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ON CERTAIN ASPECTS OF HUMAN BIOLOGY 7

rather than a preformative theory of embryonic develop-
ment. If we start then with the assumption that the
development of a recently introduced character, such for
instance as the extra toe, (when a four-toed breed of fowls
is crossed with a five-toed breed), is controlled by the same
heredity process as older established racial characters, e.g.
colour pattern are controlled, during embryonic develop-
ment,—then it is probable that an enquiry into: these and
other examples of hemilateral asymmetry, such as gynan-
dromorphism in birds and insects, may throw additional
light on the actual process and method of embryological
growth.

For whatever be the nature of the process, (whether it
be preformative or epigenetic) which starts the develop-
ment of the fertilised egg cell on a bilateral plan of growth,
the fact that an old established racial character is, for the
most part, distributed equally to the two halves of the
organism, while a newly introduced character, (such as an
extra toe), is often distributed #nequally, suggests the idea
that the new factor, or gene, fuses with difficulty with the
older established complex. In other words, that the old
and new factors tend to segregate during the process of
cell division which underlies the bilateral development of
the embryo. The result being that asymmetrical dis-
tribution of the extra toe character occurs on the two sides
of the body.

It looks indeed as if a condition of unstable equilibrum
has been set up in the genetic machinery which controls
embryological development, by the introduction of a
foreign element or character into an old established racial
genetic complex, and that this disturbance of equilibrum
is in some way associated with the abnormal distribution
of the character in question, to the two sides of the body.

It fact it is not altogether fanciful to regard the
individual vertebrate organism as built up of two half
individuals, mirror images of each other, fused along the
longitudinal median plane, just as we regard a serially
segmented organism, like a worm, as built up of a number




























































ON CERTAIN ASPECTS OF HUMAN BIOLOGY 27

idiotcy are found among the Whites and Mongols, and
are not recorded among the Negro or Blacks, or have onl
been recorded in a few doubtful cases. The further fact
that variety of ear pattern seems to be more common
among white peoples than Blacks and Mongols would be in
harmony with a more mixed ancestry in the Whites, and
if it be true, as we suggest, that hemilateral asymmetry
of any character is associated with the heterozygous con-
dition as regards the same character, then asymmetry of
ear pattern in the same individual should be more frequent
among the Whites than among the Black or Yellow races.
The study of asymmetry of ear shape, like that of asym-
metrical eye coﬁr}ur, has the great advantage that it is
largely independent of environmental influences.

Further studies into the Racial Significance of Ear
Pattern are very desirable. If the association between
lateral asymmetry and cross breeding which is now put
forward 1s suunt}: then the primitive pure bred races of
mankind should show less Asymmetry in Individual Ear
Pattern than the much mixed Caucasian or White races.
I also think that a study of Ear Pattern which is dis-
tinctive in the three Anthropoid groups, the Orang, the
Chimpanzee, and the Gorilla, would also show an absence
of Asymmetry in individual members of these three

groups.

AsyMMETRY OF EYE CorLour (HETEROCHROMIA IRIDIS) IN
MaN AND ANIMALS.

Twenty years ago (Journal of Genetics, June 1912) I
gave examples, with pedigree charts, of a number of fami-
lies in which, from matings between blue eyed (simplex)
and brown eyed (durlﬂx) parents, one or more of the
children in a family showed asymmetrically coloured
eyes, one blue and one brown in the same individual. In
some cases a sector, or ray of brown coloured iris appeared
in a blue eye, with the other eye wholly blue.
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The failure of the right ovary to reach full development
in birds previously mentioned is of interest. It cannot be
due to hormonic influence, and must in some way depend
on chromosomal factors. Perhaps an asymmetric char-
acter, which probably originated in a mutational
departure from the normal, has now in birds become a
fixed and permanent racial feature.

The available evidence suggests that the somatic tissue
cells on the two sides of the body in these exceptional
cases differ in their susceptibility to, or capacity of response
to, hormonic influences, especially to the stimuli derived
from the male and female sex gonads. The tissue cells
differ in fact in innate “ maleness and femaleness,” and
this difference in secondary as in primary sex characters
must depend on factorial composition.

The experiments of Roux and other observers on the
Eggs of Frogs have shown that the two half individuals
which, in the normal embryo are united along the median
line, represent at an earlier stage two potentially whole
individuals, since each of the first pair of blastomeres, if
shaken apart, can develop into a whole organism. In
certain cases, however, in which blastomeric division is
disturbed, these two potential wholes may develop
unequally. The question is, what is the nature of the
disturbing element which causes this unequal cell
division, and later the hemilateral asymmetry.

It looks as if the segregative process which is responsible
for the unequal distribution of parental characters to
different daughter gametes, and which normally ceases
with maturation of the gametes, is carried on into zygotic
development in these abnormal individuals where it
results in mono-oval twins, or double monsters, or hemi-
lateral asymmetry, according to the degree of the segre-
gation.

In connection with this view of the organism as built up
of two half, but potentially whole individuals united
along the mid-line, it is of interest to find that Huxley
(Essays in Pop. Science, p. 240, 1927) states that a large




































PREFACE

HE following Lecture II, “ On the Making of Use-

Acquirements ’ is mainly concerned with a con-
sideration of the way in which the changes in cell
structure and function which constitute Use-Acquire-
ments, are brought about.

The suggestion is made that such acquirements are the

outcome of a process of variation and selection occurring
among Intra cellular units.

These acquired characters are considered from the point
of view of the individual organism and the cell or cells
which undergo the change.

The response to environmental stimuli made by the
Nerve cell, the Muscle cell, the Epithelial cell, the Cancer
cell, the Bone cell, and by certain unicellular organisms,
together with the acquired Immunity Reaction, are dis-
cussed from the same point of view.

The question of the transmission of Use-Acquirements,
made by somatic cells, to the descendants of these body
cells on the one hand, and to the Germ cells (and so to
offspring) on the other, is discussed, and the suggestion
is made that the apparent discrepancy in the evidence
presented on the two sides, may be due to innate differen-
cies in the susccptlblllt}r Df the Germ cells to environ-
mental influences in organisms of different types.

Certain possible objections to the theory of the making
of Usc-Acqmrtments here proposed are dealt with, and in
conclusion it is claimed that, although this study of
acqmrf:d characters may not thrc-w any new light on the
origin of the variations or mutations on which evolution
is based, it does suggest that Ontogenetic development
and Ph logenetic evolution are essentially similar pro-
cesses, tlzough concerned with units of a different order.

The factors concerned, namely (1) Cell or individual
potentiality. (2) Envlmnmcntal influence, and (3) the
reaction between them, are alike in both cases.
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in fact, a true use-acquirement. In confirmation of this
view we find no evidence of any struggle for existence,
or cell destruction, or of cell regeneration among nerve
cells, at any rate when the neural response falls within the
limits of normal functional activity. The functionally
active nerve cell does not die, nor undergo cell division,
at any rate in the human subject during adult life, It
is the undifferentiated neuroblast, and not the highly com-
plex neuron, which divides and multiplies during feetal
and early post-natal life.

In fact it is true to say that in proportion as the neuron
develops the capacity to respond directly by use-
acquirement, it loses the capacity to respond indirectly
by cell division, thus markedly differing in this aspect,
as we shall see later, from the muscle cell.

This absence of destruction and regeneration of nerve
cells, during adult life, is inconsistent with the selection
of more favourable varieties of nerve cells as an expla-
nation of neural adaptation, but it is consistent with the
selection of, and the favourable re-arrangement of nerve
cell parts, as being the real process by which neural
adaptation is brought about, and by which individual
nerve cells make use-acquirements.

But if this conception of the nature of a use-acquirement
is sound, then there should be some evidence of the
presence, during neural adaptation, of the three con-
ditions, viz., struggle or competition, destruction or
removal, and regeneration or reconstruction, (not among
individual nerve cells), but among the intra-cellular
elements of which nerve cells are composed.

Such evidence does exist.

Hodge, Gustav Mann, and others have recorded the
effect of fatigue and prolonged stimulation in reducing
the size and number of the Nissl bodies in nerve cells.
The effect of effort is to use up, the effect of rest is to
restore the number, size, and integrity of these intra-
cellular units.
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sensory to the motor side of the nervous system. But this
system of arborisation—these dendrites, represent parts
of the individual nerve cell, and they must share in that
variation and selection of intra-cellular parts which, as
we suggest, provides the material basis for the making
of use-acquirements during the neuro-psychical response.
In thus speaking of discontinuity in the relationshi
between the neuronic elements of which the vertebrate
central nervous system is built up, I am not unmindful
of the work of various observers (e.g. Dr. O. W. Tiegs,
Sect. D, Brit. Assoc, 1928, and Miss F. Ballantyne on
the Nervous System of Lepidosiren, Trans. Roy. Soc.
Edin., Vol. 53, R3.), which suggest that though the for-
ward, or uni-directional flow of the neural wave must
‘depend on unequal resistance, yet discontinuity may not
take the form c:-? a visible gap in the neum—ﬁbrif chain.

Thus by reconstruction and re-arrangement of intra-
cellular parts of the body of the nerve cell, and by
alteration and re-arrangement of nerve paths and termini
in its arborisation system, the neuro-phychic response
undergoes development and integration, without any
destruction or regeneration of neurons as such, and in this
way much waste of valuable material and energy is
avoided, when use-acquirements of a neuro-psychical kind
are made.

THE NEURO-PSYCHIC RESPONSE MADE
BY THE BRAIN AS A WHOLE.

We find further evidence of this intra-cellular variational
and selective process when we come to study the response
made by the nervous system as a whole.

The great characteristic of the human mind is Educa-
bility, or capacity to profit by experience.

The making of neuro-psychic acquirements, that is the
learning of new ways of thinking and acting, the for-
mation of habitual modes of conduct in response to new
sensory impressions, is really a process of selection—, of




























































32 WILLIAM WITHERING LECTURES

non-transmissible acquired form that we are now
concerned.

In the first place the immunity to subsequent invasion
by the same disease organism or virus, varies in complete-
ness and persistence in different diseases. Thus the im-
munity which follows recovery from a localised staphy-
lococcal infection accompanied with suppuration, may be
partial and evanescent, while that which follows recovery
from an attack of one of the virus diseases, like Small-pox
of Measles, is usually complete and lifelong.

What is the meaning of this difference?

Does it depend on the fact that the reaction in the
localised form of infection, which is accompanied with
suppuration and cell destruction, takes place only among
cytoplasmic elements, while in the more generalised form
of infection it affects the nucleus and the nuclear heredity
mechanism of the cell. If this be so, we can more easily
understand why the acquired immunity which follows
recovery from a localised infection may be incomplete and
evanescent, while that which follows recovery from a
generalised infection, due to a virus disease, may be com-
plete and lifelong. In the latter case, the immune or
resistant character is transmitted to the cell descendants
of the cells belonging to the defensive group of body cells.

Now in order to ensure transmission to cell descendants,
the virus or infecting agent must affect the nuclear
heredity mechanism, probably in somewhat the same way
as that by which mutations are brought about by X-Ray
radiation. However this may be, the occurrence of cell
destruction and cell regeneration which accompanies the
localised form of infection, and the apparent absence of
cell destruction in the generalised form, point to the fact
that the acquired immunity reaction is a composite
reaction, into which the inter and intra-cellular modes of
response both enter.

Thus a critical examination of the immunity response
as a whole leads to the conclusion, that both the natural
and the acquired form are the outcome of a process of
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variation and selection is no longer regarded by biologists
and geneticists of the newer school of thought as a com-
plete and satisfactory explanation of the evolutionary
process, therefore the explanation now offered of the
nature of use-acquirements, as based on variation and
selection among intra-cellular units, must also fall to the
ground.

My reply must be that, in common with many others,
I regard Darwin’s theory of variation and selection, as a
main factor underlying evolution, and as still true in the
phylogenetic field.

What I have endeavoured to do is to apply the same
theory to the ontogenetic field, that is to the intra-cellular
as well as to inter-cellular units, in order to explain the
way in which use-acquirements are made during the life-
time of the individual organism. The mode of application
however, differs from that of Weisman and Roux and
other preformationists in certain important points.

If the theory of variation and selection is applicable in
the case of racial evolution, and in the struggle between
organisms and species of organisms, it is surely worth
testing in the intracellular field and among the smaller
units of which cells are composed.

It is true that we find on closer examination that the
only response which satisfies all the conditions associated
with a true use-acquirement is that made by the nerve cell
and the nervous system as a whole to environmental
change.

The neuro-psychic response which depends on the post
experiential method of learning is the best, probably the
nnli)}r real example, of a true* use-acquirement.

It is also true that the Darwinian theory of evolution
does not attempt to explain the origin of these variations
or difference between organisms on which selection,
natural and artificial, works, but this also applies to intra-
cellular as well as to inter-cellular variation and selection.

* True that in the sense that it is Direct and concerned with
Intra-cellular units.
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[t may be that the results of experiments and observa-
tions on certain kinds of animals, for instance on insects
and other invertebrates, may not be directly applicable to
other kinds of animals, to vertebrates, or to man.

Harrison’s observations on Melanism in Moths and
Metalinkoft’s immunisation experiments on caterpillars
of the Beeswax Moth are regarded by some biologists as
proving the possibility of producing an immune strain
by environmental influence, without the aid of selection.

In Man, on the other hand, the acquired immunity
which results from individual experience of certain infec-
tious diseases is noz, as we have already seen, transmitted
to offspring.

Assuming that the environmental influence, the vaccine,
reaches the germ cells of the Beeswax Moth either directly,
or indirectly by way of the somatic cells, while in the
human being no such effect is exercised by the toxins of
disease organisms, may not the explanation of the differ-
ence be, that the human germ cells are more sheltered
against environmental influences than the germ cells of
the insect. They are in short more isolated and less
affected by the experiences of the organism. |

Perhaps then both sides are right up to a certain point,
and the differences in the conclusions arrived at, are due
to differences in the conditions of the experiments and the
observations in the two cases.

If acquired modifications in structure or function are
to be transmitted to offspring, then the environmental
influences which set them going must reach the germ cells
and exercise their effect on the heredity mechanism of
these cells.

Hence it is reasonable to suppose that, if the germ cells
in different kinds of animals, or in plants, differ in their
susceptibility to environmental influences, then the answer
to the question as to the inheritance of acquired characters
will be different in different kinds of animals or plants.

We know that certain somatic cells do make use-
acquirements, and in this Lecture I have tried to show
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that they do so by a process of intra-cellular variation and
selection.

We also know that, in the case of the acquired immunity
reaction in man, the newly acquired * resistant ”’ character
is transmitted to the cell descendants of the defensive cells
which acquire it, though not to the germ cells. But in
order to be so transmitted the environmental influence
must reach and affect the nuclear heredity mechanism of
the somatic cell. The same is also true of the germ cells.
Here too, if it is to produce any result, the environmental
agent must reach the nuclear chromosomal mechanism,
either directly, as in the case of the mutations caused by
X-Ray radiation, or by the nutritional channel, i.e. by
the blood, or lymph, or the body juices, as in the case of
the immunised moths. The only difference is, that the
cell descendants of the germ cells are not new body cells,
e.g. leucocytes, or endothelial cells, but new individual
organisms.

Everything then depends on whether the germ cells of
the animal or plant used in the observation or the experi-
ment are accessible to, or capable of responding to, the
special kind of environmental influence employed. This
SU5¢:a.=:1:3t1|:>111t}r may vary in different kinds of Drgamsms
for instance in vertebrates and invertebrates, in insects and
in Man.

The unique capacity possessed by Man of modifying his
own personality through use-acquirement, especially in
the neuropsychic sphere, has probably made necessary or
led to a more complete sheltering of the germ cells in the
human subject against the direct effects of environmental
influences, in order that the variations of germinal origin
should not be swamped by acquired modifications, the
outcome of environmental influence.

Civilised Man is being called upon to play an increasing

art in the control of his own evolution. Seeing that his
Enﬂwledge is limited, it is perhaps better that he should
use his directive power in an indirect, rather than in a
direct manner. That is, that he should co-operate with
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or those which make the acquirements which hand the
acquirements on, except in so far as such cells or
organisms function as the hosts of the germ cells of the
next generation. It is the germ cells, with their genes
and gene complexes, which, in the multi-cellular
organism, hand on all qualities, mental and bodily, good
and bad. We have already seen that use-acquirements
are handed on to the cell descendants of the cells which
make them, as for instance in the acquired immunity
response, but this does not necessarily mean that such
acquirements are transmitted to other kinds of cells, or
to cells which are not in direct contact with the special
environmental stimuli to which the peculiar adaptive
response has been made, that is to the germ cells.

Recent research by Muller and other workers has shown
that the germ cells can be directly influenced by certain
environmental agencies, such as radiation by X-Rays, and
probably in other ways, but we still look for reliable
evidence of the existence of an adequate mechanism,
whereby acquirements made by muscle or nerve cells can
be transmitted as such to the germ cells, and so become
incorporated in the heredity mechanism.

How then de we stand in the face of our ignorance as
to the way in which acquirements are handed on from one
generation to another, if indeed they are so handed on?
The biological problem of to-day rests on the discovery
of the method, direct or indirect, by which acquired
variations in modes of cellular activity become incor-
porated in the mechanism of heredity.

Meanwhile, it is a suggestive fact that, in both racial
evolution and in individual development, that which
begins in an appartntl}r blind movement gradually
becomes purposive and in man purposeful.

Further, this gradual ascent, this passage from seeming
determinism to choice and purposeful activity, proceeds
pari-passu, with the evolution of consciousness both in the
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properties. It occurs in both negative and positive
blood-sera, as determined by the Wassermann test.

Further inquiry is very desirable as to the presence
of a heightened or diminished deprickling capacity in
the blood-serum in different diseases. At present we
can only mention a few diseases in which any constant
association has been observed between a given disease,
or disease complex, and a change in deprickling capacity
in the upward or downward direction.

In many of the infections, as in pneumonia, the de-
prickling capacity of the blood-serum, as tested on a
standardized suspension of prickled red cells, is increased.
This seems also to be true of nephritis with albuminuria.

In certain cases of anoxamia from heart disease, with
obstructed venous circulation, the red cells show an
abnormal tendency to harden or become more tense and
to prickle. The same is true of the washed red cells in
diabetes, and acholuric jaundice. Further, this tendency
is due (in diabetes) to an intrinsic change in the red cells
themselves, rather than to any change in the deprickling -
capacity of the blood-serum of the patient.

In pernicious ansemia, on the other hand, the once
washed red cells show but little tendency to shrink or
prickle. They preserve the large, flat, dise, or biscuit
shape, even when treated with doses of pyridine which
would rapidly prickle normal cells. Here, again, the
abnormality seems to belong to the red cells and not to
the blood-serum.

While in vitro experiments suggest a marked difference
between two samples of the same blood-serum, to one
of which cholesterol has been added and to the other
lecithin, no marked interference with deprickling capacity
has, so far, been observed in the few cases in which a
patient’s blood-serum has shown a considerable rise in
cholesterol content. Certain lipsemic sera, however, show
a diminution in, or even an absence of deprickling capacity,
though this is by no means common to all such turbid
sera.



















































