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* In adopting our title of the Fourmal of Mental Science, published by authority
of the Medico-Psychological Association, we profess that we cultivate in our pages
mental science of a particular kind, namely, such mental science as appertains
to medical men who are engaged in the treatment of the insane. But it has
been objected that the term mental science is inapplicable, and that the term
mental physiology or mental gathology, or psychology, or psychiatry (a term
much aftected by our German brethren), would have been more correct and ap-
propriate ; and that, moreover, we do not deal in mental science, which is pro-
perly the sphere of the aspiring metaphysical intellect. If mental science is
strictly synonymous with metaphysics, these objections are certainly valid; for
although we g;n not eschew metaghysical discussion, the aim of this JourNaL is
certainly bent upon more attainable objects than the pursuit of those recondite
inquiries which have occupied the most ambitious intellects from the time of
Plato to the present, with so much labour and so little result. But while we
admit that metaphysics may be called one department of mental science, we main-
tain that mental physiology and mental pathology are also mental science under
a different aspect. While metaphysics may be called speculative mental science,
mental physiology and pathology, with their vast range of inquiry into insanity,
education, crime, and all things which tend to preserve mental health, or to pro-
duce mental disease, are not less questions of mental science in its practical, that
is in its sociological point of view. If it were not unjust to high mathematics
to compare it in any way with abstruse metaphysics, it would illustrate our
meaning to say that our practical mental science would fairly bear the same rela-
tion to the mental science of the metaphysicians as applied mathematics bears to
the pure science. In both instances the aim of the pure science is the attainment
of abstract truth; its utility, however, frequently going no further than to serve
as a gymnasium for the intellect. In both instances the mixed science aims at,
and, to a certain extent, attains immediate practical results of the greatest utility
to the welfare of mankind ; we therefore maintain that our JoURNAL is not inaptly
called the Fournal of Mental Science, although the science may only attempt to
deal with sociological and medical inquiries, relating either to the preservation of
the health of the mind or to the amelioration or cure of its diseases; and although
not soaring to the height of abstruse metaphysics, we only aim at such meta.
physical knowledge as may be available to our purposes, as the mechanician uses
the formularies of mathematics. This is our view of the kind of mental science
which physicians engaged in the grave responsibility of caring for the mental
health of their fellow-men may, in all modesty, pretend to cultivate; and while
we cannot doubt that all additions to our certain knowledge in the speculative
department of the science will be great gain, the necessities of duty and of danger
must ever compel us to pursue that knowledge which is to be obtained in the
practical departments of science with the earnestness of real workmen. The cap-
tain of a ship would be none the worse for being well acquainted with the higher
branches of astronomical science, but it is the practical part of that science as it
is app]icab}e to navigation which he is compelled to study.”—Sir ¥. C. Bucknill,
M.D., F.R.S.
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Part I.—Original Articles.

The Problem of Heredity, with Special Reference to the
Pre-Embryonic Life.') By W. LLOYD ANDRIEZEN,
M.D.Lond,, late Deputy Medical Superintendent, Darenth
Asylum, formerly Pathologist to the West Riding
Asylum.

PART I
Introductory.

SCIENCE, whose high aim it is to investigate Nature, to under-
stand her secret workings,and thus to win for man the mastery
of Nature, must set out with the conviction that Nature is
intelligible, comprehensible, and conquerable. In the domain
of biological science the problem of heredity occupies a position
of great importance, one full of interest to every student of
life. For the serious thinker who has not only looked
backwards and studied the past of the human race but is
inspired by ideals and desires for its future good, the subject of
heredity provides an inspiring theme for contemplation and
study. The development of our knowledge and the history of
human endeavours to reach a complete understanding of the
phenomena and conditions of heredity form one of the most

%,“-, interesting chapters in human evolution. Theories of heredity,
~ like theories regarding other phenomena of life, have been
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2 THE PROBLEM OF HEREDITY, [Jan.,

expressed in three sets of terms : theological, metaphysical, and
scientific. It required no skilled observation of early man to see
that in the act of fecundation the male furnished the seminal
substance, whereas the female seemed to furnish nothing except
the receptacle or “mould,” in the form of the womb, within
which the feetus was formed. Thus, what was more natural
than to suppose that heredity was solely paternal, that the male
element was the germ or seed, and the female organs the soil,
in which, by some mysterious process, growth and development
of the germ took place. This view of heredity has been
expounded in the Manava Dharma-Sastra, one of the
ancient sacred books of the Hindus (Delage, L'kérédité, 1903,
p. 380). The same view, more or less modified according to
the prevailing state of knowledge, was current among the ancient
Greeks (Eristratos, Diogenes, and others). Galen and the school
of philosophers of Alexandria also upheld the doctrine of the
paternal factor of heredity, and thus constituted themselves the
school of the Spermatists. Spermatist views prevailed for many
centuries, and when towards the close of the seventeenth
century Leeuwenhoeck discovered the presence of spermatozoa
by the aid of the microscope, the spermatists had a season
of rejoicing.  Hartsoeker (1694) supposed that within the
spermatozoon there was a little being, a human being, in
miniature, with all its parts and organs complete, and figured a
spermatozoon (highly magnified, of course) in which the little
“ homunculus ” is to be seen seated within the “ head ” of the
former with its arms and legs folded together in small compass,
somewhat like a foetus 7 utero. The theory of the spermatists
was not destined to remain in undisputed possession of the
field. The rival school of Harvey in the sixteenth century
taught that the semen or sperm did not fertilise the ovum nor
even enter the womb, but that it fertilised the entire constitu-
tion of the mother by a sort of contagion which rendered her
capable of acting as the stimulus of development for the ova in
the uterus, and Descartes, in the early part of the seventeenth
century, entertained the same views. The ovists now claimed
that all the organs of the future being already existed, pre-
formed in miniature, in the ovum, as opposed to the spermatists,
who claimed the same preformed structure for the spermatozoon.
To the ovists, therefore, the act of fecundation was only an
impulse or stimulus to development communicated by the male
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element to the ovum ; the male contributed nothing material in
forming the parts and organs of the feetus which existed, pre-
formed in the ovum, so that the child was the product of the
mother alone. Among the upholders of the ovist theory in
the eighteenth century were Malpighi, Haller, Bonnet, and
Spallanzani. Difficulties, however, arose over both these theories
of exclusive inheritance, for the ovists could not explain how the
offspring sometimes resembled the father rather than the
mother, and the spermatists could not account for cases of close
resemblance between the mother and offspring, while neither
could, again, account for cases of the mixed or blended resem-
blance of the offspring to both parents. The theory of pre-
formation gradually lost its interest and its vitality, and
received its death-blow at the hands of Wolff (1759), who,
not only by theoretical arguments but by indisputable facts
as to the nature and process of development of the hen’s

g, demonstrated the baselessness of the fancies of the
pre-formationists, whether of the spermatic or ovarian school.
Finally, there gradually grew up in the nineteenth century
the modern view that the male and female (germ and sperm)
cells of the respective parents contributed in equal, or nearly
equal, proportions to the constitution of the embryo, and
that the environment and nourishment of the fertilised ovum
during its growth and evolution in the womb was a third
factor of importance, especially in the case of those animals
which went through a long period of intra-uterine growth and
evolution, as in the case of man and the higher mammals.

The problem of heredity was roused to life from its slumbers
by the embryological work of von Baer in the early half of the
nineteenth century, by the philosophical inquiries of Herbert
Spencer and the biological observations of Darwin in the sixth
decade of the nineteenth century, and by the pathological
investigations of Morel during the same period.

Significance of Heredity.

The term “ heredity ” connotes and comprises a number of so-
called “laws ” or generalisations drawn and formulated from a
vast body of facts in human experience. Thus it has been
observed from time immemorial that plants produce seeds and
seedlings “ after their kind "—that is, closely resembling the
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parents in their general features of form and function and in
many special features also ; that animals produce young after
their kind ; and that man begets offspring which are the image
and likeness of himself. These are facts of universal experience,
and constitute a universal belief of mankind. Authors have
sometimes dwelt on the subject and endeavoured to trace in
their own inborn traits and peculiarities the characters of their
parents. Thus says Goethe :

“Vom Vater hab’ ich die Statur,
Des Lebens ernstes Fiihren;
Vom Miitterchen die Frohnatur,

Die Lust zu fabuliren.”

This constitutes the positive aspect of heredity. But a
negative side also exists. For while on the one hand the
positive uniformity of Nature’s teachings in regard to heredity
is striking and convincing enough, on the other hand it has
been noted that Nature does not produce lawless freaks, that
“grapes are not gathered from thorns, nor figs from thistles.”
The belief embodied as a “law ” of Nature that in the case of
every living species of plant and animal the offspring grows up
and reproduces closely the co-ordinated characters of the
phylum, order, class, genus, and species to which it belongs is
the outcome of facts of observation, and of experience, which
by their countless number, constancy, and uniformity, have
acquired in our minds almost the aspect of necessity. Indeed
many thinkers have professed to see in heredity a fatalism from
which there is no escape. Man, they tell us, is not master of
his fate; he is the victim, the slave of heredity. “ Science
finds no ego or will,” says Ross, an American writer, “ that can
maintain itself against the past. Heredity rules our lives like
the supreme primaval necessity that stood above the Olympian
gods. It is the last of the fates, and the most terrible. It is
the only one of the gods whose name we know. We are
possessed not by demons but by those who have gone before—
our progenitors. These are the real ghosts which throng our
lives, haunt our footsteps, remorseless as the furies. We are
followed by the shades of our ancestors, who visit us not with
midnight squeak and gibber, but in the broad noonday,
speaking with our speech and doing with our deed. On the
stage of life we actors recite speeches and follow stage direc-
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tions, but the speeches and the directions were written for us
long before we were born.” Heredity thus casts its shadow
over us and holds us in its remorseless grip ; it has not only
its purely scientific aspect but its practical bearings on human
life.

The classification of the data of human knowledge and
experience in regard to heredity may be made under the
following headings: (4) the breeding and rearing of animals,
and especially of those animals which are situated high in the
scale of evolution among the vertebrata ; (4) the cultivation and
propagation of plants (horticulture and agriculture); (c) the
reproduction by man of his own species over a period of many
thousands of years. The uniform and consistent experience of
mankind in these matters, accumulated during thousands of
years, constitute the basis on which has been erected the
doctrine of heredity. During the nineteenth century efforts
have been made to reduce the vast and extensive data into
systematic groups of facts, to examine these facts critically,
to eliminate errors and fallacies, and thus to establish an
unshakable foundation for the laws of heredity in man and
animals, in both health and disease. @~ We have already
alluded to the work of Herbert Spencer, Darwin, and Morel
in this connection. While philosophers and biologists like
Spencer and Darwin concerned themselves mainly with
animals and plants and with the normal aspects, so to speak,
of the problem of heredity, Morel and the school of
neurologists, physicians, and pathologists, whom he has
inspired, have cultivated and studied the medico-biological
problems of heredity. The vast growth of medical and
pathological knowledge in the closing years of the nineteenth
century has left us rich with the special investigations into
pathological heredity embodied in the works of Charcot and
his pupils of the Salpétriere School, Magnan, Dejerine,
Legraine, Mobius, Lombroso, Ferri, Benedikt, Bruce Thompson,
Wiglesworth, and a whole host of other workers.

Recapitulating the data and methods for the study of heredity,
we may arrange them under the following heads of study: (1)
animal breeding and rearing, including the study of hybrids ; (2)
human propagation and the transmission of physical, mental,
and moral traits; also genealogical studies; (3) botanical
investigation of plants and their variations; (4) human and
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comparative embryology in regard to the light it throws on
the processes of development and descent ; (5) the pathological
aspects of heredity as shown in the transmission of disease and
degeneracy in the human race.

The Track of Heredity and the Departurves therefrom or
Variation.

Continuity of cell-life, or of the living protoplasm, in some
way not as yet fully understood, from parent to offspring, is
regarded as the fundamental process of heredity. It is a
phenomenon of complex character and difficult to express in
exact anatomico-physiological terms in so far as it concerns
man and the higher organisms. For the process is a compound
or complex of several factors—a. continuity which is only partial
and particular, and which in many cases is interrupted by dis-
continuity, a Zransmission which is itself seldom entire but is
usually modified in the process of transmission, and a develop-
ment (ontogenesis) which is affected by malign and benign
agencies, whose influence is often certain, though the exact
sequele may be unpredicable. It is thus evident that but
little can be predicated with certainty as to the final characters
of the product—the net evolutionary result—of such complex
and variable factors. Thus instances may and do occur, not
infrequently, in which anatomical characters or peculiarities
which we in our ignorance call “trifling ” may be hereditarily
transmitted in certain families from generation to generation.
Peculiarities of gait and of gesture are often thus inherited.
Handwriting has been known to exhibit similar peculiarities in
father and son, while in some instances a special feature of the
face, or formation of the hair, or “birth-mark” may reappear
so markedly in successive generations as to become a notorious
family characteristicc In this connection reference may be
made to what are now matters of general historical knowledge,
such as the Bourbon nose of the French royal family, the
characteristic Napoleonic features, and the Hapsburg lip of the
royal family of Austria, which have been noted in several
generations of each of these imperial and royal families. Or
going further afield and taking consideration of Ethnic types,
we may call attention to the Semitic nose of the Chosen People,
the slanting orbit and eyebrow of the Celestial, the prognathism



1903.] BY W. LLOYD ANDRIEZEN, M.D. 7

and thick everted lips of the Negro, the tablier and steatopygia
of the Bushmen and Hottentots. Such special characters of
families and races, as well as those recorded above in reference
to the imperial families of Europe, are frequently “ prepotent ”
in hereditary transmission. Breeders of stock are well
acquainted, from experience, with the prepotent characters of
the males (sires) or females (dams) they breed from, and
according to the market values of such characters a scale of
charges is set up by the owner of the sire or dam whose
service is desired. In regard to prepotency of features I am
myself acquainted with a family whose type of jaw and under-lip
formation unmistakably recall the Hapsburg type, but who have
not the least relationship to the Hapsburgs of Austria. The
feature is preserved with remarkable persistency, being present
in the grandfather, in most of his sons and daughters, and in
each of the seven families of children of the third generation
descended from three sons and four daughters of the second
generation. [An excellent résumé of some of the classical
instances of prepotency is given by Vernon in his Variation
in Animals and Plants (1903), pp. 147—-152.]

But while heredity does operate with such prepotency in
regard to particular traits and features, it would not be
obviously for the good of the race or family if heredity always
operated with such unyielding rigidity and fatalism as is shown
in prepotency. For in a world wholly and exclusively
dominated by its iron laws organisms would be incapable of
progress and of adaptation outside the rigid grooves laid down,
and existence would be rendered impossible in an environment
where plasticity, adaptability, and progress were necessary for
the continuance of the very life of the individual. Organisms
which cannot vary, and vary in favourable directions, so as to
adapt themselves to altered conditions of habitat and environ-
ment must ex mecessitate perish. And thus, indeed, as the
history of the geological record shows us, have species, genera,
and families of plants and animals perished in the world’s past,
leaving no descendants at the present day. If heredity is, for
convenience of expression, conceived as a power or force, we
cannot accept it as the one power which wholly and exclusively
dominates the succession of generations of plants and animals
in this world. The fatalism and rigidity of heredity must be
continually relaxed and tempered with the freedom and
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plasticity of variation. Only under the compromise and
conjoint operation of these two would there be produced off-
spring and individuals of a practically perfect or progressive
type, capable of survival under the many and varying condi-
tions of the physical, material, and social environment, because
possessed of the two-fold capacity of general constancy to the
generic and specific type of its class (the outward expression of
heredity), and possessed also of the capacity of varying and
adapting itself to changing condition and higher evolution (the
outward expression of variation). Variation is thus as much
a necessity of life, as indispensable and inevitable a factor in
the progressive evolution of newer and higher forms of life
trom the older and simpler, as heredity is for the conservation
of generic and specific types. Thus only has been rendered
possible that majestic evolution of living forms of plants and
animals which has characterised our cosmos. The almost
universal tendency to foster conservation of action and habit
proper to the type, to keep variation, in other words, within
conservative limits, is seen in the feeding and tending of the
young, and to some extent educating them, among all higher
animals (birds and mammals). Among social species this is a
factor of particular importance. For this care, tending, and
instructing is not merely a system by which waste is prevented,
but it prevents the young generation from deviating widely
from the line of development it has begun to follow. That
heredity and variation indissolubly co-operate as factors in
evolution must now be regarded as established beyond a doubt.
But the relative values assigned to the co-factors heredity and
variation differ in the estimates of different authors, and the
difficulties of the problem are increased when we have to do
with special complicating factors which make their appearance
when dealing with the study of man—factors of “artificial ”
nature, which constitute “ civilisation,” on the one hand, and the
pathological factors of disease and degeneracy on the other.
For these factors potently affect and influence his life from
the cradle to the grave in the highly complex, varying, and
unstable environment in which he has placed himself, a being
apart from the rest of the animal creation. Let us now
consider a few facts in regard to variation before proceeding
further.

When we study the adult progeny of a single pair of human
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parents we notice that they differ from one another as regards any
one character within a certain limited range. Occasionally gross
obesity or on the contrary a lean and spare habit may affect
different members of the offspring. But excluding extreme
variations, due probably to pathological conditions, it is probable
that living even under approximately equal conditions of life,
diet, and work, the weights of the individual members would
vary from each other, and from the mean at all periods of life.
On the other hand, stature is a quantity that exhibits less
variation than weight. Excluding again the effects of dis-
eases of metabolism which may give rise to extremes of stature,
e.g., dwarfish arrest of growth in rickets and cretinism, or
exaggeration of growth in gigantism and acromegaly, it may
be stated that under conditions of average health (a vague
criterion certainly, but the best practical one) the offspring at
different ages will exhibit variations of stature. From some
inquiries and studies which I have conducted in this direction
recently, I am inclined to the view that weight is a slightly more
variable quantity than stature in families, largely owing to con-
ditions which operate throughout life in the one case (weight),
whereas they cease to operate early in the other (stature). For
stature is a matter of growth (quantitative), which is not nearly so
much influenced by conditions of diet, habit, work, as is weight.
Moreover fixity of stature is attained early (practically at
the twenty-second year), and then no circumstances of food,
work, habit, or even disease will alter stature, since the hard
bony framework has attained fixity and cessation of growth in
the long axis of the body. Nothing can make it an inch
shorter or longer. What conclusion do we then reach as to
the result of our comparison? We conclude that whereas a
plastic tissue or structure like the connective tissue of the body,
which harbours the deposition of fat and acts as a food or fat
store, is highly susceptible to variation, and can be made to
vary in response to circumstances, on the other hand, in the
osseous framework which determines stature we have a rigid
and refractory mechanism which has early lost its plastic power,
and which of necessity has preserved (because it should pre-
serve) its dimensions unchanged in an animal body, which is a
mechanical-muscular apparatus on the correct and steady
working of which life essentially depends. Hence the
mechanial basis of the framework varies but little. When we
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take other characters, such as the anatomical structure of the
hair, the complex shape of the ear, and the colour of the eyes,
we find that these are more constant throughout life and less
variable than weight or stature. According to the researches
of Sir Francis Galton, the lines and markings on the fingers
and palms of the hand also exhibit a remarkable constancy
and invariability in each individual from childhood to old age,
and no two persons’ hands are identical in their marking and
patterns.

It is important in the scheme of nature that all the tissues
and organs of the body should not develop at an equal pace,
that some tissue-elements and organs should remain plastic,
changeable, educable so to speak, and modifiable by the
environment throughout nearly the whole of a lifetime, while
other organs and structures should attain early to rigidity and
lose their plastic properties of growth and adaptation, the
whole aggregate of relatively plastic and relatively rigid
characters having being co-ordinated in the course of evolution
for the continued existence and well-being of the organism in
question. Here, for instance, we may refer to the advantages
of the endoskeleton over the exoskeleton as a bio-mechanical
apparatus. The exoskeleton, like armour, sadly limits the
wearer of the same. It limits the growth of the crustacean or
insect enclosed in its rigid armature, and during the whole period
of growth of the body periodical castings off (ecdysis) of the
shell are necessitated. At such times and while the new
armour is being formed, the naked body is exposed to injury
and dangers of many sorts, while the drain on the nutrition of
the system for the re-growth of each new shell or set of
armour is serious. These drawbacks do not exist in the case
of the vertebrata, whose endoskeleton furnishes a superior bio-
mechanical apparatus, and whose unarmoured and supple skin
surface gives them larger areas of sensibility with higher
potentialities of kinasthetic development. Hence we find
animals of this type the winners in life’s race—fishes of the sea,
birds of the air, and especially mammals of the land.

Thus we see the raison d'étre of the early development of
the endoskeletal apparatus in the direction of fixity and stability
of structure and of stature, the necessary physical basis for the
perfect working of the neuro-muscular apparatus. On the
other hand, a highly plastic and educable cerebral system, super-
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posed on a lower bulbo-spinal motor mechanism or dovAog
which has already at birth attained considerable advancement
in structure and function, is obviously also a desideratum for
the highest animals and man. Such a desideratum is realised
in the nervous structures in question, in increasing degrees of
perfection, as we ascend the scale of the mammalia from the
lower forms up to man. Man is thus a creature of hereditary
endowments which unfold themselves at very different periods
of his life. The nervous, and especially the cerebral, organisa-
tion of man, which constitutes the crown and acme of evolution
in the cosmos, is undergoing growth and development in com-
plexity of structure and function from the intra-uterine stage
to the close of the period of adolescence—a period of thirty
years. This great organ is the bearer of hereditary endow-
ments of the most varied and manifold character. The vast
material for study and the richness of this field largely unexplored
as yet by workers on the subject of variation should tempt many
to this study. The whole sphere of the insanities, neuroses, and
psychic degeneracies affecting the human race offers such a
field for the study of heredity and variation as would well repay
exploration. A study of the pathological aspects of variation
will also introduce us to the subject of degeneration, an element
or factor of variation which, though neglected by zoologists, is
of the utmost practical and scientific importance to the physician
and the alienist. The whole of the subject of variation in
its pathological aspect promises to grow before long into a
problem which will demand the serious attention of society.
As I have stated elsewhere (“ The Newer Aspects of the Path-
ology of Insanity,” Brain, 1894, pp. 549—550): “the in-
sanities, like other variations in the organism, are subject to
natural selection, and may be perpetuated in the race through
favouring causes, and in this way hereditary qualities and
potentialities for good and evil leave their seams and tracts in
the organisation of the human brain, rendering it potent under
suitable stresses of the environment to issue in insanity, vice, and
crime.”

Regression.

Among recent workers on the problem of heredity Sir Francis
Galton has laid special stress on a principle or law of develop-
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ment which he calls “ Regression towards the mean standard.”
“ The laws of regression tell heavily,” says he, “ against the full
hereditary accentuation of morbid tendencies . . . . The law is
evenhanded : if it discourages the extravagant hopes of a gifted
father that his children will inherit his powers, it no less dis-
countenances extravagant fears that they will inherit all his
weakness and disease.” As illustrations of regression may be
mentioned the following: A number of sweet-pea seeds are
collected from plants which have been grown from seeds of
known sigze. The peas thus collected are found to be on an
average more mediocre (f.e, closer or more approximately
equal to one another in size) than the parent seeds. Data
regarding the stature of families were collected by Galton, by
means of which he was not only able to substantiate the
fact of regression, but to calculate with some approach
to accuracy the actual amount of regression occurring in
members (ancestors, descendants, and collaterals) of families.
More recently Karl Pearson, who has investigated the same
side of the question and attempted to express the deductionsin
the form of a mathematical formula (Philosophical Trans-
actions, 1896, A. p. 253) has concluded that the “ co-efficient of
regression was the ratio of mean deviation of offspring of
selected parents from the mean of all the parents.” The law
of regression was applied by Galton not only to the regression
between parents and sons, and grandparents and grandsons
(lineal regression), but also to that between brothers and brothers
(collateral regression), and from a careful study of the data and
measurements, collected mostly by himself, he was able to assign
certain values to those two forms of regression. Pearson also
investigated the subject mathematically, and found that, starting
from Galton’s law of ancestral heredity, it was possible to cal-
culate the co-efficients of regression (or correlation) between an
individual and any of his kinsmen, either direct or collateral.
He calculated the co-efficient of regression between “ mid-
parent ” (7. e, the mean of the two parents) and son to be 06,
or somewhat less than that found by Galton. Between grand-
parent and grandson it was 0’15, between great-grandparent
and great-grandson it was 0'075. Between brothers it was
04, or considerably less than the co-efficient found by Galton.
Although differences exist as to the actual value assigned to
these factors, the differences are explicable, the agreement in



1905.] BY W. LLOYD ANDRIEZEN, M.D. I3

general is closer, and it may be accepted that Galton’s general
conclusions approximately represent the truth. It may, perhaps,
be asked how it is that if regression acts continuously on the
series of generations succeeding any given generation, the
members of the later generations do not tend to greater and
greater rigidity of type with incapacity for variation. The
reason for this is shown in the fact, borne out by Galton’s tables
of statistics given in his Natural Inheritance, p. 208, repre-
senting the numbers of adult children of various heights born of
205 “ mid-parents ” of various heights. A study of this table
shows not only that regression exists, but that the offspring
produced by these mid-parents are, as a whole, no less variable
than the “ mid-parents” themselves. The offspring are, in fact,
slightly more variable in stature, since a mid-parental stature,
being made of two parental statures, is obviously on an average
less variable than either stature individually. Thus whereas
the mid-parents vary roughly in height between about 74 and
64 inches, the children vary between 75 and 62 inches. The
table therefore shows that though the children are, on an
average, more mediocre than their parents, yet the general
variability of the race (as regards stature) is not diminished.
The contents of the table also contain special items as regards
the progeny of tall, medium, and short parents. Tall parents
have many tall children, a moderate number of medium children,
and a very small number of short children ; medium parents
have many medium children, and moderate numbers of tall and
short children; short parents have many short children, a
moderate number of medium children, and a very small number
of tall children.

The law of regression may be considered to be in large
measure supported and substantiated for sweet-peas, for man,
and for Basset hounds, largely owing to the observations of
Galton and his followers who have investigated the subject
statistically. The law is of great value in the breeding of
pedigree stock and the like on a large scale ; but it is a law of
averages as regards inheritance and is in reality a logical sequel
of the law of ancestral heredity, proving that all ancestors,
however remote, are able to leave the impress of their indi-
viduality on their descendants in diminishing proportion to their
remoteness in the line of descent. Galton’s law of ancestral
heredity (Proc. Roy. Soc., vol. Ixi, p. 401, 1897) is that the
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two parents contribute between themselves one half (or 0'5)
of the total heritage of the offspring, while the four grand-
parents contribute one quarter (or 0°5)? the eight great-grand-
parents one eighth (or 0'5), and so on. Thus the sum of the
ancestral contributions is expressed by the series (§ +} + L + %
...... ), which, being equal to 1, expresses the whole
heritage.

Mutation.

Mutation is in one sense the very antithesis of regression.
It plays an important part as one of the co-factors in the
phenomena of life alongside of heredity, variation, and regression.
Studies and observations of the variations occurring in plants
and animals, especially under domestication or cultivation or
other conditions different from those which prevail in the wild
state, show that mutations may occur not infrequently in both
the animal and plant kingdom. Mutations occur while the
plant or animal is young or rudimentary, and probably
before or during the embryonic state. Continuous variation
occurs (for such is the definition of “ continuous”) only in
accordance with the mathematical law of probability as laid
down by Quetelet, and involves only the size, weight, or number
of the organs or parts which are concerned in it, but does not
include variations in quality. The character of a plant as a
whole, says De Vries, is composed of definite units. These
definite units, or “elementary characters,” of the species are
associated with material bodies, each “elementary character”
having its special form of material body. Transition states
between these elementary characters are rare, as those
between chemical molecules. (Journ. Roy. Hortic. Soc., April,
19o1.) This is the view adopted by De Vries as to
the difference between continuous variation and mutation.
“Mutations,” says MacDougal (American Naturalist, November,
1903), “ensue in the rudimentary state of the individual.
Mutative alterations are not the direct result of external
factors and are perfectly transmissible” The subject
of mutation first attracted attention in KEurope probably
when in 1690 Sprenger, the apothecary of Heidelberg, who
had under cultivation in his garden plants of the species
Chelidonium majus, noted the sudden and unexpected appearance
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of a type with laciniate leaves among the plants in his garden.
“This form, which is also distinguished by other characteristics,
was found to be constant and self-maintaining in competition
with the parental type, and /has remained distinct to the present
day without artificial selection, and no specimens have ever been
seen which could not be traced back to the original lot of
individual plants in Heidelberg.” Darwin referred to the
subject of discontinuous variation or mutation and came to the,
conclusion that new forms (permanent) which arose by “sport ”
or mutation were not self-maintaining, and therefore died out.
Dollo, according to De Vries, was the first to announce definitely
the conclusion “that species might originate by mutation ”
(1893). Bateson (Materials for the Study of Variation, 1894)
summarises his own views in the following words: “ It [the
evidence of variation] suggests in brief that the discontinuity
of species results from the discontinuity of variation.” Kors-
chinsky has published a most valuable historical account of the
better authenticated instances of types which have originated
by mutation (#/ora, 1901, vol. Ixxxix, pp. 240-363). His paper
is a complete critical digest of the facts, and forms a logical
prelude to the great work of De Vries. De Vries was
the first to make a well-regulated series of scientific observa-
tions on the origin of new types or mutations in the
cultivation of certain species of plants of the genus Oenothera
(Natural Order Onagracee). The parent species, Oenothera
lamarckiana, from which De Vries obtained mutant forms, has
been, says MacDougal, “ constant in its characters in cultivation
in Europe and America, and also when growing wild. This
type is not identical with any known family of the American
flora, and is most nearly allied to Onragra biennis grandifiora,
from which, it is suggested, it might have arisen by mutation.
The mutant derivatives of the parent form, Oenothera lamarc-
kiana, are found to be constant in their characters, with no
connecting link or intergrading (transitional) forms, as illustrated
by the cultures of the plant Oenothera nanella and Oenothera
rubrinervis in the New York Botanical Gardens during 1902—-
1903. . . . The mutants are clearly separable from the parents
and from each other by physiological and taxonomic standards.
Further, the specific character of the mutants was borne out by
their behaviour when hybridised with one another.”

So far as the origin of mutations is concerned, it seems



16 THE PROBLEM OF HEREDITY, [Jan,

clearly established that the pre-mutative alterations affecting
seed-plants ensue in the vegetative and sexual cells previously to
the formation of the embryo in which they first appear. The
facts of discontinuous variation, now numerous, well-observed,
and authentic, have been used by De Vries to build up a theory
or generalisation that new species can and do sometimes
originate by mutation. “New types of specific rank, taxonomi-
cally separable and physiologically distinct and constant have
(without intergrading and connecting forms) arisen in Oenothera
and others by discontinuous variation,” That mutation is a
method of evolution in the genesis of species is proven, but it will
probably take us some decades of further observation before we
can fully estimate the position-value of mutation as a factor
among the various co-factors of the evolution process. As
regards the origin or genesis of species, we may say some have
originated by mutation, some have arisen as the result of
hybridisation, others give evidence of having arisen by the
prolonged natural selection of small continuous variations of a
favourable character, while others, again, have arisen under
pathogenic conditions, and given rise to descendants of
degenerate character which usually tended to perish in a few
generations. Nothing in the nature of living organisms
demands that all species should have originated or become
extinct in the same manner, or that one single factor—one
single method of procedure—should have been followed. The
study of “ mutations” of pathogenic origin show us that
monstrosities and malformations of embryonic development
comprise the largest number of these. They are extreme
variations from the normal path and are well known to
physicians. These pathological variations, however, will be
considered separately in a later chapter. Restricting ourselves
here to mutations in their normal biological aspect only—to
those mutative forms of plants and animals which may form
the starting-points of new species—the following items of
information are added to the foregoing.

Mutations occur in animals, wild and domestic. Among
examples of this are the ancon or otter-like breed of sheep
which arose as a “ sport ” or mutation in Massachusetts, and of
which an account (too well known to require quoting here) i:
given in Darwin’s Variation of Plants and Animals (vol. i,
P. 457, second edition). Darwin has with indefatigable
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perseverance traced out and collected other instances also, viz.,
the mauchamp breed of sheep, the niata cattle, turn-spit and pug
dogs, jumper and frilled fowls, short-faced tumbler pigeons, hook-
billed ducks, etc., all “sports” or mutations which “suddenly
appeared in nearly the same state as we now see them.”
“So it has been,” adds Darwin, “ with many cultivated plants.”
The race of Manx cats seems to afford the example of a
mutation (the tailless condition associated with certain other
minor correlative characters) which is prepotent in transmission
to the offspring. Brookes refers (Heredity, 188 3, p. 298) to the
spike-horn buck of the Andironacks which arose as a mutation
in a wild species. A. G. Mayer records a newly arisen species
of Leptomedus®, discovered at Tortugas, Florida, in which the
individuals are marked by pemtameric radial symmetry instead
of the normal or orthodox tertramerous symmetry of these
Medus=, the mutation extending to radial canals, tentacles,
gonads, lips, etc. The angle of divergence between the
radially arranged system of bodily structures in this mutative
species is 72° as against 9o° in the other Eucopide (Scientific
Bullet, Brooklyn Institute, 1901). The same author has
studied the colour patterns of Lepidoptera (butterflies and
moths) as influenced by racial tendency and natural selection.
Out of 1173 species (including 45 3 of Papilio, 30 Ornithoptera,
643 Hesperide, and 47 Castina), he finds that the characteristic
differences between the species of a genus, or between the genera
of a family, and the peculiar conditions prevalent in each, on the
whole support the view that new specieshave often arisen by muta-
tive variation, independent of the environment. De Varigny has
recorded (Experimental Evolution, 1892, p. 101) a wonderful
example of variation by cultivation of a plant, Zradescantia
virginica, from the original trimerous type to tetra-, penta-,
hexa-, hepta-, and di-merous forms. The famous case of
mutation in the peacock may be referred to here (Darwin’s
Plants and Animals under Domestication, vol. i, p. 290).
Among the peacocks belonging to Sir J. Trevelyan’s flock,
which was composed entirely of the common species, there
arose suddenly—i. e, by mutation—a new form, the black-
shouldered peacock (Pavo mnigripennis). The new form
.acreased “to the extinction of the previously existing breed,”
and was regarded by several leading authorities as a distinct
“ species,” And yet this mutative form of the peacock, the
LI 2
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black-shouldered form, as referred to, has been known to have
had a similar mutative origin five times in England, says
Darwin. There is no real reason, therefore, why such changes
should not occur also at times among plants or animals living
in the wild state. It may be that ocular demonstration of the
mutative origin of wild species is almost impossible to obtain.
Negative evidence proves nothing in such a matter. We have
witnessed mutations repeatedly occurring in plants and
animals—among cultivated plants of field and garden and
among the domestic animals and the flocks and herds of man ;
for these are “familiar friends,” and any mutations or “ sports ”
arising among them are at once detected, while their further
developmental history can be followed. But if a mutative
species were to spring into being in the wild state, as the
Ancon sheep or the Pavo nigripennis did under domestication,
how could the fact of its occurrence in wild nature be
ascertained and established beyond a doubt? If the first
members of a species newly arisen by mutation were found, the
fact of their discovery would tell us nothing as to their
mutative origin; the naturalist or explorer who made the
discovery would record it as a rare or hitherto undiscovered
species, and there the matter would end.

Among the lowest forms of vegetable life mutative variations
seem to occur with facility under artificial conditions of culture
as well as in a state of nature. Thus Lepschkin, in the course
of his investigations on certain forms of yeast (Schizo-
saccharomyces), obtained a new form, probably mutative,
which, had it been met with in nature, he says, would have
been placed rather in the eudomyces than in the saccharomyces
(Centr. fiir Bakteriol, 1903, p. 145). Raciborski has shown
that Basidiobolus ranarum, a mould fungus which is easily
cultivated, may by growth in a one per cent. solution of
ammonium sulphate or a ten per cent. solution of ammonium
chloride develop into and pass through a “ palmella” stage,
isolating itself as spherical cells with thick walls, etc—a
phenomenon which is unknown in the case of any other plant
of the mould fungi. Similarly, Chodat and Huber have found
that in an alga such as Pediastrum the normal formation of
daughter colonies does not occur in rich—iz. e. concentrated—
culture media, and that the cells are liable to become
metamorphosed into large hypnocysts (Bullet. Soc. Botanique
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Suisse, 1895). Richter states also that he has seen
abnormalities produced and perpetuated in other fresh-water
alge which have been exposed in cultivation, for one or two
generations only, to the influence of salt water (Flora, 1894,
p. 4). As a general summary of facts it may be stated that
unicellular plant organisms tend to undergo mutation and to
transmit their mutation with greater facility than plants of
higher and. more stable organisation.

Mutations also occur with special frequency and facility in
some of the higher plants, while others are scarcely known to
vary at all. There is a wide difference in this respect even
among cultivated plants; some species vary enormously and
others but little. This variability is to all appearance “not
correlated with age of cultivation, degree of cultivation, or
geographical distribution,” says Professor Bailey, of Cornell
University. As the result of extensive horticultural studies
and experiments (Proceedings of the Amer. Assoc. jfor the
Advancement of Science, 1894 ; Botan. Gaszette, 1894, p. 381 ;
and The Survival of the Unlike, 1896), he adds that “ the chief
antecedent factor in directing this variability is probably the
age of the type or species. New types in geologic time are
polymorphous : old types are monomorphous and finally tend
to extinction.” The most flexible or plastic types of cultivated
plants are such as have probably not yet reached the zenith of
their evolution—herbaceous plants, like cucurbits and begonias ;
while many species of the orders Ranunculace®, Onagraceza, and
Polygonacz, growing in the open, wild or cultivated, show
variability in a high degree. On the other hand, the various
kinds of cereals (Graminez), which are old types, have practi-
cally reached a condition of stability, and under cultivation
show but a minimal tendency to variation.

Mutations or “sports ¥ may occur in the branches of plants,
starting probably as “ bud-mutations.” The term “bud-variation”
has often been used for such, but considering that the changes
manifested are true mutations or “sports,” the term “ bud-muta-
tion” seems preferable on the ground of accuracy. These
bud-mutations occur in full-grown plants in their flower-buds or
leaf-buds. A number of classical examples of bud-mutation are
now known, eg. the development of nectarines (by mutation)
from the flower-buds on the branches of a peach-tree, the pro-
duction of moss-roses from the buds on the branches of a



20 THE PROBLEM OF HEREDITY, [Jan.,

common rose, the appearange of russet apples on the branches
of a Greening apple-tree. The same branch of a peach-tree
may bear both peaches and nectarines, and of an orange-tree
both oranges and lemons. Sports or mutations may occur also
in the foliage leaves, the place of normal shoots and leaves
being taken by such mutative forms as variegated or cut-leaved
shoots and weeping leaves on otherwise normal trees. These
bud-mutations of plants are no more intelligible than the muta-
tions arising from seed-production and the cultivation of seeds.
Mutative variations may arise in flower buds and leaf buds, in
stems, aerial and subterranean, from bulbs and tubers, or even,
says Bailey, from the adventitious buds of roots. The characters
of the mutations are as various and marked as those originating
from seeds. “ If you ask me why it is that the nectarine was pro-
duced as a ‘ sport’ upon the branch of a peach-tree, I will ask you
why it is that nectarines have also been produced from peach-
stones. The answer to the one answers the other.” A further proof
that bud-mutations and seminal variations are essentially
similar in kind and quality lies in the practical fact that selec-
tion can be practised for the improvement and definiteness of
forms originating by either means. Thus Darwin records the
observations of Mr. Salter, who has brought the principle of selec-
tion to bear on variegated plants propagated by buds, and has
thus greatly improved and fixed several varieties. (The plan or
modus operandi of the horticulturist is described on p. 91 of
Professor Bailey’s work, but need not be quoted here.) By
following with perseverance this plan during three or four
successive seasons a distinct and fixed variety can generally be
secured. This practice, says Bailey, is now well known to
gardeners, but we see that Nature, with her vast and unlimited
resources, may “ select” in the same manner here and there.
Cultivated plants not only tend to develop sports in the form
of variegated, cut-leaved, or weeping shoots, but colour varia-
tion and “ doubleness ” (including ligular variations) may some-
times predominate. Many of our best known roses, carnations,
crysanthemums, violets, and other garden plants have originated
as bud-sports. The fact is so well known that critical gardeners
are always on the alert for such variations. Every gardener
will recall the “sporting ” tendencies of the Perle de Jardins
rose, and the fact that several commercial varieties have sprung
from it by bud-sporting. As early as 1865 Carriére, an eminent
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floriculturist who had paid great attention to this particular
subject, gave a descriptive list of 150 named bud-sports of
commercial importance, and remarked at length upon their
frequency among cultivated plants. Since the record of 150
(commercial) varieties of plants as known commercially in
France, and which had originated as bud-mutations according to
the list prepared by Carriére (1865), there has been an increase
of the horticultural variations of like origin, and it has been
estimated by Bailey that there were “ no fewer than 300 named
horticultural varieties grown at the present moment (1895) in
this country (the United States of America) which had a like
origin.” It is also known that there are a number of species
of plants, in which seeds are practically unknown, and which
yet run into many varieties, as the pine-apple, banana, and
bread-fruit, and the various onions and horse-radishes, as also
the several varieties of weeping willows which never bear seed
in the United States and are only propagated asexually.
Mutations of the nature of peloria may in many plants be
perpetuated by seed, as also “ doublings ” and malformations.
Thus in the case of Celosia cristata (Nat. Ord. Amarantacea),
the well-known coxcomb, a form of malformation (fascia-
tion) which occurs as a sport can be transmitted. Goebel
writes (Science Progress, October, 1896): “ In plants with which
I experimented I found that the transmissibility of the fascia-
tion by heredity is absolute ; even when I cultivated the plants
in sterile sands they always exhibited this phenomenon, even
in the second generation.” De Vries states that the facts
recorded in his work (Die Mutationstheorie, 1901) show “that
species originate by sudden sports, and that each of these
occurrences is a true physiological process; that all such
suddenly produced forms are separated from one another by as
sharp and numerous characters as are most of the so-called
minor species.” In concluding this chapter, and with it the
first part of this memoir, I wish to state that I conclude
that variation is at least of three, if not of four, kinds—uviz,
the continuous variation which occurs according to the law of
probability in organisms, and manifests itself in generalised or
localised fashion ; the mutations which may occur in a state of
nature (wild) or of civilisation (domestication); and pathogenic
variation, which is evidently a different phenomenon (often indi-
cated by physical and psychical “stigmata” of degeneracy),
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which is the peculiar inheritance of civilised man. To these
may perhaps be added meristic variations which border on the
pathogenic. These four are probably distinct processes.

Part II.
The Pre-embryo.

In the human species and in all the various classes of
mammals and vertebrates, reproduction takes place by the
sexual union or conjugation of two gametes, the sperm-cell
and the germ-cell. These cells when they have matured
within the parental body are capable of undergoing no further
development individually : each cell has reached a condition of
equilibrium which tends to terminate in dissolution if the two
are not able to unite. When, however, by the act of sexual
union these gametes are enabled to conjugate, this equilibrium
is destroyed, a new condition of affairs is set up, a new evolu-
tion is initiated, viz., the genesis of a new being—the embryo.
The embryo is developed from the fertilised ovum by growth,
cell-multiplication, and differentiation of structure, these pro-
cesses being carried on in an environment which differs for the
different classes of animals, but is constant for each species.
The environment may in some cases be the sea, or the water of
a river, lake, or pond, into which the ripe ova are extruded by
the female. The ova may be fertilised by the spermatozoa of
the male during the process of extrusion of the ova (e. g., the
common frog), or they may be ‘‘spawned” over by the male
immediately after the female has laid them (e. g., many fishes).
In all such cases the impregnated ovum has for its environment
the fresh or salt water of the ocean, river, lake, or pond which
constitutes its habitat. The individual ova are clothed with a
membrane (zona pellucida) and often embedded in a gelatinous
envelope in the form of strings or loose masses, so that the
rigour of the environment is modified ty the jelly-like envelope.
This envelope is derived from the parent during the passage of
the ovum from the ovary through the oviducts to the exterior,
being a provision of Nature to secure for the growing ovum in
the initial stages of development and cell-division a special,
though temporary, physico-chemical environment, the com-
position for which is uniform and constant for each species.
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The earliest steps in embryogenesis are thus taken under con-
ditions as favourable and proper to each species as possible ;
indeed, in this as in other respects, we find that as we ascend
the scale of animal life, adaptive mechanisms of a more
perfect condition are provided for the same purpose. Thus we
have the albumen, membranes, and shell of the egg in the case
of reptiles and birds on the one hand, and the provision of a
uterus for mammals on the other.

The study of embryogenesis and descent have led biologists
to formulate a law or “‘recapitulation theory,” to the effect
that the developmental phases passed through by the embryo
represent, broadly speaking, a recapitulation of its ancestral
history, that ontogenesis is an epitome of phylogenesis. * Each
animal in the course of its development from the ovum climbs
up, as it were, its own genealogical tree.” Such is the reca-
pitulation theory hinted at by the brilliant Agassiz in the early
part of the nineteenth century, suggested more directly by
von Baer, first clearly enunciated by Fitz Miiller and Haeckel,
and since then extended by the embryological researches of
Kowalevsky, Haeckel, Metchnikoff, Balfour, Hertwig, and
others. The tendency of modern research in comparative
embryology has been to give additional support to von Baer’s
doctrine, enunciated by him in 1828: ‘ Embryonic states can
only be correctly compared with embryonic states, but not with
adult states. The more different two forms are the further
back in their development must we go to find similar stages.”

Unfortunately, we do not possess in the case of the human
embryo, says Hertwig, a single observation upon the process
of fertilisation of ovum by spermatozoon, upon the mitosis and
cleavage of the ovum into two, four, and eight blastomeres, and
the formation of a solid cell-mass (morula), or upon the forma-
tion and differentiation of the blastodermic layers, or upon the
establishment of the primordia or organ-anlagen of theembryonic
body—in a word, upon the whole of the pre-embryonic life
which belongs to the period of the first two weeks after ferti-
lisation. We know that maturation of the ovum has taken
place since the extruded pair of polar bodies has been seen
beneath the vitelline membrane (Nagel). We have to assume,
however, the occurrence of the other phenomena, viz., (a) that
fertilisation takes place in the Fallopian tube or oviduct, or less
frequently within the body of the uterus by the union of ovum
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and spermatozoon; (b) that the fertilised ovum undergoes
segmentation into a mass of cells (morula and blastula) which
becomes attached to and embedded in the uterine mucosa
during the first week, the area of contact being slightly eroded
and excavated for the reception of the ovum, while the uterine
epithelium grows up around and closes over it in the form of a
capsule. Within this covering the cell-mass forms a sac, on
the inside of which the cells which are to form the future embryo
aggregate and increase into a thickened knot of cells (pre-
embryonic disc), while the rest of the sac-wall functions as a
trophoblast (Figs. 1, 2, and 3). During the first week the blasto-
dermic disc proliferates, expands, and undergoes differentiation
into an anterior (cephalic) and posterior (caudal) pole, while the
hypoblast has formed an inner lining for the blastodermic sac,
and numerous mesoblast cells are beginning to appear. The
primitive chorion is formed, followed by the amnion (Figs. 4
and 5). The ventral yolk-sac now becomes more apparent as a
sac by constriction at its front and sides below the embryonic
mass. The organ-anlagen of the embryo are not yet differen-
tiated, since the cells are few in number, and though rapidly
multiplying, have not all taken up their proper positions. The
youngest known human ova that have been studied are of the
estimated ages of twelve to fifteen days (His), the blastodermic
sac being about one fifth inch in diameter, and the pre-embryo
within it about one tenth of an inch. They have all been
obtained from miscarriages or suicides (His, Coste, Allen
Thomson, Schroeder van der Kolk, Reichert, and Kollman).

We may study as an example His’s 2°15 mm. embryo (Fig. 6).
Here the line of attachment of the amnion extends almost the
entire length of the embryo-shield, beginning in the neck region
and ending in the rear. The yolk-sac is not yet constricted into
sac proper and duct, for the opening to the enteron is large
(wide) and elongated antero-posteriorly.

The following is the description of Coste’s embryo 2%
weeks old (Fig. 7). The cephalic end of the embryo is fairly
well differentiated from the yolk-sac. The yolk-sac itself is
continuous ventrally with the rudiment of the archenteron
throughout nearly the entire length of the latter. The anterior
and posterior portions of the enteron end blindly. The neural
groove has developed along the dorsum of the embryo, but
remains patent fore and aft, having closed only in the
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Fi:s. 1, 2,and 3.—Development of pre-embryo of Hedgehog (semi-diagrammatic,
after Hubrecht). The lettering applies to all the three figures.
E. Epiblast. ~.e. Neuro-epiblast. . Neural groove. T1r. Tropoblast. H.
Hypoblast. By, Blastodermic vesicle.

Note—Fig. 1 represents the blastodermic sac, and consists of the epi-
blastic and hypoblastic layers forming the trophoblast, which is beset
with small villi. The cells form a thickened disc dorsally at E, which
is the future *“embryonic area.” Fig. 2, is a more advanced stage with
commencing formation of the dorsal amniotic space. Fig. 3, is a still
more advanced stage, and the neural plate and groove are beginning
to be formed.

F1G. 4.—Pre-embryo of the first week (side view), semi-diagrammatic (human).
p.E. Pre-embryo. k. Cephalic end. v.s. Yolk sac. u. Uterine wall. (The
dotted line represents the primitive chorion.)

Fi1G. 5.—Pre-embryo of the middle of the second week, semi-diagrammatic.
A. s. Amniotic sac. The rest of the lettering signifies the same as in Fig. 4.

FiG. 6.—Pre-embryo of 13 days old.
All. Allantois.  The rest of the lettering as in Figs. 4 and 5.

FiG. 7.—Embryo of 15 to 18 days old.
A. Allantois. The lettering as in figures preceding.

FiGs. 8—i15—Showing the cleavage and cell-divisions in the pre-embryo of
Tarsius spectrum (Hubrecht). These figures are slightly diagrammatised
sketches.

Fig. 8 Ovum after extrusion of first polar body.

Figr. 9. Spermatozoa.

Fig. 10. Ovum after extrusion of second polar body (impregnated).
Fig. 11. Tetrad of blastomeres.

Fig. 12. Stage of cight blastomeres (five only visible).

Fig. 13. Morula of about 32 cells (sixth cell generation).

Fig. 14. Blastula,

Fig. 15. Blastula, showing Embryonic Area, Yolk Sac, and Trophoblast.

F1Gs. 16 to 20.—Fig. 16. Fertilsed egg of a Hydromedusa ((Yava squamata).
Figs. 17 and 18. Planula-larva (free-swimming, ciliated) of the same.
Fig. 19. Young asexual sessile hydroid, or hydrula.

Fig. 20. Adult ascxual stoloniferous hydroid.

FiG. 21.—Longitudinal section of a Hydromedusa (medusoid, scxual, free-swim-
ming form.
M. Mouth at the end of the manubrium. . Gonads (sperm- or germ-cells)
in the wall of the manubrium. E. Enteric cavity.

Fics. 22, 23, and 24.—Fig. 22. Oocyte of new-born infant.
Fig. 23. Oocyte of young girl.
Fig. 24. Oocyte of adult woman.

FiG. 25. Diagrams of maturation of spermatocytes and of egg-cells.

s. Young spermatocyte of new-born male child. k. Young oocyte of new-
born female child. s’. Mature spermatocyte. s” (1, 2, 3, 4). Four sper-
matozoa, descendants of mature spermatocyte. E’. Mature oocyte, which
gives rise to an egg-cell and three polar bodies (p., p., p.).
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centre. The lateral mesoblastic somites begin to appear.
The allantois is beginning to grow out from the ventral
portion of the caudal region, carrying with it a few developing
blood-vessels. There is, however, no union of the allantois
with the uterus, no placental formation as yet, and nourishment
for the growing embryo is derived partly from the yolk-sac and
partly by osmosis from the maternal lymph by the trophoblast.
The stomodzum is partially formed, but its floor is not yet
opened through, and a thin partition intervenes between
stomodzum and archenteron. (The stomodzum opens into
the archenteron in the middle or latter part of the third week.)

- The following is a description of a slightly older embryo of
34 weeks: The allantois, now grown as large in size as the
entire embryo body, has come into contact with the uterine
wall, bringing with it a broad expanse of blood-vessels and
capillaries, which, interdigitating closely with the soft and highly
vascular tissue of the uterine mucous membrane, forms a solid
organ, the placenta, which serves henceforth as the organ of
nutrition and respiration. The yolk-sac, or what remains of it,
has shrunk into a tiny vesicle with a slender tubular neck,
while the enteron is closing longitudinally (ventrally) into a
true tube open anteriorly into the stomodzum and developing
a similar opening nearly complete posteriorly (the proctodzum).
Amniotic fluid is now abundant, and the embryo floats freely
in it. The neural groove is closed along the whole length of
the bulbo-spinal tube. Four pharyngeal arches have developed
at the side of the neck, each with a groove or depression
behind it. The five processes (fronto-nasal, right and left lateral
nasal, and right and left upper mandibular) growing from the
basi-cranial region are partially united to form the upper face.
(Failure of union gives rise to harelip and cleft palate.) The
thyroid begins to develop as a solid bud in the floor of the
pharynx. The embryo has at the end of the fourth week
acquired a very characteristic form, corresponding closely in
shape, in size, and in internal structure with a chick embryo
of the fourth day or a rabbit embryo of the eleventh
day. It has attained decidedly mammalian characters. For
our knowledge of the stages of development and of their
probable characters during the pre-embryonic stage, ¢. e. during
the first two weeks after fertilisation of the ovum, we have to
rely upon embryological studies carried out on mammals, such
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as the observations of Hensen (1883), Kupfer (1882), Selenka
(1883), van Beneden and Julin (1884), Heape (1883 and 1886),
and Hubrecht (1896, 1902) on the rabbit, guinea-pig and other
rodents, the opossum, mole, bat and hedgehog, and especially
upon the recent work of Hubrecht on the development of
Tarsius. An account of Hubrecht’s observations on the embry-
ological development of Tarsius, an animal intermediate
between the lemurs and the apes, is briefly given below, with
illustrations, in view of the great importance of the facts and
results obtained by that distinguished author, and the light
they throw on embryological processes. The placentation of
Tarsius spectrum, says Hubrecht (Fiirchung und Keimblatt
bildung bei Tarsius spectrum, 1902), is of the deciduate type,
while the arrangement of the feetal membranes with the diminu-
tive yolk-sac, rudimentary allantois, and large extra-embryonic
ceelom, is identical with that found in man and monkeys, but
nowhere else. After the extrusion of the first polar body from
the ripe egg the nucleus is pale and baggy-looking (Fig. 8).
After extrusion of the second polar body, impregnation, and
fusion of the two pronuclei, division takes place into two and
subsequently into four blastomeres arranged in the form of a
tetrahedron (Fig. 11). The cells in the tetrad stage are of
practically equal size, and attached to the angle between two
of them can be seen the second polar body. At the next stage
of cell-division (eight cells) the blastomeres are adpressed into
an oval, flattened mass of cells, five being visible on one aspect
(Fig. 12), with the polar body superposed on one of them.
Cell-multiplication thus proceeds, the cells getting individ-
ually somewhat smaller with each division until the seventh
cell generation, a morula of 30 (to 32) cells, is reached
(Fig. 13). The next stage is the blastula, in which the
cells arrange themselves as a hollow sac of cells, at first a
single layer deep, except at one portion of the blastula sac
(Fig. 14), where a dense aggregation of cells takes place three
or four cells deep. This latter is the embryonic disc or knot
of cells, from which (by further cell-multiplication, growth, and
differentiation) the embryonic organs are to be built. At
present it is only an embryonic knot of cells, while the attenu-
ated single layer of cells constitutes the rest of the sac, the
whole being contained within the zona pellucida or vitelline
membrane. In the ninth and tenth cell generations the em-
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bryonic knot of cells has grown and expanded, and is now a
lens-shaped disc of cells about five cells deep in its central
part, the edges being prolonged as before to form the sac—
blasto-sac (Fig. 15)—which, however, has had an inner layer of
hypoblast cells developed, so that the sac wall is now two-
layered. The outer layer is called the trophoblast and shows
minute villous elevations, and the whole sac wall probably acts
as a food absorbent. The primitive chorion and the amnion
are formed at the close of this stage, which may be termed the
gastrula stage. The caudal and cephalic ends of the embryo
are now differentiated : the amniotic sac has developed dorsal-
wards and laterally, investing the yolk-sac at its junction with
the embryo body, and the neural groove has been formed.
This takes us to the end of pre-embryonic life and fills up the
actual gap in our knowledge of human embryology.

The Law of Oogenesis and Spermatogencsis.

The details of pre-embryogenesis described in the foregoing
chapter commence with the act of fertilisation, or conjugation
of sperm- and germ-cell. These cells have already pursued
each a long line of development in the body (ovary or
testis) of a parent before it could make itself fit to enter into
conjugation. These processes in the life-history of the sperm-
and germ-cell consist of the following stages.

The descent of the primordial egg-cell.—When the impregnated
ovum cleaves and divides into two equal and apparently
equipotential blastomeres it might be assumed that (in cases
where each such blastomere represents all the structures and
potentialities of its fellow) each would be the parent of one half
of the embryonic body if development went on normally
through the tetrad, morula, and gastrula stages. But if the
blastomeres were separated without injury and each permitted
to undergo independent development, each might develop into
a complete embryo (homologous twin) since each was the
equipotential of the other, and the early separation of the
two restored each separated blastomere to the condition of
what the parent egg-cell was before cleavage. If the capacity
for such restoration were perfect, a perfect but miniature
morula, gastrula and embryo would be expected to be formed.
Evidence which will be fully given in a later chapter on experi-
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mental embryology bears this out. The same applies to the
cells of the next cleavage—in the third generation of four
blastomeres. After this, however, differentiation begins appre-
ciably, though in the case of the egg of the medusz (Clytia,
Laodice) and of the echinoderms (Echinus and Spharechinus)
even a one eighth blastomere of the fourth cell-generation will
develop symmetrically into a morula and blastula in both, and
occasionally to a gastrula in Echinus and Sphzrechinus (Boveri,
Driesch, Loeb, Morgan). Hence the eight cells of the fourth
generation here are still equipotential: there is as yet no
differentiation into incipient tissue cells.

As the process of gastrulation goes on cell-differentiation
gradually shows itself. The cells that are to be the parent
cells of nerve-cells (neuroblasts), of muscle-cells (myoblasts), of
outer epithelial cells (tectoblasts), of gastro-intestinal epithelial
cells (gastroblasts), and of vascular tissues, begin to differentiate.
Among others the primordial germ-cells also are thus differen-
tiated. Thus appear the primordial pair (theoretically right
and left single cells) of germ-cells in the body of the gastrula or
ccelomula. It is possible, then, by counting the total number of
cells in the gastrula or ccelomula to determine very approximately
the ordinal number of the cell-generation in which the first
pair of germ-cells (or the first germ-cell) is formed and makes
its appearance.

The nature of the germ-track.—The primordial germ-cells
appear early in a few species of animals, such as the Diptera
(flies), the Daphnida (water-fleas),and certain parasitic ‘“ worms”
of low organisation. The earliest evidence of the appearance
of the primordial germ-cell is shown in the Diptera (Weiss-
mann), where in the third generation of four blastomeres one of
the four is seen to have a larger amount of nuclear chromatin than
its three sister-cells. In the Daphnide (Phyllopod Crustacea,
of microscopic size) the primordial germ-cell is recognisable in
the seventh cell-generation (demi-gastrula stage of sixty-four
cells). In Rhabiditis nigrovenosa, a parasitic worm, the pri-
mordial germ-cell appears in the ninth or tenth cell-generation
(middle or end of the gastrula stage). Finally, in the marine
worm Sagitta the primordial germ-cell appears in the eleventh
generation, when the gastrula stage has been passed and the
ccelom is developed (ccelomula stage). It must be remembered
that in small animals of minute size, lowly organisation, and
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ephemeral life of a few weeks only, the appearance of the primary
germ-cell as early as the seventh cell-generation (as in the
Daphnid) is really comparable, in terms of the life-span,
to an appearance of the germ-cell (say) in the tenth cell-
generation of an amphioxus, or a later generation in a
mammal. The differentiation of primordial germ-cells is
delayed, in the higher forms, as is the differentiation of
primordial muscle-cells, nerve-cells, and other tissue-cells.
For the first few cell-generations, cell-multiplication must be
gone through rapidly, to furnish, especially in the mammalia,
the building material for the extra-embryonic structures as
shown by Hubrecht for the hedgehog, and other mammals.
The cell-knot (group of cells) which is to furnish the building
elements of the embryo-anlagen appears compact and remains
so for some time, not having as yet proliferated and expanded
to form the embryonic shield. Hence, says Weissmann,
in vertebrates the appearance of the primary germ-cell occurs
much later than in Sagitta, which shows it in the eleventh
generation. In Hydrozoa, according to the peculiar and
sedentary or sessile life pursued, and the proneness to budding
and colony formation, the formation of the germ-cells may be
delayed still further, a long period marked by an asexual stage
occurring before the sexual persons (medusoids) arise. The
life-stages are fertilised egg, free-swimming planula, sessile
hydrula, stoloniferous hydroid-stock, medusa, and gonads
(Figs. 16-21). The ‘germ-track” therefore in this instance
cannot be said really to exist; the ovum develops into a planula,
then follows an asexual hydroid, which itself may undergo
budding until two or more generations are passed through,
before the sexual medusoids begin to be developed. The only
““track  that exists is a track composed wholly and exclusively of
many gencrations of somatic-cells, and from the last of these the
germ-cells arise.  “ The ancestors of these germ-cells,” says
Weissmann, *are somatic cells.” In short, a ‘ series of the
various species of animals might be drawn up in which the
formation of primordial germ-cells begins at very different
degrees of remoteness from the egg-cell” (Weissmann). I
believe that Weissmann is but using the sober language of fact
when he says: “In most of the higher metazoa this [the first
appearance of the primary germ-cells] only occurs after the
formation of thousands or even millions of cells’’ (The Germ-
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plasma, 1895, pp. 192-3). The rest of the genealogy of the
germ-cells is briefly told. The primordial germ-cells divide
and increase in numbers. The majority of these are
aggregated in the ccelomic genital area, where the ovaries
and testes are accordingly formed. A small minority, how-
ever, of these cells (about 10 per cent. or less) may in the
early cell-divisions which occur within the gastrula or
ccelomula migrate or be disseminated throughout other parts
of the embryonic body, remaining probably as single cells to
die and be absorbed later, or to furnish the starting-points of
neoplasms. The primordial germ-cells have a glassy appear-
ance of the cytoplasm (as revealed in the skate and other
fishes), the nucleus is slightly bilobed in appearance, and the
perinuclear region is full of particles of a food material which
stains darkly with certain dyes. As these cells proceed to
multiply and increase in number their further fate may be
traced in the gonads or sexual organs. Here the cells which
are destined to become the future ova and spermatozoa increase
numerically until an aggregate of several thousands or scores
of thousands (rarely millions) are formed. It is only a simple
mathematical calculation to ascertain the number of cell-
generations that this represents from the primordial germ-
cells to the terminal generations of ova and spermatozoa in
their teeming millions, ¢.e., assuming that every germ-cell
descended from the primordial germ-cell divides into two, and
that the process is repeated exactly in the same way generation
after generation, that no cell dies in any generation, and that
no cell is arrested in development or ceases to divide to the
very last. Although the primordial germ-cells are distinguish-
able from young somatic cells in early embryonic life, the
question as to what determines the subsequent differentiation
of these cells into the parent cells of male and female gametes
is not quite known. The primordial germ-cells are sexually
indifferent, being neither pro-male nor pro-female. Their trans-
formation to ova or spermatozoa ‘“is not due,” says Wilson
(The Cell, 1902), “to an inherent predisposition, but is a re-
action to external stimulus, . . . the stimulus given by the
character of the food.” At the period of birth in the female
infant, or at a date very soon after, the eggs in the ovaries as
actually counted are found to have reached the numerical limit
of their growth. During the sixteen years of childhood they
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undergo internal changes of which as yet little is known beyond
the barest outlines (Figs. 22-24). At the onset of puberty, how-
ever, characteristic (qualitative and quantitative) changes occur,
constituting ‘ maturation.” These consist in the phenomena
of nuclear division and extrusion of polar bodies, or, in the case
of the sperm-cells, the division of the parent cell twice into
four granddaughter-cells or young spermatozoa. In both kinds
of cells the maturation stage comprises two cell-generations, as
is graphically shown below (Fig. 25). Details of these processes
need not be here given, as the text-books give all the necessary
information.

Parr IIL
The Law of Pathogenesis.

It is clear that the exclusive view, propounded and held by
Weissmann and his followers, of the charmed life of isolation
led by germ-plasma in its progress during the ages through the
bodies of animals is really a metaphysical concept which does
not accord with facts of Nature as revealed to us in the study
of both human and animal life. The germ-plasma, as the
alleged material substratum of a certain class of phenomena, is
subject to the laws which govern the physical movements of
atoms and molecules—the law of chemical reactions and the
law of the persistence of force. As a living substance it is
subject similarly to the physico-chemical and mechanical influ-
ences of that which is not itself, but in which it lives, multi-
plies, grows, moves, and has its being, viz., the living body or
soma which constitutes its environment. And, therefore,
changes in the soma or environment of the germ-plasma modify
the latter, and conversely changes in the germ-plasma influence
the soma. The object of our inquiry is to trace out, and to
understand if possible, how agencies for good or evil acting on
the soma may affect the germ-plasma, and what are the results,
good or evil, which would follow and manifest themselves in the
issue or offspring. A whole series of biological and pathological
observations are now available, thanks to the special investi-
gations of medico-biological investigators in this department.
In the vast realm of facts and data of this branch of study we
must in this chapter limit ourselves to a few that concern
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only the human race and the higher animals. They are—
the action of alcoholism, plumbism, syphilis, and tubercu-
losis on the individual and on his progeny. Does alcohol taken
by the parent have any effect vid the parent on the germ-
plasma or the germ-cells? Does modification, for good or evil,
of the germ-plasma or germ-cells result, and is this manifested
in the offspring born of such parents? And the same question
will be asked with regard to plumbism, syphilis, and tubercu-
losis.

Hereditary sequele of alcoholism.—Hereditary transmission
from the parent to the embryo may take place in one of three
ways: first, the germ-cell or ovum may be altered or damaged
as the result of grave constitutional disease acquired by the
mother at or before the time of conception, a similar occurrence
as the result of constitutional disease or toxamia being possible
for the sperm-cells of the father. Secondly, the impregnated
ovum during the pre-embryonic stage (which we have defined
in previous chapters) may be subjected within the uterus to the
action of toxic, cytolitic, and other morbific agencies circulating
in the maternal blood-plasma which nourishes it through this
stage. Thirdly, the embryo may be affected via its placental
attachment to the mother (on or after the fourth or fifth week
of intra-uterine life—the period of placental embryonic life),
It is clear that these three several modes of ¢ hereditary ” trans-
mission are not identical, and that they should be discriminated
and not confounded together. Under hereditary transmission
in the strict sense we include only those modes of transmission
which are specified above under the headings “first” and
‘““secondly,” and these will now be considered a little more in
detail. Take the case of a female infant who is born with
ovaries containing the mother-cells of future ova, as the male
infant is possessed of testes containing the parent-cells of future
spermatozoa. The ova proper and the spermatozoa have
themselves not as yet “arrived”; the miniature parent-cells
which give rise to them within the ovaries and testes have to
undergo a process of growth, development, and maturation
through the long period of at least sixteen years before puberty
is attained. During this long cycle of changes whereby the
elaborate and highly complex organisation of germ-cell and
sperm-cell is completed and attained, although we know rela-
tively little as regards the intimate details, we know that the
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whole series of changes culminating in the maturation process
is fraught with consequences of the utmost importance for the
future being that is to be born from the union of ovum and
spermatozoon. A veritable field of investigation lies open here
for the experimental investigator. The ovaries and testes are
furnished with a rich vascular blood-supply for the purposes of
nutrition, growth, and elaboration of structure and internal
evolution of the ova and spermatozoa during the long period of
sixteen years. During this period the germ- and sperm-cells
are subjected to the action of nutritive, toxic, thermal, gaseous,
and other changes of the blood-plasma which continually
bathes and nourishes them, and carries away the by-products
of their metabolism. The plasmic environment of the germ-
cells cannot, of course, vary excessively without death resulting,
but, within the limits which enable life to continue, the action
of disease, degeneration, and pathogenic agencies has full play;
the growing and maturing sexual cells in the ovaries and testes
are affected by noxious as well as by beneficial agencies—by
changes in food-supply, warmth, oxygen, and all the normal
necessaries of life, as well as by inanition, pyrexia, impure gases
in the blood, toxic and cytolytic substances in the blood in
fevers, by toxins of defective bowel and renal elimination (auto-
toxazmia), by alcohol, lead-poisoning, food-poisoning, and the
thousand and one factors which assail and affect the human
constitution. Damage may be thus sustained by germ- and
sperm-cells while still immature, or in the maturation stage, or
during and after conjugation and in the pre-embryonic stage.
Thus are produced, de novo, by the action of potent extraneous
agencies acting on the parent organism and via the parent
organism on the germ and sperm-cells, or on the impregnated
ovum and the pre-embryos, pathological characters, or morbid
changes. Do the offspring born of such germ and sperm-cells,
or developing from pre-embryos subjected to such pathogenic
influences, (a) live to full-term or abort, or miscarry ; and (b) if
they live to full-term and are born, do they exhibit in body and
mind, in childhood or later, the signs and stigmata of their
affliction and lesion sustained, impressed, and inherited ab ovo,
ab spermate, et ab pre-embryone? And are these offspring, if
the burden and blemish—the diathesis—of their heritage is
potent enough, capable of transmitting it to the third genera-
tion? These are questions of the profoundest importance,

LI 3
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matters sometimes of life and death. I state here, after a due
consideration and study of the vast body of pathological
evidence and facts for fifteen years, and after much thought,
discussion, and deliberation, that the teaching of pathology is
positive, clear, and irrefutable. Let us take concrete instances.

In the case of married couples who have permitted themselves
immoderate alcoholic indulgence in the first few days or the first
week of the honeymoon (Combemale, Les Descendances des Alco-
oliques, Paris, 1888), but who have otherwise led lives of tempe-
rance before and after the event, feeble and imbecile first-born
children have often been the gift of Nature for their indiscretion.
Sabatier (Thése de Paris, 1875) has also, after a long and careful
inquiry and study of peasant families in France, arrived at the
same conclusion. As a typical case of the many investigated
by him may be taken the following. A robust and intelligent
peasant, a native of Auvergne, following the custom prevailing
in many villages of his district, passed the first three weeks of his
married life in drinking and jollification, * being in a state of
moderate alcoholic intoxication all the time.” Nineand a half
months later there was born unto his wife a girl of imbecile
mind, with myopia and nystagmus, bad-tempered, and of odd
(bizarre) and changeable nature, who was unable to learn to
read or write. Sabatier also mentions numerous examples of
married couples who habitually practised Malthusian principles
to limit their families. ‘‘ But occasionally they gave themselves
up to alcoholic festivities for days, forgetting,” he quaintly
adds, * for the time being their Malthusian principles and pro-
creating children, most of whom turned out to be deformed,
idiotic, or epileptic.” Demeaux had shown earlier, from a series
of observations made by himself (C. R. Acad. de Sci., Novem-
ber 1st, 1861), that * alcoholic intoxication at the time of
conception was a cause of epilepsy in the child.” Dehaut
(¢tb4d., October, 1861) and Vougier (7b¢d., December, 1861) have
furnished cases and observations of the same character. Voisin
(article “ Epilepsie” in Jacoud’s Dictionnaire de Med., 1886)
states that in inquiring into the history of the cases of epilepsy
under his charge at the Salpétriere he found “twelve cases in
which he was able to assure himself that the cause of the
epilepsy was that conception had occurred when the parents
were drunk (en état d'tvresse).”” Grenier (Thése de Paris, 1887)
studied the cases of 188 idiot and imbecile children, and was
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able to trace seven of these to drunkenness of the parents in
the first few days of married life. The whole body of facts
brought together above refers to temporary intoxication and
drinking, and not to chronic drunkards. They illustrate the
action of alcoholism on the germ- and sperm-cells and on the pre-
embryo. Combemale (loc. cit., 1888) cites a very instructive
case, among his series, of a man, ®t. 22, who was the second
child of a family of six. He was begotten by his father while
in a state of *“alcoholic intoxication and exaltation.” The
child born of this act was neurotic, and had during all his life
marked nervous manifestations and disorders of nutrition
(manifestations nerveuses et des troubles nutrifs accusses). He was
delicate in health, suffered from neuralgia and intolerable
cephalalgia at 10 years. At the age of 13 years the cephalic
symptoms (cephalées) prevented all study and intellectual work ;
at 16 he developed epilepsy and vertigo, and soon after he
became hypochondriacal and underwent cerebral degeneration
and mental and moral deterioration (dementia precox) which
necessitated his being placed in an asylum. The father, a well-
to-do man, had several mistresses maintained in various houses,
and was the father of several other children. Though given to
occasional alcoholic indulgence he abstained from cohabiting
when in a state of intoxication, and his other children born of his
sober moments were not afflicted bodily or mentally like the patient
referred to here. The patient’s mother herself was a woman of
greedy habits and bad temper, but free from neuroses and with
a healthy family history. The influence of temporary intoxica-
tion of the parents on the offspring begotten by them has drawn
the casual attention of observers of older times (Pinel, Esquirol,
Seguin, Lucas, and Morel), but it was reserved for the followers
of Morel and the other writers of the French school quoted
above, and of later observers (Déjerine, Legrain, Mébius) in
the last quarter of the nineteenth century to collect and establish
a body of facts showing once and for all the soundness of
this theory of pathological heredity. [The reader desiring
fuller information should consult the Théses of Sabatier and
Combemale (1875 and 1888), the works of Voisin and Grenier
(1886, 1887), and the special chapters in their memoirs on the
subject of alcoholism and heredity by Déjerine (1886), Legraine
(1895), and Mé&bius (1goo)].

In the Presidential Address at the annual meeting of the
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Medico-Psychological Association, Dr. Wiglesworth (Journal
of Mental Science, October, 1902) deals clearly and comprehen-
sively with alcoholism as a cause of insanity and hereditary
degeneracy in the human race. Alcoholism in the progenitors,
says Dr. Wiglesworth, basing his study on 3450 cases of insanity
examined at the Rainhill Asylum during a long series of years,
is a fruitful cause of idiocy, mental defect, insanity, and other
nervous diseases in the offspring. Alcoholism is, of course,
frequently associated with mental disease in the family histories
of insane patients, but for the purposes of inquiring into the
special action of alcohol, he found that of the total number of
3450 cases a definite history of alcoholic excess unassociated
with insanity in one or both parents was traceable in 578
instances. Separating the sexes, it was found that 327 of these
cases were males and 251 females. * Doubtless some few of
these cases of alcoholic excess may have been veritable
examples of dipsomania . . . a neurosis allied to insanity; but
as most of such cases usually show mental disorders at some
period or other of their course, the majority of them will
have been included,” he adds, ‘“in the tables of hereditary
insanity,” with which we need not concern ourselves here.
The figures given in this paragraph exclude such cases. The
actual frequency of alcoholic intemperance in the ancestry of
the insane is probably larger than what the above figures
indicate, for the friends of patients often conceal or deny the
existence of drunkenness. The figures therefore apply, says
Dr. Wiglesworth ¢“ only to cases of gross and palpable excess.”
In regard to the modus operandi of the alcohol, it is regarded as
a “ direct poisoning of the germ plasma itself by the alcohol
circulating in the blood, and a consequent direct injury to the
cells of which this structure is composed, and which by reason of
this injuryare prevented from developing into a stable organism.”
Regarding thus the vast population of a public asylum, com-
posed of insane patients who have been observed and studied
for a number of years, it is found that 17 per cent. of all
cases of insanity, taken together, are due to alcoholic parent-
age, as distinct from and exclusive of other causes, such as
epilepsy, organic brain disease, tuberculosis, or insane parent-
age. If the alcoholic poisoning of the germ-cells and ovum
have reached a certain degree of intensity, imbecility or even
profound idiocy may be expected to result, * while if of less
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degree the injury may manifest itself in the various forms of
adolescent insanity when adult life is developing or has becn
attained to.” If both parents are alcoholic, the damage sus-
tained by the germ- and sperm-cell might be sufficient to render
them incapable of fertile union, or to result in the production
of an embryo which becomes aborted in early pregnancy, or
dies in utero and becomes a miscarriage.

An inquiry on a large scale into the hereditary sequele f
alcoholism was carried out by Dr. T. Crothers, of Hartford,
Connecticut, U.S.A., and a committee of physicians appointed
in 1888, of which he was chairman. The collection of material
by skilled physicians and specialists (clinical histories and cases)
went on for thirteen years, and was carried out with great care.
An account of this research has been recently published
(Quarterly Journal of Inebriety, Jan., 1901), based on the investi-
gation of 1744 cases of inebriety, not including, however, cases
of actual alcoholic insanity. The chief conclusion reached was
that the injury produced by the alcoholism of parents not only
affected the nervous systems of the immediate progeny, but that
the ill-effects (diathesis and degeneracies) were also transmitted
through them to the later progeny of the third generation with
almost positive certainty in some form, e.g., as a neurosis, a
cerebral defect, or a drink craving. Thus, of 1744 inebriates
it was found that 1080 were traceable to parental intemperance,
and in only 390 was it an acquired habit. Forty-nine of the
patients were classed as instances of epileptoid-alcoholic type.
The patients of this class were not epileptics in the true sense,
but they were hereditary alcoholics of a particular pathological
type, whose individual symptoms (of alcoholism and excite-
ment) were of sudden and stormy development, ‘“ not strictly
or regularly periodic, but developing out of the clear sky in an
impetuous storm, and then disappearing and leaving little trace
behind.” Finally, various groups of patients were met with
(in the progeny of alcoholic parentage) in whom fatalistic
tendencies to drink were observed, or who manifested preco-
cious sexual instincts which would be gratified by any means
whatever or were given to morphia and drug habits. Sound,
well-balanced men and women of good intelligence and morale
were very seldom met with among the offspring of the alcoholic
families which formed the subject of the inquiry.

The special influence of maternal inebriety on the offspring.—
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It has been observed by many writers that those classeg of
individuals who exhibit marked incapacity or inability to
adapt themselves to normal social conditions—e. g., many
feeble-minded and imbecile subjects, and a considerable pro-
portion of habitual criminals, tramps and vagrants and prosti-
tutes—are largely the offspring of alcoholic parentage. Thus
of a series of 1000 idiots investigated by Bourneville (Comptes
Rendus de Bicétre, 1896) at the Bicétre, Paris, an alcoholic
parentage was ascertained to be the etiological factor in 62 per
cent. 'When both idiots and imbeciles were included the pro-
portion was 41 per cent. Marro, of Turin, found an alcoholic
parentage in 46 per cent. of habitual criminals, while 45 per
cent. of the inmates of Swiss prisons for juvenile offenders
showed a similar history of ancestral alcoholism. Madame
Tarnowsky, a Russian lady physician, found that 82 per cent. of
Russian prostitutes were the offspring of alcoholic parents.
Observations of this kind might easily be multiplied. In an
article in the Journal of Mental Science, of 1899, Dr. Sullivan, of
H.M. Prison, Parkhurst, states that he pursued an opposite
method of inquiry to the above to determine the influence of
maternal inebriety on the offspring. He took for the subject
of his inquiry, not alcoholism in the ancestry of the degenerate,
but degeneracy in the descendants of the alcoholic. For this
purpose he studied a number of women who were habitual
drinkers, and who had borne children, selected from the female
population of Liverpool Prison. To render the conditions of
investigation accurate and free from fallacy, all women exhibit-
ing a phthisical or syphilitic taint or history were excluded, as
well as cases which had a neurotic taint indicated by a speci-
ally early and violent cerebral reaction to alcohol (dipsomaniacal
and epileptoid cases). Eliminating all these, 120 cases re-
mained for study.

In the criminal as in the insane alcoholic it is well known
that the stresses of alcohol fall with peculiar vehemence
on the brain, while the bulbo-spinal cord and the non-
nervous organs of the body suffer less intensely. In the
female cases comprised in Dr. Sullivan’s inquiry the effect
of alcohol on the central nervous system was well marked
and conspicuous. Thirty-one of the 120 cases had suffered
from one or more attacks of alcoholic delirium, while
24 others without actual delirium suffered from visual hallu-
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cinations at times. Suicidal impulses, parasthesiz of the
skin, and cramps in the extremities were noted in a considerable
number also. (Inquiries in their families revealed the fact that
similar symptoms were present in alcoholic relatives—not in
prison—of the patients.) The study of the progeny of
these 120 unhappy women showed that 600 children were
born to them. Of the 600 children, 265, or 44°2 per cent.,
lived over two years, while 335 (55°8 per cent.) died while under
two years, or were still-born, a striking commentary on the
feeble and degenerated condition of the progeny of alcoholic
mothers. With a view to establish comparisons with a healthy
non-alcoholic standard, inquiries were made and trustworthy
details collected concerning 21 of the families to which these
women belonged, and with regard to female relatives (sisters
and daughters) of sober habits who had contracted marriage
with sober males, and had borne children. Thus, of 28 sober
mothers (sisters or daughters of the alcoholic mothers referred
to above) there were born 138 children. Of these 138 children
33 (or 23'9 per cent.) died under two years of age. Thus the
death-rate among the children of the alcoholic women was
nearly 24 times as great as that among the infants of sober
mothers of the same stock. Another fact established by the
observations was the progressively increasing death-rate
in the progeny of alcoholic families where three or more
children were born to a family. This will be clearly seen from
the following table, which gives the respective proportions of
dead or still-born children among first-born, second-born, third-
born, etc. :

Table showing the Progressive Increase of Mortality in the later
Progeny of Alcoholic Parents.

Order of birth. Cases. Dead or still-born.
First born 8o 337 per cent.
Second born 80 500 ”
Third born 8o 52'6 "
Fourth and fifth born 1 667 "
Sixth to tenth born 93 720 ”

These figures and percentages illustrate very clearly the
progressively augmenting results of the maleficent influence of
maternal alcoholism in the offspring.
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The study of individual families in which this degeneracy of
progeny resulting from alcohol could be traced for more than
two generations affords results of striking interest, corroborative
of the above. The following is an average instance of such a
family history traced over two generations. The first genera-
tion begins with a woman aged 34 years, who has had several
convictions and imprisonments for drunkenness and disorderly
conduct. She took to drink after her first baby was born, beer
and spirits ; she developed gastric cramps and catarrh, and had
one attack of delirium tremens. Occasionally she was hysterical;
attempted suicide twice. Husband also drank, but never had
delirium tremens. His and her parents were sober. Six children
were born to her. The first was quite healthy. Thesecond and
third were living and fairly healthy. The fourth child, aged
six years, is of low intelligence, habits wet. The fifth child is
still more degenerate, an epileptic idiot, aged four years. The
sixth child was still-born, and the seventh a recent abortion.

Influence of paternal inebricty.—While the observations of
Sullivan apply more especially to the progeny of inebriate women,
the following observations of Robinovitch are drawn from
women who have developed temporary but recoverable mental
disorder from alcoholism, and who were seen in the first instance
at the clinic of St. Anne’s Asylum, Paris, during the years 1898
and 1899 (N. Y. Medico-Legal Journal, December, 1900). These
cases might almost be termed borderland cases between sanity
and insanity. They therefore offer an interesting contrast and
complement to the female cases before mentioned. These
cases, fifty in number, were only accepted as suitable for
study, says Dr. Robinovitch, after excluding cases of real
insanity, with mental irresponsibility, owing to insane im-
pulses or delusions; cases of chronic mental derangement;
cases of chronic alcoholic insanity; and cases of congenital
mental and moral defect (congenital idiocy and imbecility).
All the fifty cases were found to be traceable to and due
to alcoholic parentage; and in other members (progeny) of
these families other indications of alcoholic degeneracy were
revealed on inquiry. It was also found that in the vast majority
of these families alcoholism of the father was the predominant
Jactor, and that it existed as the sole factor in over Qo per cent.,
alcoholism of the mother only existing in about 3 per cent., and
of both parents in about 6 or 7 per cent. One typical family
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history is appended from Dr. Robinovitch’s records. A man of
drunken habits and bad temper, a drinker of absinthe, married
a woman of normal disposition who enjoyed good bodily health.
There were eight children of the marriage, one of whom is the
patient (referred to below). The following is the history of the
progeny. The first child, a female, was feeble-minded, and
grew up to become the mother of an illegitimate child ; another,
a male, was timid and odd in conduct ; two others (males) were
dull in mind and incapable of earning a living. The patient
(referred to above) was born at full-term, walked at the age of
three years, and talked at the age of five. At sixteen he began
to exhibit vicious propensities, frequented disreputable places,
and was convicted of attempts at rape on young children. He
enlisted at the age of eighteen years, and was shortly afterwards
discharged for larceny. He became an absinthe-drinker, low,
depraved, and criminal in his tendencies. He was eventually
placed in an asylum. ¢ His life,” adds Dr. Robinovitch, ““ was
one continual manifestation of vice and criminality.”

A study was also made by the same author of the progeny of
the alcoholic families which furnished the preceding fifty cases.
Alcoholism on the father’s side, as already stated, was found to
exist inover go per cent. Of a total of 127 children born to
these fifty families 50 ‘‘ were suitable subjects for asylums and
the prison,” 40 died in infancy or prematurely, and 37 were still
living. Of the 37 living 27 were in good physical condition;
the rest were sufferers from meningitis (4 caces), convulsions
(3 cases) and other diseases, and one of them was beginning to
manifest criminal tendencies.

A remarkable case of the hereditary degeneracies following
alcoholism of both parents.—The discussion of alcohol and the
hereditary degeneration of the progeny may be concluded with
the recital of the following remarkable modern instance—
remarkable in that the investigation has been thorough, the
result instructive and unmistakable, and the record lengthy in
its scope, embracing four generations, as published by Dr. A.
MacNicholl, of New York, in the Quarterly Journal of Inebriety
for July, 1go2. The genealogical table and the history of this
family illustrate the results of degeneracy and disease arising
mainly from alcoholism in a family traced and studied as
follows :

First generation.—The head of the family was a well-to-do
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man of good social position, of English parentage, living in the
United States. He married a lady of Huguenot descent of
good social position. Both of them lived well, indulged in
social gaieties, and took wine habitually and daily. To them
were born two daughters, whose further history is here
unfolded.

Second generation.—The elder daughter developed in early life
a fondness for wine and spirits, gave herself up to the wildest
alcoholic and sexual excesses, became the mistress of several
men and contracted loathsome venereal diseases. She died a
raving alcoholic maniac at the age of 40.

The younger daughter also developed in early life a fondness
for wine and spirits. She married a wealthy banker and in-
dulged in a gay life of excesses which led to a mental break-
down at the age of 38 years. She bore eight children.

Third generation—Two of these, boys, grew up to be
drunkards, showing at the age of 50 and 60 years respectively
the signs of chronic alcoholic brain degeneration. Six of the
issue following were girls, five of whom died of phthisis between
the ages of 20 and 35. The remaining girl survived and
married a healthy man of ‘“moderate” alcoholic habits. She
and he, however, drifted later into alcoholic excess and led fast
lives. Their children constituted the next generation.

Fourth generation.—Seventeen children were born of this ill-
fated union, ten of the children dying from phthisis before the
age of 5 years. [Attention may be directed en passant to the
remarkable facility to contract phthisis which occurs in the
progeny of alcoholic parents.] Of the seven surviving children
the following are, in brief, the life histories:

4, the eldest, a girl, exhibited great moral perversion, became
a professional singer and prize-fighter, was drunken and
dissolute, and became the mother of several illegitimate children.
B, a boy, grew up to be a moderate drinker, and contracted
phthisis, from which he was suffering at the age of 45. C, a boy,
became an insurance agent, drank moderately, and exhibited
suicidal tendencies on more than one occasion. D, a boy,
habitual drinker and morphia-taker, had delirium tremens
several times and ended his life at 35 by an overdose of morphia
taken while drunk. E, a girl, married early, took to drink and
developed suicidal melancholia. F, a boy, a typical psychopath.
At the age of 12 he was an industrious and studious boy, but
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peculiar in his ways. At 21 he married, was lazy, indolent, and
neurasthenic. At 23 a confirmed drunkard, neglectful of his
home. At 24 he abandoned his wife and 2 children, and at 28
he committed suicide by drinking carbolic acid. G, the last
(the seventeenth) of this unfortunate family, received a High
School education, and at the age or 21 was the subject of moral
perversion and suicidal impulses. The whole family tree,
tainted by alcoholism, traced during the four generations of its
existence, exhibited almost every form and grade of mental
degeneracy and deterioration with a high rate of mortality of
offspring, in the most remarkable manner. A fearful commentary
on hereditary transmission !

Pathogenic action of alcohol on the sperm- and germ-cells.—Féré,
of Paris, has, in a series of experiments conducted on the
influence of the vapour of alcohol and absinthe on incubating
eggs during the pre-embryonic stage (Comptes Rendus, Société de
Biolog., Paris, vol. lii,, pp. 231, 471, 601, 681, 790) afforded
convincing evidence of the influence of alcohol on the developing
pre-embryo. These experiments on normal eggs, carefully
selected and placed in incubators and subjected for a few days
during the first week of the process of development to the
influence of the vapours of small quantities of alcohol, or of
absinthe, gave interesting and instructive results, tabulated
below.

|
' | Results of development of the eggs.
l No. of eggs. Toxic agent. T ;._ - det
Undeveloped Ol‘!l(fq“l or A etec-
| Normal. tive (imbecile)
‘ embryos. development.
!r _ S [
{84 Alcohol 63'1 per cent. | 15°S per cent. | 214 per cent.
a.

24 Alcohol 625 ” 166 ” 208 ”
k 5. 84 Alcoholic solu-| 250 ,, 3rro 40
‘ tion of absinthe

i -

Thus, while alcohol in small doses produced 63 per cent. of
normal births, 16 per cent. of undeveloped (partially developed
and dead-born) embryos, and 21 per cent. of monstrosities
(malformations) and defective development (‘chickens of
idiotic and imbecile grade,” says Féré, which could not “run
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about or pick up food or feed and help themselves "), the addi-
tion to the alcohol of traces of absinthe reduced the normal
developments to 25 per cent., increased the undeveloped and
dead-born embryos to 31 per cent., and of monstrous and
defectively developed chickens to 44 per cent. The conclusion
to be drawn is obvious as regards the comparative evil effects
of these two toxic agents. Using in another series of experi-
ments forty-eight eggs, in two batches, each batch exposed to
slightly larger quantities of the vapour of alcoholic solution of
anise and of absinthe, the following results were obtained:
(a) For alcohol and anise the result was 42 per cent. of normal
chickens, 25 per cent. of undeveloped and dead-born, and 23 per
cent. of monstrosities and defective development, while for (b)
alcoholic solution of absinthe there were 17 per cent. of normal
chickens, 21 per cent. of undeveloped and dead-born, and 62 per
cent. of monstrous and defective development. Ziegler, in his
experiments with the fertilised ova of Echinus and Strongylo-
centrotus (Biolog. Centralbl., 1903, p. 448) to test the action of
alcohol on the impregnated ovum, found that 3—1 per cent. of
alcohol injured and retarded development to a moderate extent,
but that there were marked individual differences in suscepti-
bility. One and a half to two per cent. of alcohol in the sea
water seriously deranged development and was thus highly
toxic, as Rauber had previously found, for various animals.
The cleavage, says Ziegler, was slow and often abnormal. The
blastoccel tended to be too small; onlya few blastulae were formed,
the remaining ova died before. Gastrulation was sluggish, the
mesenchymic cells had not the normal arrangement, a skeleton
was not developed or, if formed at all, was abnormal. The few
plutei larvae which developed were monstrosities lacking well-
developed arms and did not live long, death being the
almost constant issue. With 3 per cent. alcohol the injury
and arrest of development were greater, and death often
occurred before even the gastrula stage was reached. The
action of alcoholism on the ovarian and testicular elements of
dogs and of man have been experimentally and microscopically
studied. Magnan and others have found in the testicles of
the dog the occurrence of a granulo-fatty degeneration, with
feeble vitality and mobility of the spermatozoa; and other
observers have recognised and described similar changes in
man.
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The whole body of facts, of observations, and of experi-
ments on the influence of alcoholism on the sperm- and germ-
cells, and on the pre-embryo, summarised above clearly indicate
and demonstrate the pathogenic potency for material evil
possessed by alcohol and exerted on the offspring of alcoholic
parentage.

Plumbism.—We need not dwell at any length on the special
toxic effects of lead-poisoning of the mother on the germ-cells or
the pre-embryo. Lead-poisoning of the mother produces distinct
injury of the embryo vie the maternal blood-plasma which
carries the lead in solution. Moreover, a grave anzmia is also
produced by lead-poisoning, and deficient nutrition or even
death of the embryo results. There are always serious changes,
says von Jaksch (Nothnagel's Special Therapy 1897, vol. i
p- 207), in the introgenous metabolism of the body resulting in
an excessive production of uric acid, owing to an excessive
destruction, by the lead, of nuclein-containing substances.
Rennert pointed out in 1882 that women, otherwise healthy,
employed in the pottery factories (where lead is used in glazing
and the women are exposed to the dangers of infection from
lead fumes) in Germany had frequent abortions or gave birth
to children who were deaf-mute, macrocephalic, or other-
wise mentally defective (Talbot On Degeneracy, 1902, p. 119).
Early abortion occurring in lead-poisoning is due to the
intensity of the toxamia and anzmia, the conjoint action
of which is to produce death of the embryo. In milder
cases of lead-poisoning the child may survive, but at its birth
may exhibit the characteristic symptoms. Thus Oppenheim,
of Berlin, has described a case where the child was born in a
state of feeble bodily nutrition with foot and wrist-drop and
local muscular atrophies, a condition traceable to lead-poison-
ing of the mother. In this case, however, the characters of the
lesion indicated that the morbid process (toxic action of lead)
was sustained in feetal and not in embryonic life.

Syphilis.—Syphilis may produce death and abortion of the
pre-embryo in the first month of intra-uterine life or immediately
afterwards. The cerebral lesions of syphilis sustained by the
pre-embryo or the embryo may produce symptoms which vary
from profound idiocy to imbecility. Syphilis attacking the
pre-embryo and embryo produces developmental malforma-
tions and monstrosities of embryonic development according
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to the exact period of infection. Among these are anencephaly,
spina bifida, meningocele and encephalocele, hare-lip and
cleft palate, ectropion vesice, and deformed auricles, mal-
formations which are here given in chronological order of their
origin in the embryo. The first and second of these may be
caused during the third week of intra-uterine life, the last
two in the fourth and fifth weeks, and the others at inter-
mediate times. All these malformations are thus of pre-
embryonic or early embryonic origin, due to the action of the
syphilitic virus within the first month of intra-uterine life.

Such an array of definite facts as those collected and
presented above in regard to alcohol, plumbism, and syphilis
can be extended to include the pathogenic action of other
agencies, such as tuberculosis, which space prevents us from
dealing with here. _

Finally, as regards bacterial and other toxins and their effect
via the maternal blood-plasma on the embryos of pregnant
rabbits and cats, brief reference may be made to the recent
experiments of Charrin and Delamare on cats, rabbits, and
guinea-pigs (C.R., 1901, p. 955, and Thése de Paris, 19o4), which
show from a large and careful series of experiments that toxic
and cytolytic agents generated within the maternal body by
bacterial agencies or by surgical (experimental) lesions of large
visceral organs (e.g., ablation of one half of the liver, or of the
pancreas, but not ablation of one kidney) of the mother acted on
the pre-embryo or embryo in such wise as to induce in it
special visceral lesions and profound disturbances of nutrition,
the actual tangible and visible results being seen in the
necropsies performed on the foetus at or near full term.
The results included abortions, still-birth at about full term,
nanism or idiocy, osseous malformations like chondrodystrophia
feetalis, and other malformations. In fact, these experiments
and their results fall into line with those of Féré on incubating
eggs of which we have given a fairly full summary already,
and they unite in confirming the clinical and pathological
conclusions previously drawn regarding heredity and the pre-
embryonic life.

General Conclusions.

1. Preformation theories of the spermatist type have been
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proved to be baseless, one-sided, and valueless. Yet they were
necessary stages in the development of knowledge.

2. The modern view is that the male and female (germ and
sperm) cells of the parents contribute in equal or approximately
equal proportion to the constitution of the pre-embryo, and
that the special intra-uterine environment and nourishment of
the fertilised ovum during its growth and evolution in the
parental body constitute a third factor of importance, and that
this is especially the case in those animals whose gestation
period is prolonged (mammals). While the above are the
normal factors which co-operate in the production of the
progeny, a fourth (accidental or pathogenic) factor may enter
as a complication—a fact with important practical bearings,
especially for the human race.

3. In the course of animal evolution Nature exhibits in the
successively later and higher stages a gradually increasing per-
fection of the mechanism for keeping constant the immediate
environment of the fertilised and developing ovum until con-
siderable progress—well on to post-embryonic or feetal life—
has been attained. Thus, starting from the lower vertebrate
forms in which the eggs are extruded into the water (sea or
fresh-water animals), we find protective envelopes developed to
hold the eggs together in strings or masses (fishes and amphibia),
the gelatinous envelope of each egg serving as a special
environment during embryogenesis. As we ascend higher the
eggs are provided with shells and membranes enclosing a large
food supply, a more constant environment and a longer period
being thus rendered available during embryogenesis. In warm-
blooded animals a thermostatic mechanism is provided, and in
the mammals a long period of intra-uterine placental life is also
passed through, the medium which surrounds the embryo
during the long period of uterine development being kept
remarkably constant by these means. Everywhere we see in
Nature the increasing purpose of life and of heredity in affording
the fertilised egg a more and more constant and perfect environ-
ment during the critical period of its development. The only
factor of any importance which is apt to disturb this is the
pathogenic factor, which is one especially applicable to man.

4. In building up our knowledge of heredity, five classes of
facts have been found to be useful, if not indispensable, viz., the
facts and knowledge of animal breeding, human breeding,
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plant breeding, the laws of human and comparative embry-
ology, and the laws of pathogenesis.

5. Heredity and variations—antagonistic forces of the organic
world—have to co-operate and combine in order to render the
evolution of the higher forms of life possible. Variations are as
much an indispensable factor in the progressive evolution of
newer and more complex forms of life from the older and simpler
as heredity is for the conservation of the generic and specific
types. But the relative values assigned to these factors are
different in the estimate of different authors, and the difficulties
are increased in the case of man because artificial compli-
cating factors of civilisation, degeneracy, and pathogenesis are
present in his case which the biologist has hitherto taken no
account of.

6. Zoologists and paleontologists believe that variation
must have been greater in early phylogenetic stages than at
the present time. Some of the facts of palaontology when
closely scrutinised “do lend support to the view that when the
first existing forms of life were being established variation was
considerably greater than to-day ™ (Sedgwick, B.A. Address
in Zoology, 1899). “In the process of evolution in the higher
forms of life there has been a gradual diminution in the range
of variation of the different characters of the body—a gradual
diminution of the responses of these characters to changes of the
environment. Characters which, in the early stages of evolution,
were probably plastic have become rigid. . . . The study of
species teaches us that in all cases (except, perhaps, in some
examples of degeneration) the plastic condition of the characters
was antecedent to the rigid; that in the earliest stages of evolu-
tion the condition of extreme plasticity and ready response to
changing external conditions were necessary for the survival of
the species; and that, in the later stages, when special adapta-
tions to special circumstances were developed, a certain rigidity
or indifference to changing external conditions was equally
necessary for its survival” (Hickson, B.A. Address in Zoology,
1903).

7. Galton’s law of regression holds good for man and animals,
but only for averages. What may result in individual cases
cannot be predicted by its application.

8. Mutation, which is in one sense the very antithesis
of regression, must be regarded as a special event, where, by
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the infrequent combination and cumulative effect of physio-
logical or pathological forces a ‘“saltatory” variation is pro-
duced which has the character of stability and hereditability.
Many examples of it have occurred in plants and animals, and
it is to be regarded as established that new species have
originated from existing species by mutation. An increasing
knowledge of Nature favours the adoption of this attitude of
mind. The increasing importance of mutation demands the
attention of all future investigators in heredity and evolu-
tion.

9. Variation, in the widest sense, is of three or four
kinds or modes, as manifested in the organic world—uwiz., the
continuous variation which occurs in organisms normally and
according to the law of probability ; mutation which occurs in
a state of nature (wild) or of civilisation (domestication) ; patho-
genic variation, which is of the nature of a pathological accident
and is often a peculiar inheritance of civilised man ; and per-
haps meristic variations, which border on the pathogenic.
These distinct processes obviously require different modes of
study for their elucidation.

10. The “recapitulation theory " is essentially true when pro-
perly interpreted. Thedevelopmental phases passed through by
the embryo represent, broadly speaking, a recapitulation of its
ancestral history; ontogenesis is an epitome of phylogenesis.
‘“Each animal in the course of its development from the ovum
climbs up, as it were, itsown genealogical tree.” Ininterpreting
the features of embryogenesis, von Baer’s law should be borne in
mind : “ Embryonic states can only be correctly compared with
embryonic states, but not with adult states. The more different
two forms are, the farther back in their development must we
go to find similar stages.”

11. The human ovum and spermatozoon (gametes) undergo,
after union or conjugation into a zygote, a series of changes
regulated by the character of the conjugating elements and the
nature of the medium in which they live, move, nourish them-
selves, multiply and develop (embryogenesis). In higher animals,
and especially in the Simiz, the development of the early stages
bhas been described by Hubrecht in his researches on Tarsius.
The germ-track, which precedes the appearance of the pri-
mordial germ-cells, may lie, and often does lie, in somatic
cells. “ Aseries of the various species of animals may be drawn

LL 4
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up,” says Weissmann, “in which the formation of the primordial
germ-cells begins at very different degrees of remoteness from
the egg-cell. . . . In most of the higher Metazoa this (the first
appearance of the primary germ-cells) only occurs after the
formation of thousands, or even millions, of cells.”

12. The doctrine of the charmed life of ‘““isolation” of the
germ-plasma is not in accord with facts, especially those facts
derived from pathological study. The study of alcoholism,
syphilis, plumbism, and other toxzmias, demonstrates this con-
clusively, as also the clinical data and genealogical tables of
heredity and alcoholism collated or referred to in the foregoing
chapters. Experimental evidence also supports the view, taken
in this memoir, of the law of pathogenesis.

13. The special and separate influences of maternal and
paternalinebriety are also proved by varied and extensiveevidence
quoted before, and evidence (on a smaller scale) has been quoted
to substantiate the same theory as regards plumbismand syphilis.
Thus it is found that 62 per cent. of cases of idiocy are due to
alcoholic parentage (Bourneville) ; that, taking idiocy and im-
becility together, 41 per cent. are of alcoholicdescent (Bourneville) ;
that 20 per cent. of asylum cases of insanity are the hereditary
product of alcoholic parentage exclusively (Wiglesworth) ; that
46 per cent. of habitual criminals (Marro) and 45 per cent. of
juvenile offenders are the hereditary issue of alcoholism; that
82 per cent. of the prostitutes in Russia are the outcome by
direct descent of inebriate parents (Tarnowsky) ; that the lethal
effect on the offspring of alcoholic mothers is high as revealed
by a mortality rate of 56 per cent. for all new-born and young
children below the age of two years, a mortality which is
two and a half to three times as great as that of the sober
married sisters of such inebriate women (Sullivan); and that
nearly 9o per cent. of borderland cases between insanity and
criminality in women in Paris (inmates of St. Anne Asylum)
are attributable to the alcoholism of the parent, especially of
the father (Robinovitch) ; moreover, that the pathogenic action
hereditarily acting for evil and degeneracy in the progeny can
also arise from other poisons than alcohol, such as absinthe,
plumbism, and syphilis.

Addendum.—The concluding part of the present memoir,
dealing with the physico-chemical and organic basis of heredity
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and of variation, will be published in a future number of the
Journal of Mental Science.

() Being part of a paper read, with lantern demonstration, at the meeting of the
Medico-Psychological Association at Oxford, February 12th, 1904.

Mental Depression and Melancholia considered in vegard
to Aulo-intoxication, with special Reference to the
presence of Indoxyl in the Urine and its Clinical
Significance ; Essay for which was awarded the
Bronze Medal of the Medico-Psyckological Associa-
tion, 1904. By ARTHUR A. D. TOWNSEND, M.D,
Senior Assistant Medical Officer, Barnwood House,
Gloucester.

THE more modern and advanced opinion of the present
day, not of necessity the most correct, regards toxic action as
the most important factor in the pathogenesis of insanity.
According to this view insanity is not regarded as primary
disease of the brain, but secondary, and due to toxins derived
from elsewhere acting upon the cortical nerve-cells, disordering
their metabolism, and thus affecting their functional activity,
damaging, or destroying them. The older psychologists are
evidently disinclined to accept the toxic theories of the younger
school, and cling with pertinacity to their opinion that mental
disease is as a rule primary, and that the physical manifesta-
tions of ill-health result from a disordered central nervous
system, and undoubtedly many of the facts they produce in
support of their argument are difficult to refute; on the other
hand, it is necessary for those who advance the theory of
toxamia as the essential factor in the production of insanity to
marshal facts supporting their contention. By the term “ auto-
intoxication ” we indicate toxins evoked within the body as a
result of disordered metabolism, first, such as takes place in
chronic Bright’s disease, myxcedema,diabetes, etc.; and secondly,
in the contents of the gastro-intestinal tract. Within the limits
of this paper I propose only to deal with the second division,
o1z, auto-intoxication from the gastro-intestinal canal, for the
cases coming under this group are by far the more numerous
and important. For a long time I have strongly held the
opinion, as a result of my own observations, that a very large
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proportion of cases suffering from melancholia are due to
auto-intoxication resulting from the absorption of toxins from
the alimentary tract, for in depressed states generally there are
various symptoms referable to disordered metabolic processes
in some part of the gastro-intestinal tract. The symptoms in
question that I consider as evidence of a state of toxamia are
as follow: foul breath, coated tongue, indifference to and
often refusal of food, marked constipation, foul stools,
anzmia (varying in degree), a sallow dirty skin, profuse
perspirations and of offensive odour, skin irritations, erup-
tions, disorders of sensation, often leading to flesh-picking, and
headache. Of course we do not in any one case find all these
symptoms, but there are several common to all cases of acute
melancholia. It may be suggested that the signs and sym-
ptoms that I have mentioned as those of toxzmia are but those
of lowered general health, and do not in themselves afford any
direct evidence of the absorption of toxins, but I have ob-
served that the signs and symptoms that I refer to as con-
stituting toxazmia so commonly present in states of mental
depression are constantly associated with the presence in the
urine of indoxyl, in greater or lesser excess.

During the past two years and a half I have been exammmg
the urine for indoxyl in all the cases of acute insanity that have
come under my notice, for the reason that indoxyl in excess
indicates abnormal putrefactive processes in the gastro-intes-
tinal tract.

Indol, CgHyN, is the product of the albuminous substances
in the upper part of the small intestine ; the indol is absorbed
from the intestines, and, entering the blood, it becomes oxidised
to indoxyl, CgHgNO, and this combining with potassium
sulphate forms indoxyl potassium sulphate, and in this form is.
eliminated in the urine.

Indoxyl is present in normal urine as a result of intestinal
putrefaction, but in very small amount. Neubauer and Vogel
estimated the quantity of indoxyl separated from the urine to.
be from 000§ to 0'025 grain in the twenty-four hours’
secretion of a healthy individual on a mixed diet. The test
that I have used for demonstrating the amount of indoxyl
present is that known as Jaffe’s. The urine is mixed with an
equal quantity of strong hydrochloric acid, by which means
indoxyl sulphate is decomposed and indoxyl liberated. A
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very minute amount of calcium hypochlorite is now added
(great care is necessary to avoid excess), oxidation of the
indoxyl takes place, and indigo blue is formed. The mixture
is then shaken up with chloroform, which takes up the indigo
blue, the depth of colour indicating the amount of indoxyl
present. The colour reaction in normal urine is very slight,
the faintest tinge of blue ; frequently it cannot be obtained. I
have always used Jaffe’s test, as by keeping to one method
uniformity of result is more easily obtained. To indicate the
amount of indoxyl present I use the terms (1) faint trace; (2)
moderate excess ; (3) large excess.

No. 1.—A faint blue colour, as appears in most normal urines.

No. 2.—A brilliant bright blue colour.

No. 3.—A very deep blue, in some cases almost approaching
to black.

To some extent of course these colours merge one into the
other, but generally speaking the above terms are sufficiently
definite. My observations as to the presence of indoxyl in the
urine of the insane incline me to the opinion that it has con-
siderable clinical importance. My reasons for this opinion are
as follow :

1. That in excess it indicates abnormal putrefactive pro-
cesses in the alimentary tract, such processes resulting in the
formation of toxins which, becoming absorbed, are poisonous to
the animal economy.

2. That the putrefactive process indicated in greater or lesser
degree by the amount of indoxyl present may be primary and
causative. Should this be established it opens up a new field
for the treatment of certain mental states, and further, an early
recognition of the condition and adequate treatment might
possibly prevent the development of mental symptoms. I may
here remark that all the cases that I have examined came
under my care after the mental symptoms were fully established,
and thus I have not had the opportunity to observe whether
the putrefactive process preceded or followed the mental sym-
ptoms; any opinion that I have formed regarding this most
important question is the outcome of my observations during
the progress of the cases.

3. Should these putrefactive processes be found to be merely
secondary, and only to be considered as the result of disordered
metabolism consequent upon change in the central nervous
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system, they still have considerable importance, inasmuch as
they indicate a condition of tox®mia, a grave departure from
normal health.

Upon reference to my appended records of cases, it will be
noticed that I have placed them in two groups: (1) those
suffering from acute melancholia ; (2) those suffering from acute
mania. My reason for so doing will be at once evident, for I
have found that indoxyl is invariably excreted in excess in
depressed states, whilst in maniacal conditions it is only ex-
creted in normal or less than normal amount. In two cases of
acute mania out of thirteen indoxyl was present in moderate
excess, and with regard to these two cases there are several
circumstances that I shall later refer to.

So far I can therefore definitely say that in depressed
states indoxyl is always present in excess, and that in maniacal
states it is usually only in minute or normal amount. The
excess of indoxyl in the urine indicates a condition favourable
to the establishment of a state of toxamia; it is therefore
necessary to consider if the cases that I record present the
symptoms of toxamia, and what degree of significance attaches
to the presence of indoxyl in the urine. I shall now make
general reference to recorded cases and later refer to them in
some detail. It will be noticed on reference to the appended
record that the cases may be divided into two groups : Nos. 1, 2,
3, 4, 5, 6, 13, 15, where indoxyl was present in large excess,
while in all the others only a moderate excess was found, the
cases where the excess was large being with one exception
much more severe in the type of melancholia than the others
where the excess was moderate. This is an interesting clinical
fact, and possibly an important one, for should it be ultimately
established that the putrefactive process resulting in the forma-
tion of toxins is primary and causative, it is evident that the
depth of the mental disorder bears proportion to the degree of
intoxication. On the other hand, should the putrefactive pro-
cess be secondary, it serves to show how profoundly mental
states interfere with normal metabolism.

It is a somewhat striking fact that of the sixteen cases of
melancholia no less than eleven were the subjects of hereditary
tendencies and, doubtless following the law of inheritance, the
possessors of unstable brains ; therefore we may naturally sup-
pose them to be more prone to the injurious effects of auto-
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toxic agents than individuals without such hereditary tendency.
I have in a small percentage of cases found indoxyl excreted in
moderate excess in some apparently healthy individuals. I am
unable to say whether it was excreted for any length of time,
or was merely a transient condition. We may assume as
necessary for a state of toxamia either the rapid absorption of
toxins in excessive doses or their long-continued absorption in
smaller quantity. The fact that abnormal putrefactive pro-
cesses in the alimentary tract may take place in certain
individuals apparently without injury to mental or physical
health, probably only indicates a resistive power to the particular
toxins that all do not possess. With only two exceptions,
practically all the cases presented an appearance of ill-health,
and all some of the symptoms of auto-intoxication ; and here,
again, in the evidences of ill-health it will be seen that the
physical signs are more strongly marked in those where indoxyl
was excreted in greater excess, while at the same time the mental
manifestations were more severe. In the remaining cases,
where it was present in only moderate excess, the type was that
of simple acute melancholia and the indications of toxamia less
evident. :

I now propose to refer to some of the cases in detail :

No. 1. Acute melancholia, confusional type—There were pro-
dromal symptoms for two months before admission.

Mental state on admission.—Depression and mental confusion ;
delusions of a distressing nature—e.g. that she was half an animal,
that her body was malformed ; that she had no stomach, and conse-
quently could not take food ; that she had an animal inside her. She
took no food voluntarily, and it was necessary to feed her with the
nasal tube for many weeks.

Physical state.—There was no evidence of organic disease, but her
bodily condition was poor and her general health indifferent. Face
congested, and the facial veins engorged, hands and feet cold and blue.
Skin clammy and muddy-looking, at times profuse perspiration of an
offensive odour. During the progress of the case there were signs of
skin irritation. She developed patches of erythema on the face ; these
she continually rubbed and picked, causing sores to form ; breath foul,
tongue large, flabby, coated and tremulous ; there was complete loss of
desire for food ; bowels very costive and the stools most offensive. She
was anemic. She had lost weight.

On admission indoxyl was present in the urine in large excess, and it
continued to be so during about four months; after this period it
gradually became less, and in the course of a few weeks there was but
a trace. At or about the time that the indoxyl became reduced to the



56 MENTAL DEPRESSION AND MELANCHOLIA, [Jan.,

normal amount both mental and physical improvement commenced,
the depression soon passed off, the mental confusion vanished, and the
delusions dissipated themselves ; at the same time the physical signs of
toxemia gradually lessened and soon passed, tongue cleaned, bowels
acted regularly and naturally, the motions ceased to be offensive, the
coldness and blueness of the hands and feet were no longer evident.
She increased much in weight. This case remained under care about
a year. Her recovery took place in about eight months, but she was
unstable, and it was considered that longer residence would be
beneficial.

The coineidence of the reduced excretion of indoxyl with
the improvement in the mental state appears to be of much
importance, for we can hardly believe this coincidence to be
merely a fortuitous circumstance. At the same time, I do not
wish to ignore the possibility that the improvement in the
mental state and the diminished excretion of indoxyl may
have been due to the improvement in general health and con-
sequent re-establishment of brain equilibrium and normal
metabolism, but no small part of the improvement in general
health is involved in the cessation of abnorma! putrefactive
processes ; therefore I consider that we must admit the
restoration of the normal functions of the iptestinal tract, as
evidenced by the disappearance of the signs and symptoms of
toxamia, associated as it was with mental recovery, to be more
than mere coincidence. :

No. 2. Acute melancholia, agitated type—Under care about
fourteen months.

Mental state on admission.—Depression, extreme restlessness, de-
lusions of a distressing nature—false charges, conspiracies, fiends, loath-
some animals, that those about her were not human. She suffered from
aural hallucinations. She was restless, always pacing about, most
impulsive in her actions, and very violent. She refused food for many
weeks, and all urine had to be drawn off with catheter.

Physical state.—Her body was poorly nourished and her general
health indifferent. She was anzmic ; skin sallow and greasy ; sores on
face from flesh-picking ; breath offensive ; tongue heavily coated ; bowels
very costive ; stools foul. She suffered much from headache.

Indoxyl was present in the urine in great excess—in fact, greater than
in that of any other case. After patient had been under our care for
fourteen months she was transferred to another institution ; this was
considered advisable because, despite a considerable degree of mental
and physical improvement, she had some fixed delusions. The amount
of indoxyl excreted had considerably diminished, but it was still in some
excess when she left our care. Afterwards, I am informed, she made
a rapid recovery, but most unfortunately I am without information as to
the state of her urine after she left this hospital.
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The points to which I wish to call attention in this case are
the severity of the mental symptoms associated with the
excretion of indoxyl in such marked excess and with the general
evidences of auto-intoxication, and the improvement in the
mental and physical state of the patient associated with a
diminished excretion of indoxyl. I was most unfortunate in
being unable to follow the case to a conclusion.

No. 3. Acute melancholia of the confusional type, later passing to a
:tupom: state.—Urine contained indoxyl in large excess. There were
anzmia, constipation, foul stools, and an offensive odour from the skin.
For several months the excess of indoxyl persisted, then it gradually
diminished, and finally disappeared; at the same time the mental
symptoms lmproved the indications of auto-intoxication passing away.
Patient was discharged recovered, having been under treatment about
eight months.

Nos. 4 and 5 require but passing notice ; both died, the one from
pulmonary phthisis, the other from acute tuberculosis, and as in such
conditions indoxyl is usually found in excess its association with the
mental state is discounted.

No. 6. Acute melancholia, supervensing after an atlack of acute mania.
—Patient was under care at intervals during several years. For some
months she suffered from severe depression ; it then became less acute,
and though still depressed and desponding about herself, her friends
decided to try her at home. On admission indoxyl was found in the
urine in large excess. Appetite always fairly good ; tongue coated ;
breath offensive ; bowels costive ; stools foul; skin sallow and greasy-
looking ; abundant acne on face and body, and emanations from skin of
very disagreeable odour. She was anzmic, thin and poorly nourished.
Though patient did not recover she improved both mentally and
physically ; the excess of indoxyl diminished, but when she left it was
still present in moderate excess.

Nos. 7 and 8. Sisters, both the subjects of acute melancholia.

No. 7 was suffering from mania, not melancholia, on admission. She
was excited, restless and hilarious, but the mania was of very short
duration ; within a fortnight of her admission depression supervened ;
the case then followed the course of an ordinary melancholia. She was
very depressed, she shunned the society of other patients, said that an
offensive odour emanated from her body and that she was unfit to
associate with others. It was difficult to persuade her to take sufficient
food ; said that all the food she took went to her head. About this
penod she continually craved for aperients in excessive doses; this
craving was doubtless due to the great discomfort she suffered followmg
the ingestion of food. She was constipated and the stools were highly
offensive. She was anzmic, but not markedly so. Her general appear-
ance was not suggestive of auto-intoxication, she being a clear-skinned,
healthy-looking girl. When admitted indoxyl was excreted in moderate
excess, and this excess persisted throughout despite physical and appa-
rent mental improvement. So well did the patient appear to be that her
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discharge was contemplated. She had been removed from the main
building to one of the detached villas. Patient was, so far as could be
judged, perfectly well. She escaped and committed suicide. She had
never at any time manifested any suicidal tendency. It is of course
evident that we were mistaken in considering her to have recovered.
She was naturally a girl of unusual self-control, and capable of masking
her feelings ; she left a letter which showed clearly a state of mind of
which we were entirely ignorant.

The fact that the excretion of indoxyl did not diminish
despite the apparent mental and physical improvement caused
me much surprise, as in all other cases where recovery had
taken place the excess of idoxyl had disappeared from the
urine.

No. 8. Acute melancholia.—Still under treatment. On admission,
about fifteen months ago, she was a pallid, unhealthy-looking girl, very
anzmic ; the emanations from the skin were profuse and offensive,
bowels costive, and stools foul. The mental symptoms were very
similar to those of her sister, No. 7. :

For many months the depression continued. Indoxyl was excreted
in moderate excess. During the past three months there has been a
marked improvement in her mental and physical state, the excess of
indoxyl has gradually diminished, and has now disappeared. Patient is
now practically well, and will shortly be discharged recovered.

No. 9. Simple melancholia.—As in other cases, the alimentary tract
was disordered, breath offensive, tongue coated, appetite indifferent,
bowels costive, and stools foul. Indoxyl was present in moderate excess.
As improvement in the mental state took place, this diminished,
and when patient was discharged, recovered, the urine was normal. In
this case the mental symptoms were never severe ; they rapidly im-
proved, and the excess of indoxyl soon disappeared.

No. 10. When admitted, fifteen months ago, suffering from acute
melancholia, patient rapidly passed into a stuporous condition, and has
remained so ever since. An unhealthy-looking woman, skin sallow and
greasy ; she perspires profusely; bowels costive; motions offensive ;
circulation very sluggish ; hands and feet cold and blue.

Throughout, indoxyl has been excreted in moderate excess ; there has
not been the least mental improvement.

No. 11. 4 case of simple melancholia.—On admission, indoxyl was
present in the urine in moderate excess; tongue was coated, breath
offensive ; bowels very costive; motions foul ; appetite was always
good. Patient suffered from rather profuse perspirations, having an
offensive odour. As mental improvement took place the excess of indoxyl
diminished and disappeared, and patient was discharged, recovered.

No. 12. A puerperal case.—Patient was acutely melancholic ; before
admission she attempted suicide, threw herself from window and sus-
tained a fracture of base of skull. Indoxyl was present in moderate
excess. Tongue coated; appetite fairly good ; she was constipated ;
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stools were offensive ; there was a slight degree of anemia. Patient
made a rapid recovery, and the excess of indoxyl disappeared.

No. 13. Aecute melancholia.—Confusional type. Sallow, greasy skin ;
sores on face from constantly picking; tongue coated ; breath offen-
sive ; refuses food; bowels costive; stools foul; marked anzmia.
Indoxyl present in large excess. Patient has only recently been
admitted, and is still under treatment.

No. 14. Acute melancholia.—Agitated type. This case did not come
under my notice till about six weeks after admission, so I am unaware of
the state of the urine at that time. When I first examined it indoxyl was
present in moderate excess. Tongue clean and appetite good ; bowels
costive; motions offensive ; profuse perspirations, skin muddy and
greasy ; pustular acne on face and body. As the depression became
less, the excess of indoxyl diminished, the symptoms of toxzmia
disappeared, and when patient was discharged, recovered, there was no
excess of indoxyl.

No. 15. Acute melanckolia, agitated type.—On admission indoxyl
present in large excess. Tongue coated ; breath offensive; bowels
costive ; motions foul ; skin sallow, greasy; sores on face and body
from constant flesh-picking. The mental symptoms were of a severe
type during the time she was under our care. Neither her mental nor
physical state manifested the least improvement during the time she
was under observation, and the excess in indoxyl did not diminish.
After about ten months she was transferred to another institution.

No. 16. Acute melancholia.—On admission indoxyl was present in
moderate excess. Patient was thin and poorly nourished ; tongue clean;
appetite fairly good, bowels regular, but motions very offensive. She
was anzmic, and had sores on face from flesh-picking. Patient has
been under treatment for about a year; she has much improved
mentally, and there is now but little depression ; she has gained much
in weight. The anzmia has disappeared ; skin is clear and healthy-
looking ; the motions are natural. The indoxyl has gradually dimin-
ished, but there is still a slight excess.

On reference to my appended record of cases, 16 in number,
8 have recovered, 3 have died, 3 are still under treatment ; 1
has improved sufficiently to return home; 1 has been trans-
ferred to another institution. In 7 of those recovered, the
diminution and disappearance of the excess of indoxyl in the
urine has taken place pars passu with the improvement in the
physical and mental health of the patient. In all these cases
the excess of indoxyl disappeared when recovery took place.

The signs and symptoms of auto-intoxication,varyingin degree
in the different cases, bore distinct ratio to the excess of
indoxyl and the depth of the mental symptoms. Not until the
excess of indoxyl in the urine had greatly diminished or
vanished did the symptoms and signs of toxamia pass off.
(Case No. 7 is somewhat at variance with this statement, as
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despite the excess of indoxyl persisting the symptoms of toxamia
seemed to disappear.) As the excess became less the im-
provement became manifest, tongue cleansed, breath inoffensive,
appetite improved, bowels regular, stools normal, anzmia
rapidly yielded to treatment, skin healthy-looking ; patients
previously thin and poorly nourished gained greatly in weight.

Treatment may be considered under two heads—dietetic and
medicinal. Milk is undoubtedly the best diet that can be given
where there is excess of indoxyl in the urine. The patients
who require to be forcibly fed do much better than those who
take ordinary diet. With a purely milk diet, putrefactive
changes diminish much more rapidly. At one time it was my
custom to give several eggs daily, but I have now discontinued
their use; they appear to favour intestinal putrefaction as
measured by the excess of indoxyl.

Undoubtedly in all these cases assimilation is defective, and
plain milk is the most easily assimilated food.

I have used various drugs with the purpose of controlling
putrefactive changes in the alimentary tract, viz. calomel in
small doses, salol, urotropine, naphthaline, creasote, but, un-
fortunately, all of them without any satisfactory result, and I
cannot say that any drug that I have used has made any appre-
ciable difference to the amount of indoxyl excreted. This is
perhaps hardly to be wondered at when we consider the danger
in giving any drug in sufficient doses to have appreciable anti-
septic effect upon the large area involved in the putrefactive
change. It would appear that we are still without an efficient
intestinal antiseptic.

The only treatment that I have found to diminish the excess
of indoxyl is free purgation, and a diet exclusively of milk, but
in many cases it is difficult and often impossible to get patients
to submit to it.

So far as my investigations have been carried they have,
briefly to recapitulate, enabled me to make the following deduc-
tions :

1st. That in depressed states indoxyl is excreted in excess.

2nd. That patients excreting indoxyl in excess exhibit
symptoms and signs of toxaemia.

3rd. That in states of mental elation there is seldom any
increase, the amount excreted being normal or less than
normal.
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4th. That in some states of mental alteration indoxyl is
excreted in excess during both melancholic and maniacal
phases.

sth. That the more severe the mental attack the greater the
excess of indoxyl.

6th. The greater the excess of indoxyl the more marked are
the symptoms and signs of toxamia.

7th. That mental recovery was in the cases I record preceded
by the reduction to normal of the amount of indoxyl excreted.

There is not the least doubt that the subjects of melancholia
suffer in greater or less degree from the absorption of toxins,
the products of abnormal putrefactive changes in the intestinal

" tract. Itis fully recognised that excess of indoxyl in the urine
affords the evidence of morbid putrefactive processes in the
upper part of the intestinal tract (the dadrum duodenum).

So far as my observations have been carried they have
enabled me to show that indoxyl is found in excess in the
urine of patients suffering from acute melancholia ; it therefore
follows that we have in the intestinal tract of these cases a con-
dition favourable to the formation of toxins. In the brief
records of the various cases, I have pointed out those signs and
symptoms suggesting the absorption of these toxins and the
establishment of the state of toxemia. Whether, however, the
putrefactive processes associated with these mental states are
primary and causative, or whether they are but secondary and
complicating, future investigation must decide,

Sex. Disease. l Indoxyl.

1 Male Acute mania No excess.

2 Female Acute mania, recurrent No excess.

3 Female Acute mania No excess.

4 Female Acute mania No excess.

s Male Acute mania No excess.

6 Male Acute mania No excess.

7 Female Acute mania No excess.

8 Female Acute mania No excess.

9 | Female Acute mania No excess.
10 Female Acute mania Moderate excess.
11 Female | Folie circulaire, maniacal stage Moderate excess.
12 | Female Acute mania, puerperal No excess.
13 | Male Acute mania No excess.

No. 10.—For some months before patient was admitted she suffered from acute
melancholia; acute mania then supervened, and she was placed under
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our care ; the attack was very short in duration, and she made rapid

recovery.

No. 11.—Has been several times under observation, during both maniacal and

melancholic phases.
the urine.

insanity, I have found a similar condition.

Indoxyl in moderate excess has been found in
In several cases of folie circulaire, and also of alternating

Sex. ' Mental disease. Indoxyl. Remarks.
i
|
1 | Female | Acute melancholia, confu- | Large excess Recovered.
sional type
2 | Female | Acute melancholia, agitated | Large excess Recovered after transfer |
{ type to another institution. |
3 | Female | Acute melancholia, confu- | Large excess Recovered.
sional type ‘
4 | Female | Acute melancholia, confu- | Large excess Did not improve ; died
sional type from phthisis.
5 | Female | Acute melancholia, agitated | Large excess Did not improve ; died
type : from acute tuberculosis.
6 | Female | Acute melancholia, super- | Large excess Improved.
vening upon acute mania
7 | Female | Acute melancholia (simple) | Moderate excess | Died.
8 | Female | Acute melancholia (simple) | Moderate excess | Recovered.
9 | Female | Acute melancholia (simple) | Moderate excess | Recovered.
10 | Female | Acute melancholia,stuporous| Moderate excess | Still under treatment;
not improving.
11 | Female | Acute melancholia (simple) | Moderate excess | Recovered.
12 | Female | Acute melancholia (simple) | Moderate excess | Recovered. '
13 | Female | Acute melancholia, confu- | Large excess Still under treatment.
sional type
14 | Female | Acute melancholia, agitated | Moderate excess | Recovered.
type
15 | Female | Acute melancholia, agitated | Large excess Transferred to another
type institution. ‘
16 | Female | Acute melancholia Moderate excess | Still under treatment,
but recovering.

Psychology of a particular Form of Pathological Intoxi-

cation.

By Professor A. PIcK (Prague).

IT is currently admitted that the state of intoxication in

neuropathic persons differs from that of normal individuals or
of habitual drunkards. Of this peculiar state Bonhoeffer has
lately given an excellent account, but when one attempts to
gain a clear conception of it the clinical cases scarcely bear out
the general description. It will, therefore, perhaps be not
inappropriate to go over some cases of this pathological form of
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intoxication which are not yet numerous and endeavour to
gather them into a more definite group. (*)

On October 27th, 1902, at nine o’clock in the evening, there
was brought to the clinique an unknown man, who afterwards
designated himself as named T. Anton, locksmith’s apprentice,
®t. 20 years. It was stated that in the Karlplatz, where there
were a number of low drinking-dens, he had attempted to
overthrow the benches on the square, crying out that he was
Prince Rosenkranz. At the police office he was still unruly
and tried to hang himself in the cell. When brought hand-
cuffed to the examination-room he had the appearance of being
drunk, had a confused and sleepy look, and kept on muttering
something about cigarettes (“ Drama”). The preliminary
questions being over, he allowed himself quietly to be led to the
clinique. The appearance of intoxication had now disappeared
and he carried on the following conversation with the assistant :
“ What are you called?” “ Prince Rosenkranz, but if my
father lived it would be different.” “Who was your father?”
“He is dead now.” “What was he called?” “I don't
know.” When asked where he lived, after reflecting a little,
he answered, Koschir (a suburb of Prague). He replied to
many further questions about his dwelling with “Koschir.”
When asked how he lived he did not answer and remained
dull to repeated questions. “What had he eaten to-day?”
“ Only three kreuzersworth of apples.” “What had he eaten
yesterday ?” “Nothing.” “What did he generally eat?”
¢ Na, this week there was not yet Saturday, and on Saturday I
ate nothing.” When he was undressed and the assistant asked
him the cause of a large lupus mark on his forearm, he said:
“ That is my birth mark of nobility.” “ How do you live?”
“ Na, I have sent for  Dramas ’ (the aforementioned cigarettes) ;
they would not bring them to me, and therefore I was annoyed.”
“ Where did he get the two kreuzers?” “A woman gave
them to me” Then he whispered confidentially into the
assistant’s ear: “I am Prince Rosenkranz. I was repudiated,
but I am noble.” “What are you generally called?” “ Prince
Rosenkranz.” “But by ordinary people?” “Well, Mr.
Anton, they call me, but I have been put away, and so I must
beg ; but tell nobody. I tell you you are a fine gentleman.
You are certainly noble.” When told he was in the hospital
for insane he answered promptly, “ But I am not silly.” He
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could only count the beginning of the multiplication table and
that very slowly. The mucous membrane reflexes were prompt ;
needle pricks were readily felt, but when pushed deeper were
not felt as painful,

T— slept the night after this examination and was quite
clear in the morning, discovered where he was and gave an
account of himself. He had been long without parents and had
led an irregular life. Having been without work for some
months, he had lived on charity and had drunk all he could get
for the last two nights. He knew nothing of yesterday's
excess. About Prince Rosenkranz he explained that he had
taken part in private theatricals and perhaps had seen Hamlet
acted. His bodily condition, apart from the lupus, presented
no striking signs of degeneration. There were no convulsions
or symptoms of mental derangement. T— shows no inclina-
tion to work, and on the whole he gives the impression of being
a degenerate, and all that has since transpired of his history
goes to confirm this.

A fortnight later in the evening of an idle Monday he was
again brought to the clinique. He had been disorderly at the
Karlplatz opposite the Military Hospital ; he was found
furiously beating on a bench ; he offered to strike the soldier
of the guard who came up, ran after him into the Military
Hospital crying that he was Prince Rosenkranz and must kill
everyone ; he called the policemen dogs. He was brought,
tied and smelling of liquor, to the clinique. He was then
drowsy and soon fell asleep; in the morning his mind was
quite clear, but he had forgotten all that had happened during
the time of excitement. Brought in a third time shortly after-
wards, he had the appearance of great heaviness and listless-
ness. When asked his name he muttered something. The
only words which could be understood were: “They have
not brought me the Dramas.” It was reported that in the after-
noon he had entered a drinking-shop and begged to be allowed
to sit there; shortly after he attacked the landlord with a
ladder which he picked up and then ran out crying: “I am
Prince Rosenkranz,” threw himself on a passer-by and shouted
to him: “ You are not a nobleman.” He demanded Drama
cigarettes from the police, then he made as if he were waiting
for a carriage to take him away. After sleeping at the
clinique he completely regained his self-possession forgetting,
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as formerly, what he had done save that he had gone into the
shop.

Thus we see that T— after every excess in drinking passes
into an abnormal state of consciousness distinguished by two
peculiarities.  First, his mind is separated from the usual
sequence of his thoughts, and secondly it is narrowed into a
circle which is very circumscribed but always identical. While
I adhere to the views of Moeli (Allgemeine Zeitsckrift fiir
Psycliatrie, 57, page 186), still, I differ from him in that he
treats these pathological phases as delusive conceptions. I believe
that in this case we have to do, not with delusions created in
the state of abnormal consciousness, but with something fixed
which readily rises every time to the surface through or during
this peculiar mental condition. It corresponds with patho-
logical dreaming in children and with what Pierre Janet
(Neuroses et Idées Fixes, 1898, 1, page 393) has described as
“réverie subconsciente,” the relations of which to the waking
condition he has also indicated. It is especially important in
dealing with this subject to note the monotonous and dream-like
character of the delusions of grandeur which in these cases are
frequent. In the same passage Janet points out how these
“ réveries ” bring to maturity submerged dispositions and how
they assume a more precise character when the conscious
mental life becomes fainter ; a step further we see that through
a diminished conscious activity the impressions of dreams come
to the foreground and occupy the place of the narrowed scope
of consciousness.

These considerations help us to answer a question which
C. Mayer (Joc. cit., page 248), in dealing with the delusions he
describes, has treated as quite incomprehensible, why in every
one of his four cases there is a delusion of grandeur. Delusions
of grandeur are, as a rule, the content of pathological dreaming,
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