained, and when it has been obtained it has

^ Quarteiiy Journal of Science, January ] 877.

^ See Vircliow's experiments (Virchow's Archiv. 6, 259).



232 NUTRITION ; OR ' WORK AND WASTE.'

amounted to little more than a stain. But it will be

evident that in any case it is not justifiable to speak of

indican as a never-failing constituent of urine. Further*

the name should no longer be retained, for if indican be

a glucoside, and if the blue colour from urine be unat-

tended with sugar, then at least the substance in the

urine cannot be indican.'

Jlethod of Preparation of Indigo blue.—Heller's

method is as follows. Fresh uriue is precipitated by a

hot solution of plumbic acetate, and the filtrate freed from

lead by sulphuretted hydrogen, the excess of the latter

reagent being expelled by boiling. The solution thus

prepared is poured into an equal volume of pure concen-

trated hydrochloric acid, stirring in the meantime. The

mixture generally becomes of a blue colour, and if only

violet or red, no indigo blue will be obtained. Blue

solutions, however, deposit, after admixture with an equal

quantity of water and some twelve or more hours' stand-

ing, a copper-red coloured deposit, and this after twenty-

four hours is separated by filtration, washed with water

at 100° C, and finally with alcohol. When dried, it is

extracted with ether so long as the ether extracts are of

a red colour. This red matter is urrhodine, and of this

more anon. The insoluble blue matter is extracted with

alcohol of 0-83 to 0*90 sp. gr., so long as anything is

dissolved, and from the filtered extracts indigo blue de-

posits on cooling in microscopical crystals, leaving the

alcoholic mother liquor colourless.

Schimck's Method of obtaining Indigo bluefrom Urine

is as follows :

—

The urine is first precipitated with normal acetate,

and then with basic acetate of lead, the deposits being
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removed. The nearly colourless liquid, freed from phos-

phoric and sulphuric and some hydrochloric acid, is now

treated with ammonia, which causes a further lead com-

pound to be precipitated, and when this is decomposed

by an acid, the filtrate deposits, on standing, indigo blue.

Indigo blue and urrhodine may also be prepared from

urine which contains the necessary antecedent principles,

by mixing with an equal volume of strong hydrochloric

acid, after which the first-named bodies gradually deposit

during the few ensuing days.

It is quite unnecessary to give the description of a

number of other proceedings by which the same results

are attained.

That the indigo blue and mThodine are not derived

from the yellow colouring matter of urine is certain, for

the most colourless urine, such, for example, as the first

urine in the reaction from cholera, yields the most indigo

blue. Further, the very method (of precipitation with

lead) of isolating indigo blue removes previously most of

the colouring matter of the urine. Indigo blue is there-

fore derived from a colourless constituent of the urine or

indigogen, CgH^NO {?).

On the other hand, urrhodine seems to have no re-

lation to indigo red. When obtained from the ether

extract of the mixture of indigo blue and itself by distil-

lation, it forms an uncrystalhsable brownish red resin,

which is free from nitrogen. Thudichum calls the body

which furnishes it by decomposition with the acid, urrho-

dinogen.

That it is free from nitrogen was proved by an analysis

of Thudichum's, conducted on the principles described
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by Thudichuni and Kingzett,^ in which it showed 81-0

per cent, carbon, but no nitrogen.

This substance, urrhodine, when sublimed, yields a

red vapour, which condenses into an amorphous red

matter mixed with minute colourless ciystals. It is very

soluble in alcoliol. Urrhodine, therefore, has probably

never been obtained pure, but it is proved to have no

relation to indigo red, and well deserves more exhaustive

study.

Characters and Properties of Indigo blue from Urine.

—Indigo blue (CgHgNO) from urine, when slowly pre-

cipitated from its solutions, or when obtained by sub-

limation, assumes the shape of minute irregular crystals.

Its vapour has a violet red colour, and it is (when freshly

precipitated) somewhat soluble in boiling alcohol, giving

a solution ^vith a characteristic spectrum.

It dissolves in fuming sulphuric acid to a blue colour.

The alcohohc solution of indio;o and the solution of

its sulpho-acid, are both rendered colourless by nascent

hydrogen and other reducing agents. Moreover, when

indigo blue is digested in a closed vessel with grape

sugar and potash, it is also reduced to a colourless solu-

tion which becomes blue again by atmospheric oxidation.

All these and other reactions prove tlie identity of the

blue pigment obtained from urine with that obtained

from plants. Indigo blue fuses at 288° C, and furnishes

purple vapours. By destructive distillaiion it yields cya-

nide and carbonate of ammonium, anihne, and a pecu-

liar empyreumatic oil.

It is insoluble in water, alcohol, ether, and the fixed

1 Journ. Chem. Soc. 1876, ii. 363.
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and volatile oils, also in dilute acids and alkalies. By

reduction, indigo blue yields, as already stated, white

indigo, or indigogen, CgHglSrO. Thus a mixture of fer-

rous sulphate and alkali effects this reduction in this

way :—

2(FeO,H20) + H2O + 2C8H5NO = Fe303,2H30 + aCgHeNO.

Chemical Decompositions and Relations of Indigo

blue.—By oxidation with a dilute solution of chromic

acid, indigo blue yields isatin :

—

2C8H5NO + O2 = 2C8H,N02.

Fuming nitric acid gives indigotic or nitro-sahcylic acid

(C7Hg(N02)03), and by a more prolonged action carba-

zotic acid (picric acid) (C6H3(N02)30) is produced.

There are other interesting decompositions and che-

mical relationships of indigo blue, to study which, how-

ever, would lead us too far away from the direct object of

this work.

It may be worth while to add, that when indigo

blue is reduced with tin and hydrochloric acid, it gives

a yellowish brown powder, and this distilled with zinc

dust, gives a thick oil, from which aniline may be re-

moved, after which, by distillation with superheated

steam, crystals of indol, CgHyN, are obtained.

In the Chapter on Albuminous Compounds it will

be shown how Nencki obtained this same body from

albumin, and in this way some sort of connection

between indigogen in the urine and the digestion of albu-

minous compounds is established.

Quantity of Indigogen excreted.—The quantity of

indigogen excreted in health is not easy to determine,
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nor has it been done satisfactorily. It is probably small.

Schimck obtained from the urine of two individuals, over

a period of some weeks, only one grain of indigo blue.

Jaffe has estimated the quantity of indigo blue ob-

tained from twenty-foiu" hours' human m'me at 0-0045

to 0-0195 grm. ; dog's urine gives more, and a yet

greater quantity is obtained from urine of cows, while

horses give apparently twenty-five times as much as man.

Thudichum and others have shown that in the early

urine passed by patients recovering from cholera col-

lapse, indigogen is present in unusually large quantities.

Pyrocatechin, CeHgOg.

This substance was discovered in human urine by

Mliller and Ebstein. Baumann^ has since shown that

while it is a frequent ingredient of human urine, it is

probably not a constant one. The same author shows

that it occurs in the urine of horses, partly uncombined,

and partly as a sulpho-compound.

It is obtained from urine, when present, by acidifi-

cation, evaporation, and extraction of the residue with

ether. On distillation of the ether a residue is obtained

which gives the reactions of pyrocatechin. It is chiefly

interesting as an ingredient of urine from its chemical

relations to the decomposition products of indigo. Lau-

temann obtained it artificially by decomposing moniodo-

sahcylic acid with an alkali ; in this way oxysalicylic

acid is first produced, and this, on heating, is resolved

into pyrocatechin and carbonic anhydride, thus :

—

(1) C,H5l03 + KHO = C7H604 + KI.

(2) C,HA = C6H60, + CO,.

1 Pfliiger's^/r/iu-. 12 (1876) 63.
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Pyrocatechin may be regarded as benzene in Avliicli

two hydrogens are substituted by two hydroxyls. It

behaves as a weak acid, and crystallises in white shining

laminae, melting at about 112° C, and volatihsing above

that temperature.

When present in urine which has been rendered

alkaline, oxygen is absorbed from the air, and the urine

darkens in colour.

Phenol-Sulphuric Acid, C6H6SO4, and Cresol-producing

Substances.

Although phenol is not an ingredient of human urine,

as such, yet Stadeler extracted it from human urine, as

also from the urine of the horse and the cow. Quite

recently Baumann^ has estabhshed the presence of

phenol-sulphuric acid in horses' urine, and he found the

same compound in the urine of persons who had been

treated medicinally with phenol. There seems also to

exist, both in blood and urine, another compound, as yet

unisolated, which may yield phenol.

In the same manner cresol, CyHgO, while it is not a

normal ingredient of human urine, may be obtained as

an educt therefrom under certain circumstances.

The Colouring Matters of Urine.

Under the name of urobiline Jaffe has described^ a

colouring matter which he first observed in the urine of

fever patients. Although afterwards detected in all

1 Pfliiger's ArcMv. 13 (1876) 2 and 7.

2 Arch. Pathol. Anat. 47, 405.
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specimens of urine, it seems to be produced therefrom

only by standing, and not as an original constituent. It

has never been isolated nor analysed, but merely

diagnosed spectroscopically, and named under the as-

sumption of some connection possessed by it with a

biliary colouring principle. The subject has attracted

other workers, but the results obtained have only been

productive of new incongruous names and considerable

dissension. It will therefore be passed over without

further comment.

Omichyl-oxide was the name given by Scharling ^ to

a principle which he extracted from urine as follows :

—

The urine w^as concentrated by freezing and removal of

the ice, and extraction of the concentrated solution

with ether. By distillation of the ether extract, and

washing of the residue wdth water, urea was removed,

and the colouring matter remained behind. Scharhng

further purified it by boiling with solution of potash, to

decompose ammoniacal salts, and precipitation of the

solution thus obtained with sulphuric acid. Omichyl-

oxide was deposited in brown flocks.

Omichyl-oxide fuses in hot water to an oily body,

which resinifies on cooling. It is soluble in ether,

alcohol, and dilute alkalies.

Thudichum claims to have shown that the substance

is not contamed in the urine as such, but is a secondary

product of the action of heat and hippuric acid upon

the matter extracted by ether.

Urerythrine is a substance first described by Proust

under the name of rosacic acid, and obtained from the

lateritious deposits from urine. A number of chemists, and,

' Ann. Chem. vol. xlii. p. 265.
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in particular, Heller, have studied this substance ; but while

it has thus gained in synonyms, it remains an unanalysed

substance. It is that body which is supposed to give to

urine its fiery red colour, and which adheres to the

deposits of urates when they occur. It is best obtained

from these deposits by first dissolving out what is soluble

in water, and finally extracting the urerythrine by warm

absolute alcohol. It is re-obtained from the alcohol by

evaporation at a temperature not exceeding 50° C. It

possesses a characteristic spectrum, and does not often

occur in healthy urine, but is a frequent abnormal con-

stituent. Thus it commonly occurs in cases of acute

rheumatism, pericarditis, pneumonia, liver diseases, lead

poisoning, intermittent fever, typhus, and certain brain

diseases.

Under the name of Urohcematine, and many other

names (' only to be said on holidays '^), Proust, Scherer,

Harley, Heller, Mkrcet, and many others have described

matters identical, allied, or totally different, which, in

their opinion, constituted the true colouring principles

of urine. Thudichum has given an account of many

of these researches, both in his Hastings Prize Essay of

1864, and more recently in his book on the urine which

has been so often referred to. While recognising the merit

of each labourer's results, he has for the most part explained

these away or identified their products with purer and

more distinct principles obtained by himself from urine.

It is therefore proposed to give a brief summary of Thudi-

chum's laborious researches, in full satisfaction of all

knowledge relative to the colouring matters of urine.

Before doing so, however, it may be well to explain

^ Once pointedly olbserved by the Lancet.
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that Ilarley gave the name of uroliaimatine to a red

coloiirinfr matter which he obtained from urine, in token

of its supposed derivation from the colouring matter of

the blood, a supposition based upon the fact that, when

ignited, this substance left an ash of ferric oxide.

The matter which Thudichum regards as the chief

or exclusive colouring matter of urine, he terms uro-

chrome, and references have been already made re-

garding it, particularly in the section on 'Reducine.'

Thudichum pays special credit to Proust, who, so long

ago as 1800, seems to have got nearer the truth about

urinary colouring matter than any other worker before

Thudichum, who was able to identify and explain most

of Proust's products.

Methods of Preparation of Urochrome.—(1) One

method has been already described while treating of

reducine—viz., precipitation by a nitric acid solution of

phosphomolybdic acid. This fact appears to indicate

that urochrome has an alkaloidal constitution.

(2) Or the urochrome may be obtained by precipi-

tating urine with neutral and basic lead acetates, de-

composition of the precipitates with sulphuric acid, and

precipitation of the filtrates with phosphomolybdic acid.

(3) Another method consists in saturating urine in

the cold with bar3rta hydrate crystals, filtration, and

precipitation of the filtrates with lead acetate and am-

monia to perfection. The washed precipitate is decom-

posed with sulphuric acid, and the filtrate again treated

with baryta water, the excess of which has then to be

removed by means of carbonic anhydride. The con-

centrated filtrate is then treated with strong alcohol,

which precipitates kryptophanate of barium and other
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matters, after separation from wHcli, urochrome is ob-

tained by evaporation in a current of air.

To purify the urochrome obtained by any process,

its aqueous solution should be shaken with freshly pre-

cipitated oxide of silver, which removes both hydro-

chloric acid and traces of a xanthine-like body. The

silver which thus enters into solution with the urochrome

is removed by sulphuretted hydrogen, and on evapora-

tion of the ultimate solution urochrome is obtained in

the form of an amorphous, yellow-coloured substance.

In the above-described treatment with argentic oxide,

care has to be taken not to use an excess, or otherwise

it precipitates the urochrome also.

Properties of Urochrome.—Thudichum has not ana-

lysed the urochrome itself, but he has determined the

following characters :—It is not only soluble in water,

but also less soluble in alcohol and in ether, very dilute

acids, and alkalies. The aqueous solutions decompose

slowly when kept, with increase of colour to red, and

deposition of flakes of a resinous character. This de-

composition occurs to a greater extent during operations

which employ heat. Acids, when boiled with urochrome,

decompose it, giving rise to products to be hereafter

described. With a watery solution of urochrome, nitrate

of silver gives a gelatinous precipitate soluble in nitric

acid ; it is also precipitated by acetate and basic acetate

of lead, acetate of mercury, and nitrate of mercury.

Decomposition of Urochrome.—When boiled with

dilute mineral acids for a length of time, urochrome

decomposes, and developes an intense odour. The resin

which separates, and more particularly on addition of

a further quantity of water, consists of a mixture of

R
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three substances, uromelanine, uropittine, and omicholine

(mixed with omicholic acid). From the isolated resinous

matter uromelanine may be obtained by stirring it with

cold water, when it separates from the admixture as a

brown powder. Or it may be obtained by extracting

the mixture with alcohol, which leaves uromelanine un-

dissolved. The red alcoholic solution is precipitated by

water, and from the precipitate so obtained ether extracts

omicholine and its accompanying omicholic acid, Avhile

it leaves more or less powdery uropittine undissolved.

These primary decomposition products are liable to be

accompanied by smaller quantities of secondary products.

Characters of Uromelanine.—It is insoluble in water,

and but slightly soluble in alcohol ; hot alcohol re-

deposits most of what it dissolves, on cooling. It is

easily soluble in dilute alkalies, and re-precipitated there-

from by acids.

Thudichum gives to uromelanine the formula,

C36H43N;Oio, based upon the analyses of a large num-

ber of preparations. He also describes three silver

compounds in which the silver stands to the mole-

cule of uromelanine in the respective proportions

1 : 1, 3 : 2, and 5 : 3. There is also a barium salt, three

calcium salts, three zinc salts, and a lead salt, the

analyses of which Thudichum also gives in detail.

Incidentally he shows that uromelanine presents a

remarkable similarity in composition, to the pigment of

the choroidea, as is seen in the following comparisons :

—
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Characters of Omicholine and Omicholic Acid.—
To separate these, the mixture is treated with strong

ammonia, and warmed, and the extract so obtained

allowed to stand, and finally filtered from the resinous

mixture of the two substances which is deposited. The

final ammoniacal solution contains only omicholic acid,

while the more insoluble oily and ruinous substance

is omichohne. The formula of omicholic acid is not yet

decided ; it is near Ci5H22^04, or C16H24NO4. The for-

mula of omicholine is somewhere about CggHagNOs, or

C24H44NO6. Isfeither substance has been yet obtained in

a finally pure condition.

Characters of Uropittine.—The final purity of this

body also has not yet been ascertained, but the following

analyses may be quoted as roughly indicating its compo-

sition :

—
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cleavage product of iirochrome and one attended by at

least two others, the coii^^titutioii of iirochrome must be

very complicated ; so complicated, indeed, that in view

of uric acid, urea, and other substances known to be

waste products derived from albumin, it is impossible to

reg;ard urochrome as also a derivative of that substance.

It hence arises that urochrome must be regarded as a

product from the breaking up of ha3mato-crystalUne (the

colouring matter of the blood ; see Chapter on Blood),

which has a constitution for more complex than that of

albumin and presents an atomic weight above 13,000.

This hue of thought, backed up by fuj'ther investiga-

tions yet to be made, may ultimately lead to ' a new

means of estimating the effects of the febrile process

upon the organ of oxygenation, the blood- disc, or its

ally the myochrome or red colouring matter of the

muscles.'

Further Remarks on the Decomposition of Urine.—
Thudichum gives the following synopsis showing the pro-

ducts obtained when urine is distilled with sulphuric

acid :

—

* A. Fixed coloured products :

—

{Uromelanine . . Insoluble in alcohol.

Uropittine . Soluble, sparingly, in alcohol.

Urorubine . . Soluble easily, ia alcohol.

Metauropittine . . . Soluble in alcohol.

Soluble in ether and j Omicholine . . . Insoluble in ammonia,

alcohol. (Omicholic acid . . Soluble in ammonia.

B. Volatile products :

—

Soluble in ether . . Essential oil.

As sodium salts insoluble

in ether . . . Acetic and formic acids.

This synopsis will illustrate and serve as a resume of

what has gone before, while it leads naturally to a few
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remarks about the volatile oil obtained in this way from

urine.

Volatile Oil from Urine.—This is soluble in ether,

and is extracted from the distillate by this solvent. It

has a powerful urinous odour, a yellowish colour, and

when heated with nitrate of mercury it gives a purple

reaction. It does not change a solution of silver even

on boiling, and is free from phenol and cresol.

Acetic and Formic Acids.

We have already had occasion to write of the pro-

duction of acetic and formic acids during the decom-

position of urine. When distilled from putrid urine they

are accompanied by benzoic acid, and may be readily

obtained on the application of ordinary processes. Thu-

dichum has shown that there is a difficulty in effecting

the separation of acetate and formiate of barium on

account of the isomorphous crystaUine state of these sub-

stances. He however estimated, from some determina-

tions made with the distillates of urine acidified with

sulphiuric acids, that the daily excretion of acetic acid

amounts to 0*288 grm. per day, and that this is accom-

panied by about 0*05 grm. formic acid. From these

proceedings it is difficult to say whether these acids are

exclusively obtained by decomposition of more compli-

cated substances, or whether they ever occur in the form

of salts in the urine.

According to Meissner, succinic acid is also a regular

ingredient of urine.
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Kri/ptophamc Acicl^ C5H9NO5.

Kryptophauic acid, which was discovered by Thudi-

chum^ in 1869, is considered by him to be the normal

free acid of human lu'iue, and may be isolated therefrom

by various means.

Methods of Preparation.—Urine is treated with ex-

cess of lime milk, filtered, and evaporated ; the sulphate

of calcium which it afterwards deposits is subsequently

removed by filtration and the filtrate acidified with acetic

acid, after which it is concentrated and aUowed to

crystallise. The mother liquor, when treated with four

or five volumes of strong alcohol, throws down a bulky

adhesive precipitate consisting of kryptophanate of cal-

cium, which may be purified by re-dissolving in water

and re-precipitation with alcohol. To complete the

purification the aqueous solution of calcium salt is pre-

cipitated by a strong solution of lead acetate, and the

precipitate, which is soluble in a great excess of the re-

agent, is dissolved by this means and the solution so

obtained precipitated by alcohol. From the white lead

salts thus produced, free kryptophauic acid may be

obtained by decomposition with sulphuric acid, and may

be then transformed into other salts as required.

Or the crude kryptophanates may be treated with an

excess of copper acetate. This solution throws down a

dirty green precipitate of the copper salt, and a further

quantity may be obtained from the mother liquor by

addition of alcohol. When the copper salt is decom-

1 Journ. Chem. Soc. 23 (1870), 116.
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posed in the presence of water with sulphuretted hydro-

gen, free kryptophanic acid passes into solution.

Thudichum shows that ki'yptophanic acid is not de-

composed when urine is boiled with dilute sulphuric acid.

Chemical Properties.—Kryptophanic acid is a trans-

parent, gummy, sohd body, soluble in water in all pro-

portions, but less soluble in alcohol and even more in-

soluble in ether. It decomposes the alkaline and earthy

carbonates, forming corresponding salts.

An aqueous solution is precipitated by acetate of

mercury and nitrate of silver, while solutions of the

alkaline and earthy kryptophanates are precipitated by

the acetates of lead, copper, and mercury, and by the

nitrates of mercury and silver.

Thudichum has shown that the determination of urea

in urine by Liebig's method is interfered with to the

extent of 5 or 10 per cent, by the circumstance that

kryptophanic acid is precipitated by nitrate of mercury.

If kryptophanic acid be considered as tetrabasic, then

the salts analysed by Thudichum have, according to him,

the general formula CioHi^M'^NsOio.

The salts are as follows :

—

Lead salt CioHi^Pb2N20io

„ iydrated . . . CioHi^PbaN.PjQ + 2Aq

„ basic . . . 2(CioHi4Pb2N20io)PbO
Copper salt CjoHj^CuoNjOjo

„ with alcobol . CioH^^CugNoOio + C^^Q
Magnesium salt .... CioH^^MgoN20jo + Aq

„ dibydrated . Ci(,Hj^Mg2N20io + 2Aq
Barium salt .... C^oHuBa.jjSTgOiQ + A.q

„ tribasic . . . . C-^^^^sl'^^O^^

„ acid CigHj^BaKjOg

Calcium salt CioHigCa'sN^Og

„ acid CjoH^^CaNjOg

Cobalt salt acid ...".. CioH^^CoNgOg

„ basic .... C10H12C02N2O9

Silver salt CioHi3Ag3N„Oa
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Carbonic Acid.

This substance is contained in urine to some slight

extent, and according to Planer the amount increases

under the influence of febrile processes. Other obser-

vations seem to show that the amount rises and falls

with urea, and considering wliat we know of the

chemical changes occurring in the blood, there is little

difficulty in comprehending this to be true.

The Inorganic Constituents of Urine.

Chlorine and the Chlorides.—Principal among the in-

organic constituents of urine are the chlorides of potas-

sium and sodium, these substances, like many others,

being constant ingredients of foods.

The crystals, w^hich are deposited from a concentrated

solution of urine, consist of common salt sometimes

mixed with urea ; but from still more concentrated solu-

tions the phosphates of sodium and ammonium are also

thrown down. The potassium salts, from their greater

solubility, are found in the mother liquors, and may be

precipitated in the ordinary w^ay by means of platinic

chloride.

Bischoff made a number of determinations of the

daily amount of chlorine passed in the urine, and the

following table, which is taken from Thudichum's book,

exhibits his results :

—

Adult man, living' well, discharged . . 8*7 grms.

AVoman, forty-three years of age, discharged 5'5 ,,

Girl, eighteen „ „ „ 4-5 „

Boy, sixteen „ „ „ 5-3 „

„ three „ „ „ 0-8 „

Of course the amount of chlorine must vary with each

individual according to a number of circumstances, such
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as the amount of food taken, the amount of chlorides

contained therein, and so on. From some experiments

made by Hegar it would appear that less chlorine is

secreted during rest and sleep than under conditions of

mental and bodily activity.

Barral seems also to have shown that chloride of

sodium increases the ehmination of the nitrogenous con-

stituents of the urine. It further appears that in acute

febrile diseases less chlorides are excreted than is usual,

but it is curious to note that in diabetes the quantity

appears to be increased. Indeed, Thudichum considers

that the amount of clilorine in chronic cases of disease

serves as a measure of the digestive powers of the

patient ; thus a daily quantity of 6 to 10 grms. indicates

a good digestion, while less than 5 grms. shows an im-

paired nutrition.

Dr. Zuelzer has shown that under conditions of ex-

citement of the system, the quantity of sodium chloride

passed in the urine is diminished, while that of the potas-

sium salt is increased ; under conditions of depression

the reverse obtains.

Sulphuric Acid, Sulphates, and other Sulphur Com-

pounds.—Sulphuric acid is found in the urine as sulphates

of potassium, sodium, and calcium, and these are obtained

by concentration of the urine and crystallisation. The

average amomit of sulphuric acid discharged during the

twenty-four hours amounts from 1'5 to 2*5 grms., the

greater part occurring in the urine shortly after meals.

Of course much of this sulphuric acid comes from the

food, but another part is undoubtedly due to the oxida-

tion within the system of the sulphur contained in some

albuminous substances. That this is so, derives considerable
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support from the fact that there is also present in urine a

small quantity of sulphur existing in such a form as to

escape precipitation with salts of barium. It is not un-

hkely that this so-called unoxidised sulphur is directly

derived from taurocholic acid or taurine. A great num-

ber of observations have been made regarding the quan-

tity of sulphuric acid and sulphates found in the urine

under various conditions of health and disease, but for

the most part such observations are of httle value for the

present work and hence may be disregarded.

It would also appear that hyposulphurous acid, or

sulphurous acid, or both, are sometimes contained in

urine, since when such urine is treated with zinc and

sulphuric acid a little sulphuretted hydrogen is set free.

Thudichum has pubhshed a great number of determina-

tions of the quantity of sulphur present in the urine in

other forms than that of sulphuric acid, but it is un-

necessary to do more than notice the fact.

Sulphuretted hydrogen has also been found in urine

at various times, and particularly in cases of disease of

the bladder. Moreover, another observer has also dis-

covered what he believed to be hydrosulphocyanic

(HCNS) in the urine, but no absolute proof of this state-

ment of Gscheidlen has been forthcoming, and quite

recently Thudichum has given denial to it.

Phosphoric Acid and Phosphates.—Considering how

largely phosphate of calcium enters into the constitution

of bones, and bearing in mind that large quantities of

phosphorised principles occur in brain and nerve matter,

&c., it is not surprising that the amount of phosphoric

acid excreted in the urine should not merely be con-
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siderable, but that its determination often serves as a

valuable guide in processes of disease.

Phosphoric acid exists in the body also in combina-

tion with various bases as orthophosphates.

It v^ould appear from numerous researches that the

average quantity of phosphoric acid discharged in the

urine in twenty-four hours amounts from 1"2 to nearly

5 grms., but there is no doubt that the amount varies

largely according to the nature of the food and other

conditions. It should be remarked that this phosphoric

acid occurs in the urine in combination with calcium,

magnesium, potassium, and sodium.

Bases present in Urine.—Considerable information

regarding the bases present in urine has been given

under other headings, and a statement of the quantities

so far as they have been determined is given in the table

quoted from Thudichum's work in a previous section.

Other Matters occurring in Urine.

Trimethylamine is stated to be a constant ingredient of

human urine, although it is present in mere traces. It

has also been shown in other chapters that when sugar

and alcohol are taken in large quantities traces of these

substances occur in the urine. Among pathological ingre-

dients are blood, albumin, fibrin, fatty acids and fats, sugar

(as in diabetes), leucine, tyrosine, and certain colouring

matters (as in cholera), and oxalic acid and oxalate of

lime (as in certain diseases terminating in calculi).

Damalic and damaliuic acids are of a volatile nature,

and were discovered by Stadeler ^ in the urine of a cow.

It is doubtful whether they ever occur in human urine.

1 Ann. Chem. 77 (1851) 17.
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Urinary Sediments and Calculi.

TJnder the general descriptions of urine, and uric acid

as a constituent of urine, mention has been made to some

extent of urinary sediments and calcuU ; and it will be

sufficient here to supplement these observations by very

few others.

Under healthy conditions the urine usually remains

clear and transparent after micturition, but not infre-

quently it throws down certain deposits wliich may or

may not indicate some sort of disturbance of the laws

upon which health depends.

Sediments.—The sediments alluded to, are in some in-

stances more or less flocculent, while at other times they

are crystalline and generally coloured with principles

about whose true nature we have but little information.

Amorphous deposits occurring in acid urine generally con-

sist of urates, sometimes associated with calcium phosphate

and not rarely with fat globules ; while when crystalline

the deposits made from urine of an acid reaction consist of

calcium oxalate, free uric acid, cystine, calcium phos-

phate, tyrosine, or hippuric acid, or a mixture of these

bodies or some of them. At other times these deposits

contain organised particles consisting of mucus, mucus

and blood corpuscles, pus, casts of tubules, epithelial

casts, granular renal casts, spermatozoa, or sarcina ven-

tricuh, &c., or a mixture of a number of such bodies.

Again, when the urine is alkaline and the deposit

crystalline, the latter may contain ammonio-magnesium

phosphate, or urate of ammonium, or both ; and when
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the sediment is amorphous, phosphate of calcium and

organised particles.

Uric acid deposits do not dissolve when the urine is

heated, and may be readily identified by the murexide

and other reactions. The urates, however, dissolve on

heating, and are insoluble in acetic acid but dissolve in

alkaline solutions. These urates comprise the salts of

sodium and ammonium, and more rarely urate of

calcium.

The phosphates do not dissolve in alkaline solutions

or when the urine is heated, but are readily soluble in

acetic acid.

Calcic oxalate is not so commonly found in the sedi-

ments, but when present may be easily detected by its

crystalline character and its chemical reactions.

Cystine (CgHgNSOg) deposits in six-sided tables which

dissolve in hydrochloric acid and ammonia, and may be

recognised by the production of sulphide of lead when

the acetate of that metal is added to a previously boiled

alkaline solution of the deposit. Cystine is insoluble in

water, alcohol, and ether, but is soluble in the stronger

acids and in alkalies. It would appear to represent in

some way the sulphurised nucleus of fibrin, &c.

Blood corpuscles are easily recognised under the

microscope, while the spectroscope is a sure agent to

employ in their detection.

Pus sediments are of a pale greenish colour, and in

such case the urine generally contains albumin coagu-

lable by heat and nitric acid.

Mucus (when present) is generally difiused through the

urine as transparent fiocculi.

Calculi.—The chief varieties of urinary calculi are as
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follows. Those containing or consisting of uric acid,

ammonium and other urates, oxalate of calcium, phosphate

of calcium, phosphate of ammonium and magnesium, xan-

thine, and cystine, all of which are generally constructed

round a nucleus of some foreic^n substance such as blood

corpuscles, &c. When the phosphate of calcium and the

double salt of ammonium and magnesium occur together

in calculi, these latter are known as ' fusible.' Important

as a proper knowledge of calculi, and the conditions

under which they appear, is to physicians, it would

serve no useful purpose to enter into more minute con-

siderations upon the subject in this place. Moreover,

the nature and properties of urinary calculi have often

been treated ^ in a complete way by able observers.

Other Morhid Conditions of the Urine.

In another chapter special consideration has been

devoted to that disease—diabetes—in which the urine is

charged with grape sugar. Under other conditions of

disease (such as in albuminuria, Bright's disease, &c.)

the urine is found to contain albumin in a state of solu -

tion. In such cases it is supposed that the seat of the

evil is situated in the kidneys, their power of filtration

and secretion being profoundly influenced. In cruen-

turesis, or intermittent hgematuria, the urine contains or

may contain h^mato-crystalline, calcium oxalate, hema-

tine, &c., &c.

Again, in certain hepatic and other diseases, biliary

^ See Golding Bird's treatise On Urina7-y Deposits ; Beale's treatise On
Urine, Urinary Deposits, and Calculi; Simon's Chemistry, TliudicLum'a

Pathology of the Urine, kc, &c.
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pigments and fatty acids occur in the urine and may be

detected by the ordinary tests.

Unfortunately the exact steps by which these ab-

normal constituents of the urine are derived from the

corresponding principles in the system, are almost

entirely unknown.

Chylous urine is not often met with in Europe, and

is peculiar through the circumstance that it contains cer-

tain constituents of the blood, or lymph, or chyle : notable

among these is fibrin. The milky appearance presented

by such urine is due to the suspension of fats and fatty

acids.

Lactic acid has been observed in the urine by various

chemists in cases of phosphorus poisoning, acute ma-

lignant jaundice, trichiniasis, and osteomalacia.

In typhus and variola; leucine and tyrosine—toge-

ther with other products of a particular decomposition of

albuminous principles—occur in human urine.
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CHAPTER XIV.

SWEAT.

As is well known, man breathes, so to speak, not only

throiisli the mouth but also throudi the skin. In

fact, the skin is an excretory organ, sweat being the

excretion, or a part of it. The process is carried on

through the agency of the sudoriparous glands which

exist all over the surface of the body, and the watery

fluid which is excreted passes off for the most part under

ordinary conditions in the state of vapour, leaving, how-

ever, some part of the soluble constituents behind on the

integument. Under these circumstances the process is

termed insensible perspiration ; but under the influence of

active exercise, high external temperature, mental emo-

tion, or diseased conditions, the secretion is elaborated

in greater amount, and the process is then termed sensible

perspiration, inasmuch as the sweat is deposited in the

form of drops on the surface of the body.

The amount of sweat in health varies with a number of

conditions, as for instance, the temperature and humidity

of the atmosphere, the state of the blood and nervous

system, &c. &c. Various attempts have been made

to estimate the quantity, Seguin's observations being

among the most valuable. He found that on the average

about 1*2 grm. of fluid were discharged by the skin and
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lungs in one minute ; of this quantity the skin exhaled

0"7 grm. and the lungs 0'5 grm. From a number of

data he further concluded that the maximum amount of

loss to the body during 24 hoiu^s by the agency of the

skin and lungs averages about 5 lbs., and the minimum

loss about 1 lb. Most of this loss consists of water, but

there is some carbonic anhydride, perhaps a little nitrogen,

and a yet smaller quantity of organic matters, to be

considered more in detail hereafter.

As a general rule it is now considered that the quan-

tity of water exhaled by the skin in a given time is about

twice the amount passing off by the lungs, or about 2 lbs.

in 24 hours. It is upon this evaporation of water from

the surface of the body that the regulation of body tem-

perature in no small measure depends. In the Chapters

on Blood, Animal Heat, and Vital Force, we have studied

the oxidation processes by which the,blood is maintained

at a high temperature, but its precision is chiefly regu-

lated by the evaporation which takes place from the skin.

In summer this evaporation takes place much more freely

than in winter, for its extent depends not mainly upon

the heat originating within the body, but rather upon

the heat acting upon the body from without. Again,

there is a nervous power which helps to regulate these

processes. Cold produces an irritation of the walls of the

blood-vessels, and causes them to contract ; the first con-

sequence is a reduced* supply of blood to the surface,

and as a further consequence, there is a less exudation

from these vessels, for sweat is nothing more or less than

such exuded liquid.

The amount of carbonic anhydride excreted by the

skin is not more than -^^ or -^ of that passing out
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by the lungs ; but that it is regularly excreted may be

shown by enclosing a limb of the bo-iy in a vessel con-

taining air of known composition, and it will be found

that in process of time the amount of carbonic anhydride

increases as the quantity of oxygen decreases. Notwith-

standing the undoubted change in composition of the

blood effected by these processes going on in the skin, it

is not converted fi-om an arterial to a venous state.

The solid constituents of sweat are so small, and tlie

secretion happens over such a large surface, that at pre-

sent we have but little accurate knowledge of them.

In the normal state, the sweat contains free lactic

acid and fatty matters, which are often increased in

amount by admixture with the fotty products of the

sebaceous glands. Moreover, as the sweat deposits in

drops on the skin, it is associated with surface epithelium,

the quantity of which increases with exercise and external

temperature of body.

Simon and others have determined the specific gravity

of sweat to be about 1003 to. 1004. It contains from

0*5 to 1'25 per cent, of solid (not volatile) constituents.

Among these constituents is urea, and Funke has estimated

the quantity equal to about 0*7 grm. nitrogen diu-ing 24

hours.

Chloride of sodium is the most abundant constituent,

while lactates, butyrates, and acetates of ammonium and

sodium are also present, and attended with traces of

calcic phosphate and ferric oxide. This latter substance is

perhaps derived from the epithelium. Volatile fatty acids,

such as valerianic and caproic acid are found sometimes,

but it is doubtful whether they pre-exist in sweat or are

formed from it during early changes which happen in it.
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These changes seem to be due to the presence of a nitro-

genous principle of unascertained composition.

Anselmino found ^ in 1000 parts of sweat

—

995-000 .
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CHAPTEE XV.

THE CHEMICAL CONSTITUTION OP THE BRAIN.

So voluminous is the literature of brain chemistry that,

were it attempted to give anything like a complete

history of the subject, it would amount to a treatise in

itself. This, therefore, cannot be done here ; and, in-

deed, it is unnecessary, for Thudichum has done it

already as an appendix to his published researches on

the brain, to which we shall more immediately devote

our attention.

In justice, however, to other workers, we give a

list of all authors, the dates of their publications, and,

where necessary, the salient features in their work. For

much of this matter I am indebted to Thudichum's

papers already referred to :

—

Eeferenoes to their Publications.

Examen chemic. Cerebri. Gieasen, 1715.

Mister. Chemise. Arg. 1766, p. 204.

See the notes of John to the translation of

Vauquelin's research in Schweigger, 8

(1813) 431.

Journ. de Phys. 38 (1790) 329.

Ann. de Chim. 16 (1793) 282.

Ann. du Mus. d'Hist. Nat., 1811, p. 212-

239 ; also in Ann. Chim. 81, 37. Eng-
lish translation in Ann. of Philos. 1332

;

German in Schweigger, 8 (1813) 480-

400.

Name.
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Kame.

John

L. Gmelin

Kiihn

Lassaigne

Couerbe

Fr^my

Gobley

Dat«.

1814

1826

1828

1830

1834

1841

f 1846, 1856,

1 and 1875

MUller

Liebig and

presented

Stiideler and

Liebreich .

H. Koehler

Otto .

Diakonow

,

. 1857-1858

Von Bibra are re-

in .

Frericbs —
1864

. 1867-1868

1867

1867-1868

References to their PnWications.

Chemiscbe Schriften, vol. 4, nro. 31,

p. 228 ; and Zoo-cbeniiscbe Tabellen,

Tab. 1, A (1814), p. 12. Also Gilbert,

Annal. 46 (1814) 329.

Rep. f. d. Pharm. 52, 169 ; also Zeitschr-

f. d. Physiol, von Tiedemann, und Tre-

yiranus, 1119; also in Gmelin and

Tiedemann, die Vei-dauung nach Ver-

suchen, 1826.

De Cholesterino eique similibus pinguedinis

corporis humani formis. Diss. Lipsiae,

1828. Abstracted in Kastner's Arch. f.

Xaturlehre, 13 (1828) 337.

Ann. Chim. 45, 215 ; also Journ. de Chim.

Med. 2nd series, 1, 344 ; Compt. Rend.

9, 703; 11, 763.

Ann. Chim. 2nd series, 56, 160-193 ; see

also Xouvelles Considerations siir le Cer-

veau. Compt. Rend. 10 (1840) 974.

Ann. Chim. 2, 463 ; also Journ. de Pharm.

27, 453; also Journ. de Pharm. et de

Chim. 12 (1847) 13.

Rech. Chimiques sur le Jaune d'ffiuf. Journ.

de Pbarra. et de Cliim. 9 (1840) 1, 81,

161 ; and Journ. de Pharm. et de Chim. 11

(1847) 409, and 12 (1847) 1. See also

Bui. de I'Acad. de Med. 15, 471 ; Jom^i.

de Pharm. et de Chim. 17 (1850) 401, and

18 (1850) 107; also 19 (1851) 406; 21

(1852) 241 ; 30 (1856) 241. The 1875

paper is in J. de Pharm. et de Chim.

(4) XX. 161-166.

' Ann. Chem. 103 (1857) 131.

I

Ann. Chem. 105, 361 (1858).

Verb, der Ziircher nat. Gesell. iv. 55, § 14.

Ann. Chem. 134, 29.

De Myelini quod vocant constitutione

chemica disqu. Halae, 1867. See also

Chem. Unters. iiber die falschlich Honi-

felte genannten Substanzen und ihre

Zersetzungsproducte. Halae, 1868.

Chem. Centr. Bl. 12, 1022 (1867).

Cent, Bl. Xo. 1 (1868), and No. 7 (1868).
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Name.
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Fourcroy discovered the presence of an albuminous

principle, a peculiar animal matter, and the phosphates

of ammonium, sodium, and calcium. He subjected

brain matter to the action of various reagents, and,

by extracting it -with alcohol, obtained yellowish-white

plates, which were supposed to be analogous to sperma-

ceti, but w^iich were probably impure cholesterine.

Vauquelin's research was particularly brilliant in its

results. He appears to have obtained a mixture of

cerebrine with cholesterine, but did not succeed in

separating them. He also obtained bodies of a fatty

character (the phosphorised principles), but did not

understand well what he had in his hands, although he

proved the presence of phosphorus in organic combi-

nation. In foct, Vauquelin concluded that the phos-

phorus existed in a form like that in which it had been

shown to be present in the roe of fishes by Fourcroy.

Beyond the white phosphorised matter which received

this partial examination iu the hands of Yauquelin,

another more oily substance was likewise obtained from

the alcoholic mother liquors, and finally a water extract

containing phosphates of calcium, magnesium, and potas-

sium, osmazome (or soap-like extract), albumin, and

sulphur. He estimated the quantities of these substances

as follows :

—

Water
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Vauquelin also made some observations regarding the

putrefaction of brain substance, and found also that the

nerves possessed a similar composition to the brain, but

contained less fatty and more albuminous substance.

J. F. John, in an examination of the brain matter of

calves, deer, chickens, and crayfish, repeated and con-

firmed many of the observations made by Vauquelin,

but otherwise failed to advance, in any sense, the know-

ledge of brain chemistry.

L. Gmelin identified the cholesterine of the brain

with that derived from gall-stones.

Kiihn gave to one of the principles of the brain the

name of cerebrine, and to another that of myelokou, but

gave no absolute characteristics of either substance. He
appears also to have first noticed the reddish-brown

matter, afterwards described by Couerbe as cephalote.

Lassaigne gave the following analysis of the retina

and the optic nerve :

—
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these researches were for a long time comparatively dis-

regarded. Thudichiim has, however, done full justice

to Couerbe in his liistory of the literature of brain

chemistry, and has shown how insignificant were the

critical researches of Fremy in comparison with those

of Couerbe.

Couerbe analysed his cerebrote with the following

results

:

= G7-878

H = 11-100

N = 3-399

S = 2-138

P = 2-332

O = 13-213

Thudichum supposes that Couerbe unfortunately in-

troduced his sulphur by the use of nitric acid containing

sulphuric acid. The presence of phosphorus, as we now

know, was also a proof of the impurity of the preparation

;

otherwise, the analysis altogether was a very fair one.

Fremy assumed that the sulphur found by Couerbe was

derived from admixtitre with albuminous matter ; but

this could not be, for not only are most albuminous matters

insoluble in alcohol (the reagent employed by Couerbe),

but even pure albumin contains less sulphur than was

found present in the principles examined by Couerbe.

From the analysis given by the latter chemist of

cephalote, it is seen that he did not obtain this principle

(now termed kephaline), in anything like a pure state;

uevertheless, he estabhshed its individuality. The same

is true of his stearoconote. The eleencephol described

by Couerbe was probably a mixture of what is now

termed lecithine, with its decomposition products and

other impurities. The great credit due to Couerbe
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consists in the fact that he was the first chemist to

submit the brain components to ultimate analysis, and

in a day when the methods were not nearly so accurate

as they have since become. He analysed cholesterine

with correct results.

Fremy re-examined the cerebrote of Couerbe, and

gtove to it the name of cerebric acid ; but he never

obtained this substance free from phosphorus, which he

said was often combined with sodium or phosphate of

calcium. He also isolated what he supposed to be a

new body, and named it oleophosphoric acid; he re-

cognised that acids and other reagents readily caused

the decomposition of this body into oleine and phos-

phoric acid, but failed to give an elementary analysis of

his products. More recent researches have shown the

error of Fremy's work ; his oleophosphoric acid does

not exist, but what he obtained was apparently a mixture

of lecithine with its products of decomposition.

Fremy, however, described an improved method for

the isolation of cholesterine, and noticed that in the

process of putrefaction conducted upon brain matter,

fatty acids are set free ; but he was in error in supposing

that these also exist to some extent naturally in the healthy

brain matter. The observation of Fremy regarding brain

putrefaction is comparable with a similar one made by

Chevreul upon the fat of dead bodies, and another by

Pelouze and Felix Boudet regarding palm oil ; these

observers found that a nitrogenous matter (probably

of albuminous origin) splits up the fats into free fatty

acids and glycerine. Chevreul had also already de-

monstrated in the blood the presence of fatty matter

found also in the brain. (See the Chapter on Blood

;
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Thudiclium and Kingzett's account of the pliosphorised

substance attached to the blood corpuscles.)

The first researches of Gobley, although conducted

upon the yolks of eggs, had a very direct bearing upon

brain chemistry. He found that they contain water, an

albuminous body which he called vitelline, oleine, mar-

garine, and a viscous substance. Lecanu had previously

found cholesteriue in the yolks of eggs, and Gobley

submitted it to analysis and established its identity. On

submitting the viscous matter to decomposition with

acids and alkalies, he found that it was split up into

oleic, margaric, and phosphoglyceric acid, and hence he

supposed that these were originally present in combina-

tion with ammonia as a true soap. He also determined

the presence of lactic acid, various mineral salts, and

osmazome (or meat extract) in the yolks of egg.

Gobley's next research was conducted upon the

brains of chickens, sheep, and men, and he obtained

from these a viscous matter like that already described
;

but he withdrew his previously-announced view regard-

ing this compound as a soap. Yet later, in researches

upon the eggs of carp, he was led to assign the names

of cerebrine and lecithine to those substances previously

termed by Fremy cerebric and.oleophosphoric acids, but

he did not succeed (as we shall see hereafter) in fully

establishing the nature of lecithine, which, together with

some cerebrin, constituted his viscous matter. To the

cerebrin from eggs he assigned the following com-

position :

—

66-85

H lC-32

N 2-29

P C-4.3

. . 10-61
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The presence of pliospliorus demonstrates that he

did not obtain cerebrine in a perfectly pure state.

In another research, Gobley identified in the milt

of carp the ingredients he had found present in eggs,

and proDounced F. Boudet's seroline to be a mixture

of oleine, margarine, cholesterine, and a little albumin.

Finally, in his last work at this date, he maintained that

the fatty acids obtained in the decomposition or putre-

faction of bile are products of the splitting up of

lecithine, although neutral fats and cholesterine are also

normally present. Here Gobley relinquished his re-

searches until quite recently, and it was left to Strecker

to complete a research which had been attended with

such pregnant and important results.

Liebig, in an essay on the extract of flesh, had raised

the question whether the brain furnished products like

to those obtained from muscular tissue, and in some pre-

liminary experiments he subjected brain matter to the

action of dilute baryta water, but failed to find kreatine

among the products. Von Bibra studied also the water

extract of brain matter, but failed to find kreatine,

inosinic acid, inosite, and hypoxanthine ; he determined

the presence, however, of volatile organic acids, among

them formic acid ; he also showed the presence of lactic

acid.

Bibra analysed a sample of impure cerebrin and failed

to obtain metallic combinations of this principle. He

pointed out the purple colour which this substance strikes

with strong sulphuric acid, a matter which has been ex-

plained in the Chapter on ' Pettenkofer's reaction.' He

also noticed the pecuhar power possessed by cerebrin of

swelling when placed in contact with water.
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Miiller imitated the process which Liebig had employed,

but failed to obtain the two barimn salts which that

chemist liad stated to be produced. He, however, found

an albuminous body in the filtrate, and by suitable means

identified the presence of cholesterine, sodium chloride,

and kreatine when human brains had been employed.

When ox brains were made the subject of study no

kreatine was found, but a substance resembling leucine.

In further experiments these observations were confirmed,

and it was also shown that uric acid, a substance resem-

bling xanthine or hypoxanthine, and inosite were among

the extractives obtained by the baryta process.

Kreatin occiu*s only in small quantity in human

brains, whilst Liebig found 36 grms. in 100 lbs. of lean

horseflesh, 30 grms. in 86 lbs. of ox flesh, and 72 grms. in

100 lbs. of lean dog flesh. Miiller only obtained half

a grm. of kreatine from 24 lbs. of human brains. The

presence of kreatine was confirmed by Lerch, of Prague.

Stadeler and Frerichs found leucine in the brain, but

Miiller failed to find this or any homologue of it as a

constituent. He obtained 12 grms. of calcium lactate

from 50 lbs. of ox brains. Thudichum summarises

Muller's results thus far as follows :

—

(1) The brain of man, in the portion soluble in water,

contains a small quantity of kreatine.

(2) On the other hand, kreatine is not present in ox

brain, but the latter contains either leucine or a homo-

logue.

(3) In both human and ox brain volatile acids of the

series CJIiaO^ exist in very small quantities.

(4) Both human and ox brain contain considerable

quantities of lactic acid.
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(5) Ox brain contains a little uric acid and some

quantity of inosite.

(6) Succinic acid, glycogen, kreatinine, urea, cystine,

and taurine could not be found in the brain.

In his next paper, Miiller described his methods of

isolating the principles of brain substance, and stated

that cholesterine forms one-third of the constituents of

the brain matter soluble in alcohol or ether. He also

obtained cerebrine for the first time free from phos-

phorus, and gave to it the formula C17H33NO3, based upon

the composition ;

—

68-35 . . 68-56 . .
—

H 11-30 . . 11-25 . . 11-06

N 4-69 . . 4-53 . . 4-29

15-66 . . 15-66 . .
—

He submitted some of his preparation to the action

of boiling nitric acid, and obtained an oily yellow body

which soHdified on cooling ; this was recrystallised from

alcohol and analysed with the following results :

—

= 75-52

H =. 12-92

= 11-66

leading to the empirical formula CgHigO. As this sub-

stance was not (apparently) examined for nitrogen, no

safe conclusion can be drawn from this experiment.

After some little work upon the phosphorised consti-

tuents, Miiller thought it safest to consider the question

as to the form in which the phosphorus is contained as

unsettled.

0. Liebreich's research was almost confined to what

he termed protagon, but what now appears to have been

a mixture of various substances, including cerebrine and

some phosphorised principles. When boiled with strong

T
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baryta water this mixture yielded glycerophosphoric acid,

impure stearic acid, and a second seemingly new acid
;

also a new base which Liebreich termed neurine. The

new acid was undoubtedly (as we now know) derived from

the decomposition of the cerebrine group of substances.

Koehler recognised the presence of hypoxanthine and

inosite in brain matter. He also analysed a phosphorised

body in wliich the relation of nitrogen to phosphorus

was as 1 : 1. He termed it mycloidiue (C40H76NPO10), but

evidently it was not a pure individual, nor did his myelo-

idinic acid (C74H135N2PO25) present the necessary guarantees

of a pure chemical individual. Koehler further described

the properties of several other substances which he ob-

tained, although in an impure condition. Thus the body

which he named myelomargarine, and which he subjected

to boiling with alcohol acidulated with sulphuric acid,

was beyond doubt a decomposition product of cerebrine,

produced by the very act intended to purify it (see Thudi-

chum's researches) ; moreover it is probable that Koehler

overlooked the presence of nitrogen in his product.

Otto also appears to have overlooked the presence

of nitrogen in cerebrine, otherwise the results of his

analyses were almost identical with those which Mliller

obtained when working with cerebrine similarly prepared.

He studied somewhat the products of decomposition of

this substance ; for instance, those obtained by heating

during twelve hours with hydrochloric acid. Among

them he found a gelatinous matter resembling fat, and

containing 71*2 per cent. C. and 12-2 per cent. H., and in

the alchoholic mother liquor from its crystallisation a

second body fusing at 66°, and containing 81 '3 per cent.

C. and 13" 3 per cent. He further found a syrup which
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reduced copper solution, &c., and which contained 41-7 per

cent. C, 6"7'o2 per cent. H.,but did not apparently iden-

tify it with glucose, which requires 40 per cent. C. and

6"66 per cent. H.

Otto's research might have been particularly valuable

and fruitful in results had he not so persistently dis-

regarded the presence of nitrogen in his substances, thus,

for example, his method of decomposition would have

yielded him the body termed psychosine by Thudichum.

Diakonow more particularly studied lecithine, and

gave to it the formula C44H90NPO9 4- Aq. Its decomposi-

tion by boiling baryta water he represented as follows :

—

Grlycerophos- Stearic Acid. Neurine. Lecithine,
phoric Acid.

03H,P0, + 2(C,3H3A) + C,H,,NO,-3H,0 = 0,,H9oNPOg.

He found a substance answering to this description

in the brain of cows, but he was so far wrong that

lecithine from brain does not give two molecules of

stearic acid, but one of stearic acid and one of oleic acid.

Diakonow also studied the products of Koehler, and came

to the conclusion that they were mixtures.

Strecker's first research was conducted upon eggs,

but has a very direct bearing upon brain chemistry. He
isolated the lecithine by precipitation from an alcoholic

solution with an alcoholic solution of platinic chloride

acidulated with hydrochloric acid. In other experiments

he used cadmic chloride instead of the salt of platinum.

Strecker found the platinum compound to be unstable in

character, but admitting of purification by dissolving in

ether and reprecipitating with alcohol. The cadmium

compound is almost insoluble in ether, but soluble in

acidulated alcohol. From the solutions of lecithine, the

T 2
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metals may be removed by sulphuretted hydrogen, and

the filtrates, on treatment with a current of carbonic

anhydride and evaporation, leave lecithine hydrochlorate

as a waxy mass. From the solution of this, the HCl may

be removed by oxide of silver, and the excess of this

reagent by sulphuretted hydrogen.

Strecker gave to the platinum salt the formula

2(C42Hg3NP08)Cl2PtCl4, and represented the decomposi-

tion of the free body with baryta water as follows :

—

Glycerophos- Choline. Oleic Acid. Margaric Acid. Lecithine.

phoric Acid.

CaH^POe + G,n,,m, + C ,3Tl3 .0, + G„1I,,0, - .3n,0 = C,,Il8,NP0,

It should be observed that he used the formula of

palmitic acid, and gave to it the name margaric acid

(which is really C17H34O2, and which probably exists, and

should therefore not be confounded with palmitic acid).

Baeyer repeated Liebreich's process and obtamed

neurine (cholme), which he purified by precipitation of its

hydrochloric acid solution with phosphowolframic acid,

and decomposition of the compound with baryta water.

The filtrate freed from baryta is yet coloured. He found

the best method of purification to consist in making the

platinic compound, and on examination of his different

preparations he concluded that neurine is a mixture of

two bases, giving the combinations

2(03H,3XO)2HClPtCI^,

and 2(C5lI„N)2HClPtCl^

;

and may contain a third base, giving the salt

2(C5Hi3N)2HClPtCl^

By heating a mixture of concentrated solution of the

base obtained as described with concentrated hydriodic

acid and phosphorus in a sealed tube to 120-150° C.
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during some hours, Baeyer obtained large colourless pris-

matic crystals of the formula (C5Hi3N)l2. This compound

gave up to nitrate of silver or freshly precipitated chloride

of silver only one iodine, and when chloride of silver was

used one atom of chlorine was assimilated in its place,

thus furnishing a substance which, when combined with

platinic chloride, had the formula 2((C5Hi3N)ICl)PtCl,.

When digested in the warm with silver oxide, the

iodide lost both iodines, and yielded a base which gave

the salt CioH,4N20,2HCl,PtCl4 ; more probably

In connection with brain chemistry the important point

in Baeyer's research is this : he was the first to show

that brain matter furnishes the base C5H13NO. His other

work showing the chemical relations of this substance is

of subsidiary interest, at least for the moment. Inciden-

tally it may be observed that A. W. Hoffmann obtained a

substance of the composition (CgHigNjBrg by treating an

aqueous or alcoholic solution of trimethylamine with

ethylene-bromide ; the product gave up to argentic nitrate

one bromine, leaving a substance which (combined with

platinic chloride) had the formula 2(C5Hi3lSr)Br2Cl2,PtCl4..

Both bromines are removable by chloride of silver.

Von Babo and Huschbrunn^ discovered a base named

sinkaline as a decomposition product of sinapine (from

mustard), and A. Clauss and C. Kesse claim to have estab-

lished the identity of sinkaline with chohne (meaning,

probably, G5HJ5NO2).

The further study of these bases will be continued in

treating of Thudichum's and Kingzett's researches.

1 Ann. Chem. 84, 10.



278 OTHER ORGANS, TISSUES, AND FLUIDS OF THE BODY.

D. Petrowsky in no way advanced the chemistry of

brain substance, and, on the other hand, somewhat im-

peded its progress by asserting the presence of fats in the

ether extracts. Brain matter contains no fats properly so-

called. Petrowsky 's other observations were in no way

original. He, however, states tliat dried grey substance

consists about half of albumin, a quarter of cholesterine

and fats, and contains little cerebrine, its principal com-

ponents being therefore albumin and water ; while in the

white matter cholesterine and fats form much more than

half of the dried substance, albumin a quarter of the whole

substance, and cerebrine is present in considerable amount.

Since the date of Thudichura's first researches on

brain chemistry, M. Gobley has published the following

table setting forth what he regards as the mean percen-

tage composition of the brain :

—

Water 80-00

Albumin (ordinary albumin, soluble in water) . . TOO

Cephalin (an albuminoid matter insoluble in water) . 7'00

Cholesterine . . . . . . . . 1*00

Cerebrine ........ -'i'O'^

Lecithine S'oO

Olein and margarin ....... traces

Inosite, creatine, xanthine, &:c. . . . undetermined

Extractive matters (aqueous and alcoholic) . . 1'50

Chlorides of potassium and sodium . . .
1 i on

Pho.sphates of potassium, calcium, and magnesium .i

100-00

It will be seen from Thudichum's researclies that

this table is valueless because incorrect, but we give it out

of respect to the great chemist who died soon after its

publication.

E. V. Jaksch ^ discovered in the brain the substance

termed by Miescher ' nuclein ;
' that is to say, he dis-

^ Pfliiger's Archiv. f. Physioloijie, xiii. 469-474.
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covered an impure albuminoid, and as this discovery wiJl

receive critical notice in the Chapter on the Albuminous

Principles, it may here be dismissed.

F. Selmi,^ from some experiments on the products of

the putrefaction of brain matter, concludes that the

brain in a putrefied state does not contain any of the

lower acids of phosphorus, but a phosphorised com-

pound of unknown nature. No doubt it may contain

several compounds of unknown nature, produced by

a re-arrangement of the products of decomposition of

the original phosphorised and other components. The

accuracy of F. Selmi's observations, however, we distrust,

from the fact that he states phosphoric acid to have

been obtained from a volatile product of putrefac-

tion ! This kind of research is not only unsatisfactory,

but deserves no kind of commendation, or we should

pause to notice a further paper by F. Selmi on ' An
alkaloid obtained from the liver, the brain, and the

wild poppy.' When the alkaloid has received an

analysis the matter may, perhaps, be worth attention,

but till then no statement regarding it should have been

published.

In the foregoing pages a brief summary has been

given of the researches antecedent to those of Thudi-

chum and others which will be presented hereafter as

representing the position of our knowledge to-day, and it

is readily perceived, and must be acknowledged, that

throughout the range of physiological chemistry, no

subject can boast of so complete a literature or of a

chemistry so well studied. It is therefore the more

remarkable that in most, and even modern treatises on

^ Gazzetta Chimica Italiana, vi. 468-471.
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animal chemistry, the subject of brain chemistry is ordi-

narily sacrificed to the more complete descriptions of

matters about which our real knowledge is relatively

vastly inferior. For example, one well-known text book^

out of 572 pages devotes little more than one page to the

chemistry of the brain ! In another book^ the following

analysis (?) is given of cerebral matter :

—

AVater 80

Fats u

Albumin 7

Extractives and salts 8

In a third and even more modern treatise, by Prof.

Karl B. Hofmann,^ more space is devoted to ' nuclein*

—

an impure ordinary albuminoid—than to the whole brain

chemistry, while eight pages are devoted to the structural

formula of glycerine

!

In contradistinction from such authors, we sliall, in

addition to what has been already described, now proceed

to place the chemistry of the brain before the reader as

it is known to us to-day. Before doing so, it may be

stated that the pubhcations of Thudichum (the references

to which are given at the head of this chapter) form the

chief basis of what will be presented. With these re-

searches the author of this work had a personal connec-

tion so far as they have yet been published, holding at

that time the post of chief professional assistant in tlie

laboratory of which Dr. Thudichum w^as the head. Dr.

Thudichum and the author also published several re-

^ Handbook for the Phygidogical Laboratory, by Klein, Sanderson,

Foster, and Brunton (Churchill, 1878).

^ Physiological Chemistry, by C. H. Raffe.

' Lehrhnch der Zoochemie, von Karl B. Hofmann, Prof, der Phys.

Chem. an der Universitat Gratz (Wien, 1876).
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searches conjointly. The measure and manner in which

these researches were conducted were such as can only be

secured by the outlay of money in the power of Govern-

ment alone to provide ; and these conditions materially

assisted of course towards securing lasting and great

results. In fact it is not too much to say that, at no

time in the history of this or any other country, has such

an. extended and fruitful research been conducted in the

domain of physiological chemistry.

Methods of Extraction of the Brain Principles; their

Composition, Constitution, Properties, ^c. (fc.

The methods employed by the various workers whose

researches have been summarised, consisted in processes

of extraction by such solvents as ether, alcohol, water

;

the brain matter being variously prepared for such

treatment by previous processes, such as coagidating

the minced brain with reagents like baryta water or

acetate of lead. Similar methods have been applied by

Thudichum, and to a large extent they admit of variety,

notably since we know better the properties and solu-

bilities of the various principles which exist in brain

substance. It will not be attempted, therefore, to fully

describe all possible methods, but attention will be con-

fined to the most direct and practicable modes of pro-

cedure. These proceedings will be better understood

hereafter when studying the nature and properties of the

various uigredients of brain matter.

The bram of man weighs from 3 to 4 lbs., while

that of the ox weighs on the average 356 grms., or

from 12 to 13 ounces, and has an average specific gravity
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of 1034 to 1035,^ 111 Thudichum's researches a total of

nearly 2000 ox brains were employed besides a large

number of human brains. The white matter of human

brain has a specific gravity of about 1041, while that of

grey matter is about 1034.

Brain matter contains from 80 to 90 per cent, water,

a fact on which Thudichum thus comments :
' This, in con-

junction with the peculiar manner in which the water is

contained, engenders a mobility of ultimate particles within

certain limits of movement. It also gives penetrability by

diffusion while excluding porosity and its capillary effects,

by whicli means a ready nutrition by diffusion in one

direction, and ready cleansing from the effete crystallisable

products of life, are insured. Consequently the brain as

a whole is essentially made up of colloid matter, and

may be compared to a colloid septum, on the one side

of which is arterial blood and cerebro-spinal fluid of the

ventricles ; on the other side, however, is cerebro-spinal

fluid of the arachnoidal space and venous blood. It fol-

lows from this, that the large amount of water present

in the brain is not there, so to say, mechanically, only like

water in a sponge, but is chemically combined as colloid

hydration water, or, better still, water of colloidation.'

The brains, after removal from the carcases, are first

freed from the arachnoid and pia-mater by skinning,

after which they are cleansed from clot and blood by a

temporary submersion in water, as much as possible of

which has afterwards to be removed by means of 85 per

cent, alcohol. The alcohol is allowed to cover the brain

matter, and is renewed from time to time, by which

1 See ' Memoir on the Action of Alcohol on the Brain,' by C. T, Kingzett,

Che7n. Neics, vol. xxxiv. p. 159.
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means the brain is hardened by dehydration, the alco-

holic solution being kept, and ultimately yielding some

part of the water extractives. The brain matter is next

reduced to a pulp by means of a mincing machine, and

is then worked into a paste with 85 per cent, alcohol on a

fine hair sieve, through which it is gradually made to pass.

The pasty mixture thus obtained is next treated with

more alcohol, and heated to about 50° C. for some time,

and is then filtered through a cloth, the residual matter

being extracted again and again to nearly perfection.

The ultimate undissolved residue constitutes the albu-

minous part of the brain substance.

As the alcoholic extracts cool they deposit a white

crystalline and granular precipitate, which Thudichum

terms in his laboratory ' white matter.' After filtration

from this substance, the mother hquors are concentrated

by distillation, and on cooling again they deposit a semi-

solid viscous matter designated ' buttery matter.' By

further concentration the mother liquors from this de-

posit, yield a more limpid substance termed ' last oily,'

but this has practically the same composition as the ' but-

tery matter,' and will be considered here as identical

with it. The final filtrate, freed from alcohol, contains

the rest of the watery extractives of brain substance. In

this way the brain is split up into its albuminous frame-

work ; certain deposits containing its other immediate

principles in admixture ; and those constituents which are

extracted by water. These principles comprise three

classes of phosphorised and nitrogenous fats—the kepha-

lines, myelines, and lecithine—together with cholesterine

and a group of nitrogenous substances (cerebrines) par-

taking in part of the character of glucosides.
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To separate and isolate these various principles a

number of processes may be adopted, but the following

one is preferable, as being applicable alike to the so-

called ' white matter ' and ' buttery matter,' which are

identical otherwise tlian that they contain relatively dif-

ferent amounts of the several principles.

They are first of all extracted with ether, which fur-

nishes a reddish-coloured solution of a fluorescent cha-

racter, and leaves an insoluble white pulverulent mass con-

sisting mainly of the cerebrines and myelines, which may

be separated to some extent by fractional recrystallisation

from hot alcoholic solutions, or by fractional precipitation

from alcohol with such solutions as alcoholic lead acetate

and cadmic chloride. The ether solution contains the

kephalines, together with cholesterine, lecithine, and some

smaller quantities of the other principles rendered soluble

by means of those here mentioned.

By treating the ethereal solution with an equal volume

of absolute alcohol, the kephalines are precipitated in a

comparatively pure condition ; to render them quite pure,

processes are applied which will be described hereafter.

The mother hquor after the kephahnes, is distilled to

rid it of the ether and some of the alcohol, and on cool-

ing it deposits a great part of the cholesterine ; if the dis-

tillation be carried further, lecithine is thrown down as

an oily body admixed with some cholesterine, and remains

in solution when the deposit is recrystallised from alcohol.

It may be precipitated out of the solution by an alcoholic

solution of cadmic chloride, a method which may be ap-

plied to the alcoholic mother liquor in which the deposition

of lecithine has been intentionally avoided. The cadmic

chloride salt thus obtained, is not pure ; it contains some
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kephaline salt (which may be extracted by ether) and

a httle myehne salt, which is more difficult to remove.

The solution resulting after the separation of the cadmic

chloride precipitate by filtration, yields a further quantity

of cholesterine when it is distilled to a lower bulk.

When the operator is sufficiently acquainted with the

characters of these various substances, it is possible to

vary very considerably the methods of separation, more

especially when it is desired to isolate only one particular

principle. Some of these methods will be described in

the several sections treating of the individual prmciples

of brain matter.

The process above described is represented diagram

-

matically on the next page.

Another process for the separation of the principles

contained in ' white matter,' ' buttery matter,' and
' oily matter,' is as follows :

—

They are extracted with cold absolute alcohol, with

the view of dissolving as much lecithine with as little

admixture as possible, and the alcoholic extract exposed

to a freezing mixture, by which means some myehne

is deposited, after which it is concentrated by distillation

to remove by deposition on cooHng, as much kephaline

as possible (with myeline), and is then precipitated with

alcoholic platinic chloride, and the voluminous yellow

precipitate extracted with ether. What dissolves is

mainly lecithine platinum salt, while some myeline salt

remains undissolved.

The matter left undissolved by the cold alcohol is

extracted by ether, which removes the kephahnes, chole-

sterine, and some myeline, and leaves insoluble the

cerebrines with some myeline. These latter may be
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separated by extraction with cold benzene, in which the

cerebrines are insokible, or by extraction with hot ether

until the residual matter (cerebrines) is free from phos-

phorus. From the ethereal solutions on coohng (aided

by freezing mixture) the myelines are deposited, and

what remains in solution is obtained on distillation. The

kephaline solution is treated as described in the first

method previously sketched.

This process, sketched diagrammatically, may be thus

represented :

—

'"White Mattee,' 'Buttebt Matter,' 'Last Oily,'

On extraction with cold absolute alcohol yields

I

A solution of impnre ledthine.
This is purified by freezing when
some myeline is separated, and
by concentration other deposits
of attached impurities are re-

moved (consisting of myeline
and kephaline) . The solution is

then precipitated by alcohohc
platinum chloride, and the pre-

cipitate estracted by ether.

There is thus obtained :

—

I

An extract which
is treated as de-
scribed in pre-
vious diagram.*

A solution of the
lecithine com-
bination.

Insoluble PtCl^
salt of mye-
line.

Insoluble residne,

which is extracted
by ether, giving

:

Undissolved cerebrines and mye-
lines which are separable by
extraction with cold benzene,
which dissolves the myeUnes
but not the cerebrines ; or by
extracting with hot ether until
the umiissolvel cerebrines are
practically free from phospho-
rus. The ether solutions give
myeUne on freezing, and more
when concentrated and again
frozen.

Cerebrines and myelines may
also be separated as described
in first diagram, t

The ' white matter ' contains, as the predominating

constituents ; cerebrines, the myelines, and cholesterine

;

the other matters are also contained. In the ' buttery

matter ' the predominating principles are the kephalines

;

but again the other matters are present in more or less

amount ; while in the ' last oily,' lecithine is the most

abundant constituent.

As already explained, these terms, ' myehnes,' ' ke-

phalines,' ' cerebrines,' &c., have reference to a niunber

of well-defined substances, presented in groups, but com-
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prising members of individual characteristics. The de-

scription of them which will be given presently will throw

much light upon the various methods by which they

admit of isolation and separation from each other.

It is proposed, first, to study group by group, and

member after member, until the whole of them shall

have been described, including those bodies which, in

their conjoint existence, constitute the ' watery extrac-

tives ' of brain matter ; this done, it will be easy to pass

on to general chemical considerations affecting the brain

as a whole, in health or disease.

The Albuminoid Principles of the Brain.

These require but little description, because, so far

as they have at present been studied, they present but

httle difference from the albuminous constituents of the

body in general. They seem to comprise a certain

quantity of soluble albumin, but the great mass is in-

soluble iu water ; it is also insoluble in the various

solvents which have been described while sketching the

manner in which the various principles may be isolated.

The Phosphorised Principles.

This group includes kephahue, myehne, and lecithine,

and any varieties of these substances.

They all dissolve in water ' in a certain manner and

measure' (Thudichum). Kephaline appears to be the

most soluble, and myelin the least soluble.

Kephaline dissolves in ether as readily as butter, and

lecithine almost as easily; the solubility of myeline in

ether is not frreat.
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On the other hand, myehne is readily sokible in hot

alcohol, and kephahne not nearly so soluble ; lecithine is

even more soluble, both in hot and cold alcohol, than

myeline.

All these principles contain carbon, hydrogen, nitro-

gen, phosphorus, and oxygen, and all may be regarded

as built upon a common type. They differ only in certain

subsidiary radicles, and may be represented as glycero-

phosphoric acid :

—

]
OH («)

C3H5 OH (6)

J
OH(OPO)OH,

or CsHgPOg, in which the two hydroxyls [a and b) are

substituted by the residues of fatty acids, while one of the

hydroxyls of the phosphoryl is substituted by an ammo-

nium base.^

The glycerophosphoric acid being itself a derivative

of glycerine, it will readily be perceived that these phos-

phorised principles possess a wide range of chemical

affinities ; thus, in a certain manner they are fats, and

exhibit certain soapy characters ; they are also acids,

and at the same time they are bases ; while, again,

certain properties assimilate them to the alkaloids.

Thudichum and Kingzett have shown that the glycero-

phosphoric acid yielded by aU of them is one and the

same substance ; the same is true of the ammonium

base ; it is therefore only in the natiu:e of the fatty acid

radicles that they differ one from the other in their

simplest forms—that is, when they may be viewed as

being derived from an unitary molecule of glycerine.

The more complex compounds seem to be derived from

^ On Glycerophosphoric Acid and its Scdts, ^-c., by Thudiclium. and King-

zett; J". Chein. Soc. July 1876.

U



290 OTHER ORGANS, TISSUES, AND FLUIDS OF THE BODY.

conjugated molecules of glyceropliosphoric acid, and

hence, while their general structure remains constant,

wider differences are presented in individualities.

As these phosphorised principles exist in brain

matter, and as isolated therefrom, they are associated

with certain salts by a power of combination derived,

as already explained, from their alkaloidal nature. To

obtain these salts or bases it is only necessary to dis-

solve the compounds in water, and to precipitate the

organic principles by dilute hydrochloric acid. The

hydrochloric acid solution, on examination, is found to

contain calcium, magnesium, and phosi)horic acid in

quantity, as well as potassium, sodium, and ammonium,

while traces of iron and copper are also generally present.

Commenting on kephaline, Thudichum speaks of it

as remarkably oxidisable ; but this is a property by no

means thoroughly made out ; whatever tendency it may

exhibit to undergo oxidation must reside in the nucleus

of which we shall have more to say hereafter—the fatty

acid containing about 26 (?) atoms of carbon ; the other

nuclei cannot be said to be oxidisable centres.

While myelines are particularly stable bodies, leci-

thine is equally as unstable, and splits up most readily

into its proximate nuclei.

All the phosphorised principles of brain matter give

with strong sulphuric acid and sugar the violet reaction

described in another chapter as ' Pettenkofer's reaction.'

Kephaline (C42H.9NPO13),

may be purified to some extent by its repeated solution

in ether and reprecipitation by absolute alcohol, but this

method does not furnish it free from inorganic principles
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with which it appears to exist, at least partly, in combi-

nation in the natural state. Of this combinative power

we shall have more to say presently. To rid kephaline of

these matters, it is best to dissolve it in water {10 grms.

to the litre) and after deposition of any insoluble matter,

to filter the emulsive solution and precipitate it with

hydrochloric acid. In this way an insoluble hydrochlo-

rate is produced, which admits of washing to some ex-

tent ; if washed with a great excess of water the hydro-

chloric acid is removed from combination and the free

kephaline again dissolves in the water. This re-solu-

tion is indicated by a preliminary swelhng of the sub-

stance, and when this happens the kephaline should be

taken up once more with ether and reprecipitated with

alcohol. In this way it may be obtained perfectly pure,

and then presents a composition represented by the

formula C^H^gNPOig.

Kephahne, when recently precipitated, dissolves slowly

in cold absolute alcohol (about 7 grms. to the 120 c.c),

and somewhat more freely in boiling alcohol. In ether

it dissolves to almost any extent, and the reddish-coloured

solution shows a powerful green fluorescence ; it is also

soluble in benzene. Its aqueous solution is precipitable

by almost every reagent, including acids, bases, and

salts, but by washing with much water these latter may
be almost entirely removed, when the kephaline begins to

swell and afterwards dissolves.

Kephaline itself is a colloid, and thus it admits of

partial purification by dialysis.

When its ethereal or alcoholo-ethereal solution is pre-

cipitated with an alcoholic solution of cadmic chloride or

acetate of lead, the bodies so obtained are not definite

V 2
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in composition ; that is to say, neither the cadmic chloride

or lead are present molecule for molecule with the kepha-

line, but are variable in amount. These salts are also

soluble in ether and reprecipitable by alcohol.

When the cadmium salt in ethereal solution is treated

with sulphuretted hydrogen, no precipitation occurs, but a

yellow solution is formed from which a new class of

mercaptan-like bodies may be isolated.

When an aqueous solution is precipitated by a solution

of platinic chloride acidified with hydrochloric acid, the

light flocculent matter thus obtained is of a yellow

colour, and contains these substances in combination in

the relative proportions expressed by 2HCl,PtCl4, but the

two toixether bear no definite relation to the molecule of

kephaline, and for the reason already stated, namely, that

the water of the reagents employed is sufiGicient to partly

or entirely remove the precipitants.

By boiling with strong alkalies, such as soda, potash,

and baryta water, kephaline is decomposed, yielding the

barium salts of certain fatty acids insoluble in water, and

an alkaline solution containing glycerophosphoric acid

and an ammonium base which is hable to partial decom-

position, yielding trimethylamine. Boiling with acids

effects a similar decomposition although more slowly.

When baryta is employed, the salts of the fatty acids

thus obtained may be separated to some extent by ether,

which dissolves a dark coloiu-ed brownish red salt and

leaves an almost white salt behind. This insoluble salt

appears to consist of crude stearate of barium, but the

composition of the soluble one has not yet been clearly

made out. The acid is, however, apparently related to

<;ertain biliary substances.
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From the baryta solution the glycerophosphoric acid

may be extracted by various methods, one of the best

of which consists in precipitation with a salt of lead,

suspension of the lead salt in water, and decomposition

with hydrosulphuric acid. The mother liquor, after the

glycerophosphate of lead, yet contains the ammonium

base which may be obtained after removal of the excess

of lead, by concentration, neutralisation with hydro-

chloric acid, and precipitation with alcohohc platinic

chloride. Or it may be isolated from the solution

by means of Sonnenschein's method, employing phos-

phomolybdate of sodium, decomposition of the precipitate

thus obtained with baryta, conversion into hydrochlorate,

and precipitation as platinum salt.

After recrystallisation from water the platinum salt

presents a composition exactly represented by the for-

mula 2(C5Hi3NO)2HCl,PtCl4 ; at least this constitutes the

main product. Two other bases, probably derived from

this one, are sometimes obtained, and these will be

described later on.

By the addition of the substances :

—

Stearic acid....... OigHggOa

Glyceropliosplioric acid .... OgllgPOg

Base C5H13NO

We obtain . ... O^gHjsNPOg

Hence, without taking into consideration the water

assimilated in the decomposition which furnishes these

products, it appears that the acid whose nature has yet

to be ascertained contains 16 atoms of carbon to the

molecule (?). If not, then the formula of kephaline

would have to be doubled or otherwise increased.
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The composition of keplialine may, therefore, for the

time, be regarded as follows :

—

{Fatty acid radicle (a) =0,8X13^02

„ „ „ (6) = undetermined

H0(0P0)C5H,3N0.

Thiidichum has given analyses which in his opinion

svipport the idea of the existence of bodies belonging to

the kephaline class, of the formula; C43H79NPO,4 and

C42H7r,NPOi3 ; also amido-kephalin, C42H80N2PO13, but our

personal association with these substances, supplemented

by more recent knowledge, does not lead us to accept

tlie theory of Thudichum. At any rate, before their ex-'

istence can be accepted vrithout doubt, more decided

proofs must be forthcoming than have yet been furnished.

Tliudichum assigns the name ' kephaline ' to that

principle furnished by the crude product termed ' white

matter,' while to that furnished by ' buttery matter ' he

gives the name ' kephaloidine
'

; they are, however,

identical in composition, and only differ in certain physi-

cal cliaracters, probably dependiug upon the presence of

associated substances, &c.

The Myelines.

The name ' myelines ' is given by Thudichum to a

number of allied principles distinguishable from kepha-

line and lecithine, as already pointed out in describing the

methods employed to separate these various substances.

Tliey must not be confounded with the substance

described by Virchow, which was necessarily a mixture

of various substances.

The myelines crystallise from alcohol in needles and

granules, which remain white and powdery on drying,



PROPEETIES OF THE ' ilTELINES.' 295

but under other conditions they exhibit a tendency, while

drying, to cake into a hard waxy transparent state.

The myehnes dissolve in water after the manner of

kephaline, but not to so large an extent.

The alcoholic solutions are precipitable by such salts

as acetate of lead, platinic chloride, and cadmic chloride.

The ethereal solutions deposit part of the matter held

dissolved, when subjected to a process of freezing.

The cadmic chloride combination swells when placed

in water, and is broken up, the cadmic chloride passing

into solution ; it is soluble, moreover, in boiling alcohol,

but insoluble in ether.

The mixed platinum salts admit of some kind of

separation by boihng with alcohol, when a part dissolves

and is reprecipitated on cooling, while another part

remains undissolved.

When the platinum and lead salts are suspended in

hot alcohol and subjected to a current of sulphuretted

hydrogen, the metals are precipitated as sulphides, and

the free principle is dissolved by the hot alcohol which

deposits myeline after filtration and subsequent cooling.

By virtue of their relative insolubihty in cold ether, the

myehnes admit of ready separation from kephaline, and

lecithine may be removed from it by cold absolute alco-

hol, after which they may be purified by any of the methods

heretofore described. ' The cerebrines being almost in-

soluble in boiling ether, the myelines may be isolated from

such admixture by taking advantage of this circumstance.

Various so-called myelines, having general pro-

perties in common, have been described by Thudichum

;

these include bodies represented by the empiric formulge,

CoHssNPOa; aoH,,NPOio; aoHs.N.PO^o ; a.H.osN.PO,

;
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CgaHgiNPOg ; CggHgoNoPOg ; and among tlio compounds

of these principles are salts of lead, such as CioHjgPbNPOioj

also of platinum and cadmic chloride.

Many of these formuhc are derived by calcula-

tion from larger molecules ; for instance, the substance

C120H251N5P3O24 is represented by Thudichum as

—

C,oH3.N,P03

)

C,oH3.N,P03
J

Again, we have the compound CgiHiesNgPaOig + 2CdCl2

represented as

C.^H^jXPOgCdCla
]

C,Jl3,N,P09CdClJ

But without multiplying formulge to any unnecessary

extent, it will be best to study the decomposition of

some of these principles, and as the last named one has

been most particularly investigated, our attention may be

confined to it.

In this way a general insight into the composition and

constitution of these substances will be afforded.

Before doing this, however, we may call attention

once more to the discovery of Thudichum and Kingzett

of one of the myehne principles present in blood cor-

puscles, Avhose composition was shown to be identical

with one of the brain components. (See Chapter on the

' Chemistry of the Blood.')

The body of the composition C84Hi65N3P20i82CdCl2 is

one obtained direct in the processes of extraction of

brain matter above sketched. It may be freed from

cadmic chloride by standing in contact with renewed

quantities of water, when it swells greatly and yields the

whole of this salt to the water. On boiling the product
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with baryta water in an open dish, it was spht up into

palmitic acid (C16H32O2) ; a new acid whose barium and

lead salts were soluble in ether (perhaps of the com-

position CseH^gO^), glycerophosphoric acid, and the base

C5H13NO ; several other products were simultaneously

obtained, the principal one being represented by the

formula CggHugNPOj. This was subjected to further

chemolysis^ with baryta water in a sealed tube at 130° C,

and yielded more palmitic acid (C16H32O2) and the body

CggHggNPOg, as the only products, thus :

—

In recapitulation of these results it may be said that

under the name of myehnes Thudichum includes a

number of substances which appear to have the same

general structmre as that above assigned to kephaline

;

that is to say, those included in this description yield

glycerophosphoric acid, and the base C5H13NO ; they

also yield palmitic acid, by which they are characterised,

and a new acid having somewhere about 26 atoms of

carbon.

It also appears that certain molecular combinations

exist which are not so readily broken up by processes of

hydration, and among these the body CggHgeNPOg is pro-

minent. It is impossible to say yet in what state the

nitrogen of this substance exists.

In brief, these processes of decomposition require

much more study before final and definite statements

may be made and accepted.

^ Thudiclium uses the word ' chemolysis ' to indicate tlie direct decom-

position of bodies into their proximate nuclei.
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Brain LecWilne.

The ])latiiiuin chloride combination of lecithine is,

when recently prepared, soluble in ether, but if kept for

any time in the air or in the vacuum, it decomposes,

oleic acid being set free in oily drops ; the residual

platinum salt is then insoluble in ether.

When the platinum salt is boiled with hydrating

agents such as baryta water, it is decomposed, yielding

glyceropliosphoric acid, the base C5H13NO, apparently

margaric acid, C17H34O2, and oleic acid, CigHg^Os. From

these results a constitution may be assigned to brain

lecithine as follows :

—

(OH(OPO)05H,3XO
J
or a total of O.sHgjNPOg.

Strecker assigned the formula C^oHg^NPOg to egg

lecithine, and, excepting that he obtained palmitic in the

place of margaric acid, and a base which he regarded as

C5HJ5NO2 instead of C5H13NO, this substance is identical

with that obtained from brain matter.

It will be shown liereafter that Strecker was probably

in error in assigning the given formula to the ammonium
base, and further researches are required before it can be

absolutely decided whether the second fatty acid is

palmitic, margaric, or stearic acid ; the first one is un-

doubtedly oleic acid.

The general characters of lecithine are similar to

those of myeline and kephaline, but certain broad dis-

tinctions ai-e visible ; these have been sufficiently pointed

out in treating of the other phosphorised principles
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and while describing the methods employed to isolate

them.

Glycerophosphoric Acid and its Salts}

Glycerophosphoric acid was first synthetically pre-

pared by Pelonze by heating glycerine and phosphoric

acid together at an elevated temperature. Gobi ey shortly

afterwards obtained it from egg lecithine, and subse-

quently Lehmann observed its presence in diseased brain

mutter. Thudichum and Kingzett's observations regard-

ing glycerophosphoric acid were made upon that which

results from the decomposition of the phosphorised

brain principles which have just been studied. They

describe the normal lead, CsHvPbPOg ; the normal cal-

cic salt, C3H7CaP06 ; further, what is probably an acid

calcium salt, of the formula O^B.-iQ^VOQ,0-^^VO^ ;
also

the barium salt, CsH^BaPOg, and a hydrate of this,

CsH^BaPOgHsO. What is more curious is the body which

the authors describe as an alcoholo-hydrated barium gly-

cerophosphate, that is to say, a body which is at once a

hydrate and contains alcohol in place of some water of

crystallisation ; it may be CaHjBaPOejGHsOjSCsHgO.

The most characteristic salt is that of calcium, which

being legs soluble in the hot than in the cold, is conse-

quently deposited when its saturated solution is heated

to boiling. The barium salt shares this property to

some extent. The free acid is somewhat unstable, and

is by the prolonged action of alkalies in excess, spht

up into glycerine and phosphoric acid ; hence it results

that when the brain principles are decomposed by baryta

^ On Glycerophosphoric Acid and its Salts, as obtainedfrom the Phos-

phorised Constituents of the Brain. J. L. W. Tliudiclium audO. T. Kingzett;

Journ. Chem. Soc. July 1876.
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water, the theoretical amount of the acid is not obtained,

more or less being decomposed into the afore-named

substances.

Neurine and Allied Bases.

It has already been shown that Liebreich obtained

from tlie brain a base soluble in alcohol, but which

he did not examine in detail. Diakonow afterwards

gave to it the formula C5H15NO2, and called it neu-

rine or trimethyl-oxaethylammonium hydroxide. The

body Avhich Strecker obtained ^ from egg-yolk was con-

sidered by him identical with this substance, and also

with choline derived from bile (see Chapter on the

' Chemistry of Bile '). He did not, however, subject his

preparation to complete analysis, but only estimated the

platinum and the chlorine. The base obtained in Thudi-

chum's researches upon brain matter is evidently the same

substance and whose hydrochloride platinic chloride com-

bination presents a composition invariably represented by

the formula 2(C5Hi3NO)2HCl,PtCl4 ; at the same time it

may be observed that different crystalline forms of this

compound are obtainable, even while the composition

appears to be uniform.

Thudichum, writing of this compound, says,^ ' The

formula of C5H15NO2 is rather presumed than proved as

regards the exact quantity of hydrogen and oxygen, for

if the IICl M^ere like the PtCl4, merely an addition, then

the formula of the free base would be C5H13NO ; but if

the chloride were a product by substitution of hydroxyl

' Strecker, TJeher das Zeci/thin, 1868.
^ Rep. Med. Off". New Series, No. viii. p. 127.
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by CI, and expulsion of the hydroxyl as HgO, then the

larger formula for the free body would be correct.'

In some critical notes ^ on these bases I have ob-

jected to this view of Thudichum, and maintain that the

free base when derived from brain matter has undoubt-

edly the formula CsHigNO ; of the substitution which

Thudichum seems inchued to favour there is no

evidence whatever. It is quite possible that a hydrate,

C5lIi3N"0,H20, may exist. Thudichum also obtained two

secondary bases evidently derived by a decomposition of

the primary one (C5Hi3N'0), and their platinic combina-

tions had the formulae

(a) 2(02H7NO)2H01,PtOl4

and

(6) 05Hi^N20,H01,Pt01,

The first of these may, perhaps, be regarded as oxethyl-

amine

—

H

or as dimethylamine hydroxide

—

OH3
CH3 }-N

HO

The relation of the second base to the two others is not

so clearly perceptible.

In giving a sketch of the literature relating to brain

chemistry, we have already alluded to the labours of

Baeyer, who also obtained the compound 2(C5Hi3N'0)

2HCl,PtCl4 among others; his results were supported

and confirmed by those of A. W. Hofmann and Wurtz.

^ Pharm, Journ. and Trans. June 9, 1877.
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Haniack ^ has found in the red fungus which yields

muscarine (said to be isomeric with betaine) another

alkaloid which he terms amanitine and regards as

CIIOII-CH,
-OILu

In another paper ^ Schmiedeberg and Harnack state

that choline or neurine, sinkaline, and synthetically pre-

pared hydrox-ethylentrimethyl-ammonium are identical,

and all yield muscarine upon oxidation. To this latter

substance they assign the formula C5H13NO2 ; or

[(CrUs
N -^CHOH-CH

I OH,

and state that it forms the compounds

C5Hi3N02,2HCl,PtCl, + 2H2O,

and
C5Hi3N02,HCl,PtCl^.

Muscarine is hence said to be identical with betaine, and

yields with silver oxide the hydroxide CgHigNOg.

r(CH3)3

] 0,HA
I OH.

N
OH.

The oxidation of choline and its so-called isomers

into muscarine is not effected, according to Schmiedeberg

and Harnack, by means of the milder oxidants such as

potassic permanganate or chromic acid, but requires

strong nitric acid and evaporation therewith to dryness

!

This is the more remarkable since the only empirical

1 Chein. Centr. 1875, 629-630.

^ Archiv.fiir Experimentelle Pathologic u. Pharynakologie, vol. vi. p. 101.
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difference presented by amanitine and muscarine is Hj.

Thus,
Amanitine = CglligNOj

Muscarine = C5HJ3NO2.

Besides -therefore the improbabihty attached to the

formula which the authors in question use for chohne,

this remarkable fact regarding oxidation and other con-

siderations causes considerable doubt to be attached to

the conclusions of Harnack and Schmiedeberg.

It should be remembered that betaine has been con-

structed synthetically by Peter Griess/ who regards it as

trimethylglycocine, 02112(0113)3^02, or O5HJ1NO2. He ob-

tained it by acting upon glycocine in alkaline solution

with methyl iodide, and although it may be identical

with the betaine obtained from beet-root by Scheibleis, it

is certainly distinct from the base derivable from brain

matter.

Moreover, it must be borne in mind that there are a

whole series of so-called betaines or trebly-substituted

amido-acids, those par excellence being trimethyl and

triethyl glycocine (see paper by J, W. BruhP). This

fact, and the futility of the methods of analysis at present

known to explain isomerism, should make us particularly

careful in drawing conclusions regarding the identity or

constitution of bodies so nearly allied in composition as

those of which we have been treating.

En passant it may be pointed out that Harnack and

Schmiedeberg write of ' lecithine from albumin.' In

face of what has been heretofore advanced, this state-

ment is evidently erroneous. Lecithine is derivable from

1 Dmt. Chem. Ges. Ber. vii. 1406.

2 Dmt. Chem. Ges. Ber. ix. 34-42.
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brain matter, egg yolks, bile, and tlie roe of certain

fishes, but it is iu no instance obtainable from albu-

minous principles which are free from phosphorus.

The base obtained from brain matter, sometimes

termed neurine and sometimes choline, is readily identi-

fied ; its liydrochlorate is freely soluble in alcohol, from

which solution an alcoholic solution of platinic chloride

throws down a yellow powder which readily crystallises

from hot water in delicate needles possessing the com-

position 2(C5Hi3NO)2HCl,PtCl4. The base possesses the

further general characters of an alkaloid, and as such is

amenable to such processes for isolation as that of Son-

nenschein.

The Cerebrine Group.

This group of brain principles contains carbon, hy-

drogen, nitrogen, and oxygen, and all its members are

readily soluble in hot spirit, recrystallising therefrom on

cooling. By a process of fractionation several distinct

substances may thus be isolated, their purity being indi-

cated by a homogeneous microscopical character.

To free them from the myelines which obstinately

adhere to them as isolated from the brain, it is best to

continually re-dissolve them in successive quantities of

hot alcohol until the deposits are quite free from phos-

phorus ; the myehnes remain in solution.

When placed in water they swell up enormously,

but do not dissolve ; they are insoluble in ether, cold

benzene, and mainly insoluble in cold alcohol.

Three preparations made by Thudichum gave on

analysis the empiric formulee C34HC6N2O8 (Miiller),

Cg^He^NOg, and C4GH91NO,. To the first of these Tluui:



THE CEREBRINE GROUP. 305

chum reserves the name of cerebrine, the second he

terms phrenosine, and the third kerasine.

When cerebrine in excess is heated in alcohol ra-

pidly, a part of it fuses and then remains insoluble. This

body—apparently an isomer of cerebrine and termed

stearoconote by Thudichum—dissolves readily in benzene,

and on addition of alcohol the origmal cerebrine is re-

formed.

As will be more fully explained in the Chapter on the

' Pettenkofer reaction,' all these substances give, with

strong sulphuric acid alone, the violet colour which has

been more particularly studied by Kingzett and Hake.

When boiled with baryta water, or heated therewith

at 130° C. in sealed tubes, or preferably boiled with dilute

sulphuric acid, all these cerebrines give glucose, a fact

rendered previously probable by Liebreich's observations.

To this glucoside character is also probably due the

fact that when heated to 160° C. these bodies fuse,

become dark, and evolve water, just as sugar does in

course of transformation into caramel. The strong

affinity, moreover, they possess for water, as evidenced

by the swelling therein, remind greatly of the starches

which yield glucose also by boihng with dilute acids.

The difference, however, between cerebrine and its

varieties and ordinary glucosides or saccharides, consists

in their contained nitrogen. Hitherto, the attempts

made by Thudichum to isolate the nitrogenous nucleus

or nuclei, have not been otherwise than partially success-

ful. The method employed has been one of hydration

carried out upon the mixed cerebrines, and the chief

result the obtaining of a principle which seems to be

only an intermediate product of considerable interest.
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and to which a provisional formula of CjsH^gNOg is given.

Thudichuni calls this substance ' pyschosine.'

Of the nature of the fixtty acids whose radicles seem

to form proximate nuclei in the individual members of

this group of substances, we are as yet without knowledge.

Cerebrine, phrenosine, and kerasine, when recrystal-

lised from hot alcoholic solutions, are deposited (in mix-

ture) in minute balls or rosettes of a microscopical

character, and crystalline in structure without being

crystallised ; that is to say, no definite geometrical form

can be assigned to tliem.

Kerasine, when pure, may be obtained as a gelati-

nous membranous mass consisting exclusively of needle-

like particles ; and thus by continued and repeated frac-

tionations of a mixture of the cerebrine principles, it may

be obtained from the latest mother liquors in a pure

state—that is to say, free from cerebrine proper and

phrenosine which are deposited at earlier stages.

The substitution products of these principles have

been but little studied, although Thudichum has ascer-

tained that phrenosine, when treated with strong nitric

acid, yields the nitrited body C34H66(N02)N08,H20.

Bromine also forms substitution products with these

principles whose real formulae may probably ultimately

be definitely established by such products.

Cholesterine, Water Extractives, and Salts present in

Brain Matter.

As cholesterine has already been studied and described

in the Chapter on the Chemistry of Bile, it is unnecessary to

refer to it here beyond pointing out that it forms a con-

siderable constituent of brain substance. From its ready
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solubility in ether and hot alcohol it is easy to purify, and

when associated with fatty matters or any of the phos-

phorised principles, it is readily freed from them by ren-

dering the alcohol used for purposes of recrystallisation

alkaline with caustic potash or soda ; any colouring matter

may be taken out by charcoal.

The water extracts of the brain contain a matter re-

sembhng, but not identical with, uric acid ; a tribasic acid

which is crystalline and yields a ferric salt ; hypoxan-

thine (CgH^F^O), and a base of the empiric formula

(CgH^NO) ; also lactic acid in considerable quantity.

Human brains seem to contain no inosite, which latter

substance is a constant ingredient of ox-brain matter.

Besides these principles and the salts of which we shall

treat hereafter, other matters are contained and form

perhaps the bulk of the extractives, but hitherto they have

not been clearly elucidated. The presence of urea appears

to be indicative of disease, and is not found in health.

The alkaloids already mentioned, and others not yet

defined, may be isolated by such precipitants as phos-

phomolybdic acid, tannic acid, iodine, mercuro-potassic

iodide, mercuric chloride, silver nitrate, and auric chloride,

Hypoxanthine from brain matter is most readily

purified by means of its silver nitrate compound,

C5H4N"^0 + AgNOg, which readily recrystallises from hot

nitric acid, and is a convenient salt for analysis.

The base C3H ISTO forms a gold salt, in which, how-

ever, the gold is more or less reduced to the metallic

state during operations with it.

Lactic acid is obtained by strongly acidulating the

concentrated water extracts with sulphuric acid, and

extraction with ether. On distillation of the ethereal

X 2
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solution free lactic acid is obtained, and may be con-

verted into soluble and crystallisable zinc salt by heating

Avith the oxide or carbonate of that metal.

Inosite may be obtained by precipitation of the

water extracts of ox brains with basic acetate of lead and

decomposition of the precipitate suspended in water with

sulphuretted hydrogen ; on concentration of the filtrate

the inosite (CJIioOe^HoO) crystallises out and may be

purified by recrystalhsation.

It may not be out of place here to remark once more

upon the apphcability of Sonnenschein's method of isolat-

ing alkaloidal principles in such researches as those imder

consideration. The description of the process is best pre-

ceded by that of the preparation of the reagent. Molyb-

date of ammonium and phosphate of sodium are dissolved

together in such proportions that thirty atoms of j)hos-

phorus are present for every one of molybdenum, and

the resulting mixture is precipitated by nitric acid to

perfection. The yellow precipitate thus obtained is dis-

solved in a strong solution of sodic carbonate, preferably

containing a little caustic soda, and the Avhole evaporated

to drjmess, then fused, adding from time to time a little

nitre so as to prevent any reduction of the molybdenum

compounds. The product is one conveniently stored,

and when required for use it is only necessary to dis-

solve it in water with the after-addition of nitric acid

(diluted 1 : 6) until a golden yellow colour is attained.

When it is desired to isolate or purify alkaloidal matters

from any mixture, the solutions containing them are pre-

cipitated with the phospho-molybdic solution prepared

as described, until a further addition of the reagent or of

nitric acid gives no more precipitate. This latter is then
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separated by filtration, washed with water shghtly acidi-

fied, first with nitric acid and afterwards with sulphuric

acid, and then heated in the presence of excess of boiling

strong baryta water. The mixture often turns blue at

this stage, but is ultimately presented as a white pre-

cipitate (phospho-molybdate of barium) suspended in a

yellowish solution containing the alkaloids. Erom this

latter the excess of baryta is now removed by carbonic

anhydride or the exactly necessary quantity of sulphuric

acid, and there is thus obtained an ultimate solution

freed from much impurity, and in a condition ready for

any further methods of investigation.

Thudichum has remarked that certain alkaloids, such

as those from brain matter, have not only the power of

combining with acids and salts, but also with bases, in

which case, where carbonic anhydride is used for re-

moving the excess of baryta in the above process, barium

salts remain and these are only decomposable by means of

sulphuric acid. Thudichum describes such alkaloids as

' soluble ones, having simultaneous acid properties,' and

since his observations many alkaloids have been observed

to possess these characters ; for instance, I noticed, them

in the case of pilocarpine which I have extracted from

jaborandi.^

The inorganic principles of brain matter are interesting

and numerous.

They comprise sulphuric acid, hydrochloric acid,

phosphoric acid, and carbonic acid, all in combination with

bases including potassium, sodium, ammonium, calcium,

magnesium, copper, iron, aluminum, and manganese.

The function of inorganic salts present in the animal

^ Journ. Chem. Society, October 1876,
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system has been by no means clearly made out ; that they

have an important one, however, there can be no doubt.

Of this we shall treat more specifically hereafter, but it

is convenient here to draw attention to a corresponding

purpose served by saline matters in plant life. Liebig

clearly proved that tlie minute proportions of tliese in-

gredients are individually and collectively as essential to

healthy plant life as a supply of the most weighty con-

stituents. So in like manner it is more than probable

that those present in brain matter are as intimately con-

nected witli its im])ortant functions and are not present

merely by accident. It is the more probable because, as

has been already shown, tliey are more or less in combina-

tion with the actual organic principles of brain matter.

It is perhaps less probable that tlie small amount of copper

observed in the brain is useful in any way, nevertheless

it is invariably present in traces, as is also manganese.

How it gets there is not a matter of diffic^idty to under-

stand ; it may be absorbed into the system along with other

mineral substances present in vegetables, and by the con-

stant use of articles containing copper. The copper

present in brain matter exists mainly, if not entirely, in

combination Avith the phosphorised matters, so that if a

quantity of crude kephaline be dissolved in water and

precipitated by hydrochloric acid, the combination is

split up, and the solution on examination will be found to

contain copper.

This is a fitting place to dwell upon the presence of

the traces of copper which exists in brain matter and other

animal tissues. There is no difhculty in recognising its

presence in brain matter if sufficient material be operated

upon. It is best detected by igniting dried brain sub-
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stance with a fusion mixture of potassium carbonate and

nitrate : in this way the organic constituents are destroyed,

and there remains a fuse containing phosphate of copper

which may be readily detected by the ordinary reactions.

This circumstance reminds forcibly of the colouring matter,

turacin, resident in the feathers of certain birds

—

Calurus

auriceps and Catinga ccerulea—which Church ^ found

to contain copper in organic combination, and which

is represented by the empirical formula CgoHgeCulSrsOig.

These birds, otherwise known as plantain-eaters, occur

in regions containing much malachite in the soil, and

it is conjectured that the copper thus found present in

the pigment of their feathers is derived from the earth

taken into the system while feeding. If this be so., it

would seem that here the copper serves at least an useful

purpose, if not a necessity of physiology. It is impos-

sible to say whether the traces of copper present in brain

matter serve any useful purpose, but that it exists there

in combination with the phosphorised principles is beyond

doubt. Moreover, MargrafF, Gahn, and Vauquelin also

observed the presence of the metal in organic tissues and

products, and in 1856 and 1857 Odling and Dupre

made a number of interesting experiments, in which

they ascertained the presence of traces of copper in

bread, flour, wheat, straw, liver, kidney, blood, flesh, eggs,

cheese, &c. Thus they found that 6925 grains of human

liver furnished 0-013 grain of cupric oxide ; while 6682

grains of sheep's hver gave 0'281 grain CuO ; 1830

grains of human kidney gave 0-015 grain CuO, and

human muscle and blood gave traces.

^ Transactions of the Royal Society, xxi. p. 627.



312 OTHER ORGANS, TISSUES, AND FLUIDS OF THE BODY.

More recently, Bergeron and Hote^ have demonstrated

the presence of copper in tlie kidneys and hvers of four-

teen human bodies.

Of course tliere can be no doubt that the copper

occurring in the human body must be mainly introduced

by articles taken as food— an observation supported

by Odling and Dupre's experiments and by the known

facts that articles of food, such as preserved peas and

pickles, often contain, and are, indeed, intentionally

coloured witli traces of copper added in the form of

sulphate.

These traces thus occurring in foods do not find their

way to any considerable extent into the system ; that

which is present in the body represents the accumulation

effected during a number of years, dating from birth. It

exists in organic combination with various principles,

such as albumin, or the phosphorised brain constituents,

and is thus, to a large extent, made stable and fixed.

Dr. Paul and myself made a number of experiments ^

upon this subject. Preserved peas containing copper

were taken as food, and also repeated doses of sulphate

of copper, to the extent of 0-467 grain each, daily ; but

a very small proportion of this copper was absorbed into

the system, nearly the whole of it being excreted in the

f^ces. This is easy of explanation. After gastric

digestion, and while the contents of the stomach are

still acid, a part of the chyme is at once absorbed into

the blood system, and this would seem to constitute the

stage at which the copper is absorbed. The greater part,

however, of the digested mass passes on through the

^ Compf.es Rendm, Ixxx. p. 268. * Pharm. Journal, September 1877.
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pylorus, and undergoes a further change in the duo-

denum, when alkaline biliary fluid takes part in the

process. The probable result, as regards any copper

in a soluble state (and that not rendered soluble would

not count) would be its precipitation as phosphate,

which, being unchanged in the intestines, would pass out

with the feces. Of course, under certain conditions re-

garding amount, the quantity and acidity of stomachic con-

tents, &c. &c., larger quantities of copper solutions would

be poisonous, as an abnormal quantity could be absorbed
;

but the traces present in foods are absolutely innocuous,

for the reasons above stated and particularly because (as

Dr. Paul and I showed) the copper present in preserved

peas exists in combination as an albuminate not easily

digestible.

The Physiology and Pathology of the Brai7i from a

Chemical Point of View.

With the aid of what has been stated in the pre-

ceding pages, we are now qualified to inquire regarding

the life functions of the brain.

It has been shown that brain matter containing so

much water is a kind of colloid septum, with a great

mobility of character ; further, its principles present

affinities and powers of combination almost unequalled

in chemical science. KephaUne, for instance, in aqueous

solution is precipitable by nearly every reagent, including

acids, bases, and salts like sulphate of copper and sodium

arsenite. This power of combination can be overcome

by much water, so that if these precipitates be placed

upon a dialyser over water they give up again the
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respective combiiiaiits. The combinations with metallic

oxides, as those of lead, copper, and iron, can only be

undone by the agency of acids. On the subject of these

affmities Thudichuni writes— ' The exercise of these

affinities being greatly increased by the mass of reagent

and the mass of water which may be present, the inter-

change of affinities may produce a perfectly incalculable

number of states of the phosphorised, and consequently

of brain matter. This power of answering to any

qualitative and quantitative chemical influence we may

term the state of labile equilibrium ; it foreshadows, on

the chemical side, the remarkable properties which nerve

matter exhibits in regard of its vital functions. From

this it also follows that nerve matter (if only as charac-

terised by the phosphorised bodies) must yield obedience

to every, even the slightest, external chemical influence

which may reach it by way of the blood. It must take

up metals, acids, salts, alkalies, and alkaloids presented

by the blood ; it can retain only oxides when the serum

is again free from the combinants ; a watery serum will

wash the brain, a more watery one will make it swell,

and displace mechanically, within physiological limits,

what it can. A still more watery one will make the

brain dropsical, and produce all the conditions of me-

chanical pressure on the brain. All these processes are

the necessary consequences of the affinities of the phos-

phorised substances, and, these being known, the pheno-

mena could be predicted if they were not sufficiently

known as phenomena, though hitherto destitute of an

explanation. Thus the so-called brain fungus—the

continued protrusion of brain matter through apertures

of the skull produced by mechanical injuries may, in
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certain cases, find a physical explanation in simple

excessive hydration of the phosphorised (and nitrogen-

ised) principles producing general intercranial pressure.'

Now if this be true, then in cases of poisoning by

such metallic compounds as those of mercury and

arsenic, these substances should be found in the nerve

matter after death from such causes ; and there are

records bearing out the truth of this conception. D.

Scolosuboff^ has published experiments, in which he

administered doses of sodium arsenite to dogs, rabbits,

and frogs, which show that the poison concentrates

principally in the nervous tissue, smaller quantities being

found also in the muscles, liver, and marrow.

In further illustration of the meaning thrown upon

pathology by means of physiological chemistry we may
instance the disease known as softening of the brain. It

has been pointed out that in cases of this disease gly-

cerophosphoric and fatty acids are found in the brain

in the free state ; these substances never occur in health,

but, curiously enough, they constitute the main decom-

position products of the phosphorised principles. What

other inference can be drawn except that, in softening

of the brain, these principles are decomposed, and yield

the substances whose presence characterises the disease ?

If such be true (and so it seems to be), it becomes possible

to represent this disease by means of a chemical equation !

I do not say this represents the beginning and end of

the disease, the first cause—that may be remote in the

extreme ; but however this may be, the disease is re-

vealed by a chemical change which we can express

1 Bull. Soc. Chim. (2) xxiv. 124. .
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almost mntliematically, and whicli may be imitated

artificially in tlie laboratory.

Impressed with the possibility of chemical science

to explain disease in some measure at least, I was led

to consider that known as delirium tremens ^^ and, pre-

pared by the knowledge regarding tlie brain set forth

heretofore, I conducted some experiments to decide, as

far as could be, the probability of my hypothesis.

Before describing the results it may be profitable to

(TO briefly over the work of others who have devoted

themselves to the question of the action of alcohol in

the body. All previous workers had confined them-

selves rather to a study of the channels through which

alcohol might be supposed to act than to a study of the

action itself

In 1839 Dr. Percy published a research bearing upon

this subject, and concluded ' that a kind of affinity

existed between the alcohol and the cerebral matter.'

The research was of an experimental nature, and Percy

states that he was able to obtain a much larger pro-

portion of alcohol from the brain than from a greater

quantity of blood than could possibly be present within

the cranium of the animals operated upon.

In 1859 Marcet (in a paper read before the British

Association) endorsed the views of Percy, and reviewed

the researches of L. Lallemand, Michel Perrin, and

Duroy, 'who withdrew the blood from the brain in

cases of poisoning wnth alcohol, and succeeded in ex-

tracting alcohol from the cerebral substance thus free

from blood.' He also detailed some physiological ex-

^ Chemical Neirs, vol. xxxiv. p. 158 ; and Tharm. Juurn. February 20

and March 11, 187G.
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periments from which he concluded that 'alcohol acts

principally, though not exclusively, on the nervous

centres by means of absorption, and consequently through

the circulation ;
' and that it also ' exerts a slight but

decided action on the nervous centres through the nerves,

independently of the circulation.'

The more general question regarding the fate of

alcohol when in the system has been more extensively

studied. Thudichum was the first to determine quan-

titatively the amount of alcohol eliminated by the

kidneys from a given quantity of alcohol administered,

and the result disproved the elimination theory then

widely prevalent.-^ Dupre, Anstie, and others followed

up these investigations, and the results of continued

researches may be given in Dupre's own words :

—

' (1) The amount of alcohol ehminated per day does

not increase with the continuance of the alcoholic diet

;

therefore all the alcohol consumed daily must of necessity

be disposed of daily, and as it is certainly not eliminated

within that time, it must be destroyed in the system.

' (2) The elimination of alcohol following the taking

of a dose of alcohol is completed twenty-four hours after

the last dose of alcohol has been taken.

' (3) The amount eliminated in both breath and urine

is a minute fraction only of the amount of alcohol

taken.'

All these researches had reference to quantities of

alcohol below those the consumption of which produces

delirium tremens, and in any case the fact that alcohol is

not eliminated does not prove what becomes of it. Of

^ Practitioner, March 1872.
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course, in process of time, it becomes entirely oxidised,

but, until that has been entirely effected, where is the

alcohol resident? Is it distributed equally throughout

the circulation, or, as evidenced by Percy's experiments,

does it find a special lodgment in the brain? If so,

by what power, and while there how does it produce the

disease delirium tremens? These were the points to

wliich I devoted myself in the research which I com-

nuniicated to the British Association meeting at Glasgow

(18TG). To understand the experiments made, it is neces-

sary to recur again to what has been advanced regarding

the molecular state of the brain in health. It is a large,

mobile, penetrable, colloid septum, which is subject to

every influence reaching it by way of the blood, and ex-

hibiting a great power of combination. A large percentage

of alcohol in the blood may therefore be conceived to act

upon it by robbing it more or less of its mobile character

which is essential to its healthy functions, and consequently

by impairing its power of assimilating food and throwing

off the products of its work ; or alcohol may be supposed

to act by dissolving traces of the principles of which

brain matter is composed—albumin, kephaline, myeline,

lecithine, cerebrine, cholesterine, &c. It is unnecessary

to give here the details of my experiment ; it will be

sufficient to state the method and the main results. The

method employed, consisted in suspending whole ox

brains, freshly removed from the skull, in watery solutions

containing from 6 to 50 per cent, of alcohol, and main-

tained at the temperature of the blood during a number

of hours. The extracts thus obtained were evaporated

down, and the dissolved matters weighed and submitted

to careful analysis. In some cases also the specific gravity
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of the brain before and after the experiments was noted.

The result was seen to be that alcohol has no more che-

mical effect on the brain matter than water itself, so long

as it is beneath a certain proportion to the total quantity

of liquid ; but if that proportion be exceeded, the brain

principles, including kephaline, begin to dissolve and pass

into solution, while the specific gravity of the brain is at

the same time affected both by the loss of matter and

the assimilation of water or alcohol. Thus in one case

where water only was employed, the specific gravity

changed from 1036 to 1007 ; this was clue to swelling,

as the brain had not materially altered in weight. In a

second experiment (with a solution containing 38 per cent,

alcohol), the specific gravity changed from 1031 to 1005
;

here the brain had gained materially in weight, and sug-

gests that alcohol was absorbed mechanically. Water it-

self has a decided action upon the brain thus treated, and,

like more dilute alcoholic solutions, dissolves cerebrine,

myeline, &c., but no kephaline. The serum, rich as it is

in salts, prohibits the action of water as such upon the

brain in life ; but, on the other hand, it is not easy to see

how any of the matters we know to exist in the blood

could prevent alcohol, when present in sufiicient quantity,

either from hardening the brain or from dissolving traces

of its substance, to be henceforth carried away in the blood.

It would not be v^se to draw any final conclusions

from this investigation until it has been supplemented

by others of a like natm-e and supported by further

physiological researches. The facts irresistibly remind

of the words of Shakspeare, ' that men should put an

enemy in their mouths to steal away their brains.' I

would not, however, be understood to condemn the
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proper use of alcohol ; indeed, in my opinion, in spite of

many statements lately made to the contrary, it is to be

regarded as at once a luxury and an useful article of diet.

It is matter of deep regret with me that no opportunity

lias been afforded of following up the researches here

briefly indicated. Some good results might be obtained

by administering large quantities of alcohol to horses in-

tended to be killed, and distilling their brains, removed

immediately after death. If alcohol were obtained in any

quantity, it would clearly substantiate the conception that

the brain has a retentive power for that substance.

The Brain in Typhus and other Diseases.—In com-

menting upon Thudichum's researches on the chemical

constitution of the brain, Mr. John Simon (then Medical

Officer of tlie Privy Council and Local Government Board)

writes :
^ ' Especially a leading fact in typhus, one which

may be in intimate relation to the killing power of the

disease, and which it is on all accounts necessary to have

as completely as possible understood, is the fact of the

action on the nervous system ; and clearly no true know-

ledge of that morbid action would be possible till greatly

improved knowledge of the normal brain chemistry

should be supplied.'

Not only is the brain and nervous system directly

affected by or concerned in all diseases, but even the

questions of thought, imagination, and intellect are

deeply connected with the brain, and therefore with

its chemical constitution among other factors ; but the

connection is, more than all things else, at present

•remote from our knowledge. Of coiu-se we must never

lose sight of other considerations affecting the brain, as,

* Report of the Med. Off. kc. New Series, No. iii. p. 8.
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for instance, structural form, functional localisation, bulk,

and weight.

Liebig broached the idea that every functional act,

whether muscular, cerebral, or otherwise, was necessarily-

attended by the destruction of living cells. More re-

cently, we have seen that Dr. Gordon Hake has contested

this theory, and has insisted upon the view that the

cerebro-spinal system does not generate its own force but

derives it through the chemical changes in the lungs ; and

it is certain that Frankland's experiments which have

been described in another chapter, support this view.

If the exercise of the brain and nervous powers were

attended with the destruction of their own matter, and

even supposing that they were kept supplied with new

substance formed from the nutrient blood ; the ehmina-

tion of phosphates from the breaking up of the phos-

phorised principles would probably far exceed in amount

that which may be observed. But to return from this

digression.

So far as the pathology of the brain has been studied,

the diseases to which it is subject may be classed under

two headings, namely (1) Diseases of the membranes,

and (2) Diseases of the brain substance.

Thickening of the walls of the sinuses of the mem-

branes, and arterial ossification of the brain, are com-

plaints which have yet received no kind of elucidation.

Tumours sometimes form both in the membranes and

the brain substance, and the intercranial pressure thus

often generated gives rise to paralysis, convulsions,

apoplexy, &c. When these tumours are situate near the

base of the brain they affect the mental state, sensation,

and vohtion, obscure the intellect, and often produce

Y
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idiocy. Otto has described a tumour (from which the

Duke of Saxe-Gotha suffered) six inclies long and three

broad, found in the right hemispliere, and Esquirol states

that he observed a tumour containing fat. Unfortunately

we have no knowledge of the chemistry of tumours and

cancerous growths, and thus it is impossible even to

speculate on the way in which they arise.

Meckell has recorded a case of phthisis in which the

density of the brain was sensibly diminished, and this

would point to some extent to the same cause as hyper-

trophy is due, namely to a swelling of the brain through

the agency of a watery serum.

Induration or hardening of the brain is a commonly

observed fact in many cases of typhus and other fevers.

' Locomotor ataxia ' is a curious disease which

appears to have its origin in a degeneration of the spinal

marrow ; the sense of pressure is partially or entirely

lost, although the susceptibihty to heat, cold, pain, &c.,

remains. In th's disease a peculiar matter termed ' amy-

loid ' is found in the marrow substance, and this gives

with iodine a blue coloration hke that given by starch.

It may be that this substance is a decomposition product

of cerebrine ; indeed that substance which, when cere-

brine is subjected to hydrating agents, gives rise to the

production of sugar (glucose).

But without dwelling further upon the pathological

chemistry of the nervous tissues, a subject as yet all but

entirely neglected, we may conclude by saying that so

far as processes of hydration, oxidation, &c., can occur

in the living body, be they characteristic of health or

disease, so far will the products be those which may be

similarly obtained in the laboratory, and hence we per-
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ceive the necessity of a thorough study of brain che-

mistry. Already we know enough of this subject to

enable us to trace the changes characteristic of many

diseases ; the declensions from those standards which are

the measure of health ; but this knowledge is nowhere

apphed. What is particularly needed, and what might

with considerable ease be effected, is this :—Cases of

disease affecting in any manner or measure the brain,

should be registered, and the brains after death sub-

mitted to investigation. This investigation should of

course have its histological side—and, indeed, this

matter is already carefully attended to—but it should also

have its chemical side. The weight and specific gravity

should be carefully ascertained, and then a qualitative

and quantitative examination should be instituted, keep-

ing watch specially for anything abnormal or not pre-

viously recognised, and notably for those decomposition

products of the phosphorised and other principles pecu-

liar to nervous tissue and derived therefrom by the

methods of change which have been described, with their

results, in previous pages. In the meantime, what is

urgently needed is an accurate determination of the

relative amounts of those constituents we have described

as occurring in brain matter, and the difference exhibited

in the quantitative composition of white and grey matters

and of nerves.

r 2
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CmVPTEE XVI.

OTHER ANIMAL ORGANS, TISSUES, AND SOLIDS.

The Thymus Gland.

The thymus glaud is situated at the base of the heart,

in front of the lungs. It consists of an aggregation of

foUicles hke those found in the small intestine ; it is

largest in infants, and, according to Huxley, gradually

disappears in adult and old persons ; its framework is

albuminous, and it contains a httle fat, leucine, xanthine

and hypoxanthine, succinic and lactic acids, Thudichum

states that in the progress of involution of the thymus

the amount of sodium it contains is nearly doubled. Of

the function and chemical history of this organ next to

nothing is known.

The Thyroid Gland.

The thyroid gland, like the thymus gland, is abun-

dantly supplied with lymphatics ; it hes in that part of

the throat below the larynx, and is subject to a disease

by which it becomes enlarged, giving rise to ' goitre ' or

' Derbyshire neck.' Its ingredients, so far as they are

known, are like those of the thymus and other glands of

different situation. It is said also to contain mucin,

and in certain diseased states cholesterine is present.

Its chemical constitution and function are for the most part

undetermined.
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The Supra-renal Capsules.

The supra-renal capsules which lie above the kidneys

also exercise an unknown function. They seem to con-

tain an imperfectly studied matter which Thudichum

terms renculine, a substance which communicates to alco-

holic or ethereal extracts a yellow colour which darkens

to red on exposure to the air. Such solutions exhibit a

green fluorescence. Iodine gives a red colour to the watery

extracts of supra-renal capsules, and ferric chloride strikes

therewith a blackish-blue colour. The supra-renal cap-

sules also contain leucine, and seem to be particularly

concerned in Addison's disease, or ' bronzed skin.'

The Ovaries.

The chemistry of the ovaries is in a very unsatisfac-

tory condition. The corpora lutea, of which they are in

part composed, contain fluid in which the presence of

coagulable serum may be detected. They also contain a

granular substance termed luteine, which is a yellow

colouring matter soluble in alcohol, ether, and chloroform.

Thudichum points out that the spectrum of its solutions

consists of three absorption bands in the blue and violet,

and is similar to that presented by apparently the same

principle contained in yolk of eggs. An albuminous

fluid, which also exhibits this spectrum, is said to be con-

tained in some forms of ovarian cyst. Further, a some-

what similar colouring matter is, according to Thudichum,

contained in the yellow fseces of sucking infants.

Muscular Tissue and Extract of Meat.

The tissue of voluntary or striated muscles, and that

of involuntary or smooth muscles, are no doubt to a
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large extent composed of the same principles ; at the

same time it is probable that as physiologically con-

sidered the functions of each ai'e not precisely similar, so

also certain differences in their chemistry will be eluci-

dated when they have been better studied and when the

methods of chemical science shall have been more per-

fected. As it is, chemical studies have rather confined

themselves to the striated muscles. These are made up

0^ disks or tubes of syntonin—a peculiar contractile

albuminous principle—imbedded in a sarkolemma or

membranous sheath, and surrounded by a semi-fluid

plasma.

Muscular tissue, then, consists of about 75 or 80 per

cent, of water, and 15 or 17 per cent, of certain albu-

minous principles, while the rest is made up of certain so-

called extractives and salts. *:

The syntonin, or sohd part of the flesh—sometimes

termed flesh fibrin—is insoluble in water but can be

extracted from the insoluble part of meat by means of

dilute acids in large quantities. Dissolved in the plasma

of the muscles are a number of albuminoids more or less

closely related to this syntonin. Some of them no doubt

represent the pabulum out of which the solid part of the

muscle is constructed, while again others are derived

from the syntonin by processes innately associated with

physiological processes. Thus the plasma contains a

substance of which mention has been made elsewhere,

viz, myosin ; this may be obtained by pouring plasma

into warm water, when it coagulates. Myosin is like

fibrin in many respects and among these in its power

of decomposing peroxide of hydrogen by contact ; in

fact, myosin is transformed (apparently) into syntonin
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by treatment with dilute acids. There are also present

in plasma
;

potassium-albumin, seralbumin, and myo-

chrome, which is (according to Thudichum) identical with

hsemato-crystalhne of the blood. Myochrome is absent

in white muscular tissue.

Although the plasma is alkaline when fresh, meat

when kept quickly becomes acid ; and Thudichum ex-

plains this as due to the formation of paralactic acid

which at first shares the potassium of the phosphate and

transforms it into acid phosphate. ' Only when excess

of paralactic acid in its free state is present, does the

albumin separate from the potassium albumin ' (Thudi-

chum ^) of the muscle serum, or plasma freed from

myosin.

The soluble constituents of muscular tissue may be

obtained by extracting minced meat with cold water and

separating the albuminous parts of the extract by boil-

ing, which causes their precipitation. The fluid then

contains the soluble salts found in the blood, kreatine,

kreatinine, inosite, uric acid, xanthine, hypoxanthine,

taurine, glycogen, sugar, inosic and paralactic acids,

formic, acetic and butyric acids, and other substances by

no means well made out.

In fact, while flesh yields about 1*25 per cent, of

extractives, we are- only acquainted with the nature of

0*21 per cent., or about a sixth part of the total quan-

tity. This knowledge is chiefly the result of Liebig's

researches, the practical outcome of which may be said

to be the commercial preparation of a so-called extract

of meat, or beef tea, which often proves of great dietetic

^ Cheynical Physiology
, p. 36.
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value to both healthy and sick persons. This extract of

meat contains about 18 per cent, of salts (chiefly potassium

compounds) and about the same percentage of water.

We have seen that Liebig was only successful in

ascertaining the nature of less than 17 per cent, of the

total matters entering into the composition of this ex-

tract. 'Fortunately for science, Liebig was more con-

scientious than many workers in this direction ; for it is

a weakness, not only on the part of the physiological

chemist but on that of the ordinary chemist, in their in-

vestigations to seize upon one particular product, prefer-

aljly choosing the most crystaUine, and to examine it to

the neglect of the '9d per cent. This would not be of so

much import if at the same time it were accompanied by

a statement of the fact, but as it is, their publications are

not rarely so worded as to convey to the mind of the

reader imperceptibly the idea that nothing remains to be

done.' ^

That the muscle may be said to transform chemical

force into mechanical force there can be no doubt, but it

is not so clearly established that this chemical force is

generated in the muscles themselves. In the Chapter on

' Animal Heat and Vital Force ' certain different views

held upon this matter have been already discussed, and

it is therefore needless to repeat them in this place.

The presence of a colouring matter in red muscles,

similar to the haamato-crystalline of the blood, is certainly

significant ; and various researches, particularly those of

Brown -Sequard, have demonstrated that the contractibility

of the Uving muscle is dependent upon the circulation of

' See Essay by Kingzett and Hake, Quarterly Journal of Science,

January 1877.
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arterial blood. Hence it is not improbable that by com-

bination of oxygen conveyed by tlie blood with this

colouring matter of muscles, a quantity of this gas is

stored therein, and may serve by the oxidation of oxi-

disable substances to generate force in situ. The large

dependence of muscular action upon the exercise of will

tends, however, to show that the mechanical force is

directly due to a cerebric force, having of course its

primary origin in the oxidation occurring in the blood.

The loaded muscle is alkaline, but becomes acid during

work, in which operation carbonic acid is liberally set

free, although muscular exercise does not appear to

greatly increase the amount of urea excreted. It thus

seems that the albuminous compounds do not suffer dis-

integration in the muscles to any large extent, but

rather that the process of oxidation occurs chiefly upon

the carbohydrates. Nevertheless the presence of kreatine

and other nitrogenous matters previously enumerated,

points on the other hand to a characteristic decomposition

of albumin. Of course the measure of carbonic acid

given off is a measure of the muscular activity, and con-

sequently this is a less quantity when the muscle is at

rest than when it is contracted. This contracted state

is also characterised by an acid reaction.

Kiihne has demonstrated that rigor mortis is due to

the separation and coagulation of the myosin contained

in muscle plasma. So soon as this myosin softens and

disintegrates, the rigidity ceases. ' The muscle parti-

cipates in all febrile diseases of the body, and is

frequently the seat of idiopathic processes.' (Thudi-

chum.)

In typhoid, typhus, and other fevers, it degenerates
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in structure and becomes yellowish ; in fiitty degenera-

tion it loses its contractibility, and fat may then be de-

tected in the free state ; in trichiuiasis it is the seat of

the trichina spiralis. In other diseases the muscle is

likewise seriously affected, but in what precise manner or

nieasiu'e cannot at present be stated.

The chemical constituents of muscular tissue have

been for the most part particularised in other places, and

it is only necessary here to give the chief characters of

inosic acid which is peculiar to muscular tissue. Under

the constituents of urine we have described a method for

extracting kreatine from flesh of fowl, &c. It is from

the mother Hquors after the removal of kreatine that

inosic acid may be best obtained. The liquors are con-

centrated and then treated with alcohol till a milky

appearance is obtained ; they are then allowed to stand

and crystallise. The crystals of barium and potassium

inosates thus obtained are dissolved in hot water and

more barium chloride added, so as to get all the inosic

acid as barium salt. This done, the salt is crystalhsed

out ; and by recrystallisation and subsequent decomposi-

tion with sulphuric acid, pure inosic acid is obtained.

Inosic acid (C^HgNjOg) is an uncrystallisable syrupy

matter, easily soluble in water ; it is precipitable from its

watery solution by alcohol, and is insoluble in ether. The

.salts of the alkalies are crystallisable. The copper salt is

insoluble in acetic acid, but dissolves readily in ammonia.

The taste is pleasant, reminding of the juice of meat,

and when burnt it gives off the odour of roast meat.

Before concluding this chapter we may remark that

many years ago H. Vohl showed that wdien inosite is

fermented witli putrid cheese or flesh it yields ordinary
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lactic acid. Hilger, however, disputed this statement,

and alleged that paralactic acid was produced under

these circumstances. More recently Vohl -^ has published

some further researches upon this question with the

result of confirming his former statement, and therefore

removing Hilger's objection. The formation of lactic

acid from inosite is the more interesting, bearing in mind

the fa,ct that inosite and paralactic acid are found together

in the muscular tissue and in the brain matter. Whether

the acid is formed from the sugar in the living body it is

impossible to say, but it is certain that inosite often

changes into an acid substance during certain chemical

operations designed to extract it from animal matters.

The Bones.

The bones consist of so-called ossein—a pecuhar

albuminoid—associated with certain inorganic principles

to which osseous tissues owe their rigidity. The other

matters which are found occurring in or with bones, such

as marrow, a httle fat, vascular and fibrous threads, &c.,

are mere accessories to the tissues proper. More im-

portant, perhaps, are the cellular nuclei which are found

in the cavities, and termed bone corpuscles. The external

surface of bone, as also the internal surface of the cyhn-

drical bones, is covered with a membrane or periosteum

endowed with numerous nerves and vessels. This peri-

osteum, like the ossein itself, yields gelatin by boiling.

When bones are treated with dilute hydrochloric

acid during a protracted period, the earthy carbonates

and phosphates are dissolved out, leaving a skeleton of

the organic matter which retains the original shape of

1 Dmt. Chem. Ges. JBer. ix. 984^987.
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the bones—that is, of a tubular centre round which are

disposed successive concentric layers.

Dry bones contain about 29 to 30 per cent, of

ossein, which when dissolved in hot water, yields gelatin.

The inorganic matters combined with ossein in bones

amount to about 68 or 69 per cent., and these proportions

occiu- with some regularity, although by no means with

perfect regularity. In fact, the amount of calcareous

salts varies to some extent in different bones, at different

ages, and under varying conditions of life.

The average composition of dry bones may be ex-

pressed as follows :

—

Water and ossein, from

Calcium phospliate (CagP.iOg)

Calcium carbonate

Calcium fluoride

Magnesium phosphate

Other salts containing some

sodium chloride

30 to 34 per cent.

45 „ 62 „

6 „ 14 „

1 » 2 „
0-8 „ 1-2 „

traces

The following analysis of human bone is by Ber-

zelius :

—

Water and cartilage (ossein)
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be entertained. The following analyses are selected from

various sources, and are given, together with the authors'

names.



334 OTHER ORGANS, TISSUES, AND FLUIDS OF THE BODY.

Bone earth contains about 87 "7 per cent, of calcium

phosphate (CagPaOe), 9-1 per cent, of calcium carbonate

(CaCOg), 3 per cent, of calcium fluoride (CaF), and 1-7

per cent, of magnesium phosphate.

When subjected to dry distillation, bones give off a

quantity of foetid, volatile, and tarry matters containing

certain ammonium compounds—the products of the de-

struction of ossein—and yield a residue of animal char-

coal. This residue contains of course the inorganic part

of the bones more or less changed by the decomposition,

in part, of the carbonate, and when strongly ignited in

the open air the carbon may be entirely burnt off. On

the other hand, the greater part of the inorganic matters

may be dissolved out by acids, and in that case tolerably

pure carbon is obtained.

When certain dyes, such as madder, are given with

the food, they find their way into the bones which thus

become coloured. From the mode in which this colour-

ing occiu'red, it was inferred that the bones are rapidly

renewed from without, but Thudichum considers this

doctrine to be untenable.^

E. Maly and J. Donath^ state that 100,000 parts of

water dissolve about 2 "36 parts of gelatinous calcium

phosphate, 2*56 of calcined calcium phosphate, and 3

parts of calcium phosphate from powdered bones, but at

what temperatures is not stated. They also observe that

ossein when kept in contact with calcium phosphate,

does not combine with it ; and on this ground, and from

the further fact that other albuminoids—such as ovalbu-

^ Chemical Physiology, p. 47.

^ Journ. pr. Chem. (2) vii. 413-440.
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min and seralbumin—besides ossein are precipitated to-

gether with earthy phosphates from the same sokition

(with ammonia as above described), the authors conckide

that bone is merely a mechanical mixture. We have

already given reasons for regarding bone as in some

measure at least a chemical combination (although not a

chemical individual), and the experiments of Maly and

Donath appear to have no direct bearing, in our opinion,

upon this question.

C. Aeby ^ regards bone as made up in great part of a

complex molecule in which the lime and phosphoric acid

bear a constant relation, but in which the excess of lime

over orthophosphate sometimes wholly exists as car-

bonate and sometimes as partly carbonate and partly

hydrate. All other authors, however, agree that the

hydrate does not occur in fresh bones ; and in a more

recent paper F. Wibel'^ has criticised C. Aeby's re-

searches, and concludes from his own experiments that

the conclusions of the latter worker are arbitrary and

erroneous.

F. Papillon^ has published some interesting experi-

ments upon the modifications that can be induced in the

composition of bones. By feeding pigeons and chickens

with an appropriate diet, he has succeeded in getting

small quantities of magnesium salts taken up by the

bones ; and from these and formerly published re-

searches he concludes (with no real show of reason,

however), that metals hke magnesium, strontium, and

aluminium are assimilated in bone tissue in the propor-

tion of their atomic weights. He compares quantities

1 J. pr. Ch&m. (2) to.. 37-44. ^ Ihid. (2) ix. 113-132.

3 Compt. Rend. Ixxxv. 352-356.
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of tlie oxides against ratios of the metals, and thus Alj

comes to be compared with Mg. Moreover, there are

mistakes in his calculations, so that while the interest of

the facts remains his conclusions may be entirely dismissed.

J. Konig has described ^ some experiments of a

similar character. He relates how H. Weiske asserted,

and Papillon denied, that animals fed on a diet contain-

ing phosphate of strontium get this compound deposited

in their bones, and then proceeds to give his own ex-

periments made with guinea-pigs. These demonstrate

that strontium phosphate may thus replace phosphate of

calcium, but he did not succeed in similar experiments

conducted with aluminium phosphate.

Bones in Disease.—There are numerous diseases in

which the bones are most seriously concerned, and be-

come either brittle or singularly soft.

Thus, in rachitis or rickets—or, as the Germans term

it, cranio-tahes—(a disease to which children are more

particularly hable), and in osteomalacia ofpregnant women

and aged persons, the bone earth falls to an alarming

extent, the ossein rising proportionately. The following

analyses are instructive :

—

Name of Disease . . .
|

Rachitis
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Name of Disease .
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Teeth.

The teeth have a composition much hke that of ordi-

nary bones ; and, indeed, the roots or stumps of teetli are

bones properly so called. The exposed parts of the teeth,

however, consist of many minute tubes of pecuhar

construction, and composed of what is called dentine
;

over this there is a harder epithelium structiure termed

cement. The enamel is deposited on the dentine in

vertical layers, and it contains even less organic matter

than the cement. The dentine hardly differs in com-

position from true bone, as the following analyses

show :

—
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with age, and that the amount of carbonate correspond-

ingly falls •
^

—
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striped muscular fibres are so connected with the hair sac

as to cause it to pass from its ordinary oblique position

into one perpendicular to the skin when they contract

'

(Huxley). These delicate muscular fibres contract some-

times inider the iuHuence of extreme terror, and thus

give rise to the ' standing of the hair on end,' a pheno-

menon wliich further demonstrates that even the hair is

in proper communion with the nervous system.

The following analyses of hair illustrate its composi-

tion :

—
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is supposed to be associated with the cause of such

changes.

Scherer and Van Laer state that by extracting hair

with alcohol, ether, and water, they succeeded in obtain-

ing margarin, margaric acid, olein, a brown soluble

matter, chlorides of potassium and sodium, and lactate of

ammonium.

Although the composition of hair and nails is nearer

to that of ordinary gelatin than albumin proper, yet the

reactions of these matters are more closely allied to the

latter. They are stained yellow by nitric acid, become

soft when heated, and when burnt give off a peculiar

odour. The sulphur is partially removed by treatment

with caustic alkalies ; and the alkaline solutions thus

obtained, when neutralised by acids, give an albuminous

sort of precipitate. The cells and nuclei of hair and

nails are rendered visible by careful treatment with a

strong solution of potash.

W. E. Hodgkinson and H. C. Sorby have published ^

an interesting note on 'pigmentum nigrum,' or the

black colouring matter of hair and feathers. Colourless

hair and feathers dissolve entirely to colourless solutions

when boiled with dilute sulphuric acid ; but, on the

other hand, when they are black or brown they yield a

brown or red solution, and leave an undissolved black

amorphous substance approximating in composition to

albumin. The feathers of the common rook are stated to

be the best source of this pigment, but unfortunately the

authors do not explicitly state which substance they

allude to." Whether therefore they are treating of the

soluble or insoluble principle is left undecided, but they

^ Journ. Chem. Soc. April, 1877.
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probably refer to tlie insoluble principle in the follow-

ing analyses :

—

A mean of 10 analyses of pigment from several

species of corvus, gave . . . C. 5o'4; H. 4-25
; N. 8'5

Ciconia alba (mean of two) gave . . . C. 55'5; II. 4-8; N. 8-5

Corvuspica „ „ „ ,, • . • C. 49-6 ; H. 4-8; N. 7-6

The simplest formula to be derived from these

analyses is CgHgNO^ ; the substance is probably a deriva-

tive of albumin, and of much greater complexity than

this formula indicates.

Cartilage.

Cartilage is the name given to the white, horny, and

elastic substance of which the articular extremities of

bones are composed. It contains from 3 to 6 per cent,

of saline matters, and by long boiling with water is

transformed into chondrin—a tremulous jelly—similar

to gelatin in many respects. It is, however, insoluble

in acetic acid, and when boiled with hydrochloric acid

yields sugar. The transparent cornea (hyaline variety),

' the rings of the trachea, the elastic parts of the ears,

nose, and eyehds, and the flexible prolongations of the

ribs, are also composed of the same material ' (Miller).

Cartilage is subject to a process which ends in ossification.

Connective and Elastic Tissue.

Connective tissue (also called fibrous., areolar, or

cellular) connects the various organs of the body toge-

ther, forming tendons, fasciae, ligaments, skin, &c. &c.

It consists of bands or cords or sheets of a wavy fibrous

appearance (under the microscope). According to Thu-

dichum it is soaked with potassium -albumin, and is thus
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described ^
:

' It consists of fibres, of a cement uniting

these to a tissue, of cells or so-called corpuscles, and is

interspersed with elastic fibres.' The cement dissolves

in lime water or baryta water, and from these solutions

acetic acid reprecipitates mucin or a substance identical

with the constituent of the salivary glands and described

under that name. Mucin resembles chondrin (of the

cartilages) in so far that by boiling with dilute acids it

yields sugar ; it is also a good source of tyrosine, yield-

ing 7 per cent, of that substance.

The fibrillge of connective tissue yield gelatin when

boiled sufficiently long with water or when treated with

acetic acid, in which solution they swell up and become

transparent. The filaments of elastic tissue resist this

treatment.

Elastic tissue predominates in the yellow hgaments

of the vertebra, the sarcolemma of the muscular fibres,

and neurilemma of the nerves.

The cells or corpuscles contain protoplasm. This

latter is frequently stained with pigment of a black or

brown colour, as in the choroid, the iris, bronzed skin

disease, freckles, and more particularly and naturally in

the negro skin. It is not unlikely that this colouring

matter is similar to that of hair and feathers.

. Ear Wax, or Cerumen.

This substance is secreted by the glanduloe cerumi-

7iosce, ' situated in the external skin of the meatus audi-

torius externus ' (Simon).

Ear wax is a yellowish mass made up of variously

^ Chemical Physiology, p. 43,
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grouped lamellae containing some pavement epithelium.

Besides these it contains fat vesicles and sometimes

rhombic crystals resembling cholesterine in appearance.

The yellow colour is the property of that part of the

wax which is soluble in water. The fat which Berze-

lius extracted from cerumen by ether contained stearin

and olein, and gave (by proper treatment) a mixture of

fatty acids which fused at 104° F. The yellow matter

may be extracted by alcohol from the fat-freed mass ; it

gives to the alcohol its colour, and is of a bitter taste

and unascertained composition. Its aqueous solution is

precipitable by acetate of lead and chloride of tin. Ear

wax also contains a matter insoluble in ether, alcohol,

and water, and this, next to the fat, is its largest con-

stituent ; it may be albmninous in nature. Lactate of

calcium is said to exist also in this secretion, but no

chlorides or phosphates are present.
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CHAPTEE XVII.

OTHEE FLUIDS OF ANIMAL ORIGIN.

Milk.

Milk is the name given to the fluid secreted by the

mammary gland of mammalia., and is of special interest

from the fact that it serves as sole nutriment to the

young mammal. It has a bluish white appearance and a

specific gravity ranging from 1018 to 1045. When
fresh it is of alkaline reaction.

Milk really consists of a clear fluid, in which float a

large number of globules of a diameter ranging between

0"0012 and 0"003 inch. These globules contain fat and

are enveloped in a thin membrane of caseous or albumi-

nous structure, so that milk does not give up its fat

to ether, unless the membrane of the globules is first

broken by treatment with acetic acid or potash. It

yields about 10 per cent, solid residue and from 0*1 to

0-5 per cent. ash.

When allowed to stand, the fatty portion rises to the

top, forming ' cream ;' and it may be incidentally men-

tioned that churning has for its object the mechanical

breaking up of the little sacculi to which allusion has

been made above.

Milk contains a peculiar kind of sugar termed milk

sugar, which under certain conditions of fermentation
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(at 40° C) is in part resolved into lactic acid, and the rest

into grape sugar, which in its turn becomes converted

into alcohol. Koumis—a fermented liquid consumed

by the Tartars—is made by this process.

Milk also contains casein (a form of albumin con-

taining alkalies in combination) and various salts includ-

ing chlorides of sodium and potassium, phosphates of the

alkalies, phosphates of calcium and magnesium, and a

quantity of ferric oxide, amounting, according to Haidlen,

to about 0*47 per cent, of the ash of milk.

Milk contains from

—

2 to 4 per cent, casein

1-5 „ 4 „ fat

4 „ 5 „ lactose

That from woman contains about 0*2 per cent, salts,

and that from cows about 0*7 per cent, salts.

But the composition of milk varies somewhat accord-

ing to the animal, the period of lactation, the food, and

so forth.

The following table exhibiting the composition of

different kinds of milk is taken from Miller's ' Chemis-

try :' 1-

Constituents.
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salts, forms on the surface. It is coagulated by mineral

and other acids, and the casein may be precipitated out

by means of a solution of chloride of calcium.

Colostrum is the milk which is first produced after

birth of the young animal. It has a yellowish colour,

and contains granular bodies consisting of irregular aggre-

gations of small fat globules united by an albuminous

substance. The quantity of albumin in the colostrum of

the cow is so considerable that it coagulates when heated.

Colostrum is denser than ordinary milk, its specific

gravity varying from 1045 to 1050, and approaches

serum in quality ; in fact, as regards its chemical com-

position it may be viewed as ordinary milk concentrated

to a considerable extent.

The properties of lactose are described in another

chapter.

Seminal Fluid.

The seminal fluid is the secretion of the testicles, and

constitutes a thick, milky, glutinous liquid of a peculiar

odour and of alkaline reaction. It consists of a clear

fluid, containing in suspension a number of minute mole-

cules known as spermatozoa or seminal animalcules.

These formations occiu* in the seminal fluid of all animals,

but difier somewhat in form ; in man, they assume an

elliptical shape, and are also associated with other granular

corpuscles of a rounded appearance. The spermatozoa

possess a curious kind of spontaneous motion, which

becomes lost on treatment with various chemical reagents.

They are soluble in strong alkaline carbonates.

Before emission, semen is mixed with the secretion of

the prostate and Cowper's glands, and hence the natural
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difficulty of obtaining it for chemical examination is ren-

dered still greater. A quantity, however, may be col-

lected by extracting the tubuli seminiferi from the

testicles of animals in the rutting season and squeezing

out the contents.

As thus obtained it contains about 86 per cent, water

and 14 per cent, of solids. Of the nature of these solids

but little, unfortunately, is known, and it is impossible to

judge how far chemistry may be concerned in the reci-

procal changes that occur in this fluid and the ovum to

be fructified during impregnation.

Nevertheless, its chemical composition has been

ascertained in some measure. When allowed to stand

it becomes clear and is then soluble in water, or almost

entirely so, whereas when recently discharged, water seems

to have a coagulating effect upon it (in some respects hke

that of alcohol).

Seminal fluid contains a certain amount of albuminous

principles, together with some extractive matters, fat, and

salts. Among the organic matters phosphorised princi-

ples occur. In short, semen appears to be a kind of

organised matter containing the first seeds of all that is

essential, when aided by a selective power and a proper

medium, to develope into a hving creature. Hence it is to

be regretted that its chemical composition is known with

so little precision.

Mucus.

All the internal parts and cavities of the body which

communicate with the external surface, such as the ah-

mentary canal, are lined with what is called mucous mem-

brane, and this is kept moist by a fluid termed mucus.
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Mucus is a more or less tenacious fluid, of a semi-

transparent glairy appearance ; it swells up in water, but

IS not dissolved thereby.

The fluid differs in many of its characters according

to the part of the body which yields it.

The substance which gives to it the glairy appearance

alluded to is mucin, a form of albuminous matter free

from sulphur and very much like ' pyin ' in its proper-

ties, excepting that it is soluble in excess of acetic acid.

Mucin is precipitated from its solutions by alcohol, and

by dilute acids (not in excess), but it is not precipitated

by heat, tannin, mercuric chloride, or lead acetate.

Mucus contains corpuscular elements which, under

favourable conditions, may be seen to transform them-

selves into epithelium cells, a number of which are gener-

ally contained in the fluid.

Mucus also contains small quantities of fat and extrac-

tives, the chlorides and lactates of potassium and sodium,

a little carbonate of sodium, and a trace of phosphate of

calcium.

Nasal mucus contains much chlorides of the alkalies,

and the phosphates of the alkalies are also present.

The following analysis of nasal mucus is due to

Berzelius :

—

Water
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&c., all present certain differences, while the main charac-

ters are identical.

It has its morbid states, and when purulent is hke pus

in many respects.

Liquor Amnii.

This secretion of the female generative organs, or

fluid of the mammalian ovum, surrounds the foetus. It is

clear, colourless, of an alkaline reaction, and has a specific

gravity of about 1005. The solid constituents are less

than 2 or 3 per cent., and among these are albu-

minous matters, sugar, urea, lactic acid (?), sodium

chloride, magnesium phosphate, and other salts, includ-

ing sulphate and phosphate of calcium. Some observers

also state they have observed the presence of fatty and

extractive principles.

Allantoic Fluid.

The allantoic fluid is characterised by the presence of

a peculiar ingredient—allautoin, which is a derivative of

lu-ic acid, and may be prepared therefrom artificially.

Allantoiti, C4H6NO3, crystallises in glassy prisms and is

soluble in water. By treating uric acid with a dilute

solution of acetic acid and addition of peroxide of lead,

allautoin is formed and may be crystallised out from the

solution.

Synovia.

The origin of synovia is not ascertained, but its pur-

pose seems to consist in the lubrication of the cartilage

surfaces of joints. It contains about 94 per cent, water,

3-5 percent, albumin, 0-5 per cent, of mucin, and 1 per
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cent. ash. It is of alkaline reaction, and from its diluted

aqueous solution the albumin may be precipitated by

means of acetic acid.

In the disease called hydrarthon, a great excess of

synovia collects in the joints.

The Tears.

The glandulce lachrymales secrete a thin liquid which

serves the purpose of preserving the cornea of the eyes

in a moist state. When pungent vapours irritate the

conjunctiva, or when painful or pleasurable emotions

arise in the mind, ' the lachrymal gland exceeds the

drainage power of the lachrymal duct, and the fluid

accumulating between the lids at length overflows in the

shape of tears ' (Huxley). So the poet who exclaims,

' Tears, idle tears, I know not whence they come,' is

but imperfectly acquainted with the subject !

The tears consist of water containing a few particles

of pavement epithelium and a few mucous corpuscles.

They are of alkaline reaction and have a saline taste, but

the total sohd constituents amount to only 1 per cent.,

and these are chiefly common salt and a yellowish

extractive matter which seems to be of similar nature to

the aqueous humour.

Of the secretion of the meibomian glands, or gummy
secretion of the eyes as it is called, we have no know-

ledge.

Pus.

Pus is a pathological fluid, and may be produced by

violent irritation of the mucous membrane. Simon

points out that irritation of a mild character only pro-
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(luces an increase in tlie secretion of mucus, while an

increased excitation causes suppuration and consequent

production of pus.

This fluid also forms in other and distinct parts

of the body, after pre-existing inflammation and conges-

tion, and to some extent its composition diflers with the

seat of formation and other conditions.

Pus consists of two parts, a kind of serum or ' liquor

puris,' and corpuscular elements resembling the white

corpuscles of blood, and almost indistinguishable from

mucus corpuscles. When pus, however, is treated with

ammonia it is said to become very tenacious and jelly-

like, while mucus exhibits tliis character in a less degree.

The corpuscles of pus are larger than those of blood,

and consist of a granular cell-membrane enclosing granu-

lar matter in a viscid liquid, and containing a nucleus

adherinof to the membrane.

The corpuscles by suitable treatment yield myosin (an

albuminous principle present in striated muscular tissue).

They also yield another albuminous substance termed

' pyin,' but whether it has a real peculiar individuality

seems doubtful. It may be obtained by shaking the cor-

puscles with a 10 per cent, solution of common salt,

which dissolves out the myosin (this is precipitated from

the salt solution by much water). The insoluble part is

then digested with dilute hydrochloric acid, filtered, and

the filtrate exactly neutrahsed with soda, when ' pyin ' is

precipitated. In fact, ' pyin ' seems to be identical with

thO' so-called ' nuclein,' to which allusion has been made

elsewhere.

Pyin is precipitated from alkahne solutions by acetic

acid, and is not dissolved by an excess of the precipitant.
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On the other hand, if hydrochloric acid be used, it is re-

dissolved by an excess. From the hydrochloric solution

it is not precipitated by potassic ferrocyanide.

The ' liquor puris ' seems to contain a variety of

albuminous matters, the chief ones being paraglobulin,

casein, and seralbumin. (See Chapter on Blood Chemis-

try.)

Pus has generally a feeble alkaline reaction, but is

sometimes acid and at other times neutral. The solid

matters contained in pus amount altogether to about

10 or 15 per cent., and its ash, which contains about

72 per cent, of sodium chloride, is almost identical in

composition with that of blood, except that it contains

more potassium.

It contains a phosphorised organic principle attached

to the corpuscles, and this is perhaps identical with that

contained in blood corpuscles. Dming decomposition the

presence of palmitic, stearic, and oleic acids is observed'

and these no doubt result from a splitting up of the

phosphorised principle above alluded to. (See Brain

Chemistry.) These phosphorised principles are easily

resolved into their proximate nuclei by a process of

hydration, and such a process inevitably occurs when

they are allowed to stand in the presence of changing

albuminous matters and in contact with water. Pus also

contains cholesterine.

Again, decomposing pus yields volatile fatty acids
^

while the healthy fluid is free from them. They are

doubtless products of oxidation of the albuminous

matters, or, in other words, products of putrefaction.

Similarly, the presence of leucine, tyrosine, xanthine,

urea, and uric acid, &c., may be also accounted for. That

A A
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is to say, ' putrefaction ' is the expression by which

we indicate a number of changes in progress in organic

matters ; changes which are in the first place of a clia-

racter induced by the fixation of the elements of water,

and ultimately of a character resulting from the addition

of oxygen. These changes are initially due to such mi-

croscopic forms of life as bacteria. (See Chapter on

Putrefaction, &c.)

These considerations make this a fit place for the

mention of the antiseptic treatment of wounds now so

much in vogue. It is known that if pus in a state

of decomposition be allowed to be absorbed into the

lymph or blood it sets up acute pathological processes,

such as septicaemia and pyaemia, which sometimes end

fatally. The antiseptic treatment of wounds aims at

preventing such catastrophes by preventing the decom-

position of the pus by the proper applications of certain

reagents which either kill the germs which cause the

initial changes in pus, or else render them inactive. No
doubt, the good results arising from this treatment are

in great part due to mere cleanhness, for if the pus be

washed off before it has time to decompose, similarly

satisfactory results are attained.

In cases of jaundice, pus sometimes contains biliary

acids and coloming matters, while in diabetes it some-

times contains sugar.

' Blue pus ' derives its colour (so it is said) from a

kind of vibrio which yields its pigment to chloroform.

This colouring matter is crystalline and is named ' pyo-

cyanine,' but whether it is really derived from the alleged

source is by no means clearly established.

In the pus from abscesses, cases of phosphorus poison-
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ing and ulcerated cancers, there is contained a substance

whicli gives a rose-coloured reaction with chlorine water,

and is termed chlorrhodinic acid. According to Thudi-

chum, the same substance is yielded by decomposed

extract of pancreas and lymphatic glands.

A A 2
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CHAPTER XVIII.

ALBUMINOUS PRINCIPLES, INCLUDING PEPSIN AND PEPTONES,

The class of substances known in chemistry as albumi-

nous, embraces a very extensive number of bodies, which

while they have certain properties common to the whole

number, yet present certain distinctions one from the

others. They all contain carbon, hydrogen, nitrogen, and

oxygen, and some of them also contain sulphur, but this

is not an invariable constituent. It has often been stated

that some of them contain phosphorus, but this is not

correct ; wherever phosphorus is present it arises from

contamination with phosphates or some such organic com-

bination as lecithine. For instance, F. Miescher ^ has

described a constituent of the nuclei of pus-ceUs as a

pecuHar albuminous body rich in phosphorus ; further

papers in reference to the same substance obtained from

other different sources have been published by Lubavin,^

Dr. P. Plosz,^ Hoppe-Seyler,^ E. von Jaksch,^ and by

Dr. Miescher,^ who claims its discovery.

We here reproduce the percentage composition of

nuclein, as given by the several authors :

—

' Jahresbericht der Thier-chemie fur 1874 (Maly), being abstract of

paper from Hoppe-Seyler's Med. Chem. Untersuchungen, 1871.

- Jahresbericht der Thier-chemie filr 1874 (Maly), p. 337.

3 Ibid. 4 Ibid.

^ Pfliiger's Archiv. voL xiii. p. 469.

^ Jahresbericht der Thier-chemie fiir 1874 (Maly), 337.
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(Icr Zoochemie

'
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classed according to the degree in which their properties

are hke or unlike to those of this substance. Thus

we have the albumin of serum (seralbumin), and the

other modified principles accompanying it in the blood,

as well as those which form the solid substance of most of

the animal organs and tissues, including, those of a bony,

cartilaginous, elastic, fibrous, cellular, horny, and epi-

dermic character. Again, there are the various albu-

minous matters constituting much of the solid parts of

plants, and entering into the composition of their juices,

and finally, those modified principles derived from albu-

min and albuminous in character, viz. pepsin and pep-

tones.

Albuminous matters seem to depend upon plant life

for their synthetical production, although the steps by

which they are ultimately formed must be many and

complicated : of their nature we have but little know-

ledge. The herbivora derive them from vegetables in

which they are contained, and carnivora from the animal

food of which they partake. Thus by such processes of

modification as are brought about in the digestive appa-

ratus, these albuminous principles, primarily of vegetable

origin, become part of the animal body. So far therefore

as albumin is concerned, but only so far, animal life does

not embrace a wide synthetical function, but rather one of

analysis, for in animal life, albumin is worn down or

broken up into simpler products which are ehminated in

the excreta. But it has, however, the power of modifi-

cation and transformation ; thus, for instance, the casein of

woman's milk becomes ultimately muscular tissue or fibrin,

and helps to produce whole series of organs and tissues

\
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each and all of which contain albuminous principles of

a common origin but different properties.

The principles of which we are treating are often

divided into two groups, viz. the albuminoids and the

gelatigenous principles, but this is a somewhat arbitrary

and needless distinction, for there can be no doubt that

both groups are at least referable to a common type.

To understand this, it will be well to anticipate a future

chapter, and briefly illustrate our meaning by a com-

parison. The general constitution of any fat may be

represented as follows :

—

,hJ
HO substituted by x radicle of a fatty acid.

that is to say, as a tridynamic alcohol, in which the three

hydroxyls are substituted by a common radicle or by

three different ones. Again, in the brain matter there

are found many principles of exceeding complexity, and

yet all referable to a common formula, which may be

expressed thus :

—

IHO substituted by the residue of a fatty acid radicle,

C3H5 -1 -tiCJ „ „ » » » »

[H0(0P0)0 oho „ „ „ „ an amine.

The two primary hydroxyls may be replaced by the

residues of palmitic, oleic, stearic, or other fatty acids,

while the subsidiary hydroxyl in the larger group (phos-

phoryl), admits of substitution by the residue of an am-

monium base. Thus all compounds of the kind under

consideration, may be viewed as basic derivatives of con-

jugated glycerophosphoric and fatty acids, and while the

above formula includes and represents all possible deriva-

tives, it particularises no one individual. No matter what
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be the nature of the two fatty acids to be obtained, or the

nature of the ammonium base resulting on decomposi-

tion, they all give glycerophosphoric acid, fatty acids,

and a base. In. other words, among the products of

their decomposition there is one certain constant—viz.

phosphoglyceric acid, and with it the other radicles may
enter into combination without respect to their individual

nature ; they have, however, a form in common.

In hke manner, when more shall be known of the

decomposition products of those substances more par-

ticularly here the subject of our study—the albuminoids

—

it will then be possible to classify them all by one general

formula. At present they are classified in the crudest

manner, namely in accordance with their simplest pro-

perties, or those most readily perceived ; but in the future

they must be classified according to the constants pre-

sented in their decomposition brought about by processes

which are calculated to split them up, not into ultimate

constituents but into proximate nuclei, or those groups

which it may be supposed in their combined arrangement

constitute the whole larger conjugated molecules of the

primary substance.

Already, chemists have made progress in this direc-

tion, and that progress we must now study, merely pre-

mising, for the moment, a common constitution to the

albuminoids.

The processes of decomposition best destined to lead

to the most profitable results in the first place, are those

which have been applied so successfully in the study of

fats, and those phosphorised principles of brain matter

to which reference has been made. These processes all

perform a like function—one of hydration—and it is
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of secondary importance wliether for this purpose we

use dilute acids or alkalies, or even water at high tem-

peratures or under pressure.

It has long been known that when the white of eggs

is boiled for some hours with dilute sulphiuric acid or

baryta water, it is decomposed, yielding, among other

products, ammonia, a volatile sulphur compound (again

resolvable into sulphur and sulphuretted hydrogen on

treatment with acids), oxyphenol, amido-propionic acid

or tyrosine (CgHnNOg),^ and amido-caproic acid or leucine

(CeHisNO,),^ &c.

Braconnot in 1820 also showed that when gelatine

is subjected to this process it yields amido-acetic acid,

or glycocine (C2H5NO2).

Erlenmeyer and Schaeffer found that most albuminoid

substances give tyrosine and leucine. Thus working with

fibrin, albumin, and syntonin, they obtained for 100 parts

of dry matter

—

Fibrin . . .14 paits of leucine, and 0*8 tyrosine

Albumin ... 10 „ „ „ 1*0 „

Syntonin . . . 18 ,, „ „ 8*0 „

Coaglutin yields glutamic acid of the formula C5II9NO4,

while legumin yields legumic acid, C8H14N2O2 ; but of

this last-named product there is some doubt ; Eitthausen

now regards it as a mixture of glutamic and aspartic

acids. Glutamic acid is C5H7(jSrH2)04. Hlasiwetz and

Habermann have found ^ that most vegetable and animal

proteids give aspartic and glutamic acids by boiling with

dilute mineral acids, such as hydrochloric acid, and

decomposition of the products with oxide of silver.

^ Liebig. "^ Braconnot.
3 Chem. Centr. 1872, p. 635.
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0. Nasse ^ has determined the nitrogen given off as

ammonia when albuminoids are boiled with baryta

water, and has arrived at the following results :—Casein

17 per cent, of its total nitrogen ; seralbumin 19 per

cent. ; fibrin 20 per cent.
;
glutin 30 per cent.

;
gelatin

10 per cent.

In later papers ^ the same author gives reasons, based

upon experimental data, for believing that syntonins

(produced by the action of acids upon albuminoids)

are merely partially decomposed products of albumins.

Upon continued treatment with hydrochloric acid they

yield amnionic chloride, leucine, tyrosine, glucocine, and.

(as shown by Hlasiwetz) glutamic acid. It should be

mentioned that Nasse determined the total nitroi^en con-

tained in albuminoids by means of combustion with soda

lime, but some chemists do not accept this method as

trustworthy. 0. Nasse concludes that one part of the

nitrogen present in these substances is in combination in

a form similar to urea, and that another part is present

like the nitrogen in kreatinine, uric acid, &c.

In some earlier papers/ P. Schiitzenberger has shown

that when albumin is boiled with dilute sulphuric acid

for a few hours it gives two kinds of syntonin, one of which

he names hemiprotein, and which is left as an undissolved

flaky substance ; the other he terms hemialbumin, which

is held in solution along with some decomposition pro-

ducts resembling sarkine.

Schiitzenberger has, however, more especially studied

the action of baryta upon albuminoids in the presence of

1 Chem. Centr. 1872, p. 721.

2 Pfluger's Archiv. vi. 589-616; and vii. 139-155.

3 BuU. Soc. Chim. (2) xxiii. 161-173.
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water, and contained in sealed tubes heated to temper-

atures ranging from 140° to 200° C. By the use of different

temperatures, or by stopping the action at different times,

various crystalhsable and other bodies are observed among

the products, but if the action be- continued up to a cer

tain point, there is an uniformity in the results.

Schiitzenberger has published many papers upon this

subject, and below we give the references ^ to these, while

here it will be best to present a summary of his results.

One of the most important among these is his confir-

mation of Nasse's opinion regarding the urea-like combi-

nation present in albuminoids. He has not isolated lurea,

but he has shown that carbonic acid and ammonia are

obtained in the proportions which signify that they

may be derived from urea, for this substance is split up

by baryta into these products. Traces of sulphurous

anhydiide, sulphuretted hydrogen, oxalic and acetic acids

are also found, and 2 or 3 per cent, of tyrosin. Besides

these substances there are observed the amido-acids

of the series, CnHgn+iNOg, from amido-oenanthylic acid

(C7H15NO2), to amido-propionic acid ; 24 to 26 per cent,

leucine (CgHigNOs); butalanine (CgHnNOo), and amido-

butyric acid ; one or two acids allied to aspartic and

glutamic acids (C5H9NO4 and 04117^04) and some acids

analogous and similar to the legumic acid (C8H14N2O6)

of Ritthausen ; also a small quantity of dextrin-hke

substance.

Among the new products recently described by

Schiitzenberger is a substance termed by him tyroleucin,

^ Bull. Soc. Chim. February 15, March 5, and March 15, 1875 ; Ibid.

September 1875 (2) xxiv. 145-160; Com^yt. Rend. Ixxx. 232-236; Ibid.

Ixxxi. 1108 and 1191 ; Ibid. Lxxxiv. 124-126. See also his work on Fer-

mentation.
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C7H11NO2, which fuses at 250°. He represents some of

its decompositions as follows :

—

0,H„N02 = H^O + O7H9NO
2O7H11NO2 = OO2 + OgHi.N + C5H11NO2 (butalanine).

The body CgHnN gives a crystalline salt of the

formula 2(C8HnN)2HCl,PtCl,.

Schiitzenberger has represented the early phase of

the decomposition of albuminoids thus :

—

(«) C,,H„,Ni80,,S + 14H,0 = 2C0N,H, + C,H,0, + S + C^H,,3N,,032

;

or,

(6) Oj^Hii^NjgOo^S + I5H2O = CON^H, + C ^O^N^H, + C^H.O^ + S

or,

(c) C,,TI,,J^,,0,,S + I8H2O = OO2 + 4NH3 + C^H^O, + C^H.O^ + S
+ C67H132N14O32.

He speaks of the Ce^ body as the ' amidated mixture,'

and regards it as having been formed by the action of

water in the proportion of one molecule for each atom of

nitrogen present in the original albuminoid. Of this sub-

stance 25 per cent, is constituted of leucine (CeHigNOs)

and leuceine (CeHnNOg), and he represents its ultimate

analysis as follows :— '

C67Hi32Ni,032 = C5H9NO, + 0,H,NO, + 3CeH,2N02 + 4C,H,oN02

In a study of fibroin from silk, Schiitzenberger con-

cludes that it differs from ordinary albumin (1) by the

nearly total absence of acids of the series CnH2n_i]SI'04

from the products of its hydration, (2) by a far smaller

proportion of amido-acids of the acrylic series, and (3)

by the fact that the amido-acids of the series CnHan+iISrOs,

constituting its principal mass, are the inferior homo-

logues of those predominating in albuminoids. He also
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concludes that the composition of sericin is not very far

removed from that of fibroin.

It cannot be denied that in Schlitzenberger's papers

theory is so mixed with facts that his conclusions can only

be generally accepted, while the details (at least in many

respects) call for further elucidation. It will yet be seen

that modern researches have at any rate given some con-

siderable support to Strecker's view of the albuminoids

which supposes them to be composed of a great number

of radicles, but that each variety contains one or more

such radicles peculiar to itself.

The derivation of amido-acids from albumin and the

knowledge of the tendency exhibited by these acids to

combine with cyanogen, led Oscar Loew ^ to make some

experiments with the view of ascertaining with how much

cyanogen, albumin itself would combine, taking Lieber-

kiihn's formula C72Hii2N,8S022 as representing the last-

named substance. The experiments were conducted by

leading different quantities of cyanogen gas through dif-

ferent solutions of albumin, analysing the sediments which

were thrown down after some standing, and those pro-

duced by subsequent addition of acetic acid. Among

other substances thus obtained, Loew obtained the fol-

lowing :

—

C^iHiigNaoSOjs, or albumin + one molecule of cyanogen and three of

water.

C7,;Hi28^22S03o> ^^ albuiuin + two molecules of cyanogen and eight of

water.

C8oHi44N2gS038, or albumin + four molecules of cyanogen and sixteen

of water.

He also obtained other substances from the mother

hquors, which appear to be cleavage or decomposition

products.
1 /. prac. Chem. (2) xvi. 60-77.
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Bertlielot^ considered that albuminoid substances

were complex amides formed by the union of amido-acids

of the series CnHgn+iNOs (such as glycocine), of tyrosine,

certain oxygenated principles, together with some of the

acetic and some of the benzoic series ; he further con-

sidered that chitin, chondrin, &c., contained in addition

the elements of glucose. The latest researches, and parti-

cularly those of Schiitzenberger, show that albuminoids

are formed by the association in different proportions, of

urea and amido-acid combinations belonging, some to the

leucine series (CaHgn+iNO^), some to the aspartic acid

series (C^H2n_iN04), and others to the benzoic series

(such as tyrosine) ; it is from tyrosine that benzoic and

paroxybenzoic acids and bromanil are derived under

certain conditions.

It may here be noted that in some chemolytic expe-

riments upon albumin, Thudichum obtained an alkaloid

represented by the empirical formula CsHeFOg.

Both Guckelberger ^ and Schhesser ^ have investigated

the action of oxidising agents upon albuminoids, and it

has been shown that the products may be arranged pretty

well under the acetic, benzoic, and cyanic series. By
acting with a mixtm-e of potassic dichromate or manganic

dioxide and sulphuric acid, Guckelberger obtained the

following products, and others not so well identified :

—

Formic acid
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with the nature of the material submitted to oxidation, and

to a certain extent they are of a secondary character,

leucine, tyrosine, and such bodies being observed only in

earlier stages of tlie reactions. These results agree with

those obtained by hydration, and M Bechamp actually

noticed among the products (when potassic permanganate

was employed as the oxidising agent) a small amount of

urea, and altlioiigh this was subsequently controverted, yet

Eitter as well as Schiitzcnbcrger have confirmed the fact.

Again, those substances which are obtained when

albuminoids are acted upon by the melted alkalies may

be regarded as derived from a more energetic action

exerted upon the compounds to which baryta water gives

rise. So far as determined, they include ammonia, hy-

drogen, methylamine, saniline, picoline, petinine, leucine,

tyrosine, glycocine, carbon-dioxide, and formic, valerianic,

butyric, and oxalic acids. In life, albuminoids are sub-

jected to a mixed process of oxidation and hydration,

and a study of the results obtained by acting upon these

substances with air or oxygen and baryta at the same

time, or with peroxide of hydrogen and baryta water in

excess, would probably afford peculiarly interesting results.

W. Knop ^ has described a derivative obtained by

the action of bromine upon albuminoids, and to which

he assigns the formula CisHjyBrsNgOg, representing its

constitution as

Water . . IIjO \

Ammonia
. .

H3N
I C^sH^^Br^NjOg.

Bromoxyleucine . CgH,2BrN02 + O.,
j

Bromotyrosine . CgHj^BrNOj j

He also describes a zinc salt, CigHgyBrgNgZugOio, and a

calcium salt, CisHarBraaSTgCa^Ojo, but from certain con-

' aie7n. Ccntr. 1875, 395-399 ; 411-415
; 426-428.
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siderations he is led to quadruple these formulse, thus

assigning to the sulphur-free albuminoid the simplest ex-

pression, C64II100N16O20, which offers at least some sort of

comparison with Schiitzenberger's ' amidated residue

'

described above.

Knop gives to casein a formula which is one half that

of the above substance, but all such formulse merely

represent approximate composition, and certainly do not

indicate the size of the molecules.

W. Kiihne^ states that when albumin is distilled with a

solution containing eight times its weight ofpotash, a milky

alkaline solution containing crystals is obtained. These

crystals seem to be composed of indol, thus giving sup-

port to the prior observation of JN'encki^ that indol is

obtained when albumin undergoes putrefactive change.

M. JSFencki,^ yet later, states that when commercial

albumin is digested with finely divided ox pancreas at

40-45° C. in the presence of water for about 70 hours,

a body resembling indol is obtained. It melts at about

52°, and gives a nitroso-derivative of the formula

When albuminoids undergo putrefaction, they decom-

pose and give rise to products which may be regarded

as produced partly by hydration and partly by oxidation
;

but Liebig went further than this and expressed his be-

lief that all ferments such as synaptase, diastase, pepsin,

and yeast, were modifications of albumin in peculiar

states of change or decay, without regard to the possibility

of the changes being of a definite character as with yeast.

1 JDeut. Chem. Ges. Ber. viii. 206-210.
•^ Ibid. vii. 1593. ^ Ibid. viii. 336-338.

B B 2
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All albuminoid substances are capable of existing in the

soluble and insoluble state, and all are colloidal in natui'e.

Recent experiments go far to show that many albuminoids,

at one time supposed to be widely different, are really

identical in natm^e.

It has long been known that three forms of com-

bination are presented by albuminoids ; that is to say,

there are combinations with acids, combinations with

bases, and combinations with salts. Graham showed

that the salts, often associated and yet not in combina-

tion, could be removed by dialysis. Schmidt, Aronstein,

Heynsius, and Winogradoff, have repeated and confirmed

the observations of Graham, but have not extended them

in this respect.

A. Gautier ^ states that when blood fibrin is dissolved

in a solution of common salt, it gives rise to the produc-

tion of a substance of like solubility and composition to

ordinary albumin. Its solution, however, gives no pre-

cipitate with sulphate of copper or argentic nitrate, and

coagulates at 6°1, whereas white of Q.gg coagulates at

73°. The author, however, claims to have shown in

1869 that egg albumin contains two substances, one of

which coagulates at 71-74°, and the other at 60-G3°.

When the albumin is obtained from fibrin as described,

and isolated by coagulation, there is left in solution

another body kept soluble by combination with calcic

and magnesic phosphates.

There can be no doubc that many salts have a most

decided influence upon the properties of albuminoids.

Thus F. Soxhlet^ has confirmed some observations pre-

' Compt. Rend. Ixxix. 227-229.
2 Joiini. f. prac. Chemie (2), \\. 1-52.
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viously made by EoUet, which tend to show that alkah-

albuminate solutions are not precipitated by acids in the

presence of neutral sodic phosphate, and it is to the

presence of this substance in milk that casein, which in

many respects resembles alkali-albuminate, is not thus

precipitated. Soxhlet demonstrates by quantitative ex-

periments that the albuminate begins to be precipitated

at the moment when the neutral phosphate becomes

completely converted into acid salt. W. Heintz ^ differs

from Soxhlet in some respects, but Isidor Soyka ^ con-

firms them on the other hand, and contends that acid

albumins and alkali albuminates are both derived from a

common principle, the difference of their combinations

accounting for differences in their properties.

A. Heynsius ^ concludes that paraglobulin is identical

with alkali albuminate, and he has pursued the studies

of Heintz and others with comparable results ; but H.

Haas * differs from Heynsius by maintaining the view that

albumin is a soluble compound of globulin with earthy

phosphates, and favours Schmidt's view that the solubility

of albumin is due to such salts.

Ignoring for the time the differences presented by the

various albuminoids, we must now return to view them

as containing a parent molecule common to all forms, and

for this purpose we shall confine our attention for the

moment to egg albumin. Its molecular weight has been

approximately determined by analyses of the potassic

and platino-hydrocyanic combinations, both of which

^ Journ. f. pract. aiemie (2) vi. 374-384.

2 Pfliiger's Arehiv. xii. 347-377.

3 Ibid. ix. 514-552 ; and xii. 549-596.

* ChetJi. Cent?: 1876,795-800; 811-816; 824-832
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lead to nearly the same number, 1612. Lieberkiihn

expresses this composition by the formula C72Hn2Nj8S022

;

and while we must not place too much confidence in this

formula, yet its acceptance ^ro ^^/«. proves exceedingly

serviceable, notably in such researches as those of Schiit-

zenberger and in those we must now describe.

Towards bases, albumin plays the part of an acid,

while towards acids it behaves as a base.

Among other compounds with bases the following

ones are the best known, but the same reserve must be

exercised in their acceptance as with Lieberkuhn's for-

mula for the molecule of free albumin.

Albuminate of barium, C72HnoBaN'i8S022 + HgO (?),

produced by precipitation of an alcoholic solution of po-

tassic albuminate with soluble barium salts.

Albuminate of copper, C72H110CUN18SO22 4- HoO (?). Ac-

cording to Lassaigne double compounds of this salt with

those of barium, calcium, magnesium, and potassium

exist.

Albuminates of lead and mercury are also known.

Albuminate of potassium, C72HnoK2Ni8S022 + H20 (.^)

may be prepared by mixing white of egg with strong

potassic hydrate and washing the gelatinous product with

water. When freshly prepared it is soluble in alcohol,

but loses this property on drying.

Neutral albuminate of sodium, C72HiioNa2Ni8S022

+

H2O (?), and an acid salt of the composition C72HinNaIIN'i8

SO22 + H2O (?) is believed also to exist in blood serum and

white of egg.

Albuminate of silver, C72HnoAg2Ni8S022 + HgO (?) and

albuminate of zinc, C72HiioZn2Ni8S022 + H20(?) are both
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prepared by precipitation of albuminous solutions with

appropriate salts.

G. S. Johnson has described ^ what he beheves to be

definite compounds of albumin with various acids. His

general method of preparation consisted in placing white

of egg in a hoop dialyser of parchment paper floating

upon dilute solutions of the acids. The results he has

obtained incidentally confirm the formula assigned by

Lieberkiihn to albumin, as is seen by the following

table :—

•
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In the following table the approximately identical

composition of diiTerent albuminous bodies is exhibited :

—
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(forming its chief constituent), have many properties in

common with other gelatigenous principles. These prin-

ciples appear to be free from sulphur, and on decom-

position with acids or baryta water yield products cha-

racteristic of albuminoids.

General Properties of the Albuminoids.—These prin-

ciples may be preserved in a dry state for an indefinite

period without suffering decomposition ; but in the pre-

sence of air and water, they readily putrefy, and among

the products of their change we find carbonate, butyrate,

valerate, and sulphide of ammonium, leucine, and tyro-

sine.

They have a sp. gr. ranging from 1'2 to 1'4. Thus

W. Dittmar^ has determined that of legumin at 1-285-

1*36, and glutin at 1-297.

As isolated from their different sources they are often

associated (in combination) with bases or salts, particu-

larly phosphate of calcium, which is left in the ash when

they are incinerated.

When heated in close vessels they swell up, blacken,

give off sulphuretted hydrogen, ammonia, and fcetid

empyreumatic products, leaving a porous carbonaceous

residue.

As they exist in living plants and animals, they are

in combination with water of coUoidation to a greater or

less extent ; that is to say, the water is combined in a

manner parallel to that in which it exists in crystals.

This water cannot be separated, as from a sponge, by

pressure.

Most or all albuminoids can exist in the two states,

soluble and insoluble, in water. When gently heated

^ Versuchs-stationen Organ, xv. 401-403.
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with dilute solutions of potash or soda, they easily dis-

solve, and in general the sulphur is removed by the

same process and forms sulphide of the base employed.

Erom the alkaline solution, acids precipitate what Mulder

termed protein, and which he regarded as the essential

principle of all albuminoids ; albumin, fibrin, casein, &c.

were thus considered by him to be derivatives of protein.

It is not worth while to study Mulder's ^dews further : so

far as they have been substantiated by more modern

work, the information given before has already sufficiently

described ; it is probable that the protein of Mulder is

a kind of syntonin or gelatin. He assigned to it the

formula Ci8H27N406,H20, and maintained its freedom from

sulphur against a different opinion held by many other

chemists.

When once dried, all forms of the albuminoids are

insoluble in alcohol and ether.

Aqueous solutions are coagulated by alcohol and are

precipitable by solutions of the salts of copper, lead,

and mercury, tannic acid, &c. &c.

This power of combination with tannic acid which is

exhibited by the albuminoids and gelatins supplies the

chemical explanation of the manufacture of leather.

Concentrated sulphuric acid dissolves the albuminoids

with a brownish red colour.

Concentrated nitric acid produces in their solutions

a bright orange coagulum which gradually dissolves with

effervescence ; this coloiu'ed substance was termed by

Mulder xanthoproteic acid.

Strong hydrochloric acid warmed with albuminoid

solutions gives a milky coagulum which dissolves slowly

to a blue or violet-coloured solution.
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Albiimirioid solutions containing acid give with po-

tassic ferro- and ferri-cyanide, precipitates not furnished

by ordinary aqueous sohitions.

Millon's so-called reaction consists in moistening any

suspected tissues with a solution of 2 parts of mercury

in 4 of nitric acid (of the sp. gr. 1-40) ; on warming

gently (below 100° C.) an intense red colour is produced

if albuminoid matter be present, which is indestructible

by boiling with water or on exposure to the air.

Albuminoid solutions possess extremely low diffusive

powers and turn the plane of polarised light to the left.

The albuminoids are distinguished from the gelatinous

principles by giving precipitates with potassic ferro-

cyanide ; solutions of gelatin are said also to give no

precipitates with lead acetate, cupric sulphate, dilute

mineral acids and alum.

Notes on Individual Albuminoids.

In Chapter VTlII,, while treating of the chemical con-

stitution of blood, the various albuminous matters con-

tained in it have been already described. We must,

however, recur here to the chief properties of seral-

bumin, in order to compare it with other allied sub-

stances.

Serum albumin., or seralbumin., as it is termed, may

be obtained from blood serum by precipitation with lead

acetate, washing wdth water, and decomposition of the

precipitate suspended in water by means of carbonic

anhydride. A cloudy solution of albumin is obtained on

filtration. If this solution be evaporated at a gentle

temperature (about 52° C), it leaves a yellow transparent
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substance, which is mainly sohible in water, and entirely

dissolves when aided by the presence of a little acetic acid.

Its aqueous solution is precipitable by alcohol. The con-

tinued contact with alcohol renders it coagulated or in-

soluble. Its specific rotation for yellow light is— 56°.

It is not precipitated by small quantities of very dilute

acids, but in greater quantity, acids (particularly nitric

acid) precipitate it, as do also carbolic acid, mercuric

chloride, potassic ferrocyanide, lead acetate, and argentic

nitrate. Its solution coagulates at 73° C.

When contained in caustic alkaline solutions, it is

not completely coagulated by heat until the solution be

exactly neutralised.

As isolated by the method described, or by adding

acetic acid to blood serum, filtration from other albumi-

noid matters thus precipitated, and also by carbonic an-

hydride, and dialysis of the filtrate of seralbumin to free it

as far as possible from salts, it yet still contains some

saline matter, and the point of coagulation is dependent

partly upon tlie nature and quantity of this.

Albumin from White of Eggs^ or Ovalbumin^ pre-

sents some similar characters to seralbumin. Its specific

rotatory power for yellow light is— 35-5°, and unhke

seralbumin, it is coagulated by ether.

S. Eother states ^ that it is maintained in solution in the

presence of starch even at a boiling temperature ; a drop

of strong nitric acid, however, causes coagulation. Co-

agulated seralbumin, or ovalbiunin, if heated to 300° F.

with a small quantity of water, redissolves, and gives a

liquid not coagulable by heat, but which, when acetic acid

^ Puarin. Journ. Tram. (3) iii. 044.
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is present, is precipitated by potassic ferrocyanide. Al-

bumin precipitated from solutions by other agencies than

boiling, such, for instance, as those exercised by certain

salts, is not necessarily in the coagulated state ; that is to

say, it will often dissolve in pure water.

Egg albumin, unlike seralbumin, is precipitated by oil

of turpentine, and is not easily soluble in strong nitric acid.

Paralbumin is the name which was given by Scherer

to a substance he obtained from the fluid of ovarian cysts.

It is generally associated with a starch or glycogen-like

body capable of change into sugar. Its solution is

viscid and precipitable by acetic acid and carbonic anhy-

dride. It is not precipitated by magnesium sulphate,

but in other respects resembles ordinary albumin.

Metalbumin is met with in dropsical fluids, and is

much like paralbumin. It is not, however, coagulable by

heat. Alcohol precipitates it from its solutions.

Para- Globulin may be obtained from blood serum as

described ; it is said to differ somewhat from ordinary

globulin by virtue of its fibrino -plastic properties ex-

hibited in the production of fibrin (as also previously

described) when mixed with certain liquids such as hy-

drocele fluid.

Globulin exists in aqueous humour, in the juice of

the cornea, connective tissue, &c. It may be prepared

by rubbing up fresh lenses ^ of the eyes of bullocks with

pounded glass and water, and precipitation of the filtrate

with carbonic anhydride. Alcohol also throws it down

from its solution. Acetic acid solutions are precipitated

when neutrahsed with ammonia.

1 These contain^ according to Simon^ from 10 to 14 per cent, globulin.
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In its coagulated form it is insoluble in water ; but

it is soluble in certain neutral saline solutions.

Myosin is the substance which by its separation

and coagulation in muscular tissue after death induces

' rigor mortis.' As the myosin decomposes, this con-

dition passes. The substance was first obtained by

Kuhne.

In order to prepare it, muscular tissue is minced

finely and washed with water thoroughly, until the wash-

ings are no longer acid and are not precipitated by

mercuric chloride. The residual mass is well rubbed

up with a 10 per cent, solution of common salt, and

the filtered solution is then precipitated by dilution with

water ; it is purified by re-solution in chloride of sodium

and reprecipitation by dilution.

Myosin is insoluble in water, soluble in very dilute

hydrochloric acid, and soon passes into the state of syn-

tonin. It is also soluble in dilute alkalies, becoming alkali-

albuminate. By heat it is coagulated out of solution

;

it is also coagulated by alcohol.

Vitelline an albuminous matter contained in the yolks

of eggs, has not been obtained at all pure. So far

as this has been effected, it has been shown to be like

myosin.

Acid-albumin is the name given to the substance pro-

duced by acting on seralbumin or other albuminoids with

dilute acids such as hydrochloric. These solutions pro-

bably contain the compounds described by Johnson. (See

above.) Such solutions may be gradually heated to 70°

without coagulating, and even at higher temperatures co-

agulation may be entirely prevented. The resulting fluid

rotates a ray of yellow light 72° to the left.
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On neutralisation, insoluble albumin is precipitated,

but the precipitate thus obtained dissolves in alka-

lies.

Alkali-Albumins, or Albuminates.—This class, together

with the acid-albumins, is sometimes classified together

as derived albumins.

Casein is the most important alkali-albuminate, al-

though, as we have had occasion previously to point out,

it is possible to produce substances by the action of

dilute alkaline solutions upon ordinary forms of albumin

which are precipitated by neutralisation, and which can-

not be distinguished from casein.

Casein occurs plentifully in the milk of animal feeders,

and from this fluid it is readily obtained by precipitation

with magnesium sulphate, filtration, and washing with a

concentrated solution of salt. By dissolving in pm^e water

it may be separated from any butter which may be

present, and it may be further purified by precipita-

tion with acetic acid. After drying, casein swells in

water, but will not dissolve except in the presence of

free alkali. On neutralising the alkaline solution, the

precipitate so obtained is soluble in an excess of acetic or

hydrochloric acid.

Alcohol precipitates neutral or feebly alkaline solu-

tions of alkali-albuminate or casein when cold, but the

precipitates redissolve on heating.

Casein is coagulated by certain animal membranes,

as is witnessed in curd making : the curd results from

the action of rennet derived from the stomach of the

calf.

Plant-casein, or legumin, is found chiefly in the seeds
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of leguminous fruits, from the juice of which it is pre-

cipitable by acetic acid or rennet.

Fibrin, or Fibrinogen, has been described under

Blood.

Plant fibrin occurs in plants in an insoluble state,

especially in the seeds of cereals, and may be obtained

from crude gluten by extracting it with dilute alcohol to

remove vegetable gelatin (glutin), and afterwards with

ether to extract the fat. The residue is impure plant-

fibrin. It behaves hke ordinary fibrin in its reactions.

Lardacein, a body resembling albumin in its per-

centage composition and some of its properties, is found

deposited in the smaller arteries of certain organs, such

as the liver, kidney, spleen, brain, and intestines, when

diseases associated with suppuration and cachexia are

supposed to exist. It is otherwise known as ' amyloid

substance,' from the fact that it strikes with iodine and

sulphuric acid a blue coloration. Virchow considers it

as an altered fibrinous deposit.

It is found in the spinal marrow and brain, &c., in

locomotor ataxia, but it has not yet been sufficiently well

isolated to establish its nature.

Gelatin is obtained by boiling connective tissue^

tendons, &c. in water : from bones it is best made by

dissolving out the earthy matters by means of hydro-

chloric acid, and boiling the residue with water. It

swells up in water and dissolves on boiling, to a viscid

liquid which gelatinises on cooling, even if it contains

only 1 per cent. When dried, it is insoluble in ether and

alcohol.

Solutions of gelatin are precipitated by tannic acid,

alcohol, and salts of mercury, but not by alum or by
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neutral or basic lead acetate, potassic ferrocyanide, dilute

mineral acids, &c.

Size and glue are impure forms of gelatin.

Chondrin is obtained from the cartilages of ribs and

joints, and is mucli like gelatin, but differs from it in

being precipitated from its aqueous solution by means of

alum, acetic acid, lead acetate, &c., but not by mercuric

chloride. Boiled with hydrochloric acid, it is said to

yield glucose ; further investigation might lead to some

connection therefore between this body and amyloid

substance.

Of Sericin and Fibroin from silk we have already

treated (pp. 336 and 337).

Elasticin is the special principle of yellow elastic tis-

sues, such as the middle coats of arteries and veins, &c.

Keratin is obtained in an impure form from horny

matters, as horn, feathers, hoofs, epidermis, &c., by ex-

tracting other matters first with alcohol and ether.

Mucin is obtained from mucous fluids, &c.

Pyin, which resembles mucin, is obtainable from fresh

pus ; it is said to give rise to a blue crystalline substance

not well known, but termed pyocyanine.

The following table is taken from Fownes' ' Chemistry

'

(12th edition) :

—

Solubilities of Albuminoid Principles.

SolTible in water :

—

Aqueous solutions not precipitated by boiling = Peptones.

„ „ coagulated „ „ - Albumins.

Insoluble in water :

—

Soluble in 1 per cent, solution of sodic cbloride = Globulins.

Insoluble :

—

Soluble in bydrocbloric acid (0*1 per cent.) in

tbe cold.

Soluble in hot spirit = Alkali-Albumin.

C C
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Solubility of Albuminoid Principles—continued.

Insoluble in hot spirit = Acid-Albumin.

Lipoluhle in hydrochloric acid (0*1 percent.) in

the cold:—
Soluble in hydrochloric acid (0"1 per cent.)

at 60= = Fibrin.

Insoluble in hydrochloric acid (O'l per cent.)\

at 60° .1 = Coagulated AI-
Also insoluble in strong acids ; soluble in gas.

[
buniin.

trie juice /

Pepsin and Peptones as Albuminoids.

Elsewhere (in the Chapter on ' Gastric Digestion ') we

have referred to the action of so-called pepsin in con-

verting insoluble albuminoids into solutions called pep-

tones. In spite of the great differences observed between

the various albuminous compounds, they are all, by the

action of the gastric juice or the pancreatic juice, re-

duced and converted to solutions wliich exhibit but few

distinctive characters, no matter what be the specific

substances thus resolved.

The precise part exercised by pepsin is not known ; it

has certainly been isolated in an imperfect form, but its

composition is unknown ; it is probably itself of an

albuminoid character, but of its constitution we know

nothing, and of its history in the process of digestion we

have but little information. Of its action there seems to

be no doubt, although it is true that the acid of the

stomach is of itself capable of resolving albuminoids into

more or less soluble and metamorphosed substances.

The change may be best exhibited in the laboratory

at the temperature of the blood with any of the dilute

mineral acids. Albuminoids thus influenced change

first into so-called syntonines or bodies which give less
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nitrogen as ammonia, when boiled with strong alkahes

or baryta water. Syntonins themselves are decomposed,

when boiled with acids or strong alkalies, in the manner

described by Schiitzenberger and those other chemists

whose researches we have already described.

Whether, therefore, pepsin does more than accelerate

the action of dilute acids we cannot say with certainty
;

if it does, the action is entirely unknown and is likely to

remain so as long as men are content to study the ques-

tion as it has been too often studied heretofore.

It seems to be the object of certain so-called physio-

logical chemists to try the action of pepsin upon albu-

minoids, in order that when they have obtained the

solutions of peptones they may be subjected to a set

number of well-known tests. These consist of non-

precipitability by boiling, neutrahsation, or strong acids,

but precipitabihty by alcohol and by such reagents as

sulphate of copper and potassic ferrocyanide. But when

it has been shown that precipitates are yielded with

tannic acid, argentic nitrate, mercuric chloride, platinic

chloride, and plumbic acetate, the measure of their in-

vestigative power is satisfied, and they never dream of

following up in a logical manner the study of any one of

these combinations and by so doing obtain some definite

result. ' As it is, however, oiu: literature and our text-

books abound with descriptive matter concerning what

may appropriately be termed " test-tube chemistry."

The test-tube as an agent in pioneering experiments, as a

preliminary to the application of elaborated methods of

research, based, indeed, in the first instance, upon such

reactions, is invaluable ; but employed as a final test of

character and constitution, these reactions are absolutely

c c 2
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without meaning. A precipitate or a colour may result

from the mixture of two solutions, but no amount of

repetition of such reactions can teach us more than the

experience of the fact. To the precipitate we must apply

methods of purification and analysis, in order to ascer-

tain its composition, and for the colour we must use the

spectroscope, or other means at our command which

shall in like manner identify for us its nature. But when

we have effected all this we have but begun, for it yet

remains to learn the inner constitution of the body whose

empirical formula we have established ; even then we

have yet to determine in what way it was in the first

place produced from the mixture. Then, and not till

then, are the resources of the chemist exhausted and the

problem solved. Now, by some of the reactions above

indicated, it will appear reasonable that phospho-molybdic

acid would precipitate many peptone solutions, in which

case it is not unlikely that by the subjection of the pro-

ducts to decomposition with baryta water, and further treat-

ment of the free substances, some very definite results

would be obtained. Meanwhile a general name represents

all we know of substances which will one day prove to

have a constitution, complicated certainly, but as evident

and as well defined as those of the best-known bodies.' ^

To one of the few attempts which have been made to

assign formulae to the constituents of peptone solutions

reference has been already made (pp. 70, 72), but we

must now notice it more in detail, more particularly be-

cause the attempt has been made, rather than to any

great faith that is to be placed in the results.

' Physiology and its Chemistry, SfC, by C. T. Kingzett and H. W.
Hake. Quarterly Journ. of Science, January 1877.
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Basil Kistiakowsky, of Kiew/ has attempted to deter-

mine whether the peptones formed in pancreatic digestion

differ in composition from their albuminous sources, and

whether they differ one from the other in composition

and properties according as different albumins are used
;

also whether, when from the same albumin, the gastric

and pancreatic peptones are identical.

In an experiment with ox fibrin he found on analysis

a formula for it as follows—CisgHgaeNgySOie, and this was

subjected to the action of pancreatic ferment isolated

by Wittich's method. To the resulting peptone, ob-

tained after about twelve hours, he assigns the formula

CiisH^agNseSOge ; that is to say, it differs from the original

substance in containing less carbon and more oxygen.

Both preparations gave a certain percentage of ash, which

may, for the present considerations, be left out from notice.

The peptone thus obtained, like others, is of a fluorescent

character. A peptone obtained from vegetable casein

(from sweet almonds) proved to be of characters and

composition almost identical with that from fibrin ; as

expressed by the analyses its formula was CnsHssiNseSOes.^

From analyses of peptones produced by imitative pro-

cesses of gastric and pancreatic digestion it appears, ac-

cording to Kistiakowsky, that they differ only slightly
;

the gastric peptone contains more carbon and oxygen.

Finally, by the action of pancreatic ferment upon

fibrin the author obtained leucine, tyrosine, and glutamic

acid. S. Eadziejewski and E. Salkowski^ have also ob-

served these products together with aspartic acid as an

accompanying substance.

^ Pfliiger's Archiv. f. Physiologie, ix. 438-459.

* It is interesting to compare these formulae with those of albumin, and-

the various derivatives obtained by Schiltzenberger and Knop,

3 Deut. Chem. Ges. Ber. vii. 1060-1051.
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R. Maly,^ contrary to the experiences of Kistiakow-

sky, finds that the peptone prepared from fibrin is ahnost

identical with the original substance, and so also with

albumin and its peptone. In short, he contends that a

peptone is not a product of the splitting up of its gene-

rators, but he does not support his conclusion with any

analyses.

A. KosseP is in conflict with R. Maly, and states, con-

trary to him, that peptones do not give precipitates with

acetic acid and potassic ferrocyanide ; where such preci-

pitates obtain, they result from contamination of the

peptones with unchanged albumin. In fact, A. Kossel

confirms Kistiakowsky's statements, and those of Labavin,

to the effect that peptones possess characters common to

the amidic acids. To be brief, it may be stated thai all

we know regarding peptones tends to show that they re-

present intermediate stages between albuminoids and the

products of decomposition obtained by the action of hot

acids and alkahes upon these principles. At the same time

the change is so slight that in the blood, the synthetical in-

fluences they are subject to, are powerful enough to cause

the re-formation of albumin or fibrin which is assimilated

in the cells of the body to replace those parts chemically de-

stroyed by the acts of life. On such a view alone, is it pos-

sible at present to understand the production of fibrin by

the coagulation or whipping of blood, and it is one winch

agriees with Schmidt's explanation of this phenomenon,

for as we have already seen, he regards the production of

fibrin as resulting from the combination of two principles.

According to Brticke, pepsin occurs not only in the

^ Pfliiger's Archiv.f. Physiologie, ix. 585-619.
* iiw^.xiii. 309-320.
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stomach, but also in the blood, the muscles, and the

urine, and it is to be confessed that meat introduced

into a subcutaneous wound certainly undergoes a sort of

digestion (Bretonneau). But however this may be, it is

probable that the action of pancreatic and gastric fer-

ments consists like that of acids and dilute alkalies in a

process of mild hydration. Of ferments themselves we

shall treat more fully hereafter.

Leucine^ Tyrosine^ <^c., as produced by the Decomposition

of Albuminoids.

Elsewhere in this work it has been shown that glyco-

cine (CsHgNOs) is amido-acetic acid, and that as occiurring

in the body, it is identical with the product produced

from the haloid derivatives of acetic acid by certain

double decompositions. Again, hippuric acid has been

shown to have a distinct relation with glycocine, and,

indeed, splits up, when suitably treated, into benzoic acid

and glycocine, from which substances it has also been

artificially prepared. Now tliere can be little doubt

that these and other similarly constituted bodies are

primarily derived from the decomposition of albuminoids,

and in the chapter treating of these, it has been stated

that the principal among such products of decomposition

are leucine and tyrosine, substances which are also found

in nearly all the glandular organs and secretions of the

body.

Chemical researches have demonstrated the identity

of amido-caproic acid, C5Hio(NH2)CO(OII) (as obtained

by acting upon bromocaproic acid with ammonia), with

leucine found in the body and as a product of decom-
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position of albuminoids. Furtlier, by acting on methyla-

mine, NHo(CH3), with chloracetic acid ; methylamidoacetic

acid, CH2(NHCH3)CO(OH), is obtained, and this sub-

stance is now known to be identical with sarkosine,

wliich in its turn gives rise to the production of kreatine

by direct union with cyanamide (NHjCN).

So there can be but httle doubt that when the products

of the decomposition of albuminoids are better known, it

will be found that they comprise many similar derivatives

referable to acetic acid or its homologues, and indeed

this may be considered to be established to some extent

even in the case of tyrosine (CgHnNOg).

H. Ost^ has recently conducted some researches bear-

iucr upon the constitution of tyrosine. When potassium

salicylate is heated, paraoxybenzoic acid is produced, and

when tyrosine is fused with potash it also gives rise to

the formation of this substance (Barth). But inasmuch

as when sahcylic acid is heated with soda, a salicylate

and not paraoxybenzoate is produced, it was doubt-

ful whether tyrosine is really a derivative of salicylic acid

or paraoxybenzoic acid. Now paraoxybenzoic acid

fused with soda gives rise to a paraoxybenzoate only, and

not to salicylate, hence Ost concluded that if tyrosine

when fused with soda gives rise to paraoxybenzoic acid,

it must be a derivative of tliat substance, and this he found

to be the case, ammonia and hydrogen being evolved

^vhen a mixture of the substances was heated upon an oil

bath.

Althouo-h it will thus be seen that something is known

about the constitution of tyrosine, yet its precise consti-

tution is far from established. Some chemists consider it

1 Journ. prac. C'/ioii. (2) xii. 159.
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to be oxyphenyl-amidopropionic acid, but on certain

other grounds, the presence of an amidogen group is dis-

puted. But that it will prove to bear a general relation

to leucine and other bodies accompanying it in its forma-

tion, would seem to be certain.

Before passing on to study leucine and tyrosine indi-

vidually, we may take note of a paper by E. DrescheP

bearing upon the oxidation of these substances and glyco-

cine.

He points out that when an ammoniacal solution of

glycocine is treated with ammonium permanganate, there

is formed a precipitate of peroxide of manganese ; and in-

asmuch as on addition of calcium nitrate to the filtrate,

calcium carbonate and oxalate are precipitated and

more of this mixture formed on boiling, he concludes

that the solution must have contained oxamic and car-

bamic acids (amides of oxalic and carbonic acid ; see

' Urea ').

The same amides are formed when an aqueous solu-

tion of glycocine is oxidised with potassic permanganate

and also when leucine, tyrosine, or albumin are similarly

treated.

Eeasoning on these facts, E. Dreschel concludes that

in the formation of urea from albuminoids, these are first

resolved (as is known) into glycocine. tyrosine, leucine,

&c., and then these latter are converted by the oxygen of

the blood into a carbamate which is finally transformed

by a ferment into urea.

The author appears to have confirmed his opinion by

preparing calcium carbamate NH2.(CO.O(CaO)H) from

the serum of dog's blood.

^ Journ. prac. Chevi. (2) xii. 417-426.
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These considerations, when studied with those given

under " Urea ' and ' Albuminous Bodies ' are specially

interesting as elucidatincf the chemical changes continu-

ally going on in the li\ing body.

We may now, without further digression, pass on to

the more particular study of leucine and tyrosine.

Preparation of Leucine and Tyrosine.

Leucine is found in the animal economy wherever

tyrosine is met with, and particularly is this true of the

lung and liver tissue. In urine both substances are only

present in cases of deep disease ; thus they have been

detected in jaundice, in acute yellow atrophy of the hver,

small-pox, and typhus, &c. In very bad cases of malig-

nant jaundice, ' the finer branches of the hepatic veins

are filled with crystalhne granules and firm yellowish grey

strings of matter coiataiuing crystals in the shape of balls

with a radiary arrangement, and bundles and sheaves of

needles. The balls are leucine and the needles tyrosine
'

(Thudichum).

These substances may be readily prepared by the ar-

tificial decomposition of every albuminous substance, such

as ovalbumin or seralbumin, fibrin, casein, gelatin, mus-

cular tissue, legumin, wool, or horn. Horn shavings form

a ready source for their preparation. They are boiled

for several hours in about twice their weight of dilute

sulphuric acid (containing about 20 per cent. H2SO4).

The mixture is then treated with an excess of milk of

lime and boiled again for another three or four hours,

in which operation, ammonia and certain organic am-

monia compounds and sulphur are expelled. To the
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filtered liquid is then added a slight excess of sulphuric

acid or acetic acid, filtration resorted to (when the first

named acid is used), and the fluid evaporated with a

view to concentration. On cooling of the concentrated

liquid, crystalline tufts of tyrosine are first deposited, and

from the mother liquors, on further concentration, scales

of leucine are separated.

Of course there accompany leucine and tyrosine in

the primary liquid a number of decomposition pro-

ducts of unascertained nature, although perhaps equally

important, together with glutamic and aspartic acids, and

those other amido-acids of which a brief description has

been given when describing Schlitzenberger's researches

on albuminoids in the chapter on that subject.

Another good source of leucine and tyrosine is the

dry residue obtained in the preparation of extract of

meat.

Instead of the suljjhuric acid in the operation above

described, caustic potash or soda may be used, if preferred,

in which case the subsequent proceedings have to be

adapted to these altered circumstances.

Bopp-^ recomraeiads fusing dried casein or other albu-

minous matters with their own weight of caustic potash

;

ammonia and (subsequently) hydrogen are evolved, and

when the mixture changes colour from dark brown to

yellow, the reaction is considered to be completed.' The

mass is then cooled, and on treatment with water gives

a solution which after slight acidification with acetic

acid and concentration, deposits first tyrosine and then

leucine.

^ Liebig's Annalen, Ixix. 2]

.

i
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Purificatio?!, Properties, and Decompositions of

Leucine.

For the purification of leucine Thudichum recom-

mends ^ trituration and gentle heating with concentrated

nitric acid until a slight reaction is perceptible. The

solution is then diluted with much water and fully preci-

pitated with nitrate of mercury, filtered, and the filtrate

allowed to stand for several days. The secondary deposit

which forms under these circumstances is separated by

filtration and the fluid neutralised by ammonia, then

evaporated to the point of crystallisation. The leucine

so obtained (in plates) is further purified by recrystallisa-

tion from moderately strong boiling alcohol.

When present in urine, leucine separates in oily

drops from the concentrated solution, but if these are

isolated and dissolved in hot alcohol, the fluid deposits

the crystaUine substance on cooling.

Thudichum^ also gives a method of obtaining leucine

from all animal fluids. These are fully and successively

precipitated with neutral and basic acetate of lead, and the

filtrates freed from lead by hydrosulphuric acid, after

which they are treated with sulphate of copper until a

filtered sample gives with potash a blue precipitate. The

mixture is then freed from sulphuric acid by boiling with

barium carbonate, and the ultimate clear solution evapo-

rated near to dryness, when a compound of leucine with

copper, having the empirical formula CigHssCuaNgOe, is

deposited.

Leucine is not unlike cholesterine in appearance,

' Pathology of the Urine. 2ud edit., p. 512. "^ Ibid.
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being unctuous to the touch and having a specific gravity-

less than that of water. By careful heating it may be

sublimed unchanged, and in this state it presents a woolly

mass which is seen under the microscope to consist of an

aggregation of rhombic plates. At a higher temperature

(170° C.) it melts, and when still further raised it suffers

decomposition, yielding among its products of change a

yellow oily liquid containing much carbonate of am-

monium and amylamine (C5Hu(]SrH2)).

Leucine is soluble in 27 parts of water at normal

atmospheric temperatiu-es, its solubility both in water and

alcohol being increased by the presence of acetic acid or

potassic acetate. It is sparingly soluble in cold absolute

alcohol, and insoluble in ether. It dissolves in 658 parts

of 75 per cent, alcohol, and in 1040 parts of 96 per cent,

alcohol ; it is also soluble in alkalies.

"When dissolved in the acids it combines therewith,

forming crystallisable compounds.

Although the watery solution of leucine is not preci-

pitable by salts of metals with mineral acids, yet when

boiled with certain chlorides or acetates, leucine expels

the acids and forms insoluble compounds with the metals

-

Among the most important compounds are the fol-

lowing; :

—

HydrocKloride

Nitrate

Monocupric dileucine

Dicupric trileucine

The mercurial salt

The lead salt

. OieHj^NO^HOl

2(0eHioN0,)0u,C6Hi2CuN02
. .' 2(0eH,,N0,)Hg
. . 2(CeH,,N0,)Pb

When fused with caustic potash, leucine yields valerate

and carbonate of potassium, while ammonia and hydrogen

are set free, as follows :

—

C«H„NOo + 3KH0 = KO,H„0, + K„00, + NH, + 2H„.
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Under certain conditions potassium cyanide is also

formed, thus

—

CelliaNOj + 2KH0 = KC^HgO, + KCN + H + 2H2O.

An aqueous solution of leucine is decomposed by

nitrous acid, giving leucic acid (CsHisOg)

2(C,H,3NO,) + N,03 = 2(0,H,P3) + 4N + H,0.

This decomposition is exactly comparable to those

others by which glycohc and lactic acids are produced

from glycocine and alanine when these latter substances

are similarly treated.

Heated to 230° in a current of hydrochloric acid

gas, leucine loses an atom of water and forms leucimide

(CeHnNO).

According to Schwanert, when a watery solution is

subjected to a current of chlorine gas it yields leucine

hydrochloride, valeronitrile, and dichlorovaleronitrile

—

ZCCgHisNO^) + 8C1 = 6(CeHi3N02,HCl) + O^H^Cl^N + 00,.

Leucine also yields valeronitrile when distilled with

dilute sulphuric acid and peroxide of manganese, thus

—

OgHijNOa + O2 = CsHgNCValeronitrile) + 00^ + 2H2O.

On the other hand, when distilled with peroxide of lead

and water, leucine gives ammonia, butyric aldehyde, and

carbonic anhydride.

As already stated, leucine is known to be amido-

caproic acid, or C6Hn(NH2)02, and this constitution is

confirmed both by its modes of decomposition and also

by the synthesis effected by Limpricht. This latter con-

sisted in boihng the compound of valeric aldehyde and

ammonia with an excess of hydrocyanic and hydrochloric

acids until the oily liquid which is at one time produced
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has disappeared. The following equation illustrates the

synthesis :
—

C5H,oO,NH3 + HON + HCl + Hfi = CgHijNO., + NH^Ol.

Purification, Properties, and Decompositions of

Tyrosine.

Tyrosine (CgHnNOg) is obtained as described under

leucine, and may be purified by solution in hydrochloric

acid and precipitation with sodium acetate, digestion with

animal charcoal, if necessary, being previously resorted

to with the acid solution. Or the crude crystals may be

dissolved in potash and reprecipitated with acetic acid, or

recrystallised from ammonia. When very much coloured

it is best to convert the tyrosine into hydrochloride.

It forms long fibrous crystals, of a silk-hke lustre

(when compressed) and white colour, which are very

sparingly soluble in cold water, alcohol, and ether. In

boihng water, however, tyrosine readily dissolves, as also

in acids and alkaUes, giving in these cases compounds

soluble in alcohol.

It forms a number of unstable metallic compounds,

among the principal ones being those represented by the

formulae, CgHgBaNOs, H^O; 2(C9HioN03)Ba ; CgHgAg^NOs,

H,0 ; and 2(C,HioAgN03)H20.

The acid combinations, C9HiiN03,HCl ; CgHuJSTOg,

HNO3 ; and C9HnN03.H2S04, are all crystaUine, but are all

partially decomposable by water.

The colligated acid produced by treating tyrosine with

fuming sulphuric acid, when neutrahsed by lime, filtered,

and mixed with ferric chloride, gives a peculiar violet

solution. Another delicate test of tyrosine is afforded
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by the red precipitate which is obtained when its solution

is heated with a nearly neutral solution of mercuric

nitrate. This precipitate is a body of the formula

CoH,(NO,),N03Hg.

By cautious distillation, tyrosine yields almost exclu-

sively ethyloxyphenylamine and carbonic anhydride

—

CgHuNOj = C„H50,C,H5NH + CO^.

Oxidised with nitric acid it yields at first, yellow

crystals of the nitrate of nitrotyrosine (C9Hio(N02)N03,

HNOg), (having itself further powers of combination

with acids and bases), and by further oxidation there is

produced nitrotyrosic acid, C9Hio(N02)N06, and subse-

quently oxalic acid.

By limited oxidation with potassium dichromate and

sulphuric acid, tyrosine yields a body of the composition

C9HiiNOi2,Cr203,3H20 ; by further oxidation this is de-

stroyed.

Of the decomposition of tyrosine when fused with

potash we have already treated.
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CHAPTEE XIX.

CHEMISTET OF ANIMAL CARBOHYDRATES.

The occurrence of a starch-like principle in the liver

;

the presence of inosite in the brain and muscles ; lactose

in milk, and grape sugar in the blood and urine in cases

of diabetes, makes it worth while to consider a httle more

in detail what is known about the constitution and rela-

tionships of the bodies termed in chemistry ' carbo-

hydrates.' In vegetable chemistry (a subject not intended

to be dealt with in this work) their importance is much

greater even than in animal chemistry, so that enumera-

tion of the main facts will suffice for the present purpose.

All the carbohydrates apparently contain six atoms of

carbon in the molecule, and they also contain hydrogen

and oxygen in the proportions in which they co-exist in

water. Their assigned formula, however, are in many

cases but the expressions of empirical composition, and it

is left for further researches to establish whether all really

contain six atoms of carbon to the molecule, or whether

some at least may not contain some multiple of this

number of carbon atoms. Many of them are mutually

convertible by processes resulting in the abstraction or

fixation of the elements of water, while they are also more

or less susceptible to processes of fermentation. Again,

most of them yield oxalic acid by oxidation with nitric

D D
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acid, and when treated with a mixture of strong nitric

and sulphuric acids, they yield substitution compounds

similar to gun cotton ; in other words, hydrogen is sub-

stituted by peroxide of nitrogen.

From the synthetical researches of Berthelot and

others, it would appear that some of the sugars are poly-

atomic alcohols, like glycerine. Indeed Berthelot has,

conjointly with De Luca, prepared a variety of sugar from

glycerine. Thus the bodies comprehended in this cha-

racter may be regarded as hexhydric alcohol of the

general formula CnH2n_4(OH)6. In connection with this

part of the subject it is interesting to remember that by

the researches of Eosenstiehl and others, it is rendered

probable, although not certain, that a kind of sugar may

be produced from benzene (CgHg) itself. Wlien benzene

is treated with hypochlorous acid, direct combination

occurs, and the body CgHgClaOa is formed, and when this

is treated with sodic carbonate, the following reaction,

perhaps, takes place :

—

C6H9CI3O3 + SH^O = CgHj^Oe + 3HC1.

Phenose, as this body is termed, is not fermentible, but

if its production, in the way described, be hereafterwards

confirmed, it is of the greater importance, since it directly

connects the so-called carbohydrates with the benzene

series and with the fatty acid series.

It should be remarked that closely related to the

carbohydrates are a few other bodies which contain

hydrogen and oxygen in different proportion, and indeed

it is to these substances more particularly that the cha-

racters of hexhydric alcohols are ascribed. But this hard

and fast line cannot be maintained with any show of



GLUCOSES, SACCHAROSES, AND STARCHES. 403

reason, although it is to be admitted that the amylaceous

and saccharine principles proper, deport themselves not

merely as alcohols but also as aldehydes.

In the series ofhexhydric alcohols, mannite (C6H8(OH)e),

from manna (the dried sap of Fraxinios ornus), and dulcite

(C6H8(OH)6), which is isomeric with mannite and obtained

from various species of Melampyrura, are placed.

The carbohydrates may be conveniently divided into

three groups, viz., the glucoses, saccharoses, and starches,

and the following table ^ exhibits their formulae and best

known members.

Dextrose (gi'ape sugar)

Lsevulose .

Glucoses J « and /3 galactose .

Arabinose .

Sorbin, Eucalyn .

unosite

CeHjaOg

^ Saccharose (cane sugar) . \

Maltose . .

Saccbaroses i Lactose (milk sugar) . \0^^r^f>-^^

Arabin (gum arable) .

V Melitose,Melizitose,Trehalose;

(Starch, Inulin . . . \

Dextrin, Glycogen . . [cJi Q
Cellulose . . .

I « ^0
^

Those members of these different groups which ap-

proach sugar or gum in general properties, are soluble

in water, while others, like ordinary starch, dissolve in an

imperfect sort of way, partaking rather of the nature of

diffusion than solution. Cellulose is quite insoluble in

water. Again, the saccharoses are convertible into dex-

trose, laevulose, or galactose, by prolonged boiling with

^ Armstrong, Organic Chemistry, p. 186.

D D 2 ^
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dilute sulphuric acid. Illustrative of these changes the

following equation is exemplary :
^

—

Cane Sugar + Water = Dextrose + Laevulose

C,,H,,0„ + 2H,0 = C,H.,0„ir,0 + C,II„0„.

Further, certain of the compounds hereinbefore men-

tioned are resolved into anhydride like principles when

carefully heated, and these in their turn are again changed

into the original substances by boiling with dilute acids.

Thus dextrose, Isevulose, and mannite spht up as

follows :

—

Dextrose. Glucosane.

C,H,AH,0 = C,H,oO, + 2H,0.

LaBVulose. Lsevulosane.

C,H,A = C,H,A = H,0.

Mannite. Mannitane.

Among the glucoses ; sorbin, eucalyn, and inosite ar e

distinguished from the other members by the fact that

they do not undergo fermentation in the presence of

yeast.

Among the saccharoses, cane sugar is first resolved

into dextrose and Isevulose before it ferments ; the same

with maltose. Milk sugar is also, probably, first con-

verted into galactose before it ferments.

In the annexed table ^ is summarised the principal

properties of a few of the more important glucoses and

saccharoses.

Glycogen, which has been more particularly described

in the Chapter on Glycosuria, is a substance belonging to

the group of starches. It yields dextrose by boihng with

^ Miller's Organic Chemistry, vol. iii. p. 91 (.3rd edition).

2 Ibid. p. 113.
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Variety and Origin.

GLUCOSES

:

Dextrose, or grape sugar,

C,11,,0,.IL,0; from

dried fruits, or from

starch by means of acid,

or from glycogen of

liver, or as fovmd in

urine in diabetes.

Laevulose: From recent

fruits, and from cane

sugar by action of acids,

&c., OgHiA-

Inosite : From brain
matter and muscular

tissue,

0«H„0„2H„0.

SACCHAROSES:
Cane sugar. Or sucrose,

from sugar-cane,

O12H20OU.

Lactose : Or milk sugar,

from wbey of milk,

0, nllooO, 1 ,H,0.'l2-^H2^1V^H^

Principal Properties.

Crystallises ia cubes or square tables. Soluble

in water, and more soluble in alcohol than

cane sugar. Is precipitated by ammoniacal

lead acetate, reduces potassio-cupric tartrate

mercury, silver and gold, from their boiling

solutions. Ferments readily with yeast;

produces right-handed rotation = 57 "4°

;

yields saccharic and oxalic acids with nitric

acid.

Is not crystallisable ; is soluble in dilute alcohol

;

is not precipitated by subacetate of lead ; re-

duces alkaline potassio-cupric tartrate
;
yields

a left-handed rotation, = - 26° (at 15° C.)
;

undergoes alcoholic fermentation with yeast,

and is partially convertible into grape sugar

by long boiling with dilute acids.

Crystallises in radiated tufts ; soluble in water

;

insoluble in alcohol and ether ; loses its water of

crystallisation at 100° C, fuses at 210° C, and

loses more water ; is without action on polar-

ised light ; does not reduce Fehling's solution
;

is not susceptible of alcoholic fermentation,

but undergoes fermentation with cheese and

chalk, yielding lactic and butyric acids. Is

not changed by boiling with dilute acids ; is

precipitated by ammoniacal lead acetate.

Crystallises in rhomboidal prisms ; very soluble

in water, and less so in dilute alcohol. Fuses

at 160° C. ; is not precipitated by subacetate

of lead, but only by ammoniacal lead acetate

.

Does not reduce Fehling's solution
;
produces

a right-handed rotation = 73-8°; undergoes

alcoholic fermentation with yeast. Splits up

by boiling with dilute acids into dextrose

and Isevulose.

Crystallises in four-sided prisms ; is not so soluble

in water as grape sugar ; nearly insoluble in

alcohol and ether; is precipitated by ammo-
niacal lead acetate ; reduces alkaline solutions

of copper, silver, and mercury when boiled

with them; produces right-handed rotation

= 56 '4°
; is converted into galactose by boil-

ing with dilute acids, and yields mucic and

oxalic acids on oxidation with nitric acid.
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dilute acids, or by contact with diastase, saliva, pancre-

atic fluid, and other soluble ferments.

Very little is known about the constitution of the

starches, but some researches which O'Sullivan has

recently contributed to the 'Journal of the Chemical

Society' are likely to lead to some important decisions

as regards the changes and relationships of certain mem-

bers of this group and the approximating groups of

glucoses and saccharoses.
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CHAPTER XX.

ON THE FATS AND FATTY ACIDS OF THE HUMAN BODY.

The term ' fat ' is applied to a great number of similarly

constituted principles of wide occurrence in the animal

and vegetable worlds, and the precise history of the func-

tion of fat in the system is one of the most interesting

subjects in animal chemistry.

It is entirely unnecessary to give more than a general

description of the nature and properties of fats, for their

chemical bearings are not sufficiently known to enable

us thoroughly to understand how they are produced, or

the exact steps by which they are resolved into other

substances in the body.

Chemically, they may all be viewed as derivatives of

the triatomic alcohol glycerine (C3H5(HO)3), in which the

hydroxylic groups are replaced by the radicles of fatty

acids. So far as most of the fats are concerned, the fatty

acids yielded on decomposition belong to the series

Cj^2vP2 ; thus palmitin, margarin, and stearin give

acids belonging to this series. Other fats, such as olein,

give acids of the series CiiH2n_202. There seems to be,

however, a definite relation between the acids of these

two series—a consideration more particularly pointed out

in the Chapter on the Pettenkofer Eeaction.

Stearic acid (CisHgeOa), when pure, is a white crystal-
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line substance, melting at 70-5° C. ; while palmitic acid

(C16H32O2), which is also white and crystalline, melts at

G2° C. Stearic acid may be obtained in beautiful colour-

less, transparent, rhombic plates by recrystallisation from

alcohol, while by a similar process palmitic acid may be

obtained in tufts of delicate needles.

Margaric acid (C17H34O2) is, according to Heintz, a

mixture of palmitic and stearic acids, nevertheless it is

by no means certain that an individual acid of this for-

mula does not exist ; and indeed it has been shown (where

treating of Brain Chemistry) that its existence is highly

probable.

Oleic acid (C18H34O2) is fluid at ordinary temperatures,

and when fused gently with caustic alkahes, yields pal-

mitic acid and acetic acid, thus :

—

CjeHs-Oj + 2KH0 = Cjen3jK0„ + C^IIsKOo + 211.

All these fatty acids are readily soluble in warm
alcohol, and much more so in ether, benzene, &c. When
present in admixture, they may be separated by various

methods.

(1) By fractional crystallisation from alcohol; the

earher crops containing more stearic acid, and the ulti-

mate mother liquors most of the oleic acid.

(2) By dissolving in hot dilute ammonia water, re-

precipitating the acids by neutralisation, cooling, and

pressure of the product between folds of porous paper.

In this way most of the oleic acid may be separated.

(3) By converting into barium salts, and extracting

the dried salts with boiling absolute alcohol. Only oleate

of barium dissolves (to the extent of 5 grms. per litre).

(4) By making into lead salts, and extraction of the
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lead compounds with ether. Oleate of lead dissolves,

and this by decomposition with hydrochloric acid, yields

the free acid which may be extracted by ether.

(5) The mixture of palmitic and stearic acids, freed

from oleic acid, may be differentiated by fractional crys-

tallisation from alcohol, or the alcohohc solution may be

fractionally precipitated by means of an alcoholic solution

of lead, barium, or magnesium acetate. The most insoluble

parts of the precipitates (viz. those obtained earliest) con-

tain most stearic acid, while the later ones contain more

palmitic acid, and by a repetition of these processes upon

the various fractions—or better, the extreme products—

a

tolerable separation may be effected.

I refrain from entering into any further study of the

fatty acids or their derivatives, because what is known is

not sufficient to reveal their general relations with other

groups of bodies, and until these are ascertained it is

impossible to make those physiological considerations

which should properly follow upon them.

From the gradation of character exhibited by various

fats, and inasmuch as in nature they occur for the most

part in admixture, it is extremely difficult to isolate them

in an absolutely pure state, and thus it arises that in all

probability there exists in nature a much larger number

of fats than are at present estabhshed as known.

For instance, up to quite recently, melissic acid

(CgoHgoOs) was the highest known member of the series

of acids indicated by the general formula C^HgnOs, but I

have since shown ^ that there can be obtained from cocoa

butter a crystalline acid (Theobromic acid) presenting an

^ Jmirn, Chem. Soc, January 1878.
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empirical formula certainly as high as C64H128O2, and per-

haps higher, while this is accompanied by another new

solid and crystalline acid probably lower tlian lauric acid

(C12H24O2) in the series.

In the same paper certain considerations are stated

which render it probable that tliere may exist fats

having a more complex structure than the better known

members. For instance, while ordinary fats have the

three hydroxyls of glycerine substituted by three mole-

cules of the same fatty acid radicle, there probably exist

fats in which the three hydroxyls are substituted by

three different fatty acid radicles. Thus taking the for-

mula of ordinary palmitin to be

{C,eH3A
C3H5

j
C,,Il,fi,

it is conceivable that cocoa butter has a formula not far

removed from
[C12H23O2

03hJc,,h,„o,

All fats when treated with water in sealed tubes, or sub-

mitted to superheated steam, or boiled with alkalies, split

up, yielding glycerine and fatty acids. Thus tristearine,

when saponified with caustic soda, is decomposed, as

expressed by the following equation :

—

03H,(C.3H3A)3 + SNaHO = C3H,(HO)3 + SCigHj^NaO,
;

that is to say, glycerine is set free and stearate of sodium

is formed.

Although butyric acid (CiHgOj) is found in the sweat,

and fatty acids are found in an emulsed state in the body,

yet it can scarcely be said that fatty acids enter into
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the composition of the body itself. Where they occur,

they are intermediate products of change, which are

either elaborated in the body into fats, or oxidised in the

blood, or given off as excretive products. In fact, from

a number of considerations, it almost necessarily follows

that the fat which is formed in the body and exists there

in adipose tissue or otherwise, is constructed within the

body.

Fat cells [folliculi sehacei) are scattered over the whole

surface of the body, and secrete a peculiar fat which

keeps the skin supple and flexible. It does not appear

to have a constant composition, and it is associated with

other principles, as shown by the following analysis

of Esenbeck,^ conducted upon the fat secreted by an

enlarged sebaceous gland :

—

Stearin . 24-2

Extractive matter, witli some olein .... 12'6

Salivary matter 11 -6

Albmnin with casein (?) . .
'

. . . . 24:'2

Phosphate of calcium 20-0

Carbonate „ „ ....... 2*1

Carbonate of magnesium 1-6

Traces of acetate and chloride of sodium, and loss . 3-7

Aggregations of fat cells also may and generally do

occur in many parts of the body, as in the orbit, about

the heart and kidneys, &c. When present in other parts,

their presence chiefly depends upon the state of nutrition

and individual habits, and ordinarily such accumulations

are regarded as a reserve stock formed from excessive

nutriment.

These accumulated globules form masses which are

either suspended in fluids or lodged between fibres.

^ Taken from Simon's Animal Chemistry. Sydenham Society edition.
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Of the relation of fat in the body to the function of

respiration and nutrition, cognisance has been taken in

other chapters.

If in any part of the body oxidation is impeded, there

fat forms, as for instance is the case in fatty degeneration

of the heart and liver (?).

Human fat melts at about 63° C, and contains pal-

mitin, C3H5(Ci6H3i02)3 ; stearin, C3H5(Ci8H3502)3 ; and olein,

C3H5(Ci8H3302)3, togctlicr, perhaps, with others whose con-

stitutions have not been established. That this is so, is

the more probable considering the close relation existing

between fats, saccharides, and the phosphorised principles

of brain matter. These latter, indeed, may be regarded

as synthetical products formed from fats and other mat-

ters capable of presenting phosphoryl and nitrogenous

bases in a suitable form for combination. (See Chapter

on Brain Chemistry.)

Before proceeding to discuss the formation of fat in

the body, it may be worth while to point out a little more

closely the intimate chemical relation between starch,

sugar, and saccharides, and glycerine and glycerides ; and

between glycerides and the phosphorised principles of

nervous tissue. Ordinary starch has the formula CgHioOs,

and may be resolved into glucose by the assimilation of

water. The glucose thus formed seems to be a kind of

alcohol, just as glycerine is, and as glycerine is capable

of forming fats, or glycerides, by reaction with fatty acids,

so glucose and other forms of saccharine principles simi-

larly give rise to glucosides, saccharides, &c. Thus we

have
(1) C,H,A + H,0 = C,H,30e

(2) C3H3O3 + 3C,3H3A - 3H,0 = C3H,(C,3H3A)3
(3) C,H,A + 2C,8H3A - 3H,0 = C^.H^gO,.
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The saccharide formed as in the last given equation is

illustrative of a great number of similar bodies which in

their chemical properties are closely related to the fats,

and like the latter are resolved by saponification pro-

cesses into the principles from which they were originally

formed.

Then again, glycerides are seen to be related to the

phosphorised brain principles by the following general

formulse :

—

Pats. Phosphorised Brain Principles.

(HO, su"bstituted by fatty acid radicle
f
HO, substituted, &c.

HO, „ „ „ „ „ OgHJHO,
HO, „ „ „ „ „ [hO(OPO)03H,3NO,.

These matters, here pointed out so briefly, are replete

with scientific interest, and are sufficient to furnish ma-

terial for research at the hands of chemists and animal

chemists for many years to come.

Thus to the chemist it would be of peculiar import-

ance to construct corresponding phosphorised and nitro-

genous principles (to those above symbolised) from saccha-

rine principles, while for the physiological chemist these

connecting links between series of bodies throw a liglit

upon the exact modus operandi employed by nature in

her marvellous work of synthesis.

This chapter may be fitly concluded with some ob-

servations taken from an excellent historical summary ^

of the various views which have been held regarding the

formation of fat in the body. These different views have

been propounded since the discovery that the fat taken

by animals in their food is insufficient to account for all

the fat stored in the body. Liebig originated the doctrine

1 By H. Weiske and E. Wildt {Zeitschr.f. Biologie, x. 1-20).
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that carbohydrates contained in the food is the source of

such fat, and this view has been supported by Oundlach,

Huber, Dumas, Milne-Edwards, Boussingault, Lehmann,

Grouwen, Lawes and Gilbert, and Pasteur. But C. Voit

contended that the fat other than that ready formed in the

food, was derived from the nitrogenous parts of the food,

and not from the carbohydrates (such as starch). Stoh-

mann, G. Kuhn, Pettenkofer, and others, by their experi-

ments lent support to this view. The formation of adi-

pocere demonstrated the possibility of a conversion of

nitrogenous tissue into fat, as indeed seems to take place

in the case of fatty degeneration of whole organs. More-

over, other observers showed that fat could be formed at

the expense of casein, and a number of physiological

experiments seemed to indicate the same or similar truths.

Again, F. Hofmann claimed to have proved that the fat

ready formed in food can pass into the animal cells with-

out change and be stored, Avhile Toldt and Subotin denied

this proposition. It must be confessed as more probable

that the absorption and deposition of the fat is preceded

by its saponification during digestive processes, much in

the same way as albuminous substances are first reduced

to the state of peptones and then reconstructed as tissue

afterwards.

Weiske and Wildt express an opinion which merits

great consideration from the fact that it is borne out by a

most careful research. Animals were subjected to a

monthly weighing when fasting ; the daily food ad-

ministered was weighed and analysed ; the fseces were

also weighed and analysed, while the bodies of the ani-

mals operated upon were slaughtered and also submitted

to analysis. As a result then of thi= research, the opinion
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was formed that while there is no direct proof of the con-

version of proteids into fat when food rich in nitrogen

is administered to omnivora, there is evidence in this

case, as also when food poor in nitrogen is given, that the

digested proteids suffice to cover not merely the increase

of flesh, but also the whole of the fat laid up in the body.

From what is known regarding the decomposition

products of albuminous principles,^ it is not improbable

that Voit's theory is correct in some measure, but it by

no means follows that Liebig's theory is not partly true.

Further investigations must decide these matters.

^ See Schutzenberger's researches, described in Chapter xviii., on Albu-

minous Substances.
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CHAPTER XXI.

THE PETTENKOFER REACTION.

It was observed many years ago by Pettenkofer/ that

when cholic acid (CaiH^oOg) was treated with strong

sulphuric acid in the presence of cane sugar, a beautiful

violet colour ensued, and he founded upon this reaction

u test for bile and for sugar. Since the time in question

it has been ascertained that choloidic acid (C48H78O9), and

dyslysin (C48H72O6), which are derived from cholic acid

by tlie abstraction of water, also give the reaction, as

well as the conjugated compounds—glycocholic and

taurocholic acids—which yield cholic acid by a simple

process of decomposition. Hyocholic acid (C27H43NO5),

and hyocholalic acid (C25H40O4), as well as those dehy-

drated derivatives which may be obtained from the latter

substance, also furnish with sulphuric acid and sugar the

Pettenkofer reaction.

In treating of Bile and its chemistry, various reasons

have been assigned for the belief therein expressed, that

these compounds above named are more or less directly

related to oleic acid (C18H34O2), which it has been observed

also furnishes the colour test imder description. That the

connection of biliary acids with the fatty acids of the series

CnllanOa, although not yet knowu, is still (probably) of a

1 Ann. Chetn. Pharm. lii. p. 00 (1844).
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very definite character is sustained by the later observations

of Kingzett and Hake/ of which more anon.

. Gradually a number of substances supposed to have

no relation to the bihary acids have been discovered to

yield the Pettenkofer reaction with sulphiu-ic acid and

suo-ar, while yet again a number of other bodies give the

reaction with sulphiu-ic acid alone. Pettenkofer himself,

although he attempted to isolate the coloiured principle,

was not successful, nor could he offer any explanation of

the reaction. Since then, until quite recently, its further

study has not been effected, if we except somefew attempts

on the part of several observers to diagnose between the

colours given by various substances by means of an

examination of the absorption spectra. Kingzett and

Hake have, in their paper already referred to, con-

tinued the study of the reaction, and, beyond making a

large number of new observations, have offered an ex-

planation of it. Before giving this^, it will be best to

arrange the substances which yield the reaction in two

tables, viz., one including those which give the reaction

with sugar, and those which give it with sulphuric acid

alone (without sugar).

Substances ivhich give
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Thudichum

C26H44O

C,3H8,NPO,

C8lH„i5N3P20,g

Substances which give the Pettenkofer Reaction with Sulphuric Acid

and Sugar—continued.

/Cholesterine

Lecithine .....
1 Myelines, one of which is .

iKephaline

Benzene ....... C,;Hg

Phenol CgH^O
Turpentine, clove, and other oils . . CioH,g ; CjsII^,

Camphor C,oHjgO

Salicylic acid O^HgOg

P^Togallic acid C^HgO
Tannic acid Cj^Hj^Oj^

Morphine C^HigNOs.H^O
Rjipe, cotton seed, colza, and other mineral

oils containing CigHj^Oj

Various fats.

Kinffzett and
Hake

Substances which give the Pettenkofer Reaction with Sulphuric

Acid alone.

Cod-liver oil (this contains oleic acid, a

phosphorised fat, and acetin).

(Cerebrine CsjHggN.jOg

Stearoconote CjjHggN^Og

Phrenosine Cs^H^NOg
Kerasine C^gHgiNOg

Posselt . Hederic acid (from ivy)

Kingzett and ) „. . ^ „ „„
Hake

jPiperme C.^H.^NO,

Salicin CijHjgO^

Phloridizin CJ^iH^Pio

Coniferin C,gH2208,2H20

Kingzett . Scammony resin.

Now if we take those substances embraced in the

second table, it is seen that they give the Pettenkofer

reaction with sulphuric acid alone, because they all con-

tain a sugar nucleus or yield glucose by proper treatment,

thus rendering the addition of sugar unnecessary. Thudi-

chum has shown (as already explained when treating of

the chemical constitution of the brain) that cerebrine, its
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isomer stearoconote, and the allied bodies phrenosine

and kerasine, give glucose when they are boiled with

dilute sulphuric acid or with baryta water, both of which

reagents act through the fixation of water : indeed the

decomposition may be effected by water in sealed tubes.

I have shown ^ that hederic acid and resin of scammony

give glucose by a similar treatment. Salicin is known also

to do the same, splitting up into saligenin or salicylic alco-

hol and glucose by acids, thus :

C,H/0H)CH,(00sH,,0,) + H,0 = G.-R.fi, + 0,H,(OH)OH,OH

while the decomposition of phloridizin takes place as

represented by the equation

—

O21H24O10 + HgO = CgHigOe + O15H14O5.

Again, Tiemann and Haarman have shown that coni-

ferin crystals decompose into glucose and a crystalline

substance C10H12O3 which yields on oxidation a methyl

ether of protocatechuic aldehyde

—

[OCH3

OoHoO,, or CeH„ \
OH

' '
'

' ' [COH.

Thus the whole list is accounted for excepting piperine

and cod-liver oil, and these will probably present no

difficulty when we know more about their constitution.

As it is, the case of cod-Hver oil admits, to some extent, of

an explanation. It is known to contain acetin, a phos-

phorised principle like myelin, and oleic acid. Now the

latter two would give with strong sulphuric acid, if

sugar were also present, the Pettenkofer reaction, and it is

a significant fact that acetin is a compound derived from

acetic acid and glycerine ; significant because it is known

1 Pharm. Journ. September 15 and 22, 1877.

E E 2
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that in certain instances acetic acid may take the place of

sugar.

From what is known, therefore, Kingzett and Hake

conjectured that the coloured substance which is pro-

duced in the Pettenkofer test is a body derived from a

benzene derivative (of a certain type) and glucose, by the

abstraction of the elements of water on the one hand, and

their unison on the other hand through the same synthetical

influence of the strong sulphuric acid ; indeed the authors

are inchned to believe that sulphiu-yl forms an integral

part of the compound molecule. The fact that piperine

gives the reaction with sulphuric acid alone, while its

isomeric morphine only gives it in the further presence of

sugar, is one which in its investigation will probably

explain the isomerism of these substances ; it is not impro-

bable that piperine will prove to be a glucoside. The re-

searches of Fittig and Mielck on piperic acid are not

opposed to this notion. To make a generahsation then,

it may be said that, so far as observed, all those substances

which give the Pettenkofer reaction with sulphuric acid

alone, without, that is to say, the addition of sugar, yield

sugar by a simple process of hydration, and therefore

contain a radicle related to sugar in their own constitution.

In such cases the strong sulphuric acid sphts up the

compound, and the constitutional groups are re-arranged

by it in such a way as to produce the coloured compound.

In those other cases where it is necessary to add

sugar before sulphuric acid produces the reaction, there

must be present some group which under the influence of

the acid is brought into combination with the sugar,

the product being also a coloured compound. With the

object of ascertaining the particular nature of the group
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in question, Kingzett and Hake have made many experi-

ments which are yet in progress by one of them. The

following is among the most interesting of their results.

Special Investigation of certain New Reactions and

Theoretical Considerations with regard to their Meaning.

—When camphor (CioHigO) is placed in strong sulphuric

acid it readily dissolves, forming a yellowish red solution

:

when saturated the solution is of a deep red colour, and

it is only upon long standing that a slight odour of sul-

phurous anhydride is apparent, otherwise the solution has

a weakened camphor odour. This product gives with

cane sugar a most beautiful reaction ; the colour is, how-

ever, as in all cases, quickly destroyed by water. From

the solution of camphor in sulphuric acid, water precipi-

tates a substance free from sulphur, and having, so far as

observed, all the properties of the original camphor.

JSFevertheless, from what is to be described hereafter, it

appears that in the sulphiu-ic acid solution it exists as a

sulpho-acid. When such a solution is treated with sugar,

and water added to the product, there results a precipi-

tate which is slightly yellow, and after washing exhibits a

tendency to cake. It is free from sulphur, but is com-

petent to furnish, with strong sulphuric acid alone, the

original violet colour in an intense degree. This result

seemed at first sight to indicate that the body produced

as described, was a saccharide or a glucoside, and to gain

information on this point many experiments were con-

ducted, as follows :—A saturated solution of camphor in

sulphuric acid was exposed to a freezing mixture, and

treated with its own volume of concentrated cane sugar

solution, stirring meanwhile. By adding the sugar drop

by drop, the temperature was kept throughout below
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15° C, and carbonisation of the sugar was thus pre-

vented. There formed a solid pasty pink mass, which

was then treated with much water ; frothing ensued, and

gradual destruction of the colour. The mixture was then

filtered and the precipitate well washed. On boiling it with

a very dilute solution of sulphiu'ic acid diuing three hours,

the purple colour to which allusion has been made,

formed upon the warm sides of the dish, but ultimately

no sugar could be detected in the solution by means of

the copper test. From this it follows that the substance

cannot be a saccharide, in the ordinary sense of that

term. Nevertheless it is probable that strong sulphuric

acid has the power, possibly by the abstraction of water,

of entering into combination conjointly with the camphor

and sugar residues. Such a constitution seems at the

first blush to express the nature of the coloured body.

When treated with water, sulphuric acid is re-formed, and

there results a combination which only requires strong

sulphuric acid again to restore primary conditions.

The relations existing between cholic acid, choloidic

acid, dyslysin, taurocholic, glycocholic, hyochoHc, hyo-

cholalic, and lithofellic acids are fairly well known.

They all appear to contain a similar residue, and where

the difference is not one of the elements of water, or

conjugation, it is one of homologity. From what we

know too of cholic acid, it appears to be connected in

some way with oleic acid, while lecithine yields oleic

acid on hydration. The myelines and kephaline give by

hydration, among other decomposition products, acids

which appear to possess an intimate relation to the bihary

acids. That cholesterine contains a group identical with

one present in chohc acid, is known because they both
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yield cholesteric acid by oxidation with nitric acid. The

direct relations between the foregoing bodies and those

benzene derivatives which Kingzett and Hake have found

to yield the Pettenkofer test with sulphuric acid and

sugar are altogether unknown, but will probably be

revealed by further studies of the fatty acids of the series

Pettenkofer himself showed that strong hydrochloric

acid could be used in his test in place of the sulphuric

acid, but stated that the intensity of the colour was not

so striking. Since then it has been shown that acetic

acid may sometimes take the place of the sugar.^ Petten-

kofer also observed that any body which by contact with

strong acid is resolved into glucose, could replace the

sugar. Mannite, which is not so transformed, cannot take

its place. Kingzett and Hake have shown that inulin

(CeHioOg) and potato starch may each be used in the place of

cane sugar, if at the same time a trace of water be present.

More water destroys the colour under all conditions. At

present, therefore, the only safe conclusion which may be

inferred from all these considerations, is that the coloured

body produced by the action of strong sulphuric acid

upon various bodies and sugar, depends for its colour

more upon the constitution than the composition of the

product.

This subject has been dealt with in detail because it

brings the chemistry of the bile and the brain into

intimate connection, and it is by a further study of these

and blood chemistry that this connection will be established

and confirmed.

^ The empirical formula of acetic acid, wheii multiplied! by 3, gives that

of oflucose.
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CHAPTEE XXn.

ON FERMENTATION, PUTREFACTION, AND THE GERM THEORY

OF DISE.^SE : ALSO ANTISEPTICS AND DISINFECTANTS.

The ground which is covered by the subject matter

of this chapter is so large that it is utterly impossible to

consider any one phase at all in detail. It will, there-

fore, be best to summarise all phases of the subject, and

to indicate the position assumed to-day by the different

schools of thought.

In doing this, I shall endeavour to regard the subject

entirely from a chemical point of view, with the object of

indicating how deeply concerned chemistry is with all

processes of infection and disease.

When a solution of sugar is exposed to the action of

healthy yeast it suffers a change ; the atoms comprised in

its molecule are broken up and rearranged into new

forms, which are recognised as alcohol and carbonic

dioxide. Glycerine and succinic acid are also formed at

the expense of the sugar, but the lactic acid which

generally accompanies alcoholic fermentation is con-

sidered as proved to be due to the presence of a ferment

distinct from, but accompanying, the yeast. The expla-

nation which this phenomenon has received at the hands

of Pasteiu-—an explanation now all but universally ac-

cepted—is as follows. The fermentation alluded to, is

regarded as a particular instance of a biological reaction
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manifesting itself as the result of a special force residing

in organisms ; or, in other words, fermentation is essen-

tially ' a correlative phenomenon of a vital act, beginning

and ending with it.'

On this hypothesis, whenever there is fermentation

there is organisation, development, and multiplication of

the globules of the ferment itself. The instance quoted

above is by no means solitary ; it is exemplary of many

other changes, induced by the same or other ferment

matters in media suitable for their growth and reproduc-

tion. Thus, we have the mannitic, lactic, ammoniacal,

and butyric fermentations, besides many others, all of

them having one feature in common, viz., the reproduc-

tion of the ferment.

Some of these processes have been studied with all

the power of scientific imagination and reasoning, sup-

plemented by the most refined methods of research

available. Pasteur has described the life processes of

yeast cells, and their multiplication by budding or by

throwing off spores. Even their composition has been

elucidated to some extent, although not to the principal

extent. The ash of yeast cells consists essentially of

phosphoric acid and potassium, together with a httle

magnesium and a trace of calcium, and this knowledge

enables the operator to construct a medium in which

yeast will flourish and reproduce itself. But of the

character of the organic nitrogenous constituents of

yeast next to nothing is known. It is certainly known

that almost any albuminous substance dissolved in the

medium will suffice as food to the yeast plant, but of the

albuminous parts of the plant itself we have no precise

information. The various conditions upon which the life,
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health, and even disease of yeast and otlier cells depend,

have been beautifully elucidated by Pasteur, and it is

thought that the yeast plant respires hke the higher forms

of aninial life, and that when free oxygen is not available

it is capable of obtaining it from sugar if present. An
experiment devised by Schiitzenberger (and one to which

previous reference has been made) for demonstrating

the respiratory function of yeast deserves mention here.

He aiused arterial blood to circulate slowly through a

system of hollow tubes, constructed of thin gold-beater's

skin, and immersed in a mixture of yeast diffused in fresh

serum kept at 35° C As the blood passed out at the

other extremity, it was seen to be black and venous,

owing to the abstraction of oxygen from it by the yeast.

One of the main questions to be solved in such

inquiries as those of Pasteur, is whether different acts of

fermentation are due to different and individual ferments,

and to illustrate some of the results which have been

obtained in this direction, reference may be made to some

recent experiments of Professor Lister upon the lactic

fermentation, or that change in milk which is accom-

panied by its coagulation and the production of lactic

acid from the sugar originally contained in it. Of

course by the observance of proper precautions, milk may

be kept in an unchanged condition, quite free from acidity

and curdling ; but of this more anon. When, however,

it is not subjected to these precautions, microscopic

observation always reveals the presence of minute or-

ganisms—bacteria—in the coagulated milk. According

to the recent experiments of Lister, these bacteria are

not uniform in character, but comprise two or more

varieties, to one of which is due the special change
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adverted' to. This was shown as follows. It was endea-

voured to estimate the number of bacteria in a given

quantity of sour milk, by counting the number visible in

a small measured drop placed upon a microscopic glass

slide ; then the milk was diluted so that a single drop

would probably contain on the average one bacterium.

With such measured quantities, further amounts of fresh

boiled milk were inoculated, and out of five glasses so

treated only one curdled, and on examination proved to

contain Bacterium lactis. Having thus succeeded in cul-

tivating the particular bacterium in question, it was easy

to inoculate any further quantities of milk. The chief

points established by these results are, first, that the fer-

ment causing the curdling was not in solution in a dissolved

state, or else all the samples of milk inoculated would

have curdled, but present in particles ; and second, that

to the one particular bacterium

—

Bacterium lactis—as

Lister terms it, is due the lactic fermentation.

Liebig, who thought deeply and wrote well upon the

questions under study, held somewhat different views re-

garding fermentation, and even the last paper written

by this illustrious chemist consisted of a refutation of the

later inferences of Pasteur. Of course, as regards the

ultimate results of fermentation, all are agreed ; but men

differ in their views of the acting causes. Thus, Liebig

neglected, to a certain extent, the element of life, and re-

garded fermentation as due to a disturbance of the equi-

librium imparted to the elements of bodies by virtue of

an existing change or motion in other bodies in contact

with them. But, after all, when broadly considered, the

difference presented by the views held by Liebig and

those of Pasteur as generally understood, is not so great
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as appears at first blush. In support of our meaning, let

us take the form of fermentation which is supposed by

Bernard to cause the transformation of the glycogen of

the liver into glucose. The change here effected is one

of hydration, and, upon the germ theory, this change is

supposed to be due to the influence of a special ferment

present in the liver or the blood, which, while it thus

acts, reproduces itself from a part of the matter in-

fluenced in the reaction. Well, Liebig would rather have

viewed the change as apart from vitality ; it was enough

for him to perceive the conditions existing necessary to

the transformation of starch into sugar, by the assimila-

tion of the element of water ; he did not see the reason

for believing the change to be necessarily due to a form of

life ; all that was required was the presence—the contact

—of a body itself in course of a certain kind of change.

Previously, Berzelius had entertained some such notion

of catalysis or contact action, but he supposed that the

agent which induces the change remains itself unchanged.

Such an idea as this latter one is untenable in the

present state of knowledge regarding matter and force.

It may be asserted as an axiom that no substance can

bring about any result among other substances without

itself suffering change in some respect, be it physical or

chemical. Thus, for instance, the yeast which causes

alcohohc fermentation, while it is reproduced it is yet

destroyed, and although the yeast assumes no constitu-

tional part in tlie products of the changed sugar, some of

it breaks down and dies, and undergoes a specific set of

reactions, none the less real because unexplained.

Liebig, then, maintained that a body in state of

change may communicate to some other bodies with
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wMch it may come in contact, a state of change also,

without being apparently altered. In fact, Liebig's views,

which often receive a good deal of misrepresentation,

may be expressed thus : Mechanical or any other motion

exerts an influence on the power which determines the

state of a body. Thus, a crystal of sulphate of sodium,

a speck of dust, or grain of sand, when dropped into a

saturated solution, say of sulphate of sodium, may deter-

mine the entire crystalhsation of the fluid. Or again,

when the fulminates of silver and mercury are tickled

lightly by a feather or glass rod, they suddenly explode

with violence. A still better instance, and one to which

Liebig seemed particularly attached, is the reaction which

occurs between peroxide of hydrogen and argentic oxide

;

these substances, when mixed, give rise to the production

of metallic silver and free oxygen, thus

—

The peroxide of hydrogen, being unstable, is constantly

undergoing decomposition from the moment of its forma-

tion, and this decomposition results in the production of

water and free oxygen ; immediately, therefore, that this

substance comes into contact with oxide of silver, it gives

to that body the same tendency to change.

Brodie explains the result diflferently. He says the

second oxygen atom in the peroxide of hydrogen is in a

different polar condition to that of the oxygen in the silver

compound, and, therefore, one being negative and the

other positive, they," having an attraction, combine. But

this is no advance on the fact ; it is merely a word expla-

nation—another way of expressing the same fact, and it

is not exempt from criticism, because it does not take into
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consideration the liability of peroxide of hydrogen itself

to decompose.

Without multiplying examples illustrative of Liebig'3

views, we may say there is nothing inconsistent in their

Ufincipal features and those of the doctrines now more

widely held to-day. In fact, Pasteur and others have but

advanced on Liebig's hypothesis. Pasteur's doctrines

confine themselves to fermentative phenomena in which low

forms of Hfe are undoubtedly the active agencies, and

these observations have led inevitably to speculations on

germs, their nature, propagation, and functions, and their

connection with certain processes of disease. Let us now

endeavour to trace out some of these subjects more

minutely.

It is well known that, on exposure to tlie air, blood

coagulates, and eventually undergoes a form of fermen-

tation termed putrefaction ; that is to say, it decomposes

in a certain manner. Lister has shown, however, that

blood, removed from the body, has no inherent tendency

to undergo such a change, a fact substantiated by his

observation that, if care be taken to keej) the blood

totally excluded from the air, no such decomposition

occurs. Blood collected in this way will keep in the

fluid state and perfectly sweet for an indefinite period.

Nor is it the air itself which is competent to induce

putrefactive change, but it is that something which may

be, and generally is, present in the air, and which has to

be removed, destroyed, or influenced so that the blood

may be preserved unchanged. Contact of the blood thus

kept fresh, with the most minute trace of putrefied blood,

suffices to render the whole bad and decomposed.

Some years ago, Professor Tyndall demonstrated that
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a ray of light passing through a dark chamber is visible

only by means of the vibrating motes which float in the

air bearing the hght, and that, if sufficient time be allowed,

these motes will subside perfectly, so that a ray of hght

is no longer visible in the atmosphere which previously

swarmed with these particles. It is to such motes seen in

the sunbeam that Pasteur and Tyndall attribute the power

to start fermentation, putrefaction, and other processes in

infuisions of vegetable or animal origin. Some such idea

as this has been more or less current in men's minds for

ages ; but, advancing to so recent a date as 1857, we

find the following passage in a work ^ which then attracted

considerable attention :

—

' It is not improbable that the ghttering motes seen

in the sunbeam, when it shines through a small aperture

into a dark room, consist in part of these otherwise im-

perceptible eggs or seeds. Light, we know, is the great

and universal revelator.'

Professor Tyndall, then, advanced on this hypothesis

by showing that the sunbeam owes its visibility to these

motes, and, in common with Pasteur, Eoberts, and many

other earnest workers, he has followed up the study in

some detail. The precise methods of investigation pur-

sued by them must be learned from their own papers

;

here I can only summarise the results to which their

application has led.

The ferment matters which exist in the air may be

avoided, as we have already seen, by a process of settling
;

or the air may be filtered through cotton-wool ; or any

germs therein may be destroyed by strong heating. Air

^ Life : its Nature. By L. H. Grindon. 2nd edition, 1857.
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purified in any of these ways is incompetent to set up

those peculiar processes of putrefaction, change, and

decay which inevitably happen in animal and vegetable

matters exposed to air not so purified ; and, if this theory

be true, these matters can never ferment or putrefy, or

allow of the presence of life, until contamination with

previously existing germs or life matter has been efiected.

This is, in fact, the theory of Biogenesis, a doctrine which

was ably expounded by Huxley, in his Address to

the British Association of 1871, and one which is now

almost universally accepted. Its acceptance, however, is

not quite universal ; and, on the other side, Bastian, who

has devoted himself to this question, goes so far as to

assert that he has determined the precise conditions under

which urine, for instance, can develope life de novo. This

is the doctrine of Abiogenesis. A particular instance

cited by Bastian is refuted by Pasteur ; but he is charged

by the former investigator with having repeated the

observation in a manner which would not present the

identical conditions under which he (Bastian) has found

life to be generated de novo. More recent work by Mr.

Dallenger and Dr. Drysdale has revealed the fact that,

while certain kinds of monads in a fiilly developed state

are entirely destroyed by exposure to a certain tempera-

ture (140° F.), that same temperature, or even a tempera-

ture of 300° F., maintained for ten minutes, is insufficient

to destroy the undeveloped spores which may be present.

Professor Cohn, of Breslau, has found corresponding facts

to be true of the Bacillus suhtilis and its spores. These

observations have been applied in explanation of the state-

ments madeby Bastian. Injustice to this last-named obser-

ver, however, we may leave the doctrines of Biogenesis and
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Abiogenesis as undecided hitherto, while admitting that

the mass of evidence is decidedly in favour of the truth

of the former. Eoberts writes :
—

' It seems then to be

fairly estabhshed that organic matter has no inherent

power of generating bacteria and no inherent power of

passing into decomposition ;
' further, ' that bacteria are

the actual agents of decomposition
;

' and lastly, that

' the organisms which appear, as if spontaneously, in de-

composing fluids, owe their origin exclusively to parent

germs derived from the surrounding media.'

On the basis of the work thus briefly sketched, a

germ theory of disease has sprung up, and it is to this

matter that we must now direct our attention.

In an address on contagium-vivum with which Dr.

Eoberts, of Manchester, charmed and instructed his

audience at the 1877 Meeting of the British Medical

Association, he compared the action of yeast upon saccha-

rine urine and the fermentative agency of Bacillus sub-

tilis upon hay infusion, to small-pox, and showed that the

fever in a bottle resembles this disease in the following

points :

—

{a) a period of incubation intervening between

inoculation and the commencement of disturbance
; (^J a

succeeding period of distiurbance accompanied by eleva-

tion of temperature
;

(c) a subsidence of the disturbance

and a return to the normal state. Moreover, fermenta-

tion, like small-pox, may take place through direct inocu-

lation or by fortuitous infection through the atmosphere.

Dr. Eoberts, however, carefully guards himself against

suggesting that the enhanced temperature in the ferment-

ing urine is a real analogue of the preternatural fever heat.

The yeast plant and Bacillus suhtilis are the repre-

sentatives of a large class of organisms which may be

F F
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grouped under the generic term of saprophytes, tuid these

are the kind of organisms which are found to be associated

with mfective inflammations and contagious fevers.

Dr. Eoberts points out that the doctrine of a conta-

gium-vivum necessitates one of two things ; either it is an

independent organism (a parasite) which muhipHes within

the body or upon its surface, or it is a morbid cell, or

mass of protoplasm detached from the diseased body and

engrafted on the healtliy body. This last-cited assump-

tion is but a modification of an old doctrine ; it is indis-

tinguishable from the views of Liebig. That chemist,

proceeding upon the accepted fact that epidemic diseases

can often be traced to putrefactive processes occurring in

animal or vegetable matter, stated that the liability of

persons to the contagion rested upon the presence in the

living body of substances which offer no resistance to the

cause of change in form and composition acting on it.

He wrote, ^ ' If this substance be a necessary constituent

of the body, then the disease must be communicable to

all persons ; if it be an accidental constituent, tlien only

those persons will be attacked by the disease in whom it

is present in the proper quantity, and of the proper com-

position.'

Liebig contested stubbornly, and with eminent reason-

ing, for the truth of the chemical theory over tliat of the

parasitic theory of disease, and contended that if any one

contagious disease were to be explained, all must be

equally explicable. Thus, after writing about scabies, he

goes on to say,^ ' If now we inquire what results the

search after the same or similar causes in other contagious

1 Animal Chemistry, by Baron Liebig ; translated by Gregory. Third

edition, 1846.

"

2 juj^ p 209.
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diseases has yielded, we obtain for answer that, in the

contagion of small-pox, of plague, of syphihs, of scarlet

fever, of measles, of typhus, of yellow fever, of dysentery,

of gangrene, of hydrophobia, the most conscientious

observation has not been able to detect animals, or even

organised beings at all, to which the powers of propaga-

gation could be ascribed.'

Even nowadays the advocates of the germ or para-

sitic theory admit that, as far as typhus, scarlet fever,

measles, and the rest of the contagious fevers are con-

cerned, ' their connection with pathogenic organisms is as

yet a matter of pure inference ' (Eoberts).^ On the other

hand, vaccinia, small-pox, sheep-pox, diphtheria, erysipelas,

and glanders are stated to have been proved to possess a

virus consisting of minute micrococci.

Here it will be best to confine our attention to the

three diseases of which Dr. Eoberts treated in his Address

at Manchester, viz., septicsemia, relapsing and splenic

fevers. Let us take, first of all, septicemia. When
wounds become unhealthy, the discharges become offen-

sive and breed organisms, and inasmuch as investigations

(already referred to) have shown that bacteria are the

acting causes of decomposition, and further, inasmuch as

Dr. Burdon-Sanderson and others have shown that de-

composed albuminous fluids are poisonous, it is therefore

concluded that septiceemia is not only due to organisms,

but that such womids as those referred to, give offensive

discharges by virtue of the action of the bacteria in them

upon the surrounding albuminous parts.

Now it has been proved again and again, that a

^ See Reports on the Lifn History of Centagion, by Dr. Braidwood and

Mr. Vacher.

F F 2
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healthy subject cannot be infected by means of organisms

alone ; they cannot live on liealthy surfaces or in healthy

tissues, or otherwise every inspiration Avould carry into

the blood the first seeds of all kinds of disease ; these

germs, then, are not the poison, but, under given condi-

tions, by their action upon albuminous matters, they pro-

duce the poison. With this knowledge we are asked, on

the germ theory, to understand as a consequence the ])ro-

duction of septicasmia and pyaemia. Septiciemia, then, is

the result of the introduction into unprotected parts of

the body, or wounds, of organisms ; these act upon the

discharge, and produce the septic poison. Surely, this is

no parasitic theory ; it is the chemical theory of Liebig
;

the septic poison being that matter which Liebig would

say has undergone change by contact with something else

previously in course of change.

This poison seems to be particulate, and may be

separated, for instance, from decomposed meat infusions

by filtration through unglazed porcelain (Burdon-Sander-

son, also Panum).^ Such meat infusions, when introduced

into the blood system of animals, produce a simple un-

compHcated paroxysm of fever, beginning with a rigor

which is succeeded by a rise in temperature, and conclu-

ding in defervescence and recovery, if the dose be not too

great ; if too great, death results. When the particulate

poison, or pyrogen, as Dr. Biurdon-Sanderson terms it, is

first separated by filtration, as described, the filtrates are

powerless to induce disease.

These facts are so remarkable that they deserve a

little more attention. They are remarkable because the

poison does not consist of living matter, nor is it neces-

1 Report Medical Officer, Privy Council, (^c. New Series, No. viii.
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sarily accompanied by living matter, although it has

originally been produced through the agency of bacteria.

These experiments were first made by Panum, but more

recently have occupied the attention of Dr. Burdon-

Sanderson.^ He prepared his septic solution by precipi-

tating putrilage by alcohol, re-dissolving the precipitate

in water, evaporation to dryness, and re-solution of the

residue in water. These processes necessarily preclude

the absence of ail living matter in the product, and yet,

in contrast with this fact is the further fact that the

putrilage was originally produced through the agency of

bacteria in the presence of air and water.

Further, Hiller has shown that, by washing septic

bacteria with pure water, they can be deprived of all toxic

properties without injuring their life activity.

Relapsing Fever.—From time to time, spiral organisms

{spirilla) have been detected in the blood of patients

suffering from this disease, the observation having first

been made by Dr. Obermeier, of Berlin ; they are found

during the paroxysms, but are absent at the crises and at

the subsequent apyrexial periods. It appears that the

fever is easily communicated to a healthy person by in-

oculation with the blood of a patient suffering from the

disease, but only if the blood be taken during the paroxys-

mal periods ; hence it is concluded that the spirilla are

the actual virus of relapsing fever. Ocular evidence of

such germs (if such they be) is almost entirely wanting,

while all attempts to cultivate them out of the body have

failed. Here again, therefore, we are deahng more with

inferences than with facts.

^ See British Medical Journal for December 22, 1877, and some subse-

quent numbers.
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Splenic Fever.—In 1855 PoUender discovered minute

staff-shaped bacteria in the blood in cases of this disease,

and the observation is said to have been often confirmed

since. Not only is the germ found in the blood, but also

in the spleen, the lymphatic glands, &c., and it is now

considered by the advocates of the germ theory, that this

particular bacterium is the true virus of splenic fever. It

is true that the observations made by Cohn, Burdon-

Sanderson, and Koch upon this subject lend some weight

to the hypothesis, and Koch appears to have determined

that the introduction of such germs into the blood of

healthy animals brings on splenic fever. The germ is

said to be identical with the bacillus of Cohn, but, what-

ever it is, it has not yet been proved whether the disease is

due to the germ directly, or to any altered organic matters

brought about by its agency, and anything beyond what

has been stated above is the merest speculation.

It is upon such grounds as those brought forward that

the doctrine of a contagium-vivum is thought to be esta-

blished on a solid foundation. Let us put this foundation

a little more to the test.

Both Dr. Sanderson and Dr. Klein maintain that, in

cases of enteric fever, a luxuriant growth of micrococci

ma}^^ be observed in the diseased intestines, Klein, how-

ever, goes further than this, and describes certain fungic

forms present in the follicles of such intestines ; but what

connection these may have with the disease is not pre-

cisely determined. Dr. Creighton showed that these so-

called fungic structures, in the case of small-pox of sheep,

supposed by Klein to consist of mycelium and gonidia,

Avere, in reality, coagulated particles of albumin.
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In a more recent paper ^ Dr. Creighton reports on the

infectiveness of cancerous tumours, in special reference to

infected lymphatic glands. In surgery, such growths

are termed ' malignant,' and they arise in lymph glands

when cancer, operating from some spot in which it has

been of primary occurrence, secondarily spreads its in-

fection to them. Dr. Creighton's report of 1874 pointed

to the conclusion that the elements of the originally

diseased parts have in them a specific ferment-power,

which, when carried by lymph or blood-streams to other

parts, impregnates these, and the tumour grows out of the

original textural type. This opinion is confirmed in the

latter report, and is in opposition to the idea of a germ

power. In this way a part affected by tumour is sup-

posed to consist of the same matter as before infection
;

only, by virtue of an induction (communicated by a fer-

ment-power) to grow in a new way, it does so.

Taking, therefore, a general siurvey, it cannot be fairly

said that the parasitic theory, as ordinarily explained, is

explained correctly. The grounds upon which this theory

is based are indisputable, but there is an almost universal

tendency exhibited to exceed the legitimate inferences to

be made from them. This fascination has led many into

error, and in it is to be found the origin of what may be

called public ' scares.' Thus, of late years, an attempt

has been made to connect the causes of typhoid fever

with impure milk, containing, as it is supposed, virus

matter derived from sewage or other effete substances.

The same explanation has been made in regard to

recent outbreaks of scarlet fever. Quite lately^ an

^ Repm-ts of the Medical Officer of the Privy Council. New Series,

November 1877. ^ See Practitioner, October 1877.^
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epidemic of this kind raged at New Barnet, ' and was

apparently caused by infected food, in this instance pre

sumably milk.' It was endeavoured to prove this in the

old way, namely, by first of all assuming the milk to be

the real cause, and then showing that most of the

sufferers were supplied by the same milk vendor. Such

a method is as illogical as the attempt to find out the true

cause is commendable. The total number of cases which

happened during the two months was 140, and of these

131 were supplied with the same milk. This fact lends

some plausibility, at first sight, to the theory in question,

but, on further study, this disappears. The 131 cases

occurred in 58 houses, but the same milk was supphed

to 77 houses in which there was no fever. Further, nine

cases of fever occurred in houses supphed by other milk-

vendors. It is thus seen that the one particular dealer

whose milk was suspected had practically a monopoly of

the trade, and assuming the outbreak—without regard to

its cause—to have commenced in his district, it would

follow as a matter of course that the disease should be

chiefly confined to that location. It hence appears there

is no safe foundation, or even plausibility, for assuming that

milk was here, or ever has been, the originating cause, or

the propagating agent, of scarlet fever or any other

disease.

Let me be understood distinctly in this statement. I

do not intend to convey the notion that there can be no

truth in the germ theory of disease, but merely to point

out that, hitherto, no absolute proof of its truth has been

advanced. Even supposing, in the matter of the scarlet

fever epidemic, to which allusion has been made, it could

be demonstrated that the suspected milk is capable of
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communicating the disease when injected into the blood

of a healthy person (and this has not yet been done), it

would still remain to be proved which ingredient of the

milk constitutes the virus. We have seen that various

forms of bacteria may be introduced into the blood with

impunity, may be inspired in every breath, and conveyed

into the stomach with all kinds of food, and yet no

disease results ; but now and then outbreaks of disease

occur, and the origin is traced, with more or less proba-

bility of truth, to decomposed putrescent matter. Surely

all this does not point to a germ theory of disease, as

ordinarily understood, but rather to a chemical theory

like that maintained by Liebig. In this case germs are

merely the concomitants of disease.

Mr. W. Stewart appears to be guided by such views

in a paper ^ which recently appeared, on the subject of

' Typhoid Fever.' He gives facts which induce him to

believe that this disease is caused by the reception in the

system of decomposing albuminous matter, which may

have been derived from blood, or the liquid evacuations

in diarrhoea, in which cases it may be remarked that

much albumin is held in solution and has been originally

derived from blood serum. This theory is sustained,

perhaps, to some extent by some recent experiments of

M. V. Feltz, which consisted in injecting a solution con-

taining in suspension dried putrid blood into the crural

veins of dogs. In all instances symptoms were induced

and effects caused, resembling those occurring in typhoid

fever. Trustworthy or untrustworthy, we have here at

least something tangible and which does not defy study,

1 British Medical Journal, March 10, 1877.
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the furtlier investigation of which might throw some

valuable light upon the processes in question.

To revert now to another part of the subject. Pasteur

claims to have demonstrated that every kind of fermenta-

tion is accompanied by the reproduction of the ferments,

and that these in all cases consist of low forms of life.

Whether, however, cacli kind of fermentation has its own

special ferment, as for instance is the case with the lactic

and alcoholic fermentations, is vague and uncertain. In

reference also to putrefaction, it is considered that Pasteur

has proved the same thing to be true, in spite of the

contending views previously held. He, however, distin-

guishes two kinds of putrefaction, viz., that m which the

ferment (as, for instance, the butyric ferment) produces

the change without the aid of oxygen, and that in which

oxygen is also essential in promoting such change. To

confine ourselves for the moment to the first of these.

When putrescible solutions are exposed to the air,

there forms on the surface a film of bacteria, mucors, and

mucidines, which are supposed to exclude and absorb

oxygen, preventing it from penetrating into the liquids.

Under the film in the liquid, vibriones multiply and split

up the albuminous substances into simpler products, while

the bacteria and mucors excite their slow combustion

into ultimate products. This is M. Pasteur's view of the

phenomena of putrefaction, and it should be noticed that

vibriones cannot endure the presence of oxygen ;. their

function is the institution of initial change, which is com-

pleted by the bacteria and mucors. One thing is, how-

ever, necessary for this action of the vibriones to occur,

viz., the presence of water. Now, so far as has been

ascertained, the first products of change above alluded to



CHEMISTRY OF PUTREFACTIOK". 443

are identical with those which resuU in the laboratory

when albuminous bodies are subjected to decomposition

by hydration, that is to say, by water at high tempera-

tures, or by boihng with such reagents as sulphuric acid,

potash, or baryta. The ultimate products produced in

putrefaction are those which result in the laboratory

when these others are further subjected to oxidising in-

fluences.

M. Donne states ^ that, when eggs contained in the

shell are broken up by shaking, and then protected from

the air by coating the shells with collodion, they still

putrefy in process of time, while the most scrupulous ex-

aminations will detect no form of life whatever among

the products. These observations are supported by M.

Bechamp. On the other hand, M. U. Gazon concludes ^

from an investigation, that ' putrefaction in eggs, whether

in the presence or the absence of air, is correlative to the

development of and multiplication of microscopical or-

ganisms of the family of vibriones.'

These opposed statements, as also others of a like

kind, should make us careful in accepting Pasteur's

theory to be universally correct. Assuming, however,

that it is correct, we may reduce the phenomena of

putrefaction to a few issues, which in their ultimate

meaning remain true, even if Pasteur's theory shall be

eventually disproved.

Albuminous matters have no inherent tendency to

change, and they may be protected from change by

1 ' Experiences sur 1'Alteration Spontanee des CEufs.' Compt. Rend. Ivii.

p, 450 (1863).
2 Paris, 1875. Faculte des Sciences de Fans, No. 3G2. Thesis for the

Doctorat es Sciences.
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suitable means ; but, inasmuch as they are possessed of

large molecular proportions, the impulse required to

break them down into simpler products is not great

;

when once decomposed to this extent, these simpler bodies

are resolved, under suitable conditions, into ultimate pro-

ducts. Take, for instance, blood serum and expose it to the

air, and what happens may be assumed to be somewhat as

follows :

—

A vibrione falls into the liquid, and by feeding in

a medium suitable for its development and propaga-

tion, it thrives ; incidentally, the albuminous molecule

is split up, just as the liver has the power of sphtting it

up to make bile, or as the blood seizes oxygen in the

limgs and rejects the nitrogen. This life act of the

vibrione is that impulse requisite for the decomposition of

the albumin, the body in change, as Liebig would put it,

capable of setting another body—in this case the albumin

—with which it is in contact, also in a state of change.

Then other forms ofmicroscopical life introduce themselves,

and assist the decomposition similarly, the whole being

supplemented by further changes induced by the presence

of air and water. It is even conceivable that the very

life act of the vibrione is one of hydration, that is, one

which determines the assimilation by the albumin of the

elements of water, just as baryta water or dilute sul-

phuric acid would do it also under other conditions. But

whether this be so or not, the vibrione, if it be the cause

of change, is only on a par with other causes of change.

"Further, the vibrione, if transplanted into the animal

economy, will not produce disease so far as is known, yet

the putrid blood serum produced by its agency will do so.

What is the inference ? Simply this. That germs do not
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constitute contagium itself; they have a capability of action

sufficient under given conditions to produce that conta-

gium, but they themselves are not the germs of disease.

Hitherto attention has been confined almost entirely

to living germs ; there is, however, another class of fer-

ments, the chief characters of which may be briefly given

here. Thus, we have the ferment which is capable of

sphtting up cane sugar (before it is fermented into alcohol)

into glucose and l^vulose ; the emulsine of almonds,

and diastase ; the ptyaline of saliva which transforms

starch into sugar, and the ferments of the spleen and

pancreas which exercise a similar chemical function.

These soluble ferments, or zymases, appear to be deriva-

tives of albumin, but are in no sense possessed of

vitality, and therefore do not reproduce themselves in

the changes in which they are concerned. Moreover, in

most cases, similar reactions (and leading to the same re-

sults) may be induced by many inorganic substances, such

as acids and alkalies ; in fact, the action of soluble fer-

ments may be expressed as one of hydration. Of all bodies

hable to change, the most complex in constitution are

the easiest to succumb to influences of this kind. Liebig

writes -?— ' In fact, the larger the number of single elements

and atoms which have united to form a group of atoms of

definite properties, the more multifarious the directions

of their attractions, the smaller must be the force of

attraction between any given two or three of the atoms.

They oppose to the causes of change in form or com-

position acting on them, such as heat and chemical

affinity, a far less resistance, they are far more easily

^ Animal Chemistry, part i., Englisli edition, 1857, p. 196.
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altered and decomposed, than substances of a less com-

plex composition.'

Now it has been pointed out that, so far as the pro-

ducts resulting from the putrefaction of albumin have

been identified, they ai'e identical with those induced by-

processes of hydration. Unfortunately, this knowledge

is not very great, although the subject has been studied

by Braconnot, Erlenmeyer, Schaeffer, Habermaun, Nasse,

and more particularly, by Schiitzenberger, It is im-

possible, in this place, to consider this subject any

further in detail, but our present knowledge may be

thus summarised. The albuminous principles, though

many in number, seem all to be referable to a common

type, just as the various fats are, and that when these are

subjected to those processes which, when applied to fats,

determine their decomposition into glycerine and fatty

acids, they are also decomposed first into substances few

in number, but of altered properties, although not far

removed from the parent molecule, while, finally, these

intermediate substances are resolved into urea and

amidated acids of various series. The institution, then,

of putrefactive change, is simultaneous with the appear-

ance of these products ; and, some time ago, I occupied

myself with many experiments upon this subject which

were necessarily cut short by unavoidable circumstances.

I hope, however, in the future to be able to follow out

certain indications which I then obtained, that the pur-

suit of this particular chemical method promises to throw

much light upon the true chemistry of infection, for

there can be no doubt that, sometimes at least, an infec-

tant is a non-Hving product of the decomposition of

albumin, and one which may perhaps be expressed by a

chemical formula.
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It is true Bergmann has stated that septic poison may-

be produced without the presence of any albuminous

compound. Indeed, he states that he grew bacteria in a

hquid containing sugar, ammonium tartrate, and inor-

ganic salts, and found that while the first crops were

inert, the ultimate particulate liquid constituted a virulent

poison. It is more than probable, however, that bacteria

themselves have an albuminous structure, and that their

life depends upon the construction of new tissue from the

media in which they live. In other words, that as by

their hfe act they perform, it may be, the synthesis of

albumin, so by other acts of life in which the tissue is

broken down, they throw off the products of its decom-

position.

Antiseptics.—An antiseptic is a body which, by its pre-

sence, protects matters from those specific decompositions

which in a collective sense we term putrefaction, while a

disinfectant is, properly speaking, a substance which will

take from the infectant matter, when formed, its specific

characters and render it harmless. It is quite immaterial

therefore, whether agents employed for these purposes be

germicides or not ; that is to say, the qualification of an

antiseptic is not necessarily the possession by it of the

power of killing germs, but rather the possession of the

power of preventing these same germs or other causes

from initiating those processes in decomposable matters

which we term ' putrefaction.' Hence it was that, when,

some time ago, I discovered a solution for which I

claimed these antiseptic and disinfecting powers, I in-

sisted so strongly on its importance. This solution,

'

popularly known as ' Sanitas,' contains camphoric acid,

peroxide of hydrogen, and certain other camphoraceous
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ingredients ; curiously enough, among these latter is a

substance very similar to thymol in its character. So far

as my later experiments go, I have not been able to

satisfy myself whether the thymol-hke body has the

composition C10H14O or CioHigO, but that it has an inti-

mate chemical relationship to that substance, and is pos-

sessed of similar antiseptic powers, there is no doubt.

This fact is the more interesting because Bucholtz has

recommended thymol as a very powerful germicide, and

hence it is not difficult to perceive that the presence of a

similar substance in ' Sanitas,' together with the other

constituents, sufficiently explains the antiseptic and disin-

fecting characters of this solution.

As is well known, this solution is produced by tlie

action of air upon turpentine in the presence of water.

In fact it consists of an aqueous solution of the aerial

oxidation products of turpentine, and it, among all other

available antiseptics and disinfectants, alone possesses

those other characters which must be demanded of a

protective agent to be employed by the mass of people,

—that is to say, it is non-poisonous, and without harm to

metals, clothing, and furniture. By immersing such de-

composable matters as fish and meat in ' Sanitas,' or by

spraying them at regular intervals with the solution, it is

possible to preserve them almost indefinitely. Tainted

foods admit of restoration to sweetness by the same

treatment.

I have also substantiated the antiseptic character of

this fluid ill the way already indicated, viz., by searching

in matters preserved by 'Sanitas' for those particuL.r

chemical products which always accompany the decom-

position of albuminous substances, and so long as they
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have been thus preserved, these products, including tyro-

sine, leucine, aspartic and glutamic acid, &c,, have never

been detected by me. In other words, by proper dispo-

sition of this fluid, the formation of putrilage may be

averted, and in so doing the production of septic poisons

or infectants is consequently avoided.

Of other antiseptics or disinfectants it is unnecessary

to write at any length, because while their action is

familiar to most persons, we have but little information

regarding the specific manner in which, individually, they

act. For a more detailed account of the manner in

which they are supposed to act, we may refer the reader

to certain well-known works upon such subjects, particu-

larly to Schiitzenberger's treatise on Fermentation.^ Here

we may conclude with a few remarks upon the better

known substances available in everyday life.

Among antiseptics some are supposed to act by virtue

of their attraction for water, as, for instance, alcohol and

common salt.

Other bodies, again, actually combine with the decom-

posable substance, and the combinations thus formed are

too strong for the dissociating influences to break them

down. Sulphurous acid and bisulphites are supposed to

act in this way.

Oils, fatty matters, sand, ashes, &c., act often as anti-

septics by behaving as filtering matters which retain the

germs contained in the air or wafted by it, and which,

imless kept back, would cause putrefaction in the matters

desired to be preserved. Thus these substances act like

cotton wool in the antiseptic treatment of wounds.

^ On Fermentation, hj P. Sdiiitzenterger. H. S. King & Co., London.

G G
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The function of carbolic acid applied to albuminous

matters has been conjectured to consist in its power

of coagulating the albumins, which in this state are not

so liable to change. It is also claimed for carbolic acid

that, hke thymol, it actually kills the low forms of hfe

which induce putrefaction in suitable matters ; in other

words, it is a germicide. Unfortunately, however, those

agents which behave as germicides are also more or less

poisonous to man, while carbolic acid, moreover, is not a

pleasant agent to employ. Salicylic acid and a number

of other bodies behave like carbolic acid, but are attended

with certain difficulties as regards their use. Moreover,

they are not disinfectants in the proper sense of that

word.

Substances like permanganate of potash often act by

destroying the matters which would otherwise putrefy or

have putrified, but more often they merely oxidise vola-

tile compounds which have a bad smell, and it is too

often imagined that when the smell is removed the danger

is abolished. This, however, by no means necessarily

follows.
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CHAPTEE XXin.

THE PHYSIOLOGICAL ACTION OF CHEMICAL SUBSTANCES.

That many chemical substances have a distinct physio-

logical effect upon the human body has been known for

ages, and perhaps the most famihar instances that can

be adduced in the present day relate to chloroform and

chloral, both of which bodies were discovered by Liebig.

It is not desirable to describe at any length the virtue of

the first of these reagents for obviating pain, and that of

the second one for inducing sleep ; and indeed, although the

virtues might be extolled, but little explanation could be

attempted. It is certainly known that both are the results

of reaction upon brain or nerve matter, but the precise

nature of those reactions is a question from the solution

of which we are perhaps as far removed as from any ulti-

matum in science. The two substances to which allusion

has been made, stand by no means alone, and already in a

former chapter the physiological action of ordinary alcohol

has been described so far as it is at present known.

In 1868 Dr. A. Crum-Brown, F.E.C.P., communicated

to the Pharmaceutical Meeting at Edinburgh a paper on

' Chemical Constitution, and its relation to Physiological

Action,' ^ in which, for the first time, this study was re-

duced to something like scientific rule. It was then

1 Pharm. Joum. May 1868.

G G 2
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pointed out that the soluble compounds of a poisonous

metal like lead have nearly all the same action, but that

although arsenic is ])oisonous, a readily soluble organic

combination containing this metal—kakodylic acid—is

perfectly inert. Again, while cyanogen is poisonous, a

number of compounds, as for instance ferrocyanide of

potassium, exhibit no trace of the action of hydrocyanic

acid.

Stahlschmidt had previously made experiments with

methyl-strychnium salts on rabbits, and had arrived at

the conclusion that they were quite inert. But Crum-

Brown and Fraser ^ showed that this was not perfectly

correct ; the statement is correct so far as these substances

are concerned when administered by the stomach (to

rabbits), but when injected subcutanenusly, very much

smaller quantities give rise to effects terminating in death.

These effects are not like those of ordinary strychnia

poisoning, viz., tetanic convulsions, but rather represent a

condition of general paralysis.

It was further shown that strychnia produces tetanic

convulsions by exciting the nerve centres in the spinal

chord, but the methyl and ethyl substitution products

derived from strychnia produce paralysis by a destruction

of the power of the terminations of the motor nerves to

receive the stimulus and transmit it to the muscles.

Similar differences between various other alkaloids which

act like strychnia and their substitution products of the

same order, were also observed by Crum-Brown and

Fraser.

The great feature in their work was the establishment

» See paper read before Royal Society of Edinburgh, January 6, 1868



PHYSIOLOGICAL ACTION OF SOME OEGANIC BASES. 453

of a distinct connection between chemical constitution

and physiological action.

The physiological action of morphine, narceine, nar-

cotine, codeine, brucine, nicotine, atropine, hyoscyamine,

physostigmine, muscarine, veratrine, aconitine, digitaline,

santonine, ergotine, and quinine, have also been carefully

studied.

Dr. B. W. Eichardson has further investigated the

action of homologous series of alcohols and ethers.

Here, perhaps, it is important to reiterate that the

physiological action of substances varies according to the

mode of administration, that is, according to whether

they are supplied through the stomach, or injected sub-

cutaneously. It is, however, to the line of research in-

dicated by Crum-Brown and Fraser that it is desirable

to direct attention more particularly.

Messrs. J. G. M'Kendrick & Dewar have experimented

on the physiological action of certain bases (of the so-called

chinoline and pyridine homologous series) which may be

obtained from quinine and similar bodies by distillation

with potash. When these bases are injected subcuta-

neously, they act exclusively upon nerve and brain matter,

and among the very interesting results obtained, we may

note one particularly.-^ ' On comparing the action of such

bases as C9H7N" (chinoline) with C9H13N (parvoline), or

CgHiiN (collidine) with CgHigN (conia from hemlock),

or C10H10N2 (dipyridine) with C10H14N2 (nicotine from

tobacco), it is to be observed that, apart from difference

in chemical structure, the physiological activity of the

substance is greater in those bases containing the larger

^ Proc. Roy. Soc. vol xxiii. p. 297.
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amoimt of hydrogen.' Of course this conclusion, given

in the words of Messrs. M'Kendrick and Dewar, only-

expresses the facts observed ; and while its interest is

exceedingly great, we must not be carried away to make

oreneralisations which reouire much more work to be

definitely established. Above all things, it is desirable to

ascertain what becomes of the bases thus subcutaneously

injected, and the precise manner in which they act on

the brain and nen-es : it is not sufficient to be acquainted

merely with the channel through which they act. The

difficulty presented, however, in such studies is enormous.

One grain of some of these bases per pound of body

weight (for rabbits) is sufficient to cause death, and it is

quite impossible, in the present state of science, to trace

such a small quantity of substance through the system,

and still more impossible to ascertain its precise mode of

action ; we can at present only ascertain the most pro-

minent results as they are revealed to us.

Professor M'Kendrick has continued this study in

conjunction with Dr. W. Eamsay.^ They find that pyri-

dine, picoline, and lutidine, and theii' salts, only produce

drowsiness, but the methyl iodides of these bases are

powerful irritants to the cerebral centres and produce

paralysis of the fore limbs. The ethyl and allyl de-

rivatives act similarly, but more intensely.

Dipyridine and dipicoline produce the same efiect,

only more strongly ; but when combined with methyl or

ethyl iodide, they constitute fearful poisons.

The ammonium salt of dicarbopyridenic acid produces

fits resembling epilepsy, but its methyl ether had no

appreciable effect.

» PkU. Mag. Oct 1877 ; see also Britieh Medical Journal, May 4, 1878.
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WMle, therefore, as a rule the physiological action of

substances seems to become more intense as the mole-

cular complication increases, the effects largely depend

on the specific character of the individual substances.

In connection with a similar subject, Prof. Gamgee, of

Owens College, and some of his pupils, communicated to

the British Association Meeting at Glasgow (1876) several

investigations which are of interest. They relate to the

action of various compounds of vanadium, of chromium

salts, and on the differences presented in the physiological

actions of ortho-, meta-, and pyro-phosphoric acids. The

general results thus attained may be expressed as fol-

lows :

—

(a) The physiological action is in part dependent

upon the number of atoms in the molecule and its com-

plexity of structure.

(b) Also upon the degree of stability of the molecule.

The more complex the molecule, the more intense

and prolonged is its action, and if the substance be

peculiarly hable to spht up into simpler compounds, it

will act more intensely than otherwise. It is needless to

state how purely tentative are such generalisations. In

fact, in my opinion, it would be best to reserve such

generalisations, and be content with the facts until om-

knowledge has attained more precise and less misunder-

standable results.

In his Address to the Department of Anatomy and

Physiology at Glasgow",^ Dr. J. G. M'Kendrick warned

investigators against pursuing such inquiries as these in

a haphazard sort of way, ' with the vague hope of coming

^ British, Association, 1876 (John Greig & Son, Edinbu:i^li).
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upon something new,' and pointed out how essential it is

for uUimate success that investigators should take up such

studies and continue them in the hght afforded by pre-

vious researches. It is true that now and then a valuable

therapeutic remedy is discovered, quite accidentally as it

were ; but after all, such an isolated result is not of a

value comparable to that which must attend a general

understanding of the laws which regulate the connection

of chemical structure with the physiological effects of

substances.

We shall conclude this chapter with a brief sum-

mary of two lectures ^ given by Prof. Emerson Eeynolds

upon the subject here under description.

All chemical substances introduced into the body act

upon it either physically or chemically. The physical

effect is one which may be produced without an attendant

change of composition in the agent employed or those

parts of the body which are acted upon. The chemical

effect is one which is attended by a change in composition

of the substances alluded to. But of course some bodies

act both chemically and physically. Unsaturated com-

pounds, or compounds whose power of combination is

not fully satisfied, are the most energetic in their chemical

reactions, and it is among such bodies that those which

have the greatest physiological action occur.

Dr. Eeynolds reduces the known facts of the study to

four propositions. The first of these asserts ' that bodies

which contain the same elements in the same proportions

can differ materially in physiological activity when com-

pared under equally favourable conditions ; and that the

' Dublin Journal of Medical Science, or Pharm. Journ. .Tuly 21 and 28,
1877.
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observed dissimilarity in action is due to difference in

chemical constitution.' He instances this by the following

case : cyanide of methyl, CH3CN, or carbamine, is meta-

meric with another substance (producible in the same re-

action) termed a nitrile, which is of the same composition

but different in constitution. The nitrile is almost desti-

tute of physiological action, while the carbamine is a

powerful poison. Dr. Eeynolds explains this case by

assuming, upon the purely chemical grounds that in the

carbamine the carbon has only two of its bonds satisfied,

and two bonds of the nitrogen are also unsatisfied, whereas

in the nitrile the carbon bonds are fully satisfied, and

only the two nitrogen bonds are latent or self-combined.

This is better seen by using the developed formula of

the two substances :

—

Nitrile. Carbamine.

I IC=N> <N=0>

The second proposition asserts that ' groups of bodies

exist which contain the same elements in different pro-

portions and are similar in chemical structure, but which

differ materially in degree of physiological activity.' This

proposition is substantiated by the work of Messrs.

Gamgee, Priestley, and Larmuth, previously referred to.

Sodic orthophosphate (Na3P04) is almost inert, while

the pyrophosphate (Na4P207) is an energetic poison ; the

metaphosphate (NaPOg) is also poisonous, but less active

than the pyrophosphate. The physiological activity of

the pyro- and meta-phosphates is attributed to the lia-

bility they exhibit to pass into the orthophosphate under

conditions which may reasonably be supposed to obtain

in the body. Larmuth has further shown that in the
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group of sodic vanadates the order of activity is the same

as that existing among the phosphates.

In further illustration of the proposition before us,

we may again refer to what has been already stated,

viz., that kakodylic acid containing 54 per cent, of

arsenic is physiologically inert, while arsenious acid is a

deadly poison. Their similarity in structure is exhibited

by the formulge :

—

Arsenious Acid. Kakodylic Acid.

0=As> 0=As^^{j3

O-II 0-H.

Again, the researches of Beaumetz and Audige, as well

as those of Dr. B. W. Eichardson, furnish another illus-

tration of the proposition we are considering. The two

former observers conclude that the lethal dose of certain

of the alcohols per pound weight of animal is approxi-

mately :

—

42 grains of ethylic alcohol OjHgO

33 „ „ propylic „ CjHgO
13 „ „ butylic „ C^HjqO
5 „ „ amylic „ C5H12O

That is to say, the higher we go in the series the greater

is the degree of physiological activity. There appears,

however, to be one exception, viz., that methyl alcohol,

CH4O—the lowest member of the series—is, according to

Beaumetz, more active than ethylic alcohol.

From certain considerations, Eabuteau was led to con-

clude that the physiological activity of an element in-

creases with the atomic weight, and to a certain extent

this appears to be true, although it cannot be accepted as

universally true. From what is known of the action of

the meta-nitrate, meta-phosphate, meta-vanadate, and
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meta-arsenate of sodium, the physiological activity of the

characteristic elements, viz., nitrogen, phosphorus, vana-

dium, and arsenic, seems to be in the same order as that

of their atomic weights.

The third proposition of Dr. Eeynolds is as follows

:

' bodies which are unlike in composition, but which agree

in being either actually or constructively unsaturated,

and are alike in certain marked chemical relations, often

agree in physiological action.' Thus both phosphorus

and pyrogaUic acid (C6H3(OH)3) are both characterised by

the property of a strong affinity for oxygen, and both act,

according to Personne, in the same way in the animal

organism. Phosphorus is actively unsaturated, whilst

pyrogallic acid is constructively unsaturated.

The fourth proposition asserts that ' the result of

chemical addition to unsaturated molecules is either to

destroy or to materially modify their physiological

activity.' This statement is supported by the work of

Crum-Brown and Fraser, and the researches of Messrs.

M'Kendrick, Dewar, and Eamsay, already described.

Professor Schroff, of Vienna, has also indicated similar,

facts.

Dr. Eeynolds concludes his lectures by describing the

chief ways in which most chemically and physiologically

active bodies act in the organism.

(1) By the direct removal of oxygen from the blood,

and consequent interference of the process of oxidation.

(2) By combination with the colouring matter of the

blood, and consequent interference with its functions as a

carrier of oxygen.

(3) By combination with effete materials, thus in-

creasing the difficulty of its removal from the body.
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(4) By withdrawal from the living tissues of matters

essential to their healthy functions.

(5) By combination with living tissue, and consequent

interference of normal functions.

As it is possible by our knowledge of the nature and

properties of substances to predict in some measure their

action one upon the other, and in fact to foretell their

next states, so the same holds good when the substances

entering into the composition of the animal body form

one side or both sides of the equation. Hydrochloric

acid acts upon chalk with the evolution of carbonic acid,

and it matters not whether it happens in a beaker or in

the human stomach, only the one reaction is regarded as

a chemical one, and the other too often as a purely

physiological one. This may be stated in another way.

Granted sufficient knowledge of two bodies, and securing

the contact of those substances, it is possible sometimes

to predict the result. If one of those substances happens

to form part of the brain, or liver, or lung tissue, then

if the other substance be swallowed and come into con-

tact with it, the same result will ensue to a certain

extent. The retarding influence of vital force (as we
are pleased to call it) arises from the state of combi-

nation already possessed by substances forming part of

the human body, and any experiments which physiologists

may perform, having reference to the physiological action

of chemical substances, can only result in a more or less

imperfect knowledge of this retarding influence. Even

when that is known, it cannot be considered an absolute

advance, because in the first place the action of any sub-

stance, be it physical or chemical, is very difficult to

localise, and a knowledge of the affected parts is equally
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difficult to ascertain ; and then, after all, the composition

of the substances so affected is at the best but very

imperfectly known. Above and beyond all other matters

affecting health and disease and a knowledge of life, a

greater acquaintance with pure animal chemistry is

necessitated. In what has preceded it has been attempted

only to indicate the connection of chemical constitution

with physiological action. Those who may desire to make

themselves acquainted with the general therapeutic

actions of drugs will find a concise account in the work ^

by Burness and Mavor, to which we must refer them.

\ Bailliere, Tindall, and Oox, 1874.
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CHAPTER XXIV.

CHARACTER.

Character is almost universally regarded as some-

thing apart from the body of man himself ; something

for which each man is individually responsible ; something

which, born with man, is developed and cultured into

maturity by education and training, be that mature state

one for evil or one for good. Yet what, people ask, has

this or that man's character to do with his mere animal

body ? siu-ely character, it is said, forms part of the mind,

which, while it associates with the body is yet distinct from

it; it is that part of the man which outlives his body and

passes away to a future state, real though unseen, reahs-

able only in death. But such inquiries do not envelope

the real points at issue ; are not deep enough to satisfy

even common sense, and, after all, common sense is the

best logic. Let first causes be what they may, and so

also let us hide our face from the infinite future, and

regard man as an intelligent machine complete so far in

himself. As the steam engine is a machine for purposes

of locomotion, and as the spinner's wheel is a machine

which gathers into its vortex and arranges therein, in

definite order and beauty, a thousand threads and a

thousand tints, so man also is a machine. A machine is

he which thinks, speaks, and acts ; it is only in the first
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of these functions that he dijQfers materially from other

machines ; it is by the acts of a man that he is judged.

Upon a knowledge of such acts, mankind ascends the tri-

bunal and pronounces upon character. Nevertheless, in-

asmuch as acts are pre-determined by thoughts, these

should rather form the basis of judgment, where judgment

is necessary. But alas, who can know the thoughts of

another; 'the heart knoweth its own bitterness' only.

And thus man never understands his fellow man aright

;

he picks out a few crystalhne threads of an individu-

ality ; he sees a few bright or black bands in the spectrum

of his neighbour's life, and without touching the colloid

mass which wiU not crystallise, and being blinded to those

parts of the spectrum which are not revealed, man judges

his fellow.

Is it not possible then to reduce man to the common

level of inorganic matter ; to regard him as a mass of

matter of mixed chemical constitution, in which thoughts,

words, and deeds are but part of the other side of the

equation? On this side we have the gross matter in

process of continual change ; on that side we have the

changed matters and those hfe acts which balance the

original matter and the forces which operating upon it

caused the change to occur.

Liebig taught that every thought occurring to a man
was equivalent to the destruction of a brain cell ; this,

however, is not the case. The brain seems rather to be a

receptacle for those currents, be they electric or not,

which are generated by the oxidation occurring in the

blood. These currents of force are conveyed by the

blood corpuscles, perhaps, to the brain and stored therein.

From thence it is transmitted through the nervous system
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to all parts of the body, and thereby the muscles are

regulated in their movements, the organs governed in

their different functions and capacity, and life kept going.

But what is thought ? Physically considered it must be

part of that same blood-generated force which becomes

metamorphosed by contact with cerebral matter or by

some other influence. At least it is an entity, and has its

equivalent in inorganic matter and physical force. A man

who thinks much grows hungry, just in the same way as

a man who works liard growls hungry, and for the same

reason. In both cases the force which in our imperfect

knowledge we qualify vital, becomes used up below par,

and to keep it in sufficient quantity we must eat, have a

greater oxidation going on in the blood, and an increased

amount of force stored in the brain.

In short, man is a cerebrating creature, as the cow is

a ruminating creature. The cow goes on eating grass

because it is its nature to eat grass, and it can do nothing

else except move. So man can only eat, move, and

cerebrate. He cannot help cerebrating, and the degree

in which he thinks and thinks well, is the degree of his

intelligence, by wliich his movements are governed. When
this intelhgence is naturally very large it is called

'genius.' We can conceive a man who is blest with a

good digestion, excellent lungs, and well-formed brain

cells to be a ' genius,' in the sense that, with proper edu-

cation and supply of facts, he can arrange those facts into

systems, propound generalisations, and make forecastings.

But supposing those brain cells are not well formed—are

abnormal either m anatomical structure or in chemical

composition—what then ? Well, his lungs and digestion

may be ever so good, but the excessive force generated in
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the blood is only converted in that case into muscular

power ; the man is either a splendid ' hitter ' at cricketj,

or ' pulls ' magnificently at an oar ; and it is quite true

that brain cells do difier in form and composition, just in

a similar sort of way as lungs and hearts differ. The

admired intellect of a nation is often cut off by lung disease

at an unripe age, while the fool may grow a snow-white

beard

!

Thus man is no doubt the creatiu'e of circumstance
;

but he is not alone the creature, he is also the creator.

He can intervene between events and divert their original

courses ; the degree in which he can do this, or does it, is

a part measure of his intellect and his energy.

Can, then, a man be held responsible for his actions?

To this we answer yes, and no. We have seen that there

is a predetermining influence in the very foetus of man
;

the protoplasmic mass being endowed with.powers of selec-

tion and growth in particular ways. Man, the result, steps

on to the platform of life, in some measure at least as an

automaton. He is born of others, and finds himself with

a head upon his shoulders, but the quantity and quahty

of brain matter in the head is not ordained of himself.

He may be a genius ; but, horror ! he may prove a fool

!

No doubt the recipient faculty of man empowers him to

modify and qualify his creeds, his words, and his deeds
;

but the first quantity can never be left out of considera-

tion, in spite of all the efforts made in the way of diet,

education, and cultivation, to improve.

As the natural state of men is not uniform, all men

are abnormal one to the other, for there is no one who

can be picked out from the rest and of whom it can be

said, this is the standard of men. In the same way as

H H
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abnormality is but a mild declension of normality, so

pathology is but an intensified declension of normality.

The governing forces suffer in direction or intensity, and

abnormality results ; it may be of mind or of body, or

sadder yet, of both. Thus even mundane chemical science

has a part to ])lay in the rule of what poor mortals call

their souls ; it has something to do with every poeism

originating in the mind of the poet, with every transcendant

hope of the philosopher, with the logic of a Mill, and

the teeming intelligence of all A man is suffering, say,

from softenmg of the brain, and yet his intellect is unim-

paired, although surely he may be hastening to the

grave. How is this ? Merely because that particular part

of the brain—if such part there be—which transforms the

blood-oxidation force into thought is not affected. But

search further, and it is found that another part of the

brain is affected, the lecithine being decomposed into

glycerophosphoric acid, fatty acids, and neurine, and

as a consequence the man's volition suffers. Henceforth

he cannot be held accountable for his acts so far as these

are governed by his will, for his will has suffered through

a breaking up of those very brain cells upon the whole-

some structure of which the health of his volition de-

pended.

Yet these some brain cells, one and all, the whole body

itself, mind and soul, have been elaborated from dead

inorganic matter, from vulgar food. After all, perhaps,

the epicure is not so despicable ; eat, drink, and be merry,

for verily that w^hich we eat and drink takes part in that

with which we think !

The all-profound mystery of man's mind is wrapped

up in the protoplasm of life, with its selective power of
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construction and reconstruction, of growth and develop-

ment. Prohibit nutriment, and the protoplasm becomes

but as dust of the earth, and yet it circumvests a power

none can comprehend. Here is the beginning of intelli-

gence, here is life, and here the hand of God is revealed.

JN^one the less, however, when scientifically considered,

is it true that man's history amounts to a sort of dyna-

mical expression of the atomic forces resident in and

operating upon the very substance of which his body is

composed.
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CHAPTEE XXV.

SHOWING HOW AXIMaL CHEMISTRY MIGHT BE ADVANCED.

It is not intended in this place to develope a complete

scheme for the proper advancement of Animal Chemistry,

but merely to indicate what can be done in this direction

with the appliances ready to hand. Most of the hospitals

throughout the country are in some sort of connection

witli educational schools boasting a laboratory and a

chemical staJBT. Where this is not the case, it would be a

comparatively easy matter to institute laboratories and find

tciichers and workers. These latter should be not only

learned in pure chemistry, but also thoroughly acquainted

with that branch of the science treated of in this volume.

Of course some time would necessarily elapse before such

a state of things could be got into thorough working order,

and not least because the chemists would have to qualify

themselves by proper and prolonged studies for the task

of working out questions in physiological and patho-

logical chemistry, and for imparting such knowledge to

the students under them.

Assuming this to be not only possible but even ac-

complished, then a plan of teaching and prosecution of

research in physiological chemistry should be adopted in

every such institution, and further, the hospitals should

provide the laboratories with all important pathological
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specimens upon whicli research should also be regu-

larly conducted. In this way, without anything like

a revolutionary change in the existing state of things, a

vast advance would be possible in Animal Chemistry

—

an advance which would undoubtedly and speedily be

followed by a corresponding movement in pure medicine.

The publication of the researches conducted as above

described might be undertaken by a learned society,

having for its members, men actually employed in such

work ; in which case, side by side with other scientific

journals, there would be a ' Journal of Eesearch in

Animal Chemistry.'

With such a system kept in proper control and health,

the face of medicine would be entirely changed in the

course of a few years—changed from an accumulation of

experiences into a beautiful sci^ice.

It would be matter of extreme ease to indicate many

of the problems in Animal Chemistry which particularly

call for investigation, and below a few of these are given.

Suggested Matters for BesearcJi.

(1) The chemical composition and formula of ptya-

hne ; its chemical relationship to albumin ; a proper

explanation of its ferment-power, and a better study of

its general nature.

(2) More complete and exact analyses of the various

salivary secretions.

(3) The chemical characters and composition of

saliva in disease, particularly in rabies.

(4) The percentage composition of gastric juice un-

mixed with saliva and food.
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(5) The exact composition of pepsin, and the par-

ticular changes (if any) it undergoes during the exercise

of its digestive action.

(6) General and precise information regarding pep-

tones.

(7) An explanation of the oft-recurring deposition

of biliary matters near the pyloric end of the stomach.

(8) General information about the pathology of the

gastric process.

(9) The chemical nature of the undetermined con-

stituents of bile.

(10) A better knowlege of the various functions of

the bile.

(11) The determination of the destiny of the biliary

colouring matters after entering the small intestine.

(12) More minute chemical investigations of bilirubin

and the other colouring matters of bile.

(13) General and precise information regarding the

composition, constituents, and functions of the pancreatic,

intestinal, and splenetic juices.

(14) The exact chemistry of excretine, excretohc

acid, and stercorine (constituents of the fieces).

(15) The composition of the faeces in health and

disease.

(16) A complete chemical investigation of liver-

glycogen, and the ascertaining whether arterial blood can

change it into sugar ; if so, whether through the agency

of any ferment whose existence depends upon the arterial

condition of the blood.

(17) The chemistry of diabetes.

(18) The complete composition of lymph, chyle, and

blood.
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(19) Particular studies of the blood corpuscles.

(20) The chemistry of hematine, prepared by Wit-

tich's process from heemato-crystalline, with the view of

determining whether it has definite connections with any

of the colouring matters of bile or urine. This is not

improbable as regards urine.

(21) A study of the action of oxygen gas upon

serum of blood maintained at the body temperature, and

also when artificially charged with food matters.

(22) The nature and general relations of the un-

determined constituents of extract of meat.

(23) The colouring matters of the urine, taking up

the researches at the points where left by former inves-

tigators.

(24) The composition of urine in disease.

(25) Further investigations regarding the chemical

composition of the brain, directed particularly to ascertain

the qualitative and quantitative difierences presented by

the white and grey matters.

(26) The elaboration of a quantitative method of

analysis directed to brain matter.

(27) The chemistry of the so-called cerebrines.

(28) Further enquiries into the nature of the phos-

phorised principles of brain matter, with the view of

determining the exact nature of certain unknown fatty

acids, resembling biliary products, yielded in the decom-

position of some of these, such as kephaline and the mye-

lines.

(29) A better determination of the water extracts of

brain matter.

(30) The chemistry of brain matter in all sorts of

diseases.
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(31) More exact information regarding the nature of

tlie decomposition products resulting from the various

albuminous substances of which different glands, tissues,

and fluids are composed, or which they contain.

(32) Continued chemical investigations of pus, mucus,

seminal fluid, milk, liquor amnii, &c.

(33) Studies to ascertain exactly by what chemical

changes pepsin and peptones are produced from albu-

minous matters.

(34) The general chemistry of all albuminous mat-

ters, particularly as determined by the method used by

Schiitzenbcrger, and by the method of hydration and

limited oxidation combined.

(35) The chemistry of putrefaction, as compared with

the results of the studies specified in number 34.

(36) The further study of the inter relations between

carbohydrates and fats.

(37) A precise chemical explanation of the Petten-

kofer reaction. This would be best attempted, perhaps,

by following up the steps described in Chapter XXIII.

(38) The chemical relations of choline or neurine to

other similar ammonium bases, and their precise con-

stitutions.

(39) Further investigations upon the phosphorised

bodies referred to on p. 90 of this volume, and attempts

to prepare amidated derivatives thereof, with the view

of comparing the products to brain components.

(40) Prolonged studies of the physics of the body,

directed particidarly to work out the history of the force

generated in blood oxidation.
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Apologia pro Vita Sua
;

Being a History of his Relii;ious

Opinions by John Henry Newman,
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People's Edition, i vol. cr. Svo. 4?. 6d.

Lord Macaulay's Miscel-
laneous Writings and Speeches.
Student's Edition. Crown Svo. 6s.

Cabinet Edition, including Indian Penal

Code, Lays of Ancient Rome, and
other Poems. 4 vols, post Svo. 2^s.

Speeches of Lord
Macaulay, corrected by Himself.

Crown Svo. 35-. 6d,

Selections from the Wri-
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revised and adapted to the Present State

of Sidereal Science; Map, Plate, Wood-
cuts. Crown Svo. gs.



WORKS published by LONGMANS 6- CO.

The Sun ; Ruler, Light, Fire,
and Life of the Planetary System. By
R. A. Proctor, B.A. With Plates &
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D.C.L. With 23 Diagrams. 8vo. 15.?.

An Introduction to the
Systematic Zoology and Morpho-
logy of Vertebrate Animals. By A.
Macalistek, M.D. With 28 Dia-
grams. 8vo. los. 6d.

Text-Books of Science,
Mechanical and Physical, adapted for

the use of Artisans and of Students in

Public and Science Schools. Small
8vo. with Woodcuts, &c.

Abney's Photography, 3J. 6</.

Anderson's (Sir John) Strength of Ma-
terials, 3^. 6d,

Armstrong's Organic Chemistry, 3^. 6d.

Ball's Elements of Astronomy, 6^.

Barry's Railway Appliances,. 3J-. 6d.

Bauerman's Systematic Mineralogy, 6^-.

Bloxam's Metals, 3J-. 6d.

Goodeve's Mechanics, 3^^. 6J.

Gore's Electro-Metallurgy, 6s.

Griffin's Algebra & Trigonometry, 3/6.

Jenkin's Electricity & Magnetism, 3/6.

Maxwell's Theory of Heat, 3^. 6d.

Merrifield's Technical Arithmetic, 3.r. 6d.

Miller's Inorganic Chemistry, 3^-. 6d.

Preece& Sivewright's Telegraphy, 3/6.

Rutley's Study of Rocks, 4s. 6d.

Shelley's Workshop Appliances, ^s, 6d.

Thome's Structural and Physiological
Botany, 6s.

Thorpe's Quantitative Analysis, 4,^. 6</.

Thorpe & Muir's Qualitative Analysis,
price 3J-. 6c/.

Tilden's Chemical Philosophy, 3^. 6d.

Unwin's Machine Design, 3j-. 6J.

Watson's Plane & Solid Geometry, 3/6.

The Comparative Ana-
tomy and Physiology of the Verte-
brate Animals. By Richard Owen,
F.R.S. With 1,472 W^oodcuts, 3
vols. Svo. ;^3. ly, 6d.

Homes without Hands

;

a Description of the Habitations of

Animals, classed according to their

Principle of Construction. By the Rev.
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the Rev. Sir G. W, Cox, Bart. M.A.
3 vols, medium Svo. 63J.

Hullah's Course of Lec-
tures on the History of Modern
Music. Svo. Sj. 6d.
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Hullah's Second Course
of Lectures on the Transition Period

of Musical History. Svo. los. 6./.

Loudon's Encyclopaedia
of Plants ; the Specific L'hamcter,

Description, Culture, Histor)', &:c. of

all Plants found in Great Britain. With
12,000 Woodcuts. Svo. 42/.

Loudon's Encyclopaedia
of Gardening ; the Theory and Prac-

tice ofl loriiculture, Floriculture, Arbori-

culture & Landscape Gardening. With
1,000 Woodcuts. Svo. 2\s.

De Caisne & Le Maout's
Descriptive and Analytical BotaJiy.

Translated by Mrs. Hooker ; edited

and ananged by J. D. Hooker, M.D.
With 5,500 Woodcuts. Imperial Svo.

price 3 1 J. 6d.

Rivers's Orchard-House

;

or, the Cultivation of Fruit Trees under
Glass. Sixteenth Edition. Crown Svo.

with 25 Woodcuts, ^s.

The Rose Amateur's
Guide. By Thom.\s Rivers. Latest

Edition. Fcp. Svo. 4J. 6d.

CHEMISTRY and PHYSIOLOGY.
Experimental Chemistry

for Junior Students. By J. E. Rey-
NOi.r>s, MTX F.R.S. Professor of Chc-
mistr)', University of Dublin. Part T.

Introductorj'. Fcp. Svo. is. 6J.

Practical Chemistry; the
Principles of Qualitative Analysis.

By W. A. TiLDEN, D.Sc. Lond.F.C.S.
Professor of Chemistn,' in Mason's Col-

lege, Birmingham. Fcp. Svo. is. 6J.

Miller's Elements ofChe-
mistry, Theoretical and Practical.

Re-edited, with Additions, by H.
MACLEOD, F.C.S. 3 vols. Svo.

Part L Chemical Physics. i6x.

Part n. Inorganic Chemistry, 24J.

Part HI. Organic Chemistry, 3ij.6</.

Annals of Chemical Me-
dicine ; including the Applicr.tion of

Chemistry to Physiologj-, Patholog}',

Therapeutics, Pharmacy, Toxicolog)',

and Hygiene. Edited by J- L. W.
Thudichum, M.D. Vol. I." Svo. I4J-.

Health in the House

;

Lectures on Elementary Physiolog)- in

its Application to the Daily Wants of

Man and Animals. By Mrs. BUCKTON.
Crown Svo. Woodcuts, 2s.

A Dictionary of Chemis-
try and the Allied Branches of other
Sciences. Edited by Henry Watts,
F.C.S. 8 vols, medium Svo. ^12. i2J-.6</.

Third Supplement, completing the

Record of Chemical Discovery to the

year 1S77. Part H. completion, is

now ready, price ^os.

Practical Inorganic Che-
mistry. An Elementary Text-Book
of Theoretical and Practical Inorganic

Chemistry, designed chiefly for the use

of Students of Science Classes connected
with the Science and Art Department
of the Committee of Council on Educa-
tion. By W. Jago, F.C.S. Science

Master at Brighton College. With 37
Woodcuts. Fcp. Svo. 2s.

The FINE ARTS and ILLUSTRATED
EDITIONS.

Lord Macaulay's Lays of Lord Macaulay's Lays of
Ancient Rome, with Ivry and the Ancient Rome. With Ninety Illustra-

Armada. With 41 Wood Engravings tions engraved on Wood from Drawings
by G. Pearson from Original Drawings

|

by G. Scharf. Fcp. 4to. 2 U. or imperial
by J. R, Weguelin. Crown Svo. 6j.

j
l6mo. lOr. 6</.
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Notes on Foreign Picture
Galleries. By C. L. Eastlake.
F.R.I.B.A. Keeper of the National
Galleiy, London. Crown 8vo. fully

Illustrated. [In preparation.

Vol. T. The Erera Gallery, Milan.

,, II. The Louvre, Paris.

,, III. The Pinacothek, Munich.

The Three Cathedrals
dedicated to St. Paul in London.
By W. Longman, F.S.A. With
Illustrations. Square crown Svo. 21s.

Lectures on Harmony,
delivered at the Royal Institution. By
G. A. Macfarren. Svo. 12s.

Moore's Lalla Rookh.
Tenniel's Edition, with 68 Woodcut
Illustrations. Crown Svo. \os. 6d.

Moore's Irish Melodies,
Maclise's Edition, with 161 Steel

Plates. Super-royal Svo. 2is.

Sacred and Legendary-
Art. By Mrs. Jameson. 6 vols,

square crown Svo. ^^5. 15J. 6d.

Jameson's Legends ofthe
Saints and Martyrs. With 19 Etch-
ings and 187 Woodcuts, 2 vols. 3i.f. 6d.

Jameson's Legends ofthe
Monastic Orders. With 11 Etchings
and S8 Woodcuts. I vol. 21s.

Jameson'sLegends ofthe
Madonna. With 27 Etchings and 165
Woodcuts. I vol. 2IJ-.

Jameson's History of the
Saviour, His Tj-pes and Precursors.

Completed by Lady E.A.3TI.AKE. With
13 Etchings and 2S1 Woodcuts.
2 vols. 42J-.

The USEFUL ARTS, MANUFACTURES, &e.

The Elements of Me-
chanism. By T. M. Goodeve, M.A.
Barrister-at-Law. New Edition, re-

written and enlarged, with 342 Wood-
cuts. Crown Svo. 6s.

Railways and Locomo-
tives ; a Series of Lectures delivered

at the School of Military Engineering,
Chatham. Railways, by J. W. Barry,
M. Inst. C.E. Locomotives, by Sir F.

J. Bramwei.l, F.R.S. M. Inst. C.E.
With 228 Illustrations engraved on
"Wood. Svo. price 21s.

The Engineer's Valuing
Assistant. By H. D. IIoskold,
Civil and Mining Engineer. Svo.

price 3 1 J. 6d.

Gwilt's Encyclopaedia of
Architecture, with above 1,600 Wood-
cuts. Revised and e.xtended by W.
Papworth. Svo. 52J-. 6d.

Lathes and Turning, Sim-
pie, Mechanical, and Ornamental. By
W. H. NoRTHCOTT. Second Edition,

with 338 Illustrations. Svo. l%s.

Industrial Chemistry; a
ISIanual for Manufacturers and for Col-
leges or Technical Schools ; a Transla-

tion of Payen's Precis de Chiniie

I}idicstrtelle. Edited, with Chapters
on the Chemistiy of the Metals, &c. by
B. H. Paul. With 69 8 Woodcuts.
Medium Svo. 42^.

The Theory of Strains in
Girders and similar Structures, with
Observations on the application of
Theory to Practice, and Tables of the
Strength and other Properties of Ma-
terials. By B. B. Stoxey, M.A.
M. Inst. C.E. Royal Svo. with 5
Plates and 123 Woodcuts, 36j-.

The British Navy : its
Strength, Resources, and Adminis-
tration. By Sir T. Brassey, K.C.B.
M.P. M.A. In 6 vols. Svo. Vols. I.

and II. with many Illustrations, 145-,

or separately, \"OL. I. \qs. 6d. Vol. II.

price y. 6d.

A Treatise on Mills and
Millv70rk. By the late Sir W. Fair-
BAIRX, Bart. C.E. Fourth Edition,

with 18 Plates and 333 Woodcuts.
I vol. Svo. 2^S.
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Useful Information for
Engineers. Hy tlie late Sir^ \V.

Fairbaikn, Bart. C.E. With many
Plates and Woodcuts. 3 vols, crc.vn

Svo. 3 1 J. 61/.

The Application of Cast
and Wrought Iron to Building

Purposes. Dy ll.cl.\te Sir W. Faik-
liAiKN, Bart. C.K. With 6 I'lates and

iiS Woodcuts. Svo. i6j.

Recent Improvements in
the Steam Engine. l'«y.T. Bourne,
C.E. l"cp. Svo. Woodcuts, (is,

Ure's Dictionary of Arts,
Manufactures, and Mines. Seventh
Edition, re-written and enlarged by R.
Hunt, F.R. S. assisted by numerous
Contributors. With 2,604 W^oodcuts.

4 vols, medium Svo. £1. Is.

Hints on Household Cresy's Encyclopasdia of
Taste in Furniture, Upholstery,
and other Details. By C. L. P^ast-

LAKE. Fourth Edition, with IOC Illus-

trations. Square crown Svo. 14J.

Handbook of Practical
Telegraphy. By R. S. Culley,
Mtinb. In>t. C.E. Seventh Edition.

Plates & Woodcuts. Svo. i6.f.

Civil Engineering, Ilibtorical, Theo-
retical, and Practical. With above
3,000 Woodcuts. Svo. 25J.

Kerl's Practical Treatise
on Metallurgy. Adapted from the last

German Edition by W. Crookes, F. R. S.

&c. and E. Roiirig, Ph.D. 3 vols.

Svo. with 625 Woodcuts. £^. \<^s.

The Marine_ Steam En- vjue ^^ Artificial Ma-
gine. A Treatise for the use of

Engineering Students and Officers of

the Royal Navy. By Richard
Se.nnett, Chief Engineer, Royal
Kavy ; First Assistant to Chief En-
gineer H.-\I. Dockyard, Devonport;
late Instructor in Marine Engineering
at the Royal Naval College. With
numerous Illustrations and Diagrams.
Svo. price 2\s.

A Treatise on the Steam
Engine, in its various applications to

Mines, Mills, Steam Navigation, Rail-

ways and Agriculture. By J. Bourne,
C.E. With Portrait, 37 Plates, and
546 Woodcuts. 4to. ifis.

Catechism of the Steam
Engine, in its various Applications.

By John Bourne, C.E. Fcp. Svo.

Woodcuts, 6j.

Handbook of the Steam
Engine, a Key to the Author's Cate-
chism of the Steam Engine. By J.
Bourne, C.E. Fcp. Svo. Woodcuts, 9^.

Examples of Steam and
Gas Engines of the most recent Ap-
proved Typos as employed in Mines,
Factories, Steam Navigation, Railways
and Agriculture, practically described.

By John Bourne, C.E. With 54
Plates and 356 Woodcuts. 410. 70J.

nures, their Chemical Selection and
Scientific Application to Agriculture.

Translated and edited by W. Crookes,
F.R.S. With 31 Plates. Svo. 2ij.

Mitchell's Manual of
Practical Assaying. Fifth Edition,

revised, with the Recent Discoveries

incorporated, by W. Crookes, F.R.S.
Crown Svo. Woodcuts, 31X. 6d.

The Art of Perfumery,
and the Methods of Obtaining the

Odours of Plants ; the Growth and
general Flower Farm System of Rais-

ing Fragrant Plerbs ; with Instructions

for the Manufacture of Perfumes &c.

By G. W. S. Piesse, Ph.D. F.C.S.
Fourth Edition, with 96 Woodcuts.
Square crown Svo. 2.1s.

Loudon's Encyclopaedia
of Gardening ; the Theoiy and Prac-

tice of Horticulture, Floriculture, Arbori-

culture & Landscape Gardening. With
1,000 Woodcuts. Svo. 2 1 J.

Loudon's Encyclopasdia
of Agriculture ; the Laying-out, Im-
provement, and Management of Landed
Property ; the Cultivation and Economy
of the Productions of Agriculture. With
1,100 Woodcuts. Svo. 2 1 J.
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RELIGIOUS and MORAL Vv^'ORKS.

An Introduction to the
study of the New Testament,
Critical, Exegitical, and Theological.

By the Rev. S. Davidson, D.D.
LL. D. New Edition, thoroughly re-

vised by the Author. 2 vols. 8vo. 30j'.

History of the Papacy
During the Reformation. By M.
CREIGHTON,M. A. late Fellow of Merton
College, Oxford. 2 vols. 8vo. Vol. I.

the Great Schism—the Council of

Constance, 1378-1418. Vol. II. the

Council of Basel—the Papal Restora-

tion, 1418-1464, [1)1 the press,

A History of the Church
of England ; Pre-Reformation Period.

By the Rev. T. P. Boultbee, LL.D.
8vo. 15^.

Sketch of the History of
the Church of England to the Revo-
lution of 1688. By T. V. Short,
D.D. Crown 8vo. "js. 6d.

The English Church in
the Eighteenth Century. By C. J.
Abbey, late Fellow of Univ. Coll.

Oxon. and J. H. Overton, late

Scholar of Lincoln Coll. Oxon. 2 vols.

8vo, 36J.

An Exposition of the 39
Articles, Historical and Doctrinal. By
E. H. Browne, D.D. Bishop of Win-
chester. Eleventh Edition. 8vo. 16^.

A Commentary on the
39 Articles, forming an Introduction to

the Theology of the Church of England.
By the Rev. T. P. Boultbee, LL.D.
New Edition. Crown 8vo. 6s.

Sermons preached most-
ly in the Chapel of Rugby School
by the late T. Arnold, D.D. Collective

Edition, revised by the Author's

Daughter, Mrs.W. E. FORSTER. 6 vols,

crown 8vo. 30^. or separately, ^s. each.

Historical Lectures on
the Life of Our Lord Jesus Christ.

By C. J. Ellicott, D.D. Svo. 12s.

The Eclipse of Faith ; or
a Visit to a Religious Sceptic. By
Henry Rogers. Fcp. Svo. $s.

Defence of the Eclipse of
Faith. By H.Rogers. Fcp.8vo.3i-. 60'.

Nature, the Utility of
Religion, and Theism. Three Essays
by John Stuart Mill. Svo. ios.6d.

A Critical and Gram-
matical Commentary on St. Paul's
Epistles. By C. -J. Ellicott, D.D.
Svo. Galatians, 8^-. 6d. Ephesians,
8s. 6d. Pastoral Epistles, los. 6d.
Philippians, Colossians, & Philemon,
rox. 6d. Thessalonians, ']s. 6d,

Conybeare & Howson's
Life and Epistles of St. Paul.
Three Editions, copiously illustrated.

Library Edition, with all the Original
Illustrations, Maps, Landscapes on
Steel, Woodcuts, &c. 2 vols. 4to. 42^-.

Intermediate Edition, with a Selection
of Maps, Plates, and Woodcuts, 2 vols,

square cro^\^^ Svo, 2is,

Student's Edition, revised and con-
densed, with 46 Illustrations and Maps.
I vol. cro-\^Ti 8vo. 7^. 6d.

Smith's Voyage & Ship-
wreck of St. Paul ; with Disserta-
tions on the Life and Writings of St.

Luke, and the Ships and Navigation of
the Ancients. Fourth Edition, revised
by the Author's Son, with all the
Original Illustrations. Cr. Svo. "/s.Gd.

A Handbook to the Bible,
or. Guide to the Study of the Holy
Scriptures derived from Ancient Monu-
ments and Modern Exploration. By'
F. R. Conder, and Lieut. C. R.
CoNDER, R.E. Third Edition, Maps.
Post Svo. 7s. 6d.

Bible Studies. By M. M.
Kalisch, Ph.D. Part I. TAe Pro-
phecies of Balaam. Svo. \os. 6d.
Part II. The Book of Jonah. Svo.
price \os. 6d.
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Historical and Critical
Commentary on the Old Testament

;

with a New Translation. By M. M.
Kalisch, Ph.D. Vol. I. Genesis,

8vo. i8j. or adapted for the General

Reader, \2s. Vol. Tt. Exodus, 15/. or

adapted for the General Reader, 12s.

Vol. III. Leviticus, Part I. 15^. or

adapted for the General Reader, 8^.

Vol. IV. Leviticus, Part II. 155. or

adapted fur the General Reader, 2,s.

The Four Gospels in
Greek, with Greek-English Lexicon.

By John T. White, D.D. Oxon,

Square 32mo. 5^.

Ewald's History of Israel.
Translated from the German by J. E.

Carpenter, M.A. with Preface by R.

Martineau, M.A. 5 vols. 8vo. 63J.

Ewald's Antiquities of
Israel. Translated from the German

byH. S. Solly, M.A. 8vo. 12s. dd.

The New Man and the
Eternal Life ; Notes on the Reiterated

Amens of the Son of God. By A.

JUKLS. Crown Svo. 6^.

The Types of Genesis,
briefly considered as revealing the

Development of Human Nature. By
A. Jukes. Crown Svo. ')S. dd.

The Second Death and
the Restitution of all Things ; with

some Preliminary Remarks on the

Nature and Inspiration of Holy Scrip-

ture. ByA. J'JKES. Crown Svo. 3x. 6(/.

Supernatural Religion
;

an Inquiry into the Reality of Di-

vine Revelation. Complete Edition,

thoroughly revised. 3 vols. Svo. 36j-,

Lectures on the Origin
and Growth of Rehgion, as illus-

trated by the Religions f)f India.

By F. Max MCller, K. M. Svo.

\os. dd.

Introduction to the Sci-
ence of Religion, Four Lectures de-

livered at the Royal Institution ; with

Essays on P'alse Analogies and the

Philosophy of Mythology. By F. Ma.X
MCller, K.M. Crown Svo. loj, 6./.

The Gospel for the Nine-
teenth Century. Fuuiih Edition.

Svo. price los. bd.

Passing Thoughts on
Religion. By Miss Sew ell. Fcp. Svo.

price 3^. (id.

Preparation for the Holy
Communion ; the Devotions chiefly

from the works of Jeremy Taylor. By
Miss Sewell. 32mo. 3-<-.

Private Devotions for
Young Persons. Compiled by
Elizabeth M. Sewell, Author cf

•Amy Herbert' &c. iSmo. 2j.

Bishop Jeremy Taylor's
Entire Works; with Life by Bishop

Ileber. Revised and corrected by the

Rev. C. P. Eden, id vols. £^. ^s.

Hymns of Praise and
Prayer. Corrected and edited by

Rev. John Martineau, LL. D.
Crown Svo. 4J-. iid. 321110. is. 6d.

Spiritual Songs for the
Sundays and Holidays throughout
the Year. By J. S. B. Monsell,
LL.D. Fcp. Svo. 5^. iSmo. 2s.

Christ the Consoler; a
Book of Comfort for the Sick. By
Ellice Hopkins. Second Edition.

Fcp. Svo. 2S. 6d.

Lyra Germanica ; Hymas
translated from the German by Miss C.

WiNKWORTH. Fcp. Svo. 55.

Hours of Thought on
Sacred Things ; Two \'olumes of Ser-

mons. By James .Martineau, D.D.
LL. D. 2 vols, crown Svo. Ts. (yd. each.

Endeavours after the
Christian Life ; Discourses. By
James Martineau, D.D. LL.D.
F"ifth Edition. Crown Svo. 1$. 6d.

The Pentateuch & Book
of Joshua Critically Examined.
By J. W. CoLENso, D.D, Bishop of

Natal. Crown Svo. 6s.

Lectures on the Penta-
teuch and the Moabite Stone ; with

Appendices. By J. W. CoLENSO,
D.D. Bishop of Natal. Svo. 12s.
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TRAVELS, VOYAGES, &e.

Sunshine and Storm in
the East, or Cruises to Cypras and
Constantinople. By Lady Brassey.
Cheaper Edition, with 2 Maps and 114
Illustrations engraved on Wood. Cr.

8vo. 'js. 6d,

A Voyage in the * Sun-
beam,' our Home on the Ocean for
Eleven Months. By Lady Brassey.
Cheaper Edition, with Map and 65
Wood Engravings. Crown 8vo. 7^. 6d.

School Edition, fcp. 2s. Popular
Edition, 4to. 6d.

Eight Years in Ceylon.
By Sir Samuel W. Baker, M.A,
Crown 8vo. Woodcuts, "js. 6d.

The Rifle and the Hound
in Ceylon. By Sir Samuel W. Baker,
M.A. Crown Svo. W^oodcuts, 7^. 6d.

Sacred Palmlands ; or,
the Journal of a Spring Tour in Egypt
and the Holy Land. By A. G. Weld.
Crown Svo. 7J. 6d.

Wintering in the Ri-
viera ; with Notes of Travel in Italy

and France, and Practical Hints to

Travellers. By William Miller,
S.S.C. Edinburgh^ With 12 Illus-

trations. Post Svo. "js. 6d.

San Remo and the Wes-
tern Riviera, climatically and medi-

cally considered. By A. Hill Hassall,
M.D. Map and Woodcuts. Crown
Svo. los. 6d.

Himalayan and Sub-
Himalayan Districts of British
India, their Climate, Medical Topo-
graphy, and Disease Distribution. By
F. N. Macnamara, M.D. With,
Map and Fever Chart. Svo. 2lf.

The Alpine Club Map of
Switzerland, with parts of the Neigh-
bouring Countries, on the scale of Four
Miles to an Inch. Edited by R. C.
Nichols, F.R.G.S. 4 Sheets in

Portfolio, 42^-. coloured, or 345. un-
coloured.

Enlarged Alpine Club Map of
the Swiss and Italian Alps, on the
Scale of 3 English Statute Miles to I

Inch, in S Sheets, price is. 6d. each.

The Alpine Guide. By
John Ball, M.R.I.A. Post Svo. with-
Maps and other Illustrations :

—

The Eastern Alps, los. 6d,.

Central Alps, including all
the Oberland District, "js, 6d.

Western Alps, including
Mont Blanc, Monte Rosa, Zermatt, &c.
Price 6s. 6d.

On Alpine Travelling and
the Geology of the Alps. Price ij-.

Either of the Three Volumes or Parts of
the ' Alpine Guide ' may be had with
this Introduction prefixed, is. extra.

WORKS of FICTION.
The Hughenden Edition

of the Novels and Tales of the

Earl of Beaconsfield, K.G. from

Vivian Grey to Endymion. V\''ith

Maclise's Portrait of the Author, a

later Portrait on Steel from a recent

Photograph, and a Vignette to each

volume. To the last volume, Endy-
viioji, is appended a brief Memoir of

the Life and Political Career of th'e

Earl of Beaconsfield. Eleven Volumes,

crown Svo. bound in cloth extra, 42^.

Novels and Tales. By the
Right Hon. the Earl of Beacons-
field, K.G. The Cabinet Edition.
Eleven Volumes, crown Svo. 6s. each.

The Novels and Tales of
the Right Hon. the Earl of Bea-
consfield, K.G. Modern Novelist's

Library Edition, complete in Eleven
Volumes, crown Svo. price 22s. boards,

or 2'js. 6d, cloth.
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Buried Alive ; or, Ten The Modern Novelist's
Years of Tenal Servitude in Siberia.

By Fedor Dostoyeffsky. Trans-

lated from the German by Marie vox
Thilo. Fourth Edition. PostSvo. 6/.

Whispers from Fairy-
land. By the Ri^h: Hon. E. II.

Knatchbcll-Hcgessen, M.P. With
9 Illustrations. Crown 8vo. y. 6d.

Higgledy-piggledy; or,
>•- ries for Everj'boJy and Every-
body's Children. By the Right Hon.
E. H. Kn.\.tchbull-Hugessen, M.P.
With 9 Illustrations. Uniform, y. dd.

Stories and Tales. By
Elizabeth M. Sev.ell. Cabinet
Edition, in Ten Volumes, crown 8vo.

price jj. 6i/. each, in cloth e.xtra, with
gilt edges :

—

Amy Herbert.
Gertrude.

The Earls Daughter
Exp;rienc5 of Life.

Cleve Hall.

Ivors.

Katharine Ashton.
Margaret Percival,

Laneton Parsonage.
Ursula.

Library. Each work complete in itself,

price 2j. boards, or 2j. bd. cloth :

—

By Earl Beaconsfield, K.G.

Endy.-nion.

Lothair.

Coningsby.
SybiL
Tancred.
Venetia.

Henrietta Temple.
Contarini Fleming.&c.
Alroy, Ixion, &C-
The Young Duke, &C.
Vivian Grey.

By Anthony' Trollope.

Barchester Towers.
The Warden.

By Major W}rvTE-MEL\nLLE.

Digby Grand. Good for Nothing'.
General Bounce. Holmby House.
Kate Coventry. The Interpreter.

The Gladiators. Queen's Maries,

By the A'lthor of ' Tne Rose Garden.'

Unawares.

By the Author of ' Mile. Mori.'

j

The Atelier du Lys.
Mademoiselle Mori

I

By Vari-iis Writer^.

j

Atherstone Priory.

The Burgomaster j Family.
E!sa and her Vulture.

The Six Sisters of the Valleys.

Novels and Tales by the Right Honourable the
Earl of BeaconsSeld, K.G. Mo<.icrn Novelist's Li'^rary Eui=iun, complete in

Eleven Volumes, crown Svo. cloth extra, gilt edges, price 33X.

POETRY and THE DRAMA.
Poetical Works of Jean

Ingelow. New Edition, reprinted,
^-ith .\dditional Matter, from the 23rci

and 6th Editions of the two volumes
respectively ; with 2 Vignettes. 2 vols.

fcp. Svo. I2j.

Faust. From the German
of Goethe. By T. E. Webb, LL.D.
Reg. Prof, of Laws & Public Orator
in the Univ. of Dublin. Svo. 12s. (3d.

Goethe's Faust. A Xew
Translation, chiefly in Blank Verse

;

•R-ith a compleie Introduction and
copious Notes. By jAiiES Adev
Birds, B.A. F.G.S. Large crown
Svo. I2j. dJ.

Goethe's Faust. The Ger-
man Text, with an English Introduction
and Notes for Students. By Albert
M. Selss, M.A. Ph.D. Prof, ofGerman
in the Univ. of Dublin. Cr. Svo. 5j.

Lays of Ancient Rome;
with Ivrj- and the Armada. By LoRX)
ALvcaulay. i6mo. y. 6d.

The Poem of the Cid : a
Translation from the Spanish, with
Introduction and Notes.' By John
Ormsbv. Crown Svo. 55.

Festus, a Poem. By
Philip James Baillv. loih Edition,

enlarged & revised. Crown Svo. 12s. bd.

The 'Festus' Birthday- Book.
Fcp. Svo. 3j. bd.
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The Iliad of Homer, Ho-
mometrically translated by C. B.
Cayley. 8vo, I2J-. dd.

Bowdler's Family Shak-
speare. Genuine Edition, in i vol,

medium 8vo. large type, with 36 Wood-
cuts, \\s, or in 6 vols, fcp. 8vo. 2\s.

The -^neid of Virgil.
Translated into English Verse. By J,
CONINGTON, M.A, Crown 8vo, 9J,

Southey's Poetical
Works, with the Author's last Cor-
rections and Additions. Medium 8vo.
with Portrait, 14s-.

RURAL SPORTS, HORSE and CATTLE
MANAGEMENT, &e.

Blaine's Encyclopaedia of
Rural Sports; Complete Accounts,
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