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PREFACE

WaEN at the beginning of the Great War the invitation was
tendered to me to deliver the time-honoured Croonian Lectures
before the Royal College of Physicians of London, it was long
months before I could determine my subject. During these
months the burden of administrative work in connection with the
Canadian Army Medical Service became progressively greater.
Research in the laboratory was out of the question. My official
duties at that period dealt largely with returns and statistics
of invalidism, but soon it became apparent that months,
if not years, must elapse before the vast mass of material
being collected by the Medical Research Committee at
the British Museum would be fully available. Inevitably,
therefore, I was led to fall back upon previous studies,
and, when still debating, a chance discussion with a leading
British biologist convinced me that the time was ripe to
bring together and sum up the conclusions regarding Adapta-
tion which as a student of pathology I had reached gradually
in the years preceding the War. I judged from the discussion
above referred to that that earlier work was not known to
biologists in general. Varied as is his reading and brilliant his
memory, this distinguished biologist was evidently wholly ignorant
concerning it. It seemed also that it would be serviceable to
present the conclusions reached, not so much from the point
of view of their medical bearing, as from that of their biological
significance, in order that both morphologist and physician might
observe the direction in which medical research is surely leading
vil
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us with reference to matters that form the basis of general
biology. Hence the Croonian Lectures upon Adaptation and
Disease, delivered in June 1917, which form the first part of
this volume.

Elsewhere I have dealt with this subject of adaptation for
the benefit of the student of medicine ;! in dealing with the
same subject more from the point of view of the biologist, I
had of necessity to refer to and repeat data and deductions
employed in my earlier writings. The views here enunciated
have been arrived at in orderly sequence from the year 1891
onwards, and it has been difficult to review that sequence with-
out employing the facts and arguments by which the successive
steps were attained.

While making this confession I have at the same time found
myself confronted with the difficulty that, in compressing my
treatment of the subject into four lectures, much that should
have been dealt with in fuller detail, and with greater wealth
of examples, has owing to the exigencies of space and time
been unavoidably passed over very rapidly. To remedy this,
and at the same time to demonstrate that no newly developed
doctrine is here taught, but one arrived at and published many
years ago, it has seemed advisable to reprint in their entirety 2
certain earlier papers and addresses, all bearing upon adapta-
tion and tissue modification, which establish and amplify the
successive stages of my argument. These are useful as documents
in the case. Personally, re-reading them after a lapse of many
years, and so with some sense of detachment, they have struck
me as to a certain extent entertaining. May their other readers
have the same opinion, and obtain a like satisfaction !

It may be held that an apology is due to not a few well-known

! Notably in the two editions of my Principles of Pathology in 1908 and
1910, but those are works of some thousands of pages; it is perhaps natural
that biologists in general have been deterred from consulting them.

? Save for slight structural alterations, advisable in converting delivered
addresses from the spoken to the printed form. These alterations have been

duly noted whenever it has seemed possible that there has been introduced
thereby the slightest departure from the sense of the original.
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British biologists, many of them for long yvears mv personal
friends, on the ground that my Croonian Lectures implied that
I regard them all as ** academic.” This, let me hasten to assure
them, is very far from being the case. If these lectures be read
with reasonable care it will be seen that no such charge is made.
I was concerned not to cover the whole ground of modern in-
vestigations upon the problems of evolution, but to show the
bearing of medical research upon matfers pertaining thereto.
I realize full well that it would have strengthened my case to
refer to the work and views of Walter Heape, Professors E. W.
MacBride, A. Dendy, and M. Hartog—to mention only those
known to me from old association—as confirming my earlier
conclusions. I realize this after the event more fully than
before, when I had in mind others who from their position and
reputation have, rightly or wrongly, been regarded popularly
as yet more leading representatives of British biology.

Nor had I in mind American biologists. To hawve referred
to them would have necessitated entrance at length into the
Mendelian controversy, for all the morphologists in the States,
I am inclined to think, are at the present moment keenly engaged
over this matter. Possibly in the future, I shall have a word
to say upon the important studies of Castle, Osborne, Whitman,
Morgan, Jennings, and others, and the interpretation of the same
in the terms of the biophoric concept. In the meantime may
I assure my American confréres that I cannot call to mind one
of them whom I would accuse of being “ academic.” On the
contrary, never has there been a period when American biologists
have manifested so great an individual independence, so notable
a diversity of opinion, so pronounced a desire to arrive individu-
ally at the truth, irrespective of the schools and their teachings.

The time indeed has passed when any biologist should justly
be labelled as either a Lamarckian or a Darwinian. With
abundant material presented to him and freedom of individual
judgment, it is scarce possible that the student of to-day should
accept unreservedly the teaching of either Lamarck or Darwin.,
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He who is concerned at arriving at the truth is impatient of such
labels : it is the truth he seeks, not the confirmation of the views
of any one predecessor, however great be the admiration for his
work and however large the debt he owes to him.

Yet as regards the ancient controversy, this perhaps should
be said, that in so far as between Darwin and Lamarck the
essence of the teaching of the latter is that variation is an active
process, a reaction on the part of living matter to its environment,
the conclusions reached in these pages undoubtedly favour the
Lamarckian view. Nevertheless, to accept them does not mean
that the principle of natural selection is thereby excluded, or that
the two principles are mutually antagonistic, but only that the
influence of external forces is the primary process in the produe-
tion of variation, and that natural selection is secondary, culling
out those grades and forms of variation which are least economical
and represent the less perfect adaptation on the part of individuals
to the conditions in which the family or species finds itself for
the time being. Seen thus, evolution, whether what we regard
as progressive or as regressive, is the outcome of an active
process of continuous adjustment between organisms and their
environment.

The survival of the fittest, it will be seen, does not depend
upon chance variation. A given environment leads to variation
in a particular direction, provided that the change in sur-
roundings 18 not so great as to be beyond the adaptive powers
of the organism. Where *“ chance” enters is in the nature of
the new environment to which the individual, and the race,
may be exposed. To the extent that the individual is unable
to control his surroundings, to that extent is the race exposed
to chance. It does not appear to have been sufficiently realized
hitherto that here essentially it is that chance is operative.
Conjugation and amphimixis, it is true, are a cause of individual
variation, but from the point of view of the race are distinctly
conservative processes, tending to maintain the mean.

When the first of the series of Croonian Lectures was pub-
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lished in the pages of the British Medical Journal, together with
an abstract of the second, the biologist whose attitude with
reference to adaptation was the origin of those Lectures, saw fit
to criticize them more suo. That my readers, with the Lectures
before them, may reach their own conclusions regarding the
validity of the criticism, it has been deemed proper to publish
the correspondence as an Appendix.

It is my pleasant duty to acknowledge my indebtedness to
Messrs. Macmillan & Co. for their permission to reprint here
the greater portion of a chapter from an article published origin-
ally in Sir T. Clifford Allbutt’s System of Medicine, and republished
subsequently in book form under the title Inflammation; to
Messrs. Lea Brothers & Co. (now Messrs. Lea & Febiger) of
Philadelphia, for permission similarly to publish an extract
from an article on * Inheritance and Diseaze 7 contributed to
Sir William Osler’s Modern Medicine, to the Harvey Society
of New York, and the Editors of International Clinies, British
Medical Journal, the Lancet, New York Medical Journal, Mon-
treal Medical Jouwrnal and its successor the Jowrnal of the
Canadian Medical Association, the Jouwrnal of Pathology and
Bacteriology, Medical Chronicle, and Clinical Jowrnal, to reprint
articles contributed to their pages. To my friend, Captain
R. G. Mathews, C.A.M.C,, I am indebted for kindly co-operation

in the preparation of the illustrations.

Loxpox, dugust 1917.
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PART 1

ADAPTATION AND DISEASE

THE CONTRIBUTION OF MEDICAL RESEARCH TO
THE STUDY OF EVOLUTION






CHAPTER I
INTRODUCTORY : THE BASAL PROBLEM OF EVOLUTION

I mave selected this subject of Adaptation and Diseage, not
merely because of its importance to physicians, but also, and
to an even greater extent, because of its broad biological signifi-
cance. The time is ripe, and more than ripe, for attention to
be directed to the bearing of the investigations of the bacterio-
logist on the one hand, and of the student of immunity on the
other, upon what are some of the most important problems of
general biology. For some little time I have been impressed
by the fact that the latter-day investigations in medical science
are of the very highest significance to the general biologist,?
and that with singularly rare exceptions the professional biologist
—be he zoologist or botanist—has been superbly indifferent to
them and to their bearing upon the basal problems of heredity
and variation, and this notwithstanding the fact that investiga-
tions into heredity and variation are, and must always be, his
greatest concern.

For this indifference and neglect there are, or may be, several
extenuating circumstances. We ourselves are largely to blame
in that we are more concerned with the bearing of our results
upon our own medical work than with their wider biological
significance. This wider significance, if it is referred to at all,
finds incidental note. The titles of our articles, that is, are
not such as attract the attention of the biologist, nor do we
publish in the journals to which he is addicted. Not to mention
foreign publications, the Jowrnal of Pathology and Bacterio-
logy, the Journals of Experimental Medicine, of Hygiene, In-

1 Five years ago this was the subject of my opening address as President of
the Biological SBection of the Royal Society of Canada. T'rans. Koy, Soc.

Canada, 3rd series, 1912, vol. vi. section 4, p. 1.
3
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fectious Diseases, of Medical Research are as unknown territory
to him as the Quarterly Journal of Microscopical Science, the
Journal of Morphology, or the Proceedings of the Linnean Society
are to us. We would sooner think of writing a letter to the
Times than to that academic go-between of men of science,
Nature.

And then, again, just as, in the old unhappy far-off days,
a Bart’s man disbelieved that any good surgery could come
out of Thomas’s or (George’s, and the Thomas’s or George’s
surgeon returned the compliment; just as the British medical
man disbelieved such articles as appeared in the American
medical journals, or, to come nearer to our own times, just as
the Germans of late years, with rare and distinguished excep-
tions, regarded themselves as the sole recipients of pathological
truth, treating British, French, and American pathologists in
general as very Nazarenes, so, it has to be confessed, there is
a tendency for the academic biologist to be indifferent to, if
not actually to resent, and throw discredit upon the work of
those who, not belonging to his particular class, are therefore
to be regarded as of the nature of outsiders. This is not a
revelation of the spirit of pure science, but a comforting demon-
stration that men of science are, nevertheless, pure human beings.
Underlying this spirit is a natural and in many respects wise
caution in accepting the observations of workers with whose
quality and standing the individual is unfamiliar. But this
hesitancy may be carried too far.

If T speak with a little feeling, it is because I still cannot
forget the reception accorded by zoological confréres to the
most original, and at the same time most sound physiologist
of his period, my old teacher and friend Walter Gaskell, when
he was led by his studies upon the functions of the nervous
system—studies which have so profoundly influenced modern
medicine—to trace the development of the same, and doing this,
after long years of close study of its comparative morphology,
to reach conclusions regarding the origin of the vertebrate
which were not in harmony with the doetrines of descent then
currently accepted. So far as I, an outsider, could determine,
each link in the chain of Gaskell’s reasoning was supported by
appeal to observed facts, and by microscopical studies of singular
interest ; so far as I, a pathologist, could test his conclusions,
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I found that incidentally they explained, as no other or earlier
work had explained, the inter-relationship between the sym-
pathetic system and the endocrine system, between the pituitary,
thyroid, adrenals, and genital organs. Nor, so far as I can weigh
evidence, can I find that any essential link in the chain has
been shown to be out of place. Yet the attitude of the morpho-
logists as a body was that of the Levite of the parable. His
brother physiologists could not take up the cudgels on Gaskell’s
behalf : it was for the morphologists to determine the value of
the morphological evidence upon which his conclusions were
based, and the morphologists in general declined to notice it,
but, as though they regarded it as presumptuous for him, a
physiologist, to enter their territory, they passed by on the
other side. And the years followed the years, and Gaskell
died feeling sore that the most sustained piece of work of his
life had been side-tracked by those whom it should most have
interested.

Do not misunderstand me, and think that I am making a
specific attack upon zoologists and botanists. As I have pointed
out, we of the medical profession are tarred with the same brush.
All T would urge is that just as we who are most interested in
the advance of medical science accept gladly the results and
the discoveries of workers in all branches of science, applying
them to the elucidation and treatment of disease, so, in return,
when investigators into the problems of medicine make notable
advances, these be accepted willingly and utilized by the workers
in other branches. It is not a matter of what we owe to those
other branches in the first place ; that is freely admitted. The
renascence of medicine in our generation iz due to the labours
of men like Ferdinand Kohn the botanist, Pasteur the physical
chemist, and Metchnikoff the zoologist, but if the dwarf, perched
on the shoulders of the giant,! sees further and sees more than
does the giant, it is not well to neglect his observations on the
ground that he i1s a dwazrf.

1 As might be expected, this metaphor was not original with Burton in the
Anatomy of Melancholy. 1 find that Firmin-Didot (Alde Manuce, Paris, 1875,
p. 343) cites Haureau (Histoire de la philosophie scholastique, Paris, 1872) as
deriving if, according to Joannes Sarisberiensis (Mefalogicus, vol. iii. cap. 4)
from Bernard of Chartres in the twelfth century.
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Tur NATURE OF VARIATION

The supreme biological problem of our times has been that
of the ways and means of evolution. The fact of evolution
all thinking minds accept. But as to how evolution has been,
and is being, brought about is a very different matter. There
is still as much debate as there was in the year following the
publication of the Origin of Species. Upon consideration
it will be seen that the fight truly centres upon the cause or
causes of variation—whether the tendency to vary is something
inherent in living matter, numerous variations being produced
through this inherent tendency, of which those that are best
fitted for their environment alone survive and are perpetuated :
or whether variation is primarily and essentially brought about
by the influence of forces acting from without upon a relatively
labile living matter ; whether, that is, variationl is primarily
inherent, proceeding from within, or primaridy acquired, proceeding
from without.

This, I would emphasize, is the basal problem of evolution,
but oddly enough it has been largely neglected, the fight through
all the years waging around what, after all, is a secondary problem,
that, namely, as to whether properties acquired by the parent
are capable of being transmitted to and reproduced in the off-
spring. Long years prior to Darwin, you will remember, Lamarck
propounded that they were, as did Erasmus Darwin and Lord
Monboddo ; Darwin wanted to believe that this was possible,
but could obtain no clear evidence, and brought in finally a
verdict of “non proven.” MHerbert Spencer made this trans-
mission one of his “ principles of biology,” but Weismann
violently opposed the doctrine, carrying with him the bulk of
latter-day biologists, until to-day Bateson, replete with his
studies upon Mendelian properties, reaches the antipodal sugges-
tion that when a new property manifests itself in any individual
of any species it is not new, not due to addition, but to subtrac-
tion and loss of properties already possessed : there is nothing
new under the sun, and, in his opinion, evolution—like the squid—
progresses backwards ; what appears to be a new property is, on

! By an oversight this was delivered as * variability ™ at the Royal College
of Physicians and so printed in the pages of the British Medical Journal. Pace
Sir Ray Lankester (for whose criticism consult the correspondence at the end
of this volume), my meaning was as obvious as was the oversight.
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the confrary, primaeval, is the epiphany of a property possessed
by the forerunners of the species which all along has lain latent,
present but unable to manifest itself in consequence of the co-
existence of inhibitory factors.

That I may not be thought to exaggerate or misstate, let me
quote, in the first place, from his address on Heredity delivered
to the International Medical Congress here in London in 1913 :

“ Perverse as such a suggestion may appear, I do not think
we should close our minds to the possibility that these dominants
arise by a process of loss of some inhibitory factor. . . . Let me
call your attention also to the inference which this suggestion
would have on the conception of evolution. We might extend
the same reasoning to all cases of genetic evolution, and thus
conceive all alike as due to loss of elements present in the original
complex.”

That clearly this was not a passing fancy is shown by the
address delivered by him at Melbourne in the summer of 1914,
as President of the British Association for the Advancement
of Science.

“We are even more sceptical,” said Mr. Bateson, “as to
the validity of an appeal to changes in the conditions of life
as direct causes of modification, upon which, latterly at all
events, Darwin laid much emphasis. . . .”

“ Abandoning the attempt to show that positive features can
be added to the original stock (the italics are mine), we have further
to confess that we cannot often actually prove variation by
loss of factors to be a real phenomenon.” Nevertheless this
must be so, and he quoted the case of the “ Coral King * Primula
given off from the * Crimson King,” concluding that here * the
salmon (pigment) must have been concealed as a recessive from
the first origin of the variety,” and continued : ** Variation both
by loss of factors and fractionation of factors is a genuine
phenomenon of contemporary nature. If we have to dispense,
as seems likely, with any addition from without, we must begin
seriously to consider whether the course of evolution can at all
seriously be represented as an unpacking of an original complex
which contains within itself the whole range of diversity which
living things present.” And further:

“ At first it may seem rank absurdity to suppose that the
primordial form or forms of protoplasm could have contained
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complexity enough to produce the divers types of life. But
is it easier to imagine that these powers could have been con-
veyed by extrinsic additions? Of what nature could these
additions be ?  Additions of material cannol surely be in question ™
(the italics are mine). . . . And he winds up:

“ In spite of seeming perversity, therefore, we have to admit
that there is no evolutionary change which in the present state
of our knowledge we can positively declare to be not due to
loss.”

Now Professor Bateson is scarce a believer in the multiple
origin of animal and plant forms: we know, indeed, that years
ago he traced man and all vertebrate forms from the inverte-
brates through an out-oi-the-way animal, Balanoglossus, and
incidentally in his Melbourne address he mentions this solution
of the problem only to reject it ; wherefore, pushed to its logical
conclusion, the Batesonian doctrine means this, that the primal
unit, or units, of protoplasm from which all living animal and
plant forms have descended possessed within them in a latent
form the “ Anlagen,” or, not to be beholden to our enemies,
the originals, of every organ and distinetive portion of an organ
or part, even down to the conformation and coloration of in-
dividual hairs and scales, and feathers and leaves, and petals
and stamens, of all the manifold forms of life subsequently
derived therefrom : that which was to outward seeming the
most simple form of life was, verily, in constitution the most
marvellously complex—and that actually what we regard as
the higher forms of life are the lower, owing their development
not to progressive accretions of properties, but to the reverse,
so that reversion, instead of being a degenerative manifestation,
a loss of properties acquired by the species, is, on the contrary,
a recovery of higher and completer powers. Did ever any
exercise of mediaeval scholasticism lead to more perverse con-
clusion?

The truth seems to be that Professor Bateson and the Men-
delians, so far as regards the problems of evolution, are working
in a cul-de-sac. Valuable and fascinating as are their observa-
tions for the establishment and amplification of the law dis-
covered by Gregor Mendel of cross-breeding of members of a
species, that law only deals with the interplay of allelomorphs,
1d est, with the combinations and permutations of what for
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simplicity sake may be termed positive and negative unit pro-
perties possessed by the species : it only establishes the extent
of the variation possible within the boundary of the species,
and granting the existence of a definite number of allelomorphs,
the number of possible strains obtainable within the limits of
the species. But here it stops—save that of late workers have
recognized the possibilities of fractionation of allelomorphs, and
so of increase in the number of permutations and combinations.
Accepting Mendelian data (and let me say I accept them whole-
heartedly), I fail to see how any amount of interplay between
properties already possessed by the species will result in the
production of individuals which are outside the species. At
most we produce different strains which, by cross-fertilization
with other strains, produce individuals reverting to the usual
type or types. If you invest in a kaleidoscope at a toy-shop,
with the mirrors set at an angle of 60° no amount of
rotation will produce other than a six-sided pattern, or increase
the number of colours in the pieces comprising the pattern.
Only from without can new elements of other colour be added,
thereby producing patterns of a new order : only from without
can the angle of the two mirrors be altered so as to produce,
say, a four- or a twelve-sided pattern. The interplay of allelo-
morphs is not evolution, nor is it capable of throwing light
upon the progressive development of new species. When
Professor Bateson, from the vantage ground of his studies of
the last fifteen years or so, begins to lay down the law regarding
evolution, I cannot but help being reminded of Bombus, the
bumble-bee—I would not say ““in vacuo bombinans,” for that
was sald of a zoological monstrosity, and Professor Bateson is
no chimera,! but—blundering out of the fields and hedgerows
into a greenhouse, and bumping its head noisily again and again
against the glass because of its incapacity to drive into that
head the fact that transparency and penetrability are not neces-
sarily associated phenomena.

Nor is he alone. It so happens that some eighteen months
ago, at the request of a mutual friend, a Fellow of the Royal
College of Physicians, I found myself drawn into a lively dis-
cussion with the Nestor of British biologists. I had not sought

1 Rabelais, Pantagruel, bk. ii. cap. 7. 1 owe the reference to my friend
Mr. Louis Taylor.
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the fight, but, once in, confess that I enjoyed the oppor-
tunity of measuring my lance against so doughty a kmight.
The discussion arose over a statement by the Fellow in
question that the biologists of to-day had much to learn by
turning their attention to the results being gained in medical
laboratories. And, sure enough, after protesting with not a
little vigour that the boot was on the other foot—that we medical
men in our ignorance of biological progress were rediscovering
and regarding as our own what had been gained by zoologists
and botanists a generation or so previously-—Sir Ray Lankester
proceeded to justify absolutely my friend’s original contention
by urging that one fallacy in all Lamarckian doctrine! is that
adopted by Herbert Spencer, namely, what he called * direct
adaptation.” There is really, he laid down, no such thing.
The supposed mysterious, and as it were miraculous, property
of direct adaptation is always due to survival by selection of
organisms which varied in many directions—the production of
corneous epithelium, of increased hairiness, ete., being favourable
variations, which hence have become inherent in tissues of all
animals.?

1 T confess that I do not like being dubbed a Lamarckian, and that because,
as commonly accepted, Lamarckianism is supposed to deal purely with the
direct acquirement of alteration in structure through use and environment,
and Herbert Spencer, by using the term * direct equilibration,” is largely
responsible for this wvulgar error. The phenomena we pathologists deal with
present modification of structure merely as a secondary change : our pheno-
mena underlie structural alteration. But in justice to Lamarck it deserves
note that he expressly lays down ** whatever the environment may do, it does
not work any direet modification in the shape and organization of animals.
But great alterations in the environment of animals lead to great alterations in
their needs, and these alterations in their needs necessarily lead to others in
their activities. Now if the needs become permanent, the animals then adopt
new habits, which last as long as the needs that evoked them "—and it is the new
habits, he points out, which induce the structural alteration. (I quote from
Hugh Elliot’s excellent translation of the Philosophie zoologigue—TLamarck,
Zoological Philosophy, Macmillan, 1914, cap. 7.) Granting this, I hold that the
physicochemical explanation which will be put forward in the course of these
lectures is something more precise and more limited in its scops than the
* habits " of Lamarck.

* As Sir Ray Lankester has accused me of garbling his statement (see
Appendix I1.), and has not seen fit to withdraw the charge, I have no hesitation
in quoting his exact words: " One fallacy in all Lamarckian doctrine is that
adopted by H. Spencer, viz. what he called ®direct adaptation.” There is
really no such thing. The supposed mysterious, as it were miraculous, property
of direct adaptation is always due to survival by selection of organisms which
varied in many directions-—the production of corneous epithelinm, of increased
hairiness, ete., being favourable variations, and hence have become inherent in
tissues of all animals. DBut no more!”
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Here then we see the two foremost British biologists of our
day, the one in doubt whether change in environment can be
a direct cause of modification, and, filled with these doubts,
willing to accept as a postulate that positive features cannot
be added to the original stock, whereby he is led to an utterly
perverse hypothesis ; the other equally denying that there can
be external influences of such a nature that specific variation—
t.e. variation in particular directions—may be induced, and
taking the stand that variation is multitudinous, the favourable
variation alone having the opportunity to be propagated and
reproduced.

Now if there be one fact that is constantly being impressed
upon the student of immunity and the worker in pathogenic
bacteriology, it is that * direct adaptation  (1.e. specific modifica-
tion in response to a specific alteration in environment within
limits which will presently be laid down) is one of the basal
phenomena of living matter. Our studies make it impossible
for us to be blind to the fact that environment is capable of
exerfing & profound influence upon living beings, bringing about
modifications of function and even of structure in particular
directions. But evidently our experience and the diverse obser-
vations upon which that experience is based are unknown to the
academic biologists, although some biologists are beginning to see
light. Thus it delighted me to run across the following admission
in a valuable work published within the last few weeks—Pro-
fessor D’Arcy Thompson’s Growth and Form:® “So long and
so far as ‘ fortuitous variations * and the  survival of the fittest ’
remain engraved as fundamental and satisfactory hypotheses
in the philosophy of biology, so long will these °satisfactory
and specious ’ causes tend to stay ‘severe and diligent enquiry ’
to the great arrest and prejudice of future discovery.” With
this strong opposition on the one hand, and encouragement on
the other, it has seemed to me a useful task to bring together
and marshal in order the data bearing upon these matters as
they present themselves to us, workers in medical science.

! Growth and Form, by I’Arey W. Thompson, F.R.8., Camb. Univ. Press,
1917, p. 6.
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Tae METHOD OF ATTACK

There are two ways by which problems of this nature are
a priors most likely to be solved, namely, by experiments upon
the very simplest and, again, upon the most complex forms of
life. T see that Dr. Bayliss as a physiologist casts doubts upon
the value of the former as compared with the latter,! pointing
out that their very simplicity is in the majority of cases a dis-
advantage, and quoting Claude Bernard to the effect that the
lower (unicellular) forms of life possess all the essential pro-
perties which exist in the (multicellular) forms higher in the
scale, but possess them in a confused state, distributed, as it
were, throughout the organism. The one organic cell fulfils
a variety of purposes which in the higher organisms are relegated
to distinet groups of cells. While freely admitting this conten-
tion as regards the study of function, it has to be pointed out
that for problems of adaptation and heredity the unicellular
organisms possess the supreme advantages of rapid reproduction,
coupled in the very lowest forms (according to our present
knowledge, or want of knowledge 2) with a complete absence
of the disturbing influence of sex and conjugation. There is,
that is, a greater likelihood of obtaining results, and the experi-
ment becomes simpler, where we can in the course of a few hours
subject one hundred generations to a particular alteration of
environment, than when weeks, months, or years elapse before
one new generation shows itself. In the latter case, to obtain
results, either the alteration of environment must be made
intensive to a degree that is likely to interfere with various
vital functions, or, exhibited in a less intensive form, must act
over unduly long periods. I know that certain biologists are
unwilling to regard the products of asexual binary division of
the bacteria, or the torulae of yeast (the results of budding),
as true generations, and deny the right to regard the individual
bacillus as an individual. One very distinguished biologist
went so far as to declare to me that a long cultivation of a
bacterial growth is *“ one continuous individual,” in other words,

1 W. M. Bayliss, Principles of Physiology, 1915, p. 201.

2 For myself, with sex so widespread an attribute of living beings, I confess
that I am wholly prepared to find that the schizomycetes, or some of them,
exhibit a sexual, or conjugation, phase.
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that not merely do all the millions of bacilli in a single colony,
say of the Bacillus tuberculosis, constitute one individual, but
that one individual Bacillus tuberculosis is spread all over the
habitable world, and that tuberculosis and not the tubercle
bacillus is the entity. This is an impossible position : it formu-
lates that the “divisa” are “indivisum.” The very idea of
individual connotes independent existence, or, if we take a wide
survey and include forms like the compound myxomycetes,
hydrozoa and polyzoa, potentially independent: existence. When
a bacillus grows and divides and each half floats away, there
is no longer one individual, and whether, as among the bacteria,
the division is binary, or, as in man, one of the many billions
of cells that constitute the body undergoes a similar binary
division, and one of the products floats away and becomes
fertilized, in both cases we deal with the development of a new
generation. By the same process of reasoning, basing our-
selves upon the doctrine of the continuity of the germ plasm,
we might with equal logic declare that all living beings constitute
one continuous individual !

And as regards the advantage in researches upon the bacteria
of being freed from the perturbing factor of sex, let me interject
that starting with Weismann and his doctrine of amphimixis,
but more particularly during the last fifteen years under the
influence of the Mendelians with their studies upon cross-breeding,
we have been inclined to lay far too much stress upon the part
played by sexual conjugation in the production of variation.
In nature, in general, the tendency, if not the function, of sexual
conjugation is to preserve the mean, not to induce the extreme,
is to perpetuate the species rather than favour the variety :
sexual conjugation only preserves and intensifies a variation
when circumstances favour the segregation of individuals of
the two sexes each possessing the variation, or, I would add,
when those circumstances actually lead to the appearance of
the variation in more than one individual in a particular locality.
Even if a property be dominant, with indiscriminate mating
and without segregation, such new property is apt to show itself
proportionately in fewer and fewer individuals in successive
generations. In simpler language, turn a highly-bred mastiff
or terrier or beadle loose in a canine population, and his de-
scendants descend to plain * yellow dog.” It follows, therefore,
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that on the whole we are more likely to obtain results where
this levelling action of conjugation is wanting.

I propose, therefore, to take up first the evidence of adapta-
tion as affecting the pathogenic bacteria, next, of adaptation as
it affects man and the higher animals, and, lastly, to discuss the
application of the data brought forward to our conception of
diseage and disease processes on the one hand, of the evolutionary
process on the other.



CHAPTER II
ADAPTATION IN THE BACTERIA

Tur EvorurioN orF THE INFECTIOUS DIispasgps!

It is absurd in these days to imagine that the infections have
always been with us: absurd to expand the Batesonian hypo-
thesis and imagine that when the woman gave the man the
fruit of the tree—or whenever man became man—with that
most becoming knowledge of his nakedness he acquired the
germs of all bodily ills: that while lues may already have in-
fected his ancestors and their relatives the higher apes, the
germs of typhoid, cholera, gonorrhoea, and other purely human
ailments were already there, only waiting for his appearance
to enter into his body, as into a house newly swept and garnished.

Tae AxtiQuity or Zyymoric Diseases

Admittedly some diseases have been with us from the remotest,
historical times, aye, and we have evidence, from prehistoric
times. The earliest Greek medical writings afford us an un-
mistakable picture of tuberculosis. If we may accept Bishop
Ussher’s chronology, the fifth and sixth chapters of the First
Book of Samuel show—as I believe I was the first to point out,
in the light of our modern knowledge of the natural history of this
disease 2—that the Oriental plague was active over three thousand
years ago, presenting the same striking characters as it manifests
to-day. At a still earlier historical era, in fact in the earliest

1 This chapter follows the lines (though with considerable modification) of

an address given by me before the Medical Society of the State of Vermont at
its annual meeting at Rutland, Vt., in Feb. 1915, and published in the 1914
volume of the T'ransacfions of that Society.
2 Montreal Medical Journal, xxiv., 1806, 995.
15
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of all known writings, namely in the Ebers papyrus, deserip-
tions are given of leprosy, and the Ebers papyrus is said to be
of the twelfth dynasty, so that leprosy has been known for
some four thousand years.

It is through my old friend, Sir Armand Ruffer, whose recent
death we deplore, a man who accomplished much for Egypt,
and through his studies in what he described as palaeopathology,
that we owe the knowledge of prehistoric disease in man.
Mummies of yet earlier dynasties—and pre-dynastic—said to
date back as far as four thousand years B.c. or six thousand vears
ago, demonstrate the most respectable antiquity of Bilharziosis,
not to mention such everyday disturbances as Rheumatoid
Arthritis and Pyorrhoea alveolaris. The characteristic eggs of
Bilharzia are still distinguishable in the dried-up tissues of
pre-dynastic mummies, so that anaemia and haematuria con-
stituted a plague of Egypt before the Pharaohs as they do to-day
when the Sultans and their suzerainty have passed away.!
Tuberculosis, too, was there already. He demonstrated the
bacilli in tissues in mummies from the Herst collection at Cairo
belonging to the twentieth dynasty or so.

Diseases which are not peculiar to man have indeed been
diagnosed in fossil remains. Thus, according to Moodie,? caries
has been noted in Permian fishes, pyorrhoea in the jaw-bone of
an early tertiary three-toed horse, and arthritis and osteomye-
litis in the remains of cave bears.

THE ANTIQUITY OF THE BACTERIA

This, after all, is only what might be expected : these lower
forms of life preceded mammals and man, and bacteria must
have been among the very early forms of particulate life. So

! Just as the earliest known written docnment iz medical, so my late col-
league in Anatomy at MeGill University, who, while this is passing through the
press, from being Director of Recruiting and Brigadier-General has become
Minister of National Service and Sir Auckland Geddes, has impressed upon me
that the earliest known human fossil is pathological, pointing out that the
remarkable thickness of the Piltdown skull, coupled with the characteristic
outline of the temporal ridge, can only find their explanation by a diagnosis of
Acromegaly, and suggesting that it is thanks to this dieease and its results that
we owe the survival of these remains through the ages. We do not, however,
claim Acromegaly as a result of zymotic disease.

2 Trans. Chicago Pathological Seciety, x., 1916, 84.
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long ago as 1879, Van Tieghem called attention to the evidence
of bacterial existence, if not the actual presence of bacteria, in
the silicified vegetable remains from the coal measures of St.
Etienne. Since then, in a series of admirable memoirs, Renault 1
has confirmed and extended those observations. That marine
Algae play an important part in certain geological horizons,
notably in connexion with oolitic and dolomite structures, was
laid down by Professor Garwood 2 in 1913.

But even before this date a brilliant investigator, Drew,
who died all too young, had in 1911 studied the calcareous
muds now being deposited in the lagoons on the coast of Florida,
and had shown that in the warm tropical waters of the Gulf
the commonest living form is a denitrifying bacillus which, by
the removal of the nitrogen from the water, leads to a combina-
tion between calcium and dissolved carbon dioxide, with, as
result, the precipitation of the insoluble calcium carbonate.
He isolated and cultivated this form and obtained in witro the
deposit of calcium carbonate from the sea water. In the follow-
ing year he found the same Bacterium calcis extraordinarily
abundant in the chalky mud of the Great Bahama reef, as many
as 160 million bacilli being present in 1 c.cm. of the surface ooze.?

These obszervations indicate, therefore, that bacteria, even
to a greater extent than the larger marine Algae, have been
responsible for the deposit of the vast beds of chalk and lime-
stone in which no coralline or other fossils are to be detected.
And now, in the oldest of all stratified rocks, in the pre-Cambrian
or Algonkian deposits of America, Dr. Walcott, the head of the
Smithsonian Institute, has discovered fossilized chains and
clusters of cells which from their appearance and his deseription
belong to the Cvanophyceae, the blue-green Algae closely related
to the bacteria, and with these other clusters of coccus-like
cells which may, or may not, be bacteria.

He likewise concludes that “it is quite probable that the
bacteria were the most important factor in the deposition of

1 Renault, B., ©* Sur quelques micro-organismes des combustibles fossiles,™
Bull. de la Société de I Industrie minérale, St-Etienne, vols. vii. and xiv., 1899,
1900 (with folio atlas of 20 plates of untouched photographs).

2 Geological Magazine, x., 1913, pp. 440, 490, and 545.

3 Papers from Tortugas Laboratory, Carnegie Institute of Washington, v.,
1914, 44, ;

 If bacteria then they are much larger than the micrococei of to-day.

Q
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the Algonkian limestones,” ! and that thus bacteria are to be
regarded as largely responsible for the oldest of all known sedi-
mentary rocks.

Tae GEOLOGICAL PARALLEL

Bacteria have been there, almost ab initio, but this does not,
therefore, mean that all orders of pathogenic bacteria have
always been with us, or that while certain infections are of an
eminently respectable antiquity, this is necessarily true of all
zvmotic disease. Recognizing the unity of natural phenomena
we must, I take it, hold that zymotic phenomena run parallel
with geological. I mean this, that certain species, and indeed
certain genera, have existed unchanged through countless ages
to the present day. To-day we find the hruchln}pnd Lingula
living buried in the sand between the tide marks in the Tropics :
we find identical fossil remains in the Cambrian rocks, usually
(thnunh wrongly) described as the earliest geological formations
in which fossil remaing have surely been discovered. As I have
just pointed out, algae and bacteria are now known to antedate
them by a long peric:d. Here, then, is an animal which has per-
sisted unchanged, over countless millions of years. The pearly
Nautilus, with its exquisitely chambered shell, is still found in
certain bays in the south-west Pacific: as Sir Archibald Geikie
declared : “ This is a genus which has persisted through the
greater part of geological time,” for identical chambered shells
are found as fossils reaching back to the Silurian epoch. Limulus,
the King crab, which is no crab but an arthropod, regarded
by Gaskell as in the line of ancestry of the vertebrates and
of man, is closely related to the Devonian Eurypterids, the
fossil remains of that period differing in but secondary characters
from the shells of Limulus of to-day.

And so it is with shrimps like Anaspides ? and yet other
crustaceans, and with fishes such as Ceratodus, the King fish
of Australia, which have remained apparently unaltered over
extraordinarily long periods of geological time. But while this
is 80, we know equally well that during the same period other

! Waleott, C. D., * Precambrian Algonkian Algal Flora,” Smithsonian
Miscellaneous Collections, vol. Ixiv. No. 2, 1914,

* 1 owe these latter examples to my colleague at MeGill University, Professor
A. Willey, F.R.S.



PLATE 1

Fossil, BLUE-GREEX Arcag { Waleott)

A, Camasin spoagiose = 350, A blue-green alga from the Algonkinn Limestone.  Chain of
cells as photograplhed and partly cutlined.

. The same, higher maznification = 1400, Outline sketeh.

C. A group of seven supposedly round eells from the Alzgonkian Limestone as they occur
free in the matrix = 350, U8, National Mugenm, Catalogue No. 60722,

Iy, The same, touched and outlingd.

E. A blue-green alea (Sehizothriz) from a recent caleareous deposit at Green Lake,
Onondagn Co., New York, = 350. For comparison.

F. Photograph of same after treatment with hydrochloric acid.

fr. Outline drawing of another chain = ca. 1200 from a recent calcareous deposit, after
treatiment with hydrochloric acid, For comparison.
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forms have undergone wide and progressive variations. I
know no more convineing demonstration of the truth of evolu-
tion than the wonderful series of fossils collected by Marsh at
the National History Museum in New York, showing the pro-
gressive stages from the four-toed Eohippus no bigger than a
mastiff, to the one-toed horse of historical time. Of late, I
believe, an equally instructive series of fossils, starting from a
small tapir-like ancestor leading up to the modern elephant,
has been obtained from Egypt, and has been housed at South
Kensington, Here is the point which I would emphasize : the
vast majority of fossils are remains of species and genera which
have passed away.

Now what is true in respect to these fossils would seem to
obtain in respect to zymotic diseases and their causative agents.
Some extend back unaltered in their characters to the very
earliest periods : others appear and cause wide devastation for
a few generations, and then are known no more. It is difficult
to ascribe to faulty observation only the fact that many of the
plagues and epidemics of classical times are unrecognizable to-day:
the simpler and more sensible view to take is that many of them
were diseases which have died out. Nor are we without modern
instances to this efiect. Of these the tritest 1s the * Sweating
sickness ”’ (Sudor anglicus) which, first noted in England in the
autumn of 1485, led to a high mortality, affecting not so much
the poor and ill-fed, as those in comfortable circumstances.
It was an extraordinarily acute visitation, death ensuing often
in the course of a few hours : some are described as passing into
their death-agony while walking in the street, without time
being afforded for them to be shrived. It came in epidemic
form with heavy mortality, and spread rapidly. The attacks,
characterized by high fever, profuse sweating and little pain,
are described as lasting for twenty-four hours. Of this disease
there were outhreaks in 1485, 1507, 1517, 1528, and finally in
1551. Creighton, it is true, suggests that it was introduced
from the Continent by the rabble of mercenaries who came
over with Henry VIL,, that, in fact, it is the same disease as the
Picardy sweat. Unfortunately for this hypothesis there is no
evidence of the prior existence of such a dizease in Picardy or
elsewhere on the Continent, and the Picardy sweat was not heard
of until two hundred and thirty years after the “ Sudor anglicus
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was first recorded, and when it did appear it was an endemic,
and not a violently epidemie, disorder.

Two diseases in this connexion inevitably come to mind—
diseases so characteristic in their manifestations and natural
histories, that had they presented themselves in Europe in the
Greek and Roman eras, they could not have escaped the notice
of the Aristotles and Plinys, let alone the purely medical writers.
I refer to Syphilis and Cholera.

Regarding Syphilis the problem is difficult to solve, nor can
it be said that an agreement has been reached as to the date of
its first appearance. This would, however, appear to stand out
clearly—(1) that not a trace of the disease was found in 10,000
skeletons examined by Elliot Smith! from burial-grounds of
ancient Hgyptians ; (2) that as pointed out by Dr. Norman Moore
in the course of the discussion at the Royal Society of Medicine
in 1912, Galen with his keen observation and excellent descrip-
tion of the nervous conditions known to him is absolutely silent
as to the eminently characteristic symptoms of locomotor ataxy
and general paralysis of the insane. There could be no more
authoritative evidence that the disease as we know it did not
exist in ancient Rome. Syphilis, therefore, originated or reached
Europe at some later period. The discussion now centres as
to when that was, and there are the two parties, the one favour-
ing the American origin, through the returned sailors of Columbus,
the other denying this, and taking a generally agnostie position.
Opposed to the American theory is that excellent anthropologist
Dr. Hrdlicka of Washington, who in his extensive studies of
hundreds of pre-Columbian human remains has not come across
a trace of syphilis, while post-Columbian bones show that the
disease wrought fearful havoc among the American Indians ;
and now comes Sudhoff 2 with strong documentary evidence
from civic ordinances in Germany in 1495—the year of the fall
of Naples—in favour of the view that the disease was already
well known and causing alarm in Germany at a time when it
was just being recognized in Italy.

It would be out of place here to enter deeply into the value
of these respective contentions and to discuss whether Haiti or

! Vide 8ir H. Morris, ** Diseussion on Syphilis,”” Proc. R. Soc. Med. 8., 1912,
See also Elliot Smith, Lancet, 1908, ii. 521, and 1909, ii. 1596.

* Graphische und typographische Erstlinge der syphilitische Litteratur, Munich,
1912. Bee also his Aus der Frihgeschichte der Syphilis, Leipzig, A. Barth, 1912.
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Germany is to be regarded as the original home of syphilis.
Whichever view be accepted it is clear that we deal with an
infection which is not coeval with the appearance of man. Either
we deal with a disease which made its first appearance within
historical time, or a disease which appeared in America long
after the New World became separated from the Old—and there,
it may be, appeared in Haiti and the West Indies after these
were separated from the mainland. If the former view be
correct we have a further example of the phenomenon imme-
diately under review—if the latter, another of the many examples
of diseases peculiar to one district, which may or may not eventu-
ally spread to other parts of the world. As Major Strong and
the Harvard Commission have recently shown, there are human
diseases peculiar to South America. Thereisa “ blastomycosis
peculiar to the San Joaquin Valley in California. We know
that Measles was unknown to the Pacific Islands prior to the
eighteenth century, that cholera, endemic in the delta of the
Ganges, similarly only spread along the trade routes to the
rest of the world early in last century.

Tar PARALLEL OF GEOGRAPHICAL DISTRIBUTION

This last group of cases—and it might be added to exten-
sively—is exactly parallel to what has been ascertained regarding
the geographical distribution of animals. To afford an easily
grasped illustration I may note what we may term the epizootic
which followed the introduction of the European rabbit into
Australia, or the English sparrow into North America. Now
rabbit and sparrow are relatively old species: the reason why
they had not hitherto been present in areas eminently adapted
for their existence, is that they made their appearance in the
0Old World at some period subsequent to the separation of the
New World and Australia from the Old. There are, T know,
other considerations to be taken into account: I might, that
is, have selected more convincing examples from among the
abundant data regarding the geographical distribution of animals,
but these will serve as familiar examples.

The very fact, therefore, that certain highly infectious
diseases may be traced to a previous or existing limited and
localized incidence, is a proof that their origin is to be dated
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to a period subsequent to the dispersal of peoples over the
habitable globe.

Tae New Diseases oF THE GREAT WaAR

But to return to the main point, that of the evolution of
new infections. No one can fail to be impressed with the fact
that while among the millions of our troops engaged, three of
the terrible plagues of former campaigns have been virtually
suppressed—small-pox, enteric, or typhoid, and typhus—other
and less fatal epidemics have manifested themselves, and some
of these are hitherto undeseribed and unrecognized conditions.
Kither they are new diseases, or old diseases assuming a new
form under changed conditions of environment. There has
been some doubt as to whether all the cases called Trench fever
are of the same nature, whether under the name we deal with
one or more than one disorder, but this has during the last few
months been dissipated, as the symptomatology of the disease
has become clearly defined ; to the best of my knowledge here
is & disease, or group of diseases, that is new to us. The same
is true of “ Trench shin.”

Tar New Disgases oF ANIMALS

Nor is our evidence confined to man and human infections.
It is, for example, difficult to believe that a disease leading to
so great a mortality, and with symptoms and lesions so character-
istic as are those of Hog Cholera, could have oceurred in previous
generations without being observed and described. But so far
as I ean discover this disease was unknown until the ’sixties,
when it made its appearance in the United States, and thence
it has spread over the civilized—and hog-eating—world.

How, then, are we to picture to ourselves the evolution of an
infective disease ? Are there any data which permit us to
deduce reasonably sure conclusions as to the nature of the
process ¥ 1 believe that there are, and that the observations
of the last few years, and more particularly certain observations
made here in London, have given the key.
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TaE NATURE OF THE INFECTIONS AND oF ParHocENIC MICROBES

We must take as our first postulate that every infectious
disease is brought about by the growth within the body, and
diffusion throughout the system, of toxines! of one or other
particular species of micro-organism. This being so, it is deserv-
ing of note that these pathogenic microbes do not form an order
by themselves, but, on the contrary, are singularly diverse in
their affiliations. Still influenced by the work of the last quarter
of the nineteenth century, we are apt to forget this, and classing
the whole subject under the heading of pathogenic bacteriology,
to overlook this notable diversity. How few remember that a
generation before pure cultures of any bacteria were obtained
and tested, Schoenlein demonstrated the relationship and the
constant presence of a mould in Favus. How few again recall
Goodsir’s work of the ‘forties and his association of a Sarcina
with gastric atony. Flagellate and ciliate protozoa, sporozoa
and yet other genera of protozoa, forms like the spirochaetes,
which certainly are not bacteria, but still are not surely classified,
seeming to be midway between protozoa and protophytes :
filterable viruses which, if protophytic, are evidently of more
than one order and, again, are not bacteria as generally accepted,
even if, according to Hort, some of them represent a phase in
the life - cycle of certain forms included among the bacteria.
With scarce an exception every genus of micro-organism has
its representative or representatives among the pathogenic
microbes, or, put otherwise, every pathogenic microbe has closely
related forms or species differing from it in little beyond the fact
that the one is virulent, the other non-virulent.

OxN ALLIED SPECIES OF VIRULENT AND NoON-VIRULENT MICROBES

Next it is to be noted that these allied species are found
suggestively growing in the cavities or on the mucous surfaces
of the body, in the same habitat as the virulent forms, or again
in water and food-stuffs which are taken up by the individual.

! There is to my knowledge only one clear-cut example of an. organism
which, growing upon one of the surfaces of the body without penetration into
the tissues, sets up disease by the diffusion inwards of its toxines—the Bacillus

botulinus, which is responsible for one form of meat-poisoning. Strictly
speaking, this organism induces an intoxication and not an infection.
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Non-virulent diphtheroid bacilli are so common in the throat
as to be the curse of Army bacteriologists : the same may be
said regarding harmless diplococei which can only be differen-
tiated from meningococei by a relatively elaborate technique :
only within the last few weeks the frequent presence of these
“ parameningococei,” affording the “ group agglutins ”* as dis-
tinet from the specific agglutine of the meningococei proper,
in one military district was on the verge of causing serious
trouble ; as Andrewes and others have pointed out, the majority
of streptococci obtainable from the throat are non-virulent,
and yet with them, as I shall point out later, there appear to
be an extraordinary number of strains of streptococei obtain-
able from the throat of varying grades of virulence ; non-virulent
spirilla flourish in water just as do the closely-related but virulent
cholera spirilla : from the alimentary canal there may be isolated
non-pathogenic members of the typhoid-coli group, only dis-
tinguishable by physiological or bio-chemical tests from typhoid
bacilli, certainly not by any morphological test : harmless gram-
negative diplocoecei morphologically indistinguishable from gono-
coccl are obtainable from the wvulva: acid-fast bacilli closely
related to the tuberele bacillus of cattle are found in hay, butter,
etc. ; only after some years of study have the non-pathogenic
amoebae of the intestine been clearly differentiated from the
Entamoeba histolytica of dysentery —and the list might be
creatly extended.

This state of affairs in itself leads to the conclusion that patho-
genic microbes at some period, or periods, have originated from
the microbes saprophytic upon the body surfaces, or existing
commonly in the water and food-stuffs ; that they have origin-
ated by adaptation of these forms to growth, not merely on,
but within the tissues.

Tue DoctrINE oF Fixiry or BAcCTERIAL SPECIES

This is the simplest, most rational conclusion, but I must
point out to you that for long years the dominant German
school of bacteriologists upheld vigorously the doctrine of fixity
of bacterial species, closing their eyes to the steadily growing
volume of data which tended to establish the potential varia-
bility of the bacteria. The great leader of German hacterio-
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logists, Koch, in particular supported the doctrine. For twenty
years or 20 he laid down that the tubercle bacillus which he had
discovered was identical in its properties from whatever animal
it was isolated, whether from man, the ox, or bird, opposing
Straus and others when they called attention to the marked
distinetion in the properties of the human and avian types.
You will remember how suddenly and dramatically he turned
round at the great Tuberculosis Congress in London, announc-
ing that the human and bovine forms of bacillus were absolutely
distinet species—incidentally without any acknowledgment of
the work done by American workers, Theobald Smith, Dinwiddie
and Frothingham, in establishing these differences between the
two types, and incidentally, also, he being a Government servant,
to the apparent material advantage of the agrarian party in
Germany. Many of my readers will recall the consternation
of the hygienists and of the various governmental Agricultural
Departments when he pointed out that, being distinet species,
there was little or no danger of the disease being conveyed from
cattle to man by the milk. It has cost Great Britain alone
thousands of pounds and years of work of a Royal Commission
to demonstrate Koch’s error, and show that notwithstanding
recognizable and characteristic differences between the typus
humanus and typus bovinus, nevertheless intermediate forms
exist, and that the typus bovinus ean obtain a lodgment and
develop lesions, more particularly in susceptible children during
the milk-drinking period. Koch would never have perpetrated
his successive blunders but for his firm conviction that environ-
ment is incapable of altering the properties of bacteria.

Koch’s attitude in this matter has affected me from the
fact that from the time of my thesis for the M.D. at Cambridge
I have taught the variability of the bacteria,! as again from
the fact that in 1899, many months before Koch’s notorious
pronouncement, I had, in an address delivered to the Canadian
Medical Association at Toronto,? brought together all the data
bearing upon the difference between human and bovine tuber-
culosis and their causative agents, and at a request which reached

1 Vide the article upon the ** Variability of the Bacteria'' reprinted as
Chapter I. of Part II. of this volume.

% On the significance of Bovine Tuberculosis and its eradication and pre-

vention in Canada (read before the Canadian Medical Association, Toronto,
Angust 30, 1899), Philadelphia Medical Journal, December 30, 1899.
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me through the German Comsul in Montreal, had forwarded
copies of my address to Berlin. Listening to Koch’s speech, I
could not but feel that he had utilized and perverted the data
I had brought together. Basing myself upon those data, and
upon experiments which showed that inoculations of the human
bacillus would not set up tuberculosis in cattle, I had urged the
Canadian Government not, as Koch suggested, to cease the
endeavour to eradicate tuberculosis among cattle, but on the
contrary to set aside a restricted area, such as Prince Edward’s
Island, kill or remove all cattle affording the tuberculin reaction,
and then to proceed to raise pedigree and other herds in these
protected areas, guaranteed free from Tuberculosis, wherewith
to supply the rest of Canada, and if need be the world, with
sound stock, the danger of these cattle becoming infected from
tuberculous human attendants being, as I pointed out, practic-
ally nil. And as the Canadian authorities, pending the findings
of the British Royal Commission, took no action, I venture to
repeat the recommendation in England as regards the Channel
Islands and the Isle of Man. As it is, I believe that the former
are already relatively free from bovine tuberculosis. It would
not be a difficult matter, therefore, to ensure that the whole
original stock of Jersey and Guernsey cattle become absolutely
free from this devastating disease, and that the value of the
herds become markedly augmented.

Saying this it would seem that I myself support the doetrine
of the fixity of bacterial species, and even of bacterial strains,
that I believe not in the adaptive qualities of the bacteria, but
in their conservatism. The truth is that I believe in both.
As regards these two strains, there are some very interesting
data the relationship of which has still to be worked out. Thus,
as regards other animals such as the rabbit, the typus bovinus
is the more virulent, and while the typus humanus cannot be
conveyed to cattle save by the exhibition of unduly massive
doses in young and little resistant animals, the typus bovinus
can be conveyed to human beings in a more natural course.
But here again it is the young and less resistant individuals
that are susceptible. Nevertheless if, as Krumweide of New
York and others have shown, some 25 per cent of tuberculous
children under five years afford the bovine type, how is it that
this type is almost unknown in adults ¢ The evidence at our
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disposal indicates that quite a large proportion of cases of active
tuberculosis are but the recrudescence of tuberculosis gained
in childhood. May there not be a fallacy, therefore, in the
argument that cases affording bacilli of the human type have been
infected by other human beings ? The relative rarity of baeilli
of the bovine type in adults demands either that () the bovine
infection acquired in childhood is peculiarly fatal, so that all
affected die in their early years (and this is wholly contrary to
the evidence at our disposal); or (b) that on the contrary, in a
large number of cases, it gradually dies out and is replaced at
a later date by infection from another human being with the
typus humanus (and of this again there is no clear evidence) ;
or (¢) that gradually, through long residence in a human environ-
ment, the bovine form takes on the character of the human strain.
The fact that we from time to time encounter intermediate
strains seems to favour this third view. But to my knowledge
no decisive observations have go far been made.



CHAPTER IIL
THE NATURE OF THE ADAPTATIVE PROCESS IN THE BACTERIA

In fact, studying the bacteria, two apparently opposite and
contradictory facts are to be made out: on the one hand they
are extraordinarily conservative to the extent that, given the
same environment, the same food-stuffs, habit of life, temperature
conditions, ete., they manifest the same characters, and even,
within certain limits when the environment is altered, they
retain their original characters with a certain obstinacy. Typhoid
bacilli from cases of Enteric show scarce recognizable differences,
whether occurring in England, Australia, North America, or
Japan. And on the other hand, alter their environment beyond
certain limits—their food-stuffs, temperature of growth, ete.—
and their characters are liable to alter. Grow the diphtheria
bacillus, for example, in peptone broth, in milk, or upon peptone
broth agar, and this at the same temperature, and at the end
of twenty-four hours the differences are recognizable under
the microscope. Nothing, in fact, is more easy to demonstrate
than this capacity on the part of bacteria as a class to vary
according to alteration in environment.

FrucruaTions, Murations, AND MopiFicaTioNs

Winslow divides these variations exhibited by bacteria into
three orders, (1) fluctuations, (2) mutations, and (3) impressed
variations. Some term these last, modifications. Personally,

! Several years ago Ehrlich pointed out to me the difference between the
results of his diazo reaction in our Montreal cases of typhoid as compared with
his results in Germany, and suggested that we might be dealing with distinat
straing of the B. typhosus. Sir William Osler tells me that similarly he is
impressed by the difference in the bodily reactions to tertian malaria as acquired
in the Salonica area, and as he was familiar with it in Maryland,

28
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despite its heresy, my opinion is that the majority—if not all—
of the last two are substantially of the same order.

As fluctuations are designated those familiar variations in
one or other quality which distinguish the individuals of the
same sept or clan from one another. The various members of
the families to which each of us belong, while human beings, are
not identical, but vary within certain limits in height, breadth,
weight, length of arm, and so on. The various descendants
of a single individual, though they may approximate in these
particulars to the parents, vary from that parent in a very obvious
manner. Taken together the members of a tall family or strain
may, as a group, average above the normal, or of a stumpy
strain below the normal, but, with this, there is individual varia-
tion in height. And so it iz with bacteria. With these fluctua-
tions we need not concern ourselves—they are in the strictest
sense individual : descendants placed in the same environment
need not exhibit them : a man 5 ft. 5 in. in height, for example,
marrying a woman of 5 ft. 1 in. may have children all of them
over 5 ft. 5 in. in height.

By mutation we mean a very different phenomenon. From
causes we cannot as yet wholly fathom, a Shakespeare may be
the offspring of a country butcher: in a field of clover a plant
may show itself with quadripartite in place of tripartite leaves.
The same phenomenon is to be observed among bacteria, but
studying these forms devoid of sexual conjugation, the question
18 whether we deal with one or two orders of events. Let me
give an example to the point. It has been pointed out by Barber 1
that while the ordinary culture of Bacillus coli shows separate
short, stumpy bacilli, occasionally while examining smears from
such we encounter filamentous chains of cells. He points out
that all the bacilli have grown floating in the fluid medium :
all appear to have been subjected to the same influences, and
yet here and there a bacillus when it divides has its progeny
remaining united instead of floating away to lead an independent
existence. He found that by isolating a filamentous form and
breeding from it he could obtain a new race constantly showing
a filamentous arrangement, with cultural characters distinguish-

! Kansas University Science Bulletin, iv., 1907, No. 1. Only recently in the
EBritish Medical Journal of June 16, 1917, Mr. Ainley Walker has called attention
to the same phenomenon.
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ing it from the ordinary B. coli and with fermentative powers
more active than normal. If we accept his argument, here is
a typical example of a true mutant, for the development of
which the only satisfactory explanation is, that there has been
some accidental protoplasmic inequality in some one cell division,
and that one of the two resultant cells has by this inequality
gained in excess—or lost—some one protoplasmic constituent ;
thereby a new equilibrium has had to be established between
the organism and its surroundings, this adaptation showing
itself in some alteration of properties.

I fancy that we all look askance at any invoeation of
“accident ” to explain natural phenomena, regarding this as
a negation of natural law, as something reprehensible, evasive,
and almost dishonest, in that the more we study nature the
more it is impressed upon us that there is a cause for everything.
In this very instance it may be pointed out that while all organ-
isms floating in a fluid medium appear to be subjected to the
same influences, as a matter of fact they are not. In such
medium organisms at the surface are exposed to an environ-
ment which differs widely from that of organisms totally sub-
merged, and the analogy may be drawn between what occurs
here and the tendency exhibited by many veasts to exhibit
septal, filamentous forms on surface growths, and isolated torula
forms when submerged.

Taar 18 THE BAcTERIA MUuTATIiONS ARE IMPRESSED VARIATIONS

So far as I can determine the majority of instances of bacterial
mutation depend or follow upon a preliminary alteration of
environment, and these alterations must be regarded as the
controlling factors, resulting in émpressed varialions. Numerous
cases are on record in which, by growing bacteria in media
containing certain sugars, eventually they have gained the
power to split up and ferment these sugars, or in media, like
milk, containing fats, have developed lipolytic powers; have,
that is, adapted themselves to feed upon the new food-stuff.
Close upon thirty years ago the late Sir Lauder Brunton and
Macfadyean ! reported experiments of this nature, showing that
by growth in the presence of particular sugars certain species

1 Proceedings of the Royal Society, xlvi., 1889, 542,
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of bacteria acquired the power of fermenting them. In 1897
Miss Peckham ! succeeded in modifying the typhoid bacillus
so that it would produce indol, one of the diagnostic features
of this micro-organism being that it is a non-producer of indol.
In 1906 my late colleague Dr. Klotz,2 now Professor of Pathology
at Pittsburgh, studied the assumption of these sugar-fermenting
powers, and the loss of the same, by a member of the tvpho-coli
group, the B. perturbans. The following year Twort * demon-
strated that he could cultivate paratyphoid bacilli so that they
will ultimately ferment saccharose, typhoid bacilli to ferment
lactose and dulcite, dysentery bacilli to ferment saccharose.
Interestingly enough these observations date back to the founder
of the science of bacteriology, to Pasteur and his classical observa-
tions upon fermentation. You will remember how he discovered
that ordinary tartaric acid is optically inactive because it is
a combination of equal amounts of the two, dextro- and laevo-
rotatory, isomers, and that he obtained the laevo-rotatory form
in a pure state by the action of moulds, which used up the dextro-
rotatory acid leaving the other isomer untouched. But doing
this, he noted that if he continued the experiment the rotation
to the left reached a certain point and then steadily diminished ;
in other words, that after using up the food of election the mould
now turned itself to assimilate and use up the laevo-rotatory
food. Now, as a general rule, dextro-rotatory organic substances
alone are produced and utilized by living animals.

The steps by which bacteria have been found to gain these
powers of adapting themselves to and utilizing unaccustomed
food-stuffs are most instructive, and are best shown by the
observations of Massini,* Penfold,® and other observers of the
last few years. These observers employed a solid medium, a
peptone broth agar medium (containing, as usually made, a little
muscle sugar), upon which the bacteria studied can be grown
readily, and to this they added in the process of preparation the
particular foreign sugar or glucoside, and made surface growths of
the bacteria. Where this is done it is found that the surface

L Journal of Experimental Medicine, ii., 1897, 549,

2 Journal of Infectious Diseases, ii. (Supplement), 1906, 35.

3 Proc. Royal Society, Biol. 1xxix., 1907, 329.

* Arch. f. Hygiene, 1xi., 1907, 250,

5 Journ. of Hygiene, xii., 1912, 195. See also Miiller, R., Cenitrlb. f. Baki.
xlii., 1908, 157, and ibid. Abt. 1 Orig. I¥iii., 1911, 97.
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colonies at first show no change from the usual type of growth,
but after several days little papillae appear on the surface of
the colonies. These have a more opaque white appearance,
and, if litmus has been added to the medium as an indicator,
the papillae take it up and assume a reddish colour, this indicat-
ing the production of acid in the papillae, whereas it is not being
produced elsewhere in the colonies. The Typhoid bacillus, for
instance, does not normally ferment isodulcite, but if the Typhoid
bacillus be planted upon isodulecite agar, in five days these
papillae appear—and in these papillae the bacilli are *“ mutants  ;
they have gained the power of fermenting this sugar. Test the
bacilli from the non-papillated portions of the colonies, and they
have gained no such power. If bacilli be carefully removed from
one of the papillae and be plated on isodulcite agar, it is found
that a race of Typhoid bacilli has been gained, all the members
of which have this new power of immediately fermenting iso-
dulcite. The bacilli constituting the non-papillated areas are
unchanged ; they cause no dissociation of the isodulcite, although
if plated similarly on isodulcite agar, their colonies will repeat
the phenomenon : in five days scattered papillae will show them-
selves which present the new property.

These, again, at first appear to be excellent examples of
what may be termed true or “ chance ”” mutations. Obviously
not all the bacilli in the colonies take on the power of utilizing
isodulcite, dulcite, or other sugar, as a food-stuff, only certain
individuals. But on further study the further facts are to be
noted—first, that the phenomenon is constant—take any typhoid
bacillus, treat in this way, and in five days or so the duleite-
fermenting papillae will show themselves ; and, secondly, these
dulcite-fermenting individuals present themselves constantly
in a particular relationship and superficial position. Bacilli
which are at or near the surface of the agar and obtain from it
abundant food have had no need to adapt themselves to the
new food-stuff. It is those furthest away, separated from the
agar by several layers of bacilli, that manifest this new property,
those which from their position receive only the diffused food-
stuffs which have passed by their more fortunately placed
comrades lower down. It looks very much as though, in the
struggle for existence, these bacilli that have found themselves
deprived of their accustomed food-stuffs have taken to absorbing
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and dissociating the unusual food-stuff faule de mieuw, that, in
short, we have here a repetition of Pasteur’s original observa-
tion that when the accustomed food-stuff is used up, the un-
accustomed will be attacked, just as we to-day are making a
virtue of necessity and are thriving upon potato—and wheat—
substitutes. As a matter of fact, if the experiment be modified
so that all the multiplying individuals are subjected to the same
environment—if, that is, instead of employing a solid medium
a fluid medium containing the new glucoside be taken and the
bacilli be grown on this, then the conditions of experiment can
be so arranged that not some but all the bacilli acquire the
property of fermenting the unusual glucoside. All, that is,
acquire the new property.

ON TMPRESSED A8 DISTINCT FROM CHANCE VARIATIONS

If T remember aright, this was first demonstrated in 1913 or
1914. Unfortunately I am away from my library and notes,
and have been unable to find the reference. In my dilemma—
for I did not wish to make the vague statement that this was
so without affording a reference—my colleague Major F. B.
Bowman, Officer in Command of No. 2 Canadian Mobile Labora-
tory 1 at Folkestone, with great kindness came to my rescue and
willingly conducted the very simple experiment—an experiment
so simple that it can easily be repeated. The underlying principle
of it is that the bacteria must not be supplied with an abundance
of alternative food-stuff. They are accustomed to obtain their
carbon from amines (proteins) when carbohydratesare not present.
Do not, therefore, use a peptone broth of the usual concentration.
Some years ago I pointed out that with members of the typho-
coli group 10 cem. of peptone broth added to a Winchester quart
of sterilized water affords upon inoculation a pronounced tur-
bidity in twenty-four hours, in other words, an active growth
of the baecilli.

Major Bowman, therefore, made up such a diluted peptone
bouillon—or * Soupe maigre ”—with 1 per cent added of the
unusual glucoside in this case Isodulcite, or Rhamnose,? along

1 Now No. 1 Canadian Central Laboratory.
* For which I am indebted to Professor Rosenheim of King’s College and
(through Captain Tulloch) to Professor Mackenzie of Aberdeen.

D
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with Azolitmin as an indicator. He inoculated a relatively
large quantity of this medium with a pure culture of B. typhosus
obtained from the Army Medical College at Millbank, having
previously tested the strain and having found that it was
absolutely typical in its fermentation reactions (produeing acid,
but no gas, with Glucose and Mannite, while Lactose, Saccharose,
Dulcite and Isodulcite gave negative results).

Each day he made plates from the main culture upon
azolitmin-isoduleite-peptone-agar, with the following results :
The main culture in 100 cecm. of 1 per cent azolitmin dilute
broth showed no change until the fifth day, when the blue solu-
tion took on a slight change, showing that some acid was being
produced. At the same time the agar transplants of the fourth
day exhibited a pinkish tint of the medium showing beginning
fermentation, while the agar transplants of the fifth day at the
end of twenty-four hours showed a distinet pink halo around
every colony—as did also the plate of the sixth day. (I give
Major Bowman’s note as Appendix II., explaining that up to the
last moment I hunted for the lost reference, and thus only gave
him time to perform the experimentum crucis. Nor indeed,
knowing how fully occupied he was with routine military work,
could I ask for or could he offer more.)

And here is the point : add typhoid bacilli to distilled water °
containing 1 per cent isodulcite, and they are not killed off,
that is to say, they undergo no greater reduction in number than
if added to pure distilled water. If we dealt with chance varia-
tion and the survival of the fittest, some of the colonies on the
agar at the end of four or five days would be unchanged, others
would show surrounding reddening of the azolitmin medium.
But all show the reddening.

Here then, contrary to Bateson, we have evidence of positive
acquirement from without, and, contrary to the Lankesterian
dogma, we can so arrange our experiment as to obtain, not
evidence of variation in many directions, the favourable variants
alone surviving, but evidence that organisms placed in a given
environment all vary in one identical direction with clockworlk
regularity. It is no matter of haphazard : we can of a certainty
induce the particular variation in a particular bacterial species.

Or if Professor Bateson desires a perfect example of varia-
tion by loss of factors, we can afford him an equally telling



EXALTATION OF VIRULENCE 35

example which, by the constancy of the results obtained, is
infinitely superior to his sportive produection of a salmon-coloured
“ Coral king " Primula. It is the classical example adduced long
years ago by Pasteur and his lieutenants, Roux and Chamber-
land—a bacteriological commonplace, since it is the basis of
Pasteur’s method of vaccination against anthrax, which, com-
mercially speaking, has saved Irance hundreds of thousands
of sheep and cattle and many millions of francs. By exposing
cultures of anthrax bacilli to a heat a degree or two below that
which will kill them, or again by the action of minute quanti-
ties of certain antiseptics added to the medium of growth, races
of anthrax bacill are obtainable which have wholly lost the
power of spore production. These races may be grown for
months and vears—for thousands and, indeed, hundreds of
thousands of generations—upon the ordinary media of the
laboratory without regaining this striking and characteristic
property. Were a culture of this strain given to a systematic
botanist without information as to its origin, he most assuredly
could classify it as a distinct species. Here again is no matter
of chance variation in many directions—all the individuals of

the colony subjected to the particular temperature become
asporogenous,

Oxn ExArLTATION OF VIRULENCE

Now if these things be true regarding other properties, they
must be largely true regarding the virulence and pathogenie
powers of bacteria. We know in the first place that virulence,
when it is the property of any bacterial species, is capable of
great modification. This, we observe, is not a matter of chance.
We know methods by which we can surely exalt or depress
that virulence. We know that by * passage " of a virus through
a succession of animals of one species we can rapidly intensify
the virulence for animals of that species, while simultaneously
we may by this procedure reduce its virulence for animals of
another species. We can, with Marmorek, take a culture of
streptococci so weak that only the most susceptible animals are
influenced by it, and then only by the exhibition of relatively
enormous amounts of the culture to the new-born (which have
least powers of resistance) ; but recovering the cocei from these
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we can by careful passage through selected animals so angment
the virulence that eventually the hundredth or the thousandth
of a drop of a twelve-hour culture, or even much less than this,
may cause the death of strong adulfs in six hours or less.

It is quite possible that these streptococei may eventually
afford us the best material for demonstrating the development
of pathogenic from harmless bacteria. They are singularly
widespread in nature: they are common on the skin, where
the temperature is lower than it is in the passages of the body ;
they are constantly present in the mouth, and, as pointed out
by Andrewes, the majority of cultures obtained from the mouths
of healthy individuals are harmless when inoculated into lower
animals. Certain it is, also, that after long years of work and
the investigations of numerous trained observers, we seem to
be almost as far off as ever from establishing the dividing lines
between different species—if species proper they are—of strepto-
cocei. Of late, it is true, we are accustoming ourselves to recog-
nize and attribute particular properties to Streptococcus faecalis,
Streptococcus equinus, haemolytic streptococei, ete. ; we have
no doubt regarding the existence, and, what is more, the utility
of recognizing these ““ strains.”” But if we depend on fermenta-
tion tests (and it is only by biochemical and not by morpho-
logical properties that we can distinguish between the forms),
then, as shown by Ainley Walker, continued growth in the
laboratory results in changes of the fermentation tests, so that
there is as much evidence that we deal with the different strains
of one species which exhibit differences in consequence of their
previous habitat, environment, and history, as there is that
they constitute distinct species. TFor a time it looked as though
Rosenow, of Chicago, had definitely settled this point, and by
passage throuch animals had converted non-haemolytic into
haemolytic straing, and even streptococei into pneumococei
(which have many properties in common). But Holman, of
Pittsburgh, has brought forward such forcible criticism of Rose-
now’s results, calling attention to the frequency of combined
growths of more than one strain or species of streptococei, and
the need for pure cultures gained from isolated cocci, that before
Rosenow’s work can be accepted in its entirety, this laborious
confirmatory work must be undertaken. Saying this, I firmly
believe that Rosenow is along the right lines—and pragmatieally
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speaking, his observations and hypotheses gain confirmation
from the clinical observations of Billings1 and the Chicago
school. 1 like to flatter myself with the thought that an address
which I delivered in Chicago in 1899 2 was the starting-point
for these activities.

Tae ExPERIMENTAL (ONVERSION OF NON-PATHOGENIC INTO
PatHoGENIC MICROBES

Years ago Vincent, one of the most distinguished of French
bacteriologists, to whom we owe the recognition of the relation-
ship between the Bacillus fusiformis and Vincent’s angina, or
better, Vincent’s disease,® described how by placing broth cultures
of a perfectly harmless, non-pathogenic microbe from the soil,
the DBacillus megatherium, in hermetically sealed celloidin
capsules, and inserting the capsules within the tissues of lower
animals, he was able to accustom, or adapt, them to growth
within the organism of warm-blooded animals.® By simple
subcutaneous or intramuscular injection of a few cecm. of a
broth culture of this bacillus into the rabbit, for example, no
harmful results ensue : the bacilli are rapidly destroyed. Placed
in delicate celloidin capsules the bacilli gain nourishment from
the diffused lymph, and are at the same time protected from
the phagoeytic action of the leucocytes. By this means he an-
nounced that the bacilli gradually gained pathogenic properties.
That was close upon twenty years ago, and unfortunately I
cannot hear that this experiment of Vincent’s has been repeated
and confirmed. When some years ago,in my laboratory at McGill,
Dr. Charles Higgins employed this method with tubercle bacilli
of the typus humanus, inserting celloidin capsules containing a
glycerine broth culture of these into the tissues of the calf, even
after some months he obtained no elear evidence of modification.
The capsules became surrounded by dense fibrous tissue, and
where the cultures did not die out they showed no assumption

! Local Infection, Appleton, 1916.

? * Latent Infection and Subinfection,” American Medical Assoc. Journal,
Dec. 1899,

¥ Better, because, as Vincent himself pointed out, the organism may be
associated not merely with a tonsillitis (angina), but also with a special form of
stomatitis and gingivitis, while also the conjunctiva may be affected, and the
organism may grow upon the glans penis, setting up a balanitis,

4 Aun. de U Inst. Pasfeur, xii., 1898, 785,
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of the characters of the typus bovinus. Vincent is so careful
an observer that I do not like to reject his work. At the same
time I confess I should feel more satisfied had it been confirmed
by other workers.!

It is here in London, at University College, that what appears
to be the crucial demonstration has been afforded by a pair of
well-known and capable workers, and that by the employment
of a most ingenious method. Every medical man nowadays
is familiar with the name at least of anaphylaxis, even if he is
unable to grasp the nature of the paradoxical phenomenon—
the phenomenon, that is, of inducing not immunity, but the
reverse condition of increased susceptibility to foreign proteins,
by the injection of the same into the tissues. If minute doses
of any protein foreign to the organism—even if it be so harm-
less a one as egg white—be introduced parenterally, i.e. into
the tissues as contrasted with alimentary eanal, and some eight
days or more later a second and larger dose be similarly intro-
duced, instead of tolerance having been established, the very
reverse condition is found to have been set up. Grave con-
stitutional symptoms supervene, and in animals like the guinea-
pig death may ensue with startling rapidity in the course of a
minute or two. I believe that I was the first to point out,?
and that with Professor Vaughan’s entire concurrence, that
these phenomena are explained by that observer’s most remark-
able studies upon the dissociation products of proteins. As he
has abundantly demonstrated,® treated with alcohol rendered
alkaline by the addition of caustic soda, all true proteins, includ-
ing the bodies of bacteria (or their protein constituents), become
dissociated into an intensely toxic and a non-foxic moiety.
The explanation, therefore, of anaphylaxis—and this is confirmed
by Abderhalden’s later work—is that it is the first stage in the
production of immunity : the organism has reached the stage
of producing enzymes which dissociate the proteins into a toxie
and a non-toxic moiety, but has not attained to the later stage
in which specific enzymes are developed, dissociating the toxic

! It deserves note that the bacteriology of soil bacteria has been worked out
very imperfectly, and it is evident that more than one species has been deseribed
as B. megatherinm. It may therefore be that the B. megatherium of other
workers iz not the same organism as that employed by Vinecent.

® Principles of Pathology, 1st ed. i., 1908, p. 509.

# See Vaughan, Proiein Split Products. Philadelphia, Leaand Febiger, 1913.
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moiety into harmless derivatives. And these anaphylactic
phenomena are obtainable, let me repeat, by the introduction
of bacterial proteins into the tissues, and even of living
bacteria.

So long ago as 1904, W. V. Shaw,! and later Schloss and
Foster 2 in 1913, called attention to the fact that in monkeys
arthritis only occurs after a second intravenous injection of
streptococei, the first setting up no obvious changes. 1In 1911
my late colleague in Montreal, Dr. Duval,® now Professor of
Pathology at Tulane University, New Orleans, when studying
the bacteriology of leprosy made the curious observation that
while by a single inoculation of the bacilli which he had isolated
and cultivated he was unable to produce lesions in monkeys
(Macacus rhesus), lepra nodules containing the bacilli could be
obtained as the result of inoculations repeated at short intervals.
He and Couret conclude (p. 303) : “ That the infection is more
likely to follow where sensitization is first established is definitely
proved by the specific experiments that we have carried out upon
a variety of laboratory animals. The first injection, we assume,
sensitizes the animal, and may consist of either killed or viable
lepra bacilli.”

Now, starting from these phenomena of anaphylaxis, Thiele
and Embleton,* working at University College, were led to the
happy idea of introducing harmless bacteria into the tissues,
and then in a week or ten days later giving a second injection
of the same bacteria. Those first injected being non-pathogenic
became disintegrated, and liberating their proteins were found
so to influence their host that upon a second injection into the
now susceptible animal, the bacteria, instead of being destroyed,
took on active growth, and what is more, the anaphylactic
state, by permitting the active growth within the weakened
organism, was found by them to lead to an associated adapta-
tion to the unaceustomed environment.

The Bacillus mycoides is an absolutely harmless micro-
organism common in garden soil, and growing in nature only
at a low temperature. It is in fact destroyed at body heat.

1 Journ. Path. and Bact. ix., 1904, 158.

2 Journ. Med. Research, xxix., 1913-14.

3 Journ. of Exper. Med. xiii., 1911, 374, and Duval and Couret, ibid. xv.,

1912, 292.
4 Zeitschr. f. Immunitatsforschung . exper. Therapie, xix., 1913, 643.
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Following the classical experiment on adaptation of Dallinger !
in the ’seventies, they first gradually accustomed the bacilli
to grow at body temperature by cautiously increasing the tem-
perature of growth, degree by degree, over a considerable period,
until they would multiply instead of being killed at 37-5° C. Next
they sensitized animals by injecting into them a fair dose of
the killed baecilli. Ten or fifteen days later they gave a second
injection of the live bacilli, recovered the bacilli from the tissues
of the animals, and repeated the process with another animal
of the same species.

Doing this they found that the bacillus which had been
motile lost its flagella, acquired a capsule, became stumpier and
thicker, and, to their astonishment, acquired all the characters
of the anthrax bacillus, both morphologically and in the
lesions it produced. The harmless, naturally non - pathogenie
bacillus became in fact so virulent that a small amount of
the culture introduced into guinea-pigs killed them in twelve
hours.

Nor is this the only non-pathogenic organism that these
observers have induced to become pathogenic by this method
of preliminary anaphylaxis, They have obtained parallel results
with other non-pathogenic microbes (B. phlei, B. smegmatis, ete.).

Their work has been confirmed independently by Kniest
Faber,2 who noted that employing virulent streptococci he
obtained arthritis in rabbits upon a first injection, but with a
weakly pathogenic form such as Streptococcus mitis var. viri-
dans he found that in order to set up the lesions of arthritis
he had to give rabbits two sensitizing doses ; that these doses
had to be narrowly specific; he had, that is, to employ the
particular strain of streptococcus. Preliminary intravenous in-
jections of the S. mitis set up no arthritis, but if he injected it
direct into the knee-joint, so setting up a localized arthritis
of the one joint, allowed this to subside, and now gave an
intravenous injection of the same organism, there followed
immediately an acute arthritis of the treated joint. This form

! Proc. Roy. Soe. xxvii., 1878, 332. Dallinger, it may be recalled, gradually,
over long months, raised the temperature at which the flagellate infusorian,
Dallingeria drysdalei (Kent), would grow and multiply, from 60° F. to 158° F.
{=70% C.})—i.e. some 20° C. higher than that causing the death within a few
minutes of ordinary (untreated) vegetative infusoria.

2 Journ. of Exper. Med. xxii., 1915, 615.
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of sensitization throws an interesting light upon the relapses
so frequently noted in streptococcal infections.

Observe what this signifies. It signifies that there is a means
whereby organisms that are saprophytic and non-pathogenie,
living upon the surface of the body, whether on the skin or
upon the moist mucous membranes, can become pathogenic,
invading and living within the tissues. What is necessary is
that these organisms first become habituated to growth at the
body temperature and then gain entrance through some solution
of continuity, and that, gaining entrance, they in the first place
induce the anaphylactic stage, so that when some week or more
later organisms of the same species gain entrance into the
supersusceptible tissue, whether through a lesion or through
conveyance by phagocytic leucocytes, they now are able to
multiply within the tissues, and multiplying acquire pathogenie
properties ; in other words, adapt themselves to their environ-
ment, gain the power of assimilating and dissociating the proteins
of the body, in which process they bring about the production
of disintegration substances, of toxic proteins or amino-acids,
in other words of toxines.

But, it may be asked, if the process is so simple as this why
do we not observe time and again the evolution of new diseases ?
In answer to this question I would urge that the matter is not
so simple as it seems. In the first place it will be observed that
a particular concatenation of circumstances is requisite, namely,
a first entrance of bacteria into the tissues through some lesion,
and then, when the anaphylactic stage is at its height, a second
entrance of the bacteria in much larger numbers, for anaphy-
lactic phenomena only show themselves when the second exhibi-
tion of the protein (in this case of the bacteria) is larger than the
first, and when a definite interval of at least seven days intervenes
before that second exhibition. As is well shown in Pasteur’s
method of inoculation against rabies, when a virus is inoculated at
successive daily intervals no anaphylactic phenomena are mani-
fested. And in the second place it must be remembered that
ordinarily the habitual growth of bacteria upon the surface of the
body favours the production, not of anaphylaxis, but of immunity.
It is by now well established that from the mucous surfaces of
the body bacteria are being constantly introduced into the
tissues, in driblets as it were, through the agency of leucocytes
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which wander out on to the mueous surfaces, take up bacteria
of various orders, and wander back again into the tissues—a
process which leads to the gradual habituation of the organism
to the dissociation products of the bacteria thus incepted, or
in other words, to a progressively increased capacity to dis-
sociate and digest the bacteria. Now, where immunity is already
established, anaphylaxis (the preliminary stage, as I have pointed
out, in the process) cannot be redeveloped.

Aceepting these very striking studies of Thiele and Embleton
—and as I have pointed out they gain confirmation from the
independent observations of several observers—we see how from
time to time infectious or epidemic diseases may arise de novo
through the evolution of more specialized pathogenic forms
from the more widely diffused saprophytic micro-organisms
growing upon the surfaces of the body. We can understand,
for example, how it was that Diphtheria came into prominence
only at the beginning of last century, when Bretonnean of Tours,
Napoleon’s great army doctor, afforded his classical description.
It is impossible to believe that a disease with such obvious
clinical manifestations and such sharply-cut features should have
been present infecting man from the beginning of history with-
out, a gingle physician in all the centuries recognizing and describ-
ing the throat condition, or the rapid devastation set up by the
disease. Diphtheria gains its simplest explanation as being due
to the acquirement within recent times of virulent properties by
some previously harmless diphtheroid bacillus growing in the
throat and upper respiratory passages. And so it has been with
Syphilis, with ““ Trench shin,” Trench fever, Sweating sickness,
and, if with these, then with infections in general.

I admit that there may be contributory causes, that particular
environments may favour the origin or reappearance of particular
diseases, as again that local tissue environment may determine
particular selective development of virulence. As regards the
former we have the remarkable history of Epidemic War
Nephritis, so well brought out at a recent meeting of the Medical
and Therapeutic section of the Royal Society of Medicine, with
its first known appearance in North America as an epidemic
beginning in the spring when, during the War of the Rebellion,
the campaign in the central region became a matter largely of
trench warfare; the absolute disappearance of this particular
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type of acute nephritis for over fifty years, to make its reappear-
ance in 1915 in the trench warfare along the western front.
This is a very remarkable history, but until the causative agent
is determined we can do no more than suggest that here is a
disease which shows itself when man finds himself in a particular
environment, dying out when that environment is departed
from. As Professor Welch of Johns Hopkins pointed out some
years ago in his Huxley lecture,! there is evidence that if man
can adapt himself to altered environment, so can microbes ;
that if man can protect himself against the toxic action of the
bacteria with which he is surrounded, so on their part bacteria
can protect themselves against man by increasing their virulence
and altering their properties according to eircumstances.

It is in this connexion that the recent series of studies by
Professor Rosenow upon the elective localization of streptococei
are of extraordinary interest.? Briefly, by employing deep tubes
of fluid culture medium, which permit streptococci to grow at the
oxygen tension most favourable to the particular strain, and
by inoculating young growths which still retain the final quali-
ties impressed upon them by development in particular tissues
and localities, he has been able to show that strains obtained
from the gall-bladder in cases of cholecystitis, when inoculated
intravenously into animals of the laboratory, are peculiarly apt
to localize themselves in the walls of the gall-bladder and there
set up cholecystitis; isolated from the joints in man, to set
up arthritis, from duodenal ulcers to set up gastric and duodenal
ulcers, from multiple neuritis in man to be recovered from the
nerve-trunks in the inoculated animal, in myalgia from the
muscles. Growth, that is, in a particular tissue in man, endows
the streptococcus with an elective affinity for the same tissue
in other animals. With abundant material to work upon, first
at the Memorial Institute, Chicago,and later at the Mayo Founda-
tion, Rochester, Illinois, injecting various strains of streptococel
into animals of the laboratory, and making routine cultures from
various tissues, he found that the average incidence of the cocei
in or obtained from muscle was 27 ; with cultures from cases of

1 British Med. Journ., 1902, ii. 1105. In the same year Ainley Walker had
made the same sugzestion (Journ. of Pathology, viii., 1902, 34).

* See more particularly Journal of the American Medical Association, 1xv.,

1915, p. 1687, and Ixvii., 1916, 662 ; Journal of Infectious Diseases, xix., 1916,
Nos. 3 and 4 (September and October); and Journal of Immunology, i., 1916, 363.
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myalgia this rose to 93 per cent. Cultures of cocci are rarely
gained from the spinal cord of the inoculated animals (4 per
cent) ; thirty-six animals inoculated with cultures from a case
of sporadic anterior poliomyelitis yielded 78 per cent of positive
results, v.e. of growths of streptococci obtainable from the spinal
cord.

With these examples before us is it possible for medical men
not to believe in * direct adaptation™ ? According to the
environment so do bacteria assume special properties.



CHAPTER IV

ADAPTATION TO DISEASE-PRODUCING AGENCIES IN THE
HIGHER ANIMALS

BEeFoRE passing to the other end of the scale of living forms,
and studying the phenomena of infectious disease in the terms
of adaptation, and other adaptations to disease-producing
agencies as observed in man and the higher animals, let us pause
for a moment and endeavour to summarize the conclusions
which may reasonably be drawn from the data brought forward
up to this point.

1. The evidence is abundant and conclusive that bacteria
are capable of being modified by alterations of environ-
ment of certain orders, chemical and physical.

2. The modifications in question that have been brought
forward conform with Herbert Spencer’s * direct equili-
brations ’ : a particular alteration of environment of
certain orders leading inevitably to a particular modifica-
tion whether of function or of form.

3. By employing appropriate methods it can be shown that
not some but all the microbes subjected to particular
orders of alteration of environment exhibit the particular
modification : the hypothesis of * chance variation ” in
a particular direction with survival of the fittest is in-
capable of explaining the phenomena.

Yet other conclusions are to be drawn, but for the time being
these suffice for my immediate purpose.

There are two interesting and, I think, basal observations
upon adaptation which, affecting protozoal forms higher in the
scale than the bacteria, deserve note before passing to consider
adaptation in multicellular organisms. The one we owe to the

45
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botanist Stahl,! who a third of a century ago made the pioneer
observations upon what we now term chemiotaxis. He noted
that the plasmodium of the myxomycete Fuligo, which at first
moves away from a 2 per cent solution of common galt, will
after a time (more especially if it has suffered from lack of water)
adapt itself to the solution, advancing its pseundopodia into it.
In other words, we have here a definite example of direct adapta-
tion during the lifetime of the individual, of change of habit in
these lower forms of life based upon physical changes in the
surface layers of the individual. The other consists of certain
observations of Musgrave and Clegg ® upon intestinal amoebae.
They noted that these in the large intestine ingest selectively,
feeding upon only oneof the many surrounding species of bacteria,
and that they could succeed in growing the amoebae on the
surface of agar plates if they effected a combined growth of the
amoebae and this one species of bacillus. By the gradual
addition of pure cultures of another bacterial species, with which
at first growth may not be possible—indeed, with this form alone
afforded in the first place the amoebae died out—the amoebae
at first became accustomed to the foreign forms, taking up
occasional individuals, until eventually they could be grown
in association with the second form alone, to the total exelusion
of the first. Here again we observe accustomance and progress-
ive utilization, and in no sense a chance variation. The same
observers note that inoculating amoebae plus bacilli into the
livers of rabbits they induced abscesses which yielded both
amoebae and bacilli, but inoculating the pus from the first
abscess into a second rabbit they now obtained abscesses con-
taining amoebae alone : in other words, the amoebae had now
adapted themselves to growth in and upon the tissues of the
rabbit—an observation which throws light upon the frequency
with which entamoebae are obtained in a pure state from hepatic
abscesses in man.

It will be seen that so far I have laid comparatively very
little stress upon the inheritance of these acquired characters
and the development of races or strains endowed with special
properties, the result of acquirement. I have done this pur-
posely, being convinced that the proper method of attack upon

1 Botanische Zeitung, 1884, Nos 10 and 12, and Flora, lxxvi., 1892, 247.
? Reports of the Bureaw of Government Laboratories, Manila, 1904, No. 18.
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the problems before us is to study first the phenomena of in-
dividual acquirement of properties. Only when we have gained
some knowledge of the factors operative in cases of individual
acquirement can we with any security proceed to discuss the
wnheritance of acquired characters.

Now it is in respect to these new acquirements in the higher
animals that we obtain the deepest insight into the process
involved, and that through the abundant, not to say overwhelm-
ing, studies of the last quarter of a century upon immunity.
There is a vast literature upon this subject. Some of the most
notable achievements in science, both of the last and of the
present century, have been in this province of immunity : the
names of the great workers in this domain are known to all
men—of Pasteur, Koch, Behring, Roux, Metchnikoff, Ehrlich,
Almroth Wright. Tuberculin, diphtheria antitoxin, and the
arrest of typhoid fever by inoculation are matters about which
every intellicent being is supposed to know something ; they
are even common subjects of conversation at the dinner-table,
be it in London or Glasgow, in Washington or Seattle, in Johannes-
burg, Dawson City or Adelaide. Yet I do not know of a single
general biologist who has dwelt adequately upon their significance
in this connexion.

For consider the following facts and think what they signify.
There is a certain bean, known as the Jequirity or prayer bean,
the seed of Abrus precatorius, from which a highly active and
highly poisonous principle can be extracted, abrin, which has
been resolved into two proteins, an albumose and a globulin,
both, when injected into animals, producing symptoms of like
nature. A closely allied active principle, ricin, is obtainable
from the castor oil plant, and this has been carefully studied by
Professor Cushny,® who has determined that in this case the
toxic substance is a globulin, and this so powerful that one gram
is adequate to kill one million and a half guinea-pigs, with necrosis
of the tissues at the site of injection, acute congestion, inflamma-
tion and oedema of various tissues. It is significant that the
action is not immediate : the animals appear to be in good
health for four or five days ; then symptoms supervene suddenly
and there is death in a very short period. There is in short a

Y Arch. f. exp. Pathol. xli., 1808, 439 ; see also in conjunction Osborne and
Mendel, Am. Journ. of Physiol. x., 1904, 36.



48 ADAPTATION AND DISEASE

curious parallelism with the period of incubation followed by
acute disease as seen in bacterial injections.

We owe to Ehrlich a series of observations which further
enforce the parallelism. Feed mice or other small animals
upon small non-lethal doses of ricin, and slowly increase the dose,
and eventually the animals can be given with impunity one
hundred times the fatal dose. Or again, with great care, inoculate
the animals subcutaneously with minute but progressively
increasing doses, taking care to allow any signs of disturbance
to pass away before a new dose is given, and by this means
the little animals can be made to stand five thousand times the
lethal dose.

Now the castor oil plant and its poison are not objects which
the ordinary European rabbit or mouse is accustomed to
encounter. If we take the blood or other body fluids of control,
normal, animals we find that they are absolutely powerless to
neutralize the poisonous prineiple. Take on the other hand the
blood serum of the treated and immunized animal and mix that
blood serum with the lethal dose of ricin, or ten, or a hundred,
or a thousand times the lethal dose (according to the grade of
immunity induced), and the poison is rendered inert. That is
to say, inject the mixture into another animal of the same species
and no effects are induced. Clearly in the immunized animal the
blood now contains antitoxic substances, bodies which combine
with the toxin or break it down, rendering it inert and harmless.

And these substances have not been produced in the blood,
or from the toxin, by some form of chemical activity undergone
in the blood itself. Once an animal has been immunized it
may be bled and re-bled until many times the normal amount
of circulating blood has been removed from it—and notwith-
standing the blood continues to be antitoxic. Obviously, in
the first place, the antitoxin is produced by the cells of the body,
the tissues, or certain of them. Obviously the amount of anti-
toxin produced is not in direct proportion to the amount of
toxin injected ; in other words, once the cells, stimulated by
minute doses of ricin, have acquired the property of elaborating
an antiricin, they continue to produce it for weeks and months.
The cells have acquired a new power, that of elaborating anti-
ricin, and they continue to elaborate and discharge this body
long after the original stimulus has disappeared.
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Here then is a perfectly clear cut example of direct individual
adaptation in the higher animals fulfilling wholly the essential
conditions that—

1. We deal with the acquirement of a new property; the
acquirement cannot possibly be regarded as the calling
into activity of a property previously possessed, either
by the individual or by the species: this power to
neutralize ricin is something absolutely new.

2. The acquirement is something positive, something addi-
tional ; there can here be no alternative hypothesis of
loss of inhibiting factors.

3. There can here be no possibility of aseribing the new
property to the persistence of a chance variation: the
power to develop antiricin and discharge it into the
blood can be produced in any mouse or rabbit with
absolute certainty.

4, There is here no alternative explanation of the survival
of the fittest.

I give this as a first example because in it we have no addi-
tional factor of proliferative activities on the part of the microbes
which in the case of the development of immunity against
bacteria and their products may, to those not familiar with
bacteriology, be apt to confuse the picture. But what is true
with regard to these phyfotoxins may be exactly paralleled in
the reaction that can be induced in the higher animals against
bacterial poisons—bacteriotoxins. We do not in nature find
cuinea-pigs, for example, subject to diphtheria: by cutaneous
inoculation of pure cultures of the diphtheria bacillus these
animals can be given a fatal form of the disease, and what is
more, the ectotoxins, the substances given off by these bacilli
when they are grown in fluid media, are intensely poisonous for
these little animals : Roux and Yersin found that 0-0002 mg. of
the dried—and impure—toxin, obtained by salting it out from
the fluid of growth, would surely kill a guinea-pig of 250 grams
within three days, or otherwise one gram would kill five million
guinea-pigs of like weight, Now exactly as with ricin the exhibi-
tion of minute, progressively increasing doses leads to the pro-
duction of a high order of immunity, and with this the blood
serum is found to contain the antitoxin in relatively very large
quantities. In other words, the tissues have elaborated, and

E
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elaborated in excess, a body substance which neutralizes the
toxin, and what is more, once started they continue for weeks
and months to elaborate the * antibody.” 1

As to how these antitoxing are produced: it used to be
thought that there was a direct conversion of toxin into anti-
toxin, But this cannot be. Kroon? has shown that in the
horse a single toxin unit (of tetanus) can lead in the process of
immunization to the production of 1,000,000 antitoxin units.®
Toxins, it is true, may have some such function in the first place,
but later it is the cells themselves which assimilate the necessary
constituents and build up and discharge the antitoxins,

For this also has been clearly determined—namely, that it
is the cells that take up and fix the toxins which produce the
antitoxins. Ehrlich it was who drew the important distinetion
between those substances which simply diffuse into the cell
and those which diffusing become fixed in the cell, calling atten-
tion to the fact that antibodies are not formed against members
of the former group, against, for example, alkaloids. The
members of this group disappear from the blood, but by alcohol
and other extractives they can be removed from the tissues.
This is not true with regard to the second group, or, more accur-
ately, substances of this second order may be extracted from
certain tissues but not from others, and it is the latter apparently
which, fixing the toxin, produce the antitoxin. The conjunctiva
ordinarily is most sensitive to abrin, which sets up a violent
conjunctivitis, but if this be administered locally in minute
but progressively increasing amounts, the conjunctiva can be
rendered insensitive or immune to this phytotoxin. Rémer 4
rendered the conjunctiva of one eye in the rabbit insensitive to
abrin, killed the animal, and now triturated the conjunctiva of
each eye with a poisonous dose of abrin. The animal inoculated
with the mixture from the untreated eye died, that inoculated
with the preparation of the immunized eye survived, or other-
wise there was clearly a local production of antitoxin by the

1 Let me admit that this is a barbarous hybrid. There is, however, a certain
felicity about it, considering that it is a provisional word which should dis-
appear when we know, as we do not know at present, the exact chemical or
physical nature of this class of substances.

* Mianchener med. Wochenschr., 1898, 321 and 362.

? Bee also McFarland, Textbook of Bacteriology, 3rd ed.

& Archiv f. Ophthalmologie, lii., 1901, 72.
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cells of the treated eye which neutralized the toxin and rendered
it inert. And with tetanotoxin the same has been abundantly
proved. This toxin in most animals combines specifically with
nerve substance. Take a toxic dose and emulsify it with tri-
turated brain substance, and the mixture is inert.! As Metch-
nikoff pointed out,? the tortoise is not affected by tetanus toxin :
after inoculation none is taken up and fixed by the brain or other
organs, and no amount of injection of the tetanotoxin will induce
the production of antitoxins. Ford ® also has shown by other
methods that antitoxin production only occurs in individuals
whose cells have the power of binding the toxin. The full
significance of these observations I hope to discuss in the con-
cluding lecture of this series.

But ectotoxin production is a property possessed by a minority
of the pathogenic bacteria. The whole group of typho-coli
organisms—the causative agents of typhoid and paratyphoid
fevers and bacillary dysentery and allied intestinal disorders,—
the tubercle and glanders bacilli, cholera spirilla, and the whole
group of pathogenic micrococei, whether Gram-positive, like
the streptococei and pus-producing coeci, or Gram-negative,
like the gonococeus and meningococcus, and the list could be
greatly extended : all these, when grown outside the body, do
not excrete toxic substances. Yet the body can be immunized
against these also, though here the immunity is of a different
order. It is not antitoxie, but bacteriolytic. The fluids of the
body gain the power of dissolving and digesting the bacteria.
The development or acquirement of this power has been gained
by all the millions of soldiers in the present war who have been
given antityphoid inoculations or, as has been the regulation
for more than a year, T.A.B. inoculations—inoculations of mixed
vaccines of the Typhoid, Paratyphoid A. and Paratyphoid B.
micro-organisms. All this, of course, is perfectly familiar to
every one in these days of the great war. By subcutaneous
inoculation of carefully measured doses of so many million bodies
of dead bacilli, the tissues and fluids of the individual acquire
the habit of immediately digesting living bacilli of the particular
species employed, and rendering their dissociation products
harmless.

1 See Wassermann and Takaki, Berliner Ein. Wochenschr. xxxv., 1895, b.
* Traité de U Immunité, Paris, 1901. 3 Zeitschr. f. Hygiene, x1 1902, 363.
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And we can easily demonstrate the fact, either within the
body itself or in the test-tube. Take the peritoneal fluid of
a normal untreated guinea-pig and introduce cholera spirilla
into it, and they will immediately begin to multiply. Take
another guinea-pig and inoculate it subcutaneously with minute
doses of dead cholera spirilla at intervals of a few days, gradually
increasing the amount inoculated, and follow this by repeated
inoculations of live cholera spirilla ; and now either (¢) withdraw
some of the peritoneal fluid of the highly immunized guinea-pig
and add to a drop of this a suspension of living cholera spirilla,
or (b) inject living spirilla direct into the peritoneal cavity, and
with a pipette withdraw from time to time a drop of the peritoneal
fluid and examine under the microscope, or even (c) take a normal
guinea-pig, inject into it five or ten times the fatal dose of cholera
spirilla and follow this by injecting, also intraperitoneally, 1
or 2 c.em. of the blood serum of the immunized guinea-pig and
from time to time remove a drop of fluid from the peritoneal
cavity and examine under the microscope, preferably in each
case upon the warm stage. Whichever means of experiment is
employed, it is seen that the spirilla lose their motility, swell
up, become rounded, then become progressively smaller, and, as
Pfeiffer (to whom we owe the reaction) expresses it, they undergo
solution * like sugar in water.” Any member of this group of
pathogenic microbes may be selected with like results.
Radziewski,! for example, has observed the phenomenon with
B. typhosus, B. pyocyaneus, B. pneumoniae, Streptococcus pyo-
genes, and Bacillus anthracis. Clearly in the process of im-
munization the tissues of the body, or certain of them, have
gained the property of elaborating bacteriolytic ferments, or
substances which digest and dissolve the bacterial bodies—sub-
stances not present in the untreated or control animals, and
coincidently the treated animal becomes immunized, becomes
capable of withstanding and destroying, with little or no general
reaction or bodily disturbance, many times what otherwise
would be a surely fatal dose. And here is the striking fact :
this reaction is in general narrowly specific, so narrowly specifie
that it 1s employed by the German School to distinguish between,
for example, closely related species of spirilla. If a guinea-pig
be inoculated with the cholera spirilla from man, its body fluids

v Zeitschr. f. Hygiene, xxxvii., 1901, 1,
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have no effect upon the Spirillum metchnikovi which sets up
an intense diarrhoea in fowls, or with other non-pathogenic
spirilla obtained from water. Only rarely in animals immunized
against other species of bacteria do we note the existence of a
group reaction—a certain amount of digestion exercised by the
concentrated serum upon allied forms, though when the serum
is diluted the reaction becomes narrowly specific. For present
purposes I need not enter into the evidence afforded that for
this bacteriolytic action the coexistence of two bodies is essential,
namely the complement present in the body fluids of the normal
(and also of the immunized) animal and the ¢mmune body, or
amboceptor elaborated by the treated animal in the process of
immunization, nor into Metchnikoffi and Bordet’s demonstra-
tion of the presence of these two factors. All that is necessary
1s to call attention to one of the commonplaces of bacteriology
that immunization is adaptation, and that while in some cases it
is of the nature of exaltation of properties already possessed,
in others it is clearly the acquirement of a new property.

PrAGOCYTOSIS

I need scarcely say that by a different means of approach,
namely through the intimate study of cell function, the admirable
studies of Metchnikoff, extending from the early ‘eighties of
the last until the beginning of this century,® teach the same
lesson. Those studies brought together in his two works upon
the Comparative Pathology of Inflammation and upon Immunity 2
demonstrated in a very beautiful manner that in the repair of
injury, the destruction of microbes and the production of im-
munity, the leucocytes play a foremost part, and what is more,
that the development of immunity is intimately associated with
the accustomance, education, or adaptation of certain orders of
leucocytes and other cells. Cells which at first are not attracted
towards microbic foci eventually become actively attracted, cells
which at first show little or no signs of incepting bacteria eventu-

1 His later studies upon senility and the prolongation of life, while highly
suggestive, were not, in my opinion, of the same high scientific value.

2 La Pathologie comparée de Uinflammation, Paris, Masson, 1892. English
translation by Starling, 1893. L'Immunité dans les maladies infectieuses,
Paris, Masson, 1901. English translation by Binnie, Cambridge University
Press, 1905.
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ally take these up freely and digest them. As I have pointed out
elsewhere,! while Metchnikoff, perhaps naturally, minimized the
part played by other factors in the inflammatory process, the
fact remains that phagocytosis and the acquirement of phago-
cytic powers play a highly important part in the successful
resistance to infection. As shown by Sir William Leishman’s
simple and beautiful experiment (which formed the basis of Sir
Almroth Wright's opsonic technique), there is not one pathogenic
microbe which cannot be shown to be taken up and digested
sooner or later by the polymorphonuclear leucocytes of the
human blood.

Into the more intimate mechanism of this and other acquire-
ments I purpose to enter in the concluding lecture of this series.

In the next place, to carry on my argument, it s to be observed
that this is not a temporary acquirement by the individual.
The length of time during which the organism continues to
elaborate actively these new ° antibodies” varies, it is true,
according to the micro-organism, but in all cases the amount
elaborated is over and above the amount of “ antigen " involved,
and the production continues long after the antigen, be it toxin
or be it bacterial bodies, is used up. For months after a man
has been given one or two doses of dead typhoid bacilli his blood
serum either contains specific antibodies—agglutinins—or has
a different physical constitution ; and in some cases where there
is not artificially but naturally acquired immunity, that is to
say where a man hag gone through a severe attack of typhoid
fever, agglutinating power has been noted for five years and
more after recovery. In fact, this retention of properties by
the inoculated or vaccinated men has necessitated the develop-

v Imflammation, an Introduction to the Study of Pathology, being the
reprint (revised and enlarged) of an article in Sir T. Clifford Allbutt’s System of
Medicine, 4th ed., Macmillan & Co., Ltd., 1909. This gives an epitome of
Metchnikoff's observations. I had the good fortune to be working in Metchni-
koff's laboratory at the Institut Pasteur in the winter of 1800, at the time when
he gave his first comprehensive review of his studies upon Phagoeytosis and
their bearing upon Inflammation, Infection, and Immunity. With his per-
mission I translated the lecture and published it in the British Medical Journal,
1891. Following the publication of the lecture I remember that I had a
correspondence with Sir J. Burdon Sanderson in the pages of that journal.
It is curious to-day to recall that he could not accept the phagoeytosis
theory of immunity, on the ground that the education and adaptation of
the leucocyte demanded an individual intelligence on the part of the individual
cell.
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ment of a completely new technique in our Army Service now
that all soldiers are inoculated against typhoid and the two
paratyphoid fevers. As Major Dreyer has more particularly
emphasized, the mere fact of agglutination is no longer of any
diagnostic value. The whole army agglutinates the specific
bacilli of all three diseases. Smallpox, naturally acquired,
usually confers a lifelong immunity ; vaccination, as conferring
a mild and modified disease with lessened general reaction,
confers immunity for five years or so, although with each repeti-
tion of the vaccination the indications are that the period of
immunity is materially lengthened.

Now we know that the leucocytes (which evidently are the
cells most concerned in the production of * antibodies ) have
but a short period of active existence: once they pass into the
blood they do not multiply there. We must therefore con-
clude that the toxins in the first place act upon the mother or
germ cells of the lymph nodules and bone marrow, that these
gain the new powers and pass them on to successive generations
of daughter cells. The same principle must obtain for other
active cells of the body.

Tee Law or HarwiT

Here we observe the working of a law which to my know-
ledge, if recognized, has not been dealt with adequately by the
biologists in general, a law which, it may be, is coming into the
ken of the physical chemists in their studies upon the effects of
recurrent stresses upon the crystalline structure of steel and
other metals. In a notable address delivered in 1896 Weigert,!
the Frankfort pathologist, laid down the law of inertia, the law
that once a cell is stimulated to perform a certain act it con-
tinues to perform that act for some time after the stimulus has
ceased to act. Fraser Harris,® now Professor of Physiology at
Halifax, Nova Scotia, in 1900 took up the subject more fully,
calling attention to the inertia of rest, as exemplified by the
latent period of stimulated muscle, as well as the inertia of
active function. For myself there is here something beyond

v Deutsch. med. Wochenschr., 1806, 635. See also Gesammelte Abhandlungen,
1906, 1.

2 British Medical Journal, 1900, ii. 741, and The Funclional Inertia of
Living Matier, London, Churchill, 1908.
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mere momentum : the functional activity once started, at least
in the order of events which come under my ken, continues too
long to be comparable with physical momentum. I think I
see the setting in motion of a serial or eyclic process of inter-
cellular reactions and counteractions, the one reaction starting
the other—a process not contemplated by the physicist when
he speaks of either inertia or momentum. I prefer therefore
to employ for the present a non-committal term, and to speak
of the *“ law of habit.”

Once again, we see this law in action from the bottom to the
top of the tree of life. Take, for instance, a culture of a pig-
ment - producing miecrobe, such as the B. prodigiosus, which
erows normally at room temperature, producing on moist bread
and other farinaceous foods colonies and plaques that are blood-
red : subject the culture for a few minutes to a temperature
just below that which will destroy the bacilli, or to a temperature
which kept up for another five minutes would kill all the members
of the colony. Now from this tube make cultures upon potato
flour or starch paste—in fact, upon the most favourable medium
—and these first cultures are absolutely colourless. Aeccording
to the temperature chosen and the time of exposure so, it may
be that in three or four days the colonies assume a faint pinkish
tinge, or it may be that repeated cultures and weeks of growth
on the optimum medium and at optimum temperature have
to happen before the pigment production is re-established,
thousands of colourless generations having elapsed. More is
needed than merely optimum environment. It is as though
the biophoric molecules of the bacilli have been converted to a
simpler constitution by the heat, or certain specific side-chains
destroyed, or it may be certain enzymes in the bacterial body,
so that, while the living molecules are still capable of multiplying,
the habit of pigment production is lost, and although all the
components are present in the foodstufls presented, only very
gradually are they built together to produce the pigment. And
the same is equally true, as I have already indicated, with regard
to positive acquirements: it takes days and sometimes weeks
before bacteria take on the active dissociation of a foreign sugar,
or glucoside, or alcohol, or fat, but once this power is acquired
it is apt equally to be retained for generations in the absence of
that particular fermentescible substance, just, to recall, as the
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. bacillus tuberculosis, typus humanus, may exist for months
in the body of the calf without losing its specific or typical
properties.

But here, also, we see the action of another general law,
vhich I owe to my old teacher James Ross the neurologist, of
Manchester, the law namely that properties which have been
mest recently acquired are those which are most easily lost,
with its corollary that the longer a given environment acts upon
the ndividual and the race, the more firmly fixed become the
properties acquired in consequence of that environment. Ross
used to point out that it is the muscles which distinguish anthro-
poids from other mammals—those of the thenar and hypothenar
eminences—which first atrophy in systemic nervous disease.
I have pointed out elsewhere! that this law is constantly in
evidence when we study cases of reversionary (phylogenetic
reversion) and familial degenerations. What are the limits
within which this law is effective I hope to touch upon later.

HABIT AND SyMPTOMS

We see these laws in action in the highest animals. There
can be no more striking examples of the action of the Law of
Habit than the abundant observations upon the production of
“ antibodies ” by the system once the cells have been stimulated
to elaborate them. But, as I pointed out some years ago,?
we encounter examples in all directions. We find that after
an acute inflaimmation, be it of the lungs or the sinuses of the
nose, we encounter cases in which the discharge continues weeks
and months after the causative agent has disappeared and the
discharges have become sterile. To us as physicians it is im-
portant to keep this in mind, for the recognition of this class of
cases materially aids prognosis: it has to be remembered that
not infrequently what is commonly regarded as symptomatic
of functional, not to say anatomieal, disturbance may after all
be one or other manifestation of habit, and therefore wholly
curable, provided the habit can be interrupted. May it not be
that an agitation that is progressing to-day in the daily and

1 Principles of Pathology, vol. i. 2nd ed. p. 177.

2 See the address upon * Habit, Symptoms, and Disease,” Chapter VIII,
of Part II. of this volume.
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Sunday press, and in certain exalted circles which have their
centre in Park Lane, would never have arisen if we, physicians
and surgeons, had a fuller grasp of this truth ? In other words.
I am inclined to believe that not a few cases of apparent organic
joint disease are habit conditions. I have pointed out that
mucous colitis has the earmarks of a habit condition, while
as to tics and other convulsive movements of nervous origin,
and hysterical manifestations, if not based upon habit then
due for their continuance to habit, their name, like that of
the Gadarene devils, is legion. As to these nervous cases, it
has been recognized from Lamarck ! onwards that it is easier
for nervous stimuli of different orders to travel along well-worn
paths, and that thus there becomes established a condition in
which a minimal afferent impulse travelling without interrup-
tion along a particular path suffices to set in action first one and
then another of a group of co-ordinated nerve centres, so that
a minimal stimulus may eventually produce a maximal result.
On the other hand, the act of inhibition, or arrest of the passage
of a given impulse, if repeated, would seem to oppose so strong
an obstruction to the passage of impulses along a particular
path that soon a maximal stimulus will produce no result.
Here there is no anatomical change, only a matter of habit.
Put the patient under an anaesthetic or otherwise remove the
inhibitory block, and now stimulus is followed by the normal
reflex muscular act. Also, the longer the individual has been
the prey of a habit, the more difficult it is to bring about the
return to the normal. Here again our war experiences with
“ ghell shock ” and the “ fear neuroses ” (as distinet from shell
concussion) are proving this point up to the hilt in the striking
difference obtained by immediate treatment behind the front,
as contrasted with treatment of the same order in special hospitals
in England, initiated weeks, and it may be months, later.®

Some of my readers may recall that I have applied this law
of habit to explain the mefaplasias, the conversion under altered
environment of tissues of one order into those of another—of
normal connective tissue into bone or cartilage, of stratified

! Zoological Philosophy (translation by Hugh Elliot), Macmillan & Co.,
Ltd., 1914, pp. 349, 350.

? Vide Sir John Collie’s lecture at the Royal Imstitute of Public Health,
reported in the T'imes of June 14, 1917.
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. into columnar epithelium, and vice versa, as again to explain
the neoplasias or true tumours,! here calling attention to the
partial antagonism between functional activities of the cells,
m which the food-stuffs absorbed are utilized in the production
of energy in the exercise of function, and the vegetative activities,
in which the food-stufis absorbed are employed in the building
up of increased cell substance and utilized for growth and pro-
liferation. The time at my disposal forbids that I should enter
at length into the data supporting the ““ habit of growth ” theory
of neoplasia, but as bearing upon cell inheritance of acquired
properties I cannot forbear calling attention to a form of cancer
of which I have come across at least two well-marked examples,
and of which there are several other cases by Van Hansemann
and others on record. I refer to primary squamous epithelioma
of the gall-bladder.? Normally there is no squamous epithelium,
but only columnar epithelium in the gall-bladder. There is no
squamous epithelium anywhere in the neighbourhood. But it
is a familiar fact that 90 per cent or over of cases of cancer of
the gall-bladder are associated with the presence of gall-stones.
It has also been noted by several observers that the continuous
irritation set up by the presence of gall-stones leads to the meta-
plastic conversion of areas or plaques of the columnar-celled
mucosa, more particularly of the fundus of the gall-bladder, into
a stratified squamous epithelium. And here is the interesting
point : we encounter cancers of the gall-bladder, not of the pure
adenomatous or cylindrical-celled type, but confaining definitely
epitheliomatous areas. In other words, in these cases the meta-
plastic squamous epithelium, originating from a columnar-celled
mucosa, has had its new character so firmly impressed upon it
that when it is stimulated to new growth it does not revert to
an adeno-carcinomatous type, but retains the impressed varia-
tion and gives rise to epitheliomatous squamous-celled down-
growths : an acquired variation becomes hereditarily transmis-
sible among these cells, just as must be the case when the
production of antibodies lasts for months and years.

1 Seo the address on * The Causation of Cancerous and other New Growths
reprinted as Chapter II. of Part I11. of this velume.

* For the different forms of new growth, their classification and histogenesis,
see the address on ** The Classification of Tumours ™ in Part II1. of this volume.



CHAPTER V

THE INHERITANCE OF ACQUIRED CONDITIONS IN THE
HIGHER ANIMALS

Direcr adaptation, or direct equilibration in the Spencerian
sense, can be proved to occur in & certain order of cases, both at
the lower end of the scale and at the upper, and this adaptation
may manifest itself as an acquirement of additional properties,
as well as by loss of properties already possessed by the individual.
But now, to advance further, it is necessary to bring forward the
evidence obtained from medical research that acquirements,
whether of defect or of excess, if they may be so termed, are
passed on to the next generation.

There can be no question that they are in the case of the
bacteria, but here so intimate and so direct is the relationship
between the organism and the environment that while, as already
stated, the longer the environment has acted on a given species
of microbe the longer the microbe retains the impressed property,
I cannot state dogmatically that there is any biochemical property
that is specifically fixed, still less, therefore, that any acquire-
ment remains fixed.

With reference to the higher animals we recognize full well
that the problem to be answered is girt with numerous restric-
tions, that conjugation and amphimixis in general act as a factor
tending to neutralize and dissipate the evidence of such heredity,
that in mammals we have narrowly to distingmish between
conditions of germinal origin (which alone are truly inheritances)
and those acquired during the uterine phase of existence ; again
between conditions of germinal origin and those impressed upon
the offspring during extra-uterine existence. Take the question
of the inheritance by the children of the tuberculous of a tuber-
culous diathesis : how are we to assure ourselves that, when the

G0
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mother is affected, the children have not been imperfectly
nourished ¢n wfero and thus rendered more susceptible to tuber-
culosis and to all other forms of infection, or in the case of alcohol-
ism that the lowered vitality of the children is not due to the
lack of care and general home misery which so often accompanies
maternal aleoholism, and becomes pronounced when both parents
are alcoholics ? TFor absolute evidence we are reduced to the
study of conditions in which the soma of the male parent has
been subjected to particular influences, and have to observe,
first, whether those influences have, judged by the condition
of the progeny, had influences of any order upon his germ cells,
and secondly, whether under any conditions the influences
which act upon the soma, or more accurately the tissues in
general of the male parent, produce identical disturbances in
the children. Clearly there are the two conditions of what may
be termed indirect and direct or identical inheritance.

Now, in the first place, we have clear evidence that the germ
cells are not, after the Weismannian conception (as usually
accepted), so sacrosanct that they are insusceptible to influences
which affect the body at large. Even though their growth is
restricted still they have to grow, and they have to maintain
existence, and growing they must absorb and assimilate material
brought to them by the blood and diffusing from the blood into
the lymph. If that lymph contains soluble toxic substances,
the germ cells are not precluded from absorbing them as do the
other cells of the body—and, like those other cells, from being
influenced by them. I have brought these examples forward
on previous occasions, and they have never been rebutted; on
the contrary, the evidence of this order is steadily increasing.

Take first the oldest carefully studied example, that afforded
by Constantin Paul! in the ’fifties, in his studies upon the
effect upon workers exposed to lead : of 32 pregnancies in which
the husbhand alone wasexposed to lead, there resulted 12 abortions;
and of the 20 children born alive, 8 did not survive the first year,
4 died during the second year, and 5 during the third year.
And the lead appears to have a particular influence upon the
nervous system, for numerous other observers have called
attention to the frequency of epilepsy, idiocy, and imbecility
in the children of workers in lead. Nor need I recall that lead

1 Arch. gén. de médecine, xv., 1860, 513.
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acts directly on the nervous system of the adult, producing
lead encephalopathy, retinal disturbances, ete.

Next we have Lizé's parallel observations upon the workers
exposed to the fumes of nitrate of mercury in the manufacture
of looking-glasses,! etc. : 12 pregnancies in which the father alone
was exposed, resulting in 4 abortions and 8 children born alive,
of whom 3 died before the fourth year and 1 alone was vigorous.
What can these figures mean other than that the metallic salts
absorbed into the system have affected the germ cells of the
father %

Carriére 2 inoculated a series of gninea-pigs, male and female,
with the soluble products of the tubercle bacillus. 1 have placed
his results in a tabular form : they are very instructive.

Errecr orF INocuraTioN oF PArRENTAL GuiNga-Plas wiTH
TusercuLIN—Carriére

BirTHS
| = -
' fotu | Stllbom. onth dag. Surviving.
! o | No. | Percent. Hn._”;;:t;:‘t-.ﬂ Mo. | Per cent.

Both parents |

treated .| 25 13 52.0 y | 28.0 5 20.0
Mother alone |

treated .| 26 7 26-9 0 34-6 10 38.4
Father alone |

treated .| 30 5 16-6 3 10-0 22 733

The results here are of the same order as those obtained by
Paul and Lizé: there is the heaviest mortality, the greatest
number of still-births, the smallest number of those surviving
infancy where both parents have been subjected to the particular
soluble poison prior to conception. Next in order is the morbidity
and mortality when the mother alone is inoculated, but where
the father alone has been inoculated there is still evidence that
a high percentage—over 25 per cent—of the offspring are affected.

Nor do these observations by Carriére stand alone : Lustig,?

! Union médicale, 1862, 106.
2 Avch. de méd. erpér. xii., 1900, 782.
3 Centralblatt f. Pathologie, xv., 1904, 210 and 756.
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employing chickens, and Watson,! working under Mott in London
and employing guinea-pigs, obtained results of the same order
by successive inoculations of the phytotoxin, abrin, to which
I have already referred. Both observers noted the resultant
diminished fertility, increase in the number of still-births, and
lowered vitality of those of the offspring that survived birth,
and both, like Carriére in the case of tuberculin, note particularly
that the offspring, instead of being immunized to the individual
toxin, are on the contrary distinctly more susceptible. Their
observations are on a par with the frequent clinical finding that
the children of those suffering from advancing tuberculosis are
more liable to succumb to tuberculosis than are those of healthy
individuals. We have here the explanation of the tuberculous
diathesis.2

The most conclusive observations, however, are those of
Professor Stockard 3 of Cornell Medical College, New York ; and
this in a field in which, although generations of medical men
have been convinced that they saw definite effects of a drug
descending upon the offspring, nevertheless social surroundings
have so complicated the subject that it seemed almost impossible
to arrive at a sure conclusion. It is indeed significant as to
the value of the pure statistical method and of Biometrics as
applied to the problems of evolution that Professor Karl Pearson 4
deduced from his Edinburgh statistics that the children of
alcoholics in the Scotch capital are, if anything, superior in
capacity to those of abstainers.

Any one who has had dealings with a guinea-pig knows how
small and well gnarded is its mouth, so that forced and exact
feeding of these amimals is out of the question. By a very

1 Watson, British Medical Journal, 1905, ii. 1091.

? Let me confess that I am prepared to find that the cautious administration
of smaller doses of toxin over longer periods will have the contrary effect, that
of developing increased resistance in the offspring.

3 Areh. f. Entwick.- Mechanik, xxxv., 1912 ; Archives of Infernal Medicine,
x., 1912; and American Naturalist, xlvii., 1913.

4 See correspondence between Professor Pearson and the late Sir Victor
Horsley in the British Medical Journal, 1911. All the same let me admit that
I am not a little attracted by Dr. Archdall Reid’s contention that aleoholism,
by causing the further degeneration and eventual extincetion of weakling strains,
if ruinous to the individual of these strains, is of ultimate benefit to the race.
But this does not signify that per conira aleohol is of benefit to the sound stock,
or that, as Professor Pearson’s Edinburgh figures might infer, the more tem-

perate inhabitants of the Scottish capital are a weaklier lot than those who
partake freely of the national beverage.
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ingenious method Professor Stockard overcame the difficulty.
He constructed a special box-chamber in which he could subject
these animals to the fumes of alcohol, and he induced chronic
alcoholism by subjecting them for six days per week to these
fumes until they showed signs of intoxication. Treated males
were paired with treated females, normal males with treated
females, and treated males with normal females. The experi-
ment was very complete. Altogether, in his first series of 40
matings 25 gave no result, or the mothers aborted early and
ate their young. The remaining 15 matings gave 25 young
(in place of about 60). Of the 25, 8 were still-born, 7 lived for
a few days after birth and then died in convulsions, 4 were in
utero when the mother was killed (and of these one was deformed).
Six only survived.

Professor Stockard has supplied me with the following figures
regarding the results of mating of aleoholized fathers with normal
mothers. There were 24 such matings :

14 were either negative or gave early abortions ;

b gave still-born litters (in all, 8 young) ;

5 only gave living litters (in all, 12 young).

Of the 12 living ofispring from these 24 matings :
7 died in eonvulsions soon after birth ;
5 survived, but when two months old were only half the size
of control normal guinea-pigs of the same age.
Thus, under the influence of paternal alcoholism 24 matings
only produced as many surviving young as might be expected
from a single pairing of healthy guinea-pigs.

But this is not all. Professor Stockard has continued these
observations, and, calling attention more particularly to the
stigmata of degeneration observed in the offspring of this aleoholie
parentage, has demonstrated that if members of the second
generation which themselves have never been subjected to the
fumes of alcohol be now mated together, their offspring, members
of the third generation, exhibit the same stigmata to a still
more pronounced degree.l

He observed that those of the offspring of alcoholized males
and normal females which reached maturity were in general
undersized and nervous, and here is the point : if these second-
generation animals were brought up under normal conditions,

! Proc. Soc. for Exper. Biol. and Med. xi., 1914, 136.
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that is to say, without alcoholization, and then unrelated bucks
and does of this second generation were mated together, instead
of their offspring showing a return to or towards the normal,
on the contrary the result was worse than when they were mated
with wholly normal animals, and their condition was worse
than that of their parents. There was a marked tendency to
progressive degeneration. In this third generation gross defects
presented, and deformities; 17 per cent of them showed, for
example, defects of vision, were either eyeless or with opaque
corneas or complete cataracts. Mating together unrelated mem-
bers of this third generation, the outcome was yet more unfavour-
able, four dying soon after birth and three being completely
eyeless. In other words, two aleoholized great-grandfathers
influenced the progeny certainly unto the fourth generation.

We have here the clearest evidence known to me of the
inheritance of acquired defects—evidence that fits in wholly
with our routine medical experience of the dangers of marriages
in families in which there exist already stigmata of degeneration,
diatheses of wvarious orders, and, more particularly, neuroses,
liability to migraine, hysteria, epilepsy, and the like—cases in
which there are not necessarily gross anatomical defects, but
rather indications of want of full development of those pro-
perties of latest phylogenetic acquirement, of the higher mental
and co-ordinative powers, and of racial immunity towards the
diseases which specially affect man. We note, familiarly, that
the children of such marriages are delicate, more liable than
other children to suceumb to the infections of childhood, more
irritable and liable to nervous explosions, if not to one or other
nervous disorder, manifesting itself not necessarily in childhood,
but in adolescence, when strains which have little or no influence
upon normal individuals lead to exhaustion and nervous break-
down in one or other direction, according to the nature of the
strain.

With these experiments of Stockard before us it is absurd
to postulate that these defects of resistance are atavistic, due
to properties which have always been possessed by some one or
other strain which has been introduced into the family. To-day
we must recognize that infections of one or other order and
intoxication are capable of telling upon the parental germ plasm,
and that, at some definite pont in the line of descent, conditions

F
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acting from without wpon the germ cells have led to the acquire-
ment of conditions of defect. To us as medical men it is a minor
point whether there is inheritance of the exact defect seen
in the parent who has been subjected to a given form of
intoxication ; the essential fact is that soluble poisons acting
upon the tissues in general of the parent can act also upon and
modify the germ cells, so that at some definite period such change
occurs in the constitution of those germ cells that the constitu-
tion of the offspring is permanently affected, and that its germ
cells in their turn are incomplete in molecular structure.

It is not a little interesting that alcohol, lead, and bacterial
toxines in general have a profound, we might almost say specific
effect upon the nervous system in the adult or adolescent in-
dividual, and that they are so peculiarly liable to influence the
nervous system of the offspring. To this aspect of the matter
I shall refer later.

Such * parallel induction ” of defects in both the body cells
and germ cells has been repeatedly noted of recent years by
workers in experimental genetics, the case that has afforded the
greatest amount of discussion being that of Salamandra maculosa,
as studied over a long series of years by Kammerer and recorded
in the Archiv fiir Entwickelungsmechanik. This is a salamander
which normally hatches its eggs in the water, in which they
develop into tadpoles with gills. Very gradually Kammerer
accustomed the parent forms to live entirely on land in a damp
atmosphere, and with this, in place of producing some sixty to
seventy eggs the females became viviparous, giving birth to at
most six or seven young, with the tadpole or gill-bearing stage
completely suppressed, and breathing by lungs. That here the
environment to which the parents have been subjected tells
not merely on the growing embryos, but upon the germ cells,
is evidenced by the fact that when the members of this second
generation are supplied freely with water they produce tad-
poles, it is true, but now the metamorphosis from the water-
living and gill-breathing to the land-living and lung-breathing
stage, instead of taking months, as in the case of the normal
spotted salamander, occurs in the course of a few days.

Walter,! I observe, objects that this is not a case of inherit-

1 Genetics, an Introduction to the Study of Heredity, New York, The Mae-
millan Company, 1913, p. 90,



PARALLEL INDUCTION 67

ance of acquired character, but that the normal gill-breathing
form represents a case of arrested development, ¢.e. of ““neotenia.”
To prove this it is necessary to show that the salamander
i1s the degenerate representative of some form no longer
amphibian, which, after having been accustomed to a purely
terrestrial existence, has taken to laying its eggs in the water,
and that the long gill-breathing tadpole stage is a reversion.
Is there the least evidence that this is so? He argues that
change from gill-breathing to lung-breathing is not an acquired
character, but a purely germinal character that may be
either blocked or released by changing conditions of environ-
ment.! Surely this is contrary to all we know or imagine
regarding the Amphibia. We have always been taught that
breathing by lungs represents evolutionary advance fitting the
vertebrate for terrestrial existence, and not a retrogression.
The complete suppression of the gill-breathing stage cannot be
regarded as other than something acquired, although, as this
is of the nature of a cutting-out of a developmental stage, while
on the one hand it may be regarded as progressive acquirement,
on the other it does not strictly come under the heading of the
positive acquisitions.

Also belonging to this border-line group of inheritance of
defects due to “ parallel induction * are to be cited the cases of
increased susceptibility to specific toxines, to which I have already
referred—the observations of Lustig, Watson, and Carriére with
reference to abrin and tuberculin. To these may be added
the interesting observation of Schenck ? and others that the ofi-
spring of hypersensitized fathers and normal mothers are them-
selves hypersensitized and exhibit anaphylactic phenomena, for,
as I have pointed out, anaphylaxis is a stage in the development
of immunity ; and, regarding immunity as a digestive process,
as the acquirement of an added power of dissociation of specific
toxines and conversion of the same into food-stuffs, the demon-
stration is in itself a proof that we may confidently expect by
fuller studies along these lines to establish firmly, what several
observers have already reported, namely the inheritance of

! Walter quotes in support Marie von Chauvin’s demonstration that the
gill-breathing salamander, Axolotl, can, by habituating it to progressive reduc-
tion of the water in its aquarium, be converted into Amblystoma.

* Mianchener med. Wochenschrift, 1910, 2514,
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acquired immunity, the inheritance not merely of conditions
of defect, but of positive acquirements.

Here we come to the boundary of the territory already
acquired, unless, indeed, during the last three years of war, quiet
workers in the United States, whose observations I have been
unable to follow, have carried the demonstration yet further.
Years ago ! I pointed out the need to distinguish in this relation-
ship between extrinsic and intrinsic influences upon the germ
cells. Toxines are instances of the first order—introduced
from without they act upon the germ cells at the same time as
they influence the tissue cells in general. As examples of the
intrinsic and indirect, I instanced the effect of influences from
without telling upon the function of one or other organ and so
disturbing general metabolism that either the absence of normal
metabolites or presence of abnormal metabolites circulating in
the blood might bring about alteration in the constitution of the
germinal biophores, with resulting alteration in the constitution of
the offspring. In this way, I pointed out, gouty and rheumatoid
states and defect and excess of internal secretions may tell upon
the germ cells. It is thus that we best explain the development
of diatheses. I pointed outin 1912 2 that * if the cells of particu-
lar organs are highly susceptible to hormones and other active
principles of the secretions of other organs, is it not likely that
the parent germ plasm, the cell matter which by its active
growth is capable of giving origin to all these organs and tissues,
should likewise be susceptible to their action, and influenced by
their excess or deficiency ? Nay, should we not expect that
bodies of this nature, developed by the cells in their activity,
should act with greater ease upon the living substance of the
germ cells than extraneous drugs are likely to act ¥ As a matter
of fact, alterations in such glands as the thyroid, the pituitary,
the adrenal cortex, the pineal, are found to have a profound
influence upon the sexual function.”” 3 Influences acting upon
these organs of internal secretion, and conditions acquired by
these organs, may well so modify them that the offspring in

1 On the Inheritance of Acquired Conditions, 1901, reprinted as Chapter II.
of Part II. of this volume. Article * Inheritance and Disease® in Modern
Medicine by Sir William Osler and T. McCrae, vol. i., 1907, p. 109. See
also Principles of Pathology, vol. i. 2nd edit., 1910, p. 199.

3 « A Study in Eugenics,” The Lancet, 1912, ii. (Nov. 2).

% I bad laid this down in 1901. (Consult Chapter I. of Part IL.)
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their development show excess or deficiency in the function of
the glands implicated in the parents, and *“ so conditions acquired
by the parents reproduce themselves in and become inherited
by the offspring.” I am glad to see that one zoologist, my old
friend Professor E. W. MacBride, has joined himself with me in
this opinion, and with me sees in this possibility or probability
the solution of a long-standing difficulty.

“ Lamarck’s contention was that the identical changes caused
in the structure of an individual animal or plant, by the action
of a novel environment, . . . are transmitted by generation to
that offspring, and continue to appear in successive generations
derived from that offspring even when the cause which set up
the original modification of structure ceased to act. . . . Darwin
. . . did categorically state that he attributed the origin of
congenital variation (by the natural selection or survival of
which he held that new species originate) to the action or in-
fluence of changed conditions upon the parental body, and
through it upon the reproductive germs.” 2

It will be seen that the results of medical research here
quoted support strongly Darwin’s contention, though at the
same time they indicate a group of cases in which the direct
adaptation of a particular endocrine organ may, through the
action of its internal secretion, bring about an identical change
in the same organ of the offspring. There is, that is to say,
one possible group of cases for which the Lamarckian theory
holds true, and that, oddly enough, as MaeBride points out, along
the lines of Darwin’s discarded hypothesis of pangenesis. Only
it is not by specific corpuscular determinants or pangens but by
secretions and the chemical activity of the same that the organs
of the body, or certain of them, are capable of influencing the
germ cells and bringing about a chemical and relatively permanent
change in their constitution.

After long years of heavy fighting we have, as it were, con-
quered our Vimy or Messines Ridge; and, although for a time
we are held up, we can, as it were, indulge in a “ Pisgah view,”
and see where and how the next advance is to be made.

L Embryology of the Inveriebrates, vol. i., 1914, and Presidential Address,
Zoological Section, British Association, 1912,

2 Sir E. Ray Lankester, The Kingdom of Man, Rationalist Press Associa-
tion, cheap reprints, No. 50, 1912, p. 74



CHAPTER VI
THE PHYSICO-CHEMICAL BASIS OF IMMUNITY AND OF EVOLUTION

Ir we endeavour now to gather together the conclusions which
may reasonably be reached from a consideration of the data
afforded in the previous chapters, they appear to be the following :

(i.) Instead of there being no such thing as direct adaptation
or equilibration of the individual to his surroundings in the
Spencerian sense, this surely exists and ean be demonstrated.

(ii.) In the lowest forms of life, among the bacteria, it can
be demonstrated that not only is this adaptation individual,
but that acquired properties of certain orders are inherited
through numerous generations, even when the cause which set
up the original modification has ceased to act.

(ii.) It can further be demonstrated that the inheritance
is not due to the survival and perpetuation of those individuals
only which present the favourable variation. All the members
of a given strain of bacteria subjected to a given modification
of environment can bhe made to vary in the same direction, and
acquire and transmit the same new property.

(iv.) Immumzation of the higher animals is direct adapta-
tion. There could, in fact, be no clearer demonstration of the
process of direct adaptation than has been afforded by the
abundant researches upon the production of immunity.

(v.) It is clearly proved that there are drugs and toxines
which, acting on the tissues of the body, act also on the germ
cells, causing modification of the latter, of such a nature that
the offspring resulting from these germ cells are modified.

(vi.) The clearest evidences of this action are in connexion
with drugs and toxines which lead to conditions of defect, but
acquired special susceptibility and anaphylactic reaction are

70
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also inherited, indications that new properties gained by the
germ cells can also be inherited.

(vii.) The generative system is embryogenetically related to
the endocrine system, and is profoundly influenced by the internal
secretions of that system. The indications are that influences
from without affecting the organs of internal secretion and
modifying their secretions may through the hormones, ete. of
the internal secretions so influence the germ cells that the ofi-
spring are affected in the same direction as the parent, and that
thus acquired metabolic disturbances in the parent, whether
of the nature of defects or acquirements, are capable of being
inherited.

To the academic biologist the suggestion of a direct action
of external agencies as the prime cause of variation is as shock-
ing and as improper as would be the suggestion of a risqué
story to some dear and prim old maiden lady. To the biologist
of to-day ! the conclusions above noted are heterodoxy pure
and simple. And yet it is along these lines that medical research
is surely leading us. And what is more, these conclusions
harmonize with the experiences that come to us day after day
in studying our patients and their families,

Tae MorproLogicAL CoxceErT oF UNIT PROPERTIES

Believing that we are in the right, where is it that the
biologists have gone wrong ?

1 T admit that this is too sweeping a statement. It was written with a vivid
memory of my correspondence with Sir Ray Lankester a few months previously,
and the attitude taken by him.

I do not think I can be accused of unduly advertising my wares or of too keen
a desire to claim priority when I have allowed sixteen years to elapse before
calling the attention of biologists in general to my address of 1901 (here repub-
lished in Part I1.). The conclusions then reached by me regarding metabolites,
and, as we subsequently became accustomed to term them, hormones, and their
influence on the germ cells, have since then been enunciated by several prominent
biologists, by Heape, Bourne, Cunningham, MacBride, and Dendy, although
in each ecase without note of my earlier contribution, which, it should be added,
appeared not in an obscure local periodical, but in a leading organ of the medical
profession under a title that had no uncertainsound. The only British biologist
who to my knowledge has referred to my views is Professor Arthur Thomson
(Heredity, London, John Murray, 1912), but he also appears to be unaware that
I preceded Professor Yves Delage by some two years in offering a physico-
chemical hypothesis in place of determinants. On p. 454 he dismisses the
subject by stating : *“ We find ourselves quite unable to entertain (the view) that
it is possible to dispense with any postulate of representative particles.”
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I venture to suggest that, from the morphological trend of
their studies, in striving to form a mental picture of the process
of evolution, morphologists have perforce conjured up separate
individual particles or molecular structures, each of which is the
bearer of an individual property or group of properties. Their
conceptions have perforce been in the terms of specific atomies,

We see this tendency elaborated—and, in his great sanity,
cast aside—by Charles Darwin in his pangenesis hypothesis.
It was exhibited again d merveille by Weismann with his ids,
idants, determinants, and the like, pure figments of the imagina-
tion which, nevertheless, have influenced and affected all our
generation. It has shown itself and been carried forward in
full vigour by the Mendelians ; one has only to consult their
diagrams to see how obviously their conceptions and explana-
tions assume a structural form. It is because he cannot picture
in his mind an atomy or structure making its first appearance
in the germ cell, like Venus arising out of the sea-foam, and
henceforth becoming a portion of the hereditable substance of
that cell, that Professor Bateson finds it impossible to imagine the
positive acquirement of new properties by the individual, and so
is driven to the remarkable hypothesis quoted in my first lecture.

But before all, it is the Freiburg philosopher who has led our
generation of biologists into Nephelococeygia—* Cloud Cuckoo
Land.” Much as we owe to him for arresting the vague generaliza-
tions upon heredity prevalent until the ’eighties, and for his
confirmation, experimental and otherwise, of Galton’s doctrine
that conditions such as mutilations and use acquirements are
not inherited, I myself am inclined to think that Weismann’s
teaching has, on the whole, done more harm than good. He
was a pure morphologist, and his hypothesis was purely morpho-
logical. Had he been familiar with the physical chemistry of
his day he could not have ventured to publish it; had he been
a physiologist with any appreciation of function he must have
modified it extensively. It is, in short, an impossible hypothesis,
and in a very extraordinary manner all its main postulates are
found contrary to experience. As I pointed out ten years ago,}

1 In the chapter upon Inheritance and Disease in Osler and McCrae’s System
of Medicine, part of which is reprinted (* The reductio ad absurdum of Weis-

man’s Theory ) in Part II. of this volume, Chapter VI.; see also Principles
of Pathology, 1st edit., 1908, p. 119.
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our knowledge of the size of the molecule of albuminous matter
renders the existence of thousands of individual molecular
determinants in the minuter portions of the nucleus a matter
of sheer impossibility : they could not be packed in the space.
If I remember aright it was Herbert Spencer who pointed
out that in one feather of the peacock’s tail there are 480,000
regions or parts capable of independent variation, and that
therefore, so Weismannism demands, in each of the many micro-
scopic “ids” or chromomeres in the nuclear chromatin of
the peahen’s ovum there must be 480,000 determinants for a
tail feather alone. How many for the rest of the body passes
computation !

It is this faulty and untenable morphous or morphological
concept of unit-properties and hereditary entities that makes
it as difficult for Professor Bateson to picture how new accretions
(whereby he images new discrete determinants) can make their
appearance in the germ cell, as it was for the late King George
of glorious memory and muddled to imagine how the apple
got into the dumpling.

Tae ConstrTuTioNn oF Living MATTER

Suppose now we start from known facts and known pheno-
mena, and endeavour upon these to build up our idea of the
structure and nature of the germ cell, and so of organic basis
of heredity, variation, and evolution.

What, in the first place, do we know of the constitution of
living matter ? Will this help us 2 I think it will. We know
that whatever form of life we investigate, be it in animal or
plant, mammoth or microbe, whatever form we analyse, and
whatever tissue of that form we analyse, leaving out of account
water and certain common vehicular salts to which no specific
vital functions can be attributed, just one order of highly
complex organic compounds is common to and to be isolated
from all forms of living beings, and these are the proteins. This
characteristic universal presence of these highly complex organic
compounds in itself indicates that they are intimately associ-
ated with vital functions. It is true that when we isolate
them chemically they are inert, in other words in the living
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organism with its many activities they are evidently present in
another form ; living matter, therefore, as I have expressed it
elsewhere, contains as an essential constituent proteidogenous
rather than proteid matters.

THE STRUCTURE OF THE PROTEINS

But the structure of these proteins, as worked out first by
Curtius and Schutzenberger, and as more fully demonstrated
by Emil Fischer through the actual synthesis and building up
of bodies of protein nature in the laboratory, is highly significant.
They are molecules so large that they will not pass through fine
filters, giant molecules but a little below the limit of visibility
under the highest powers of the microscope. Take one of the
simpler crystallizable proteins, namely Haemoglobin, its com-
position appears to be approximately C, H N O, FeS,
in fact, the average molecular weight of proteins has been
estimated at about 15,000, or, roughly, one thousand times that
of a molecule of water. And the haemoglobin from each species
of vertebrate is a different chemical substance, nay more, our
researches in immunity indicate that there may be differences
between the haemoglobins of two members of the same family.
Certainly no two analyses of separate samples of crystalline
haemoglobin obtained from the same species give identical
results. By digestion, as every board school child knows, we
break these proteins down into peptones and albumoses. By
further disintegration Kossel and others have broken down
these peptones and protones into their constituent amino-acids,
bodies belonging to the fatty acid series—aminated fatty acids.
What Fischer has done has been to manufacture these aminated
fatty acids (acetic, propionic, etc.) in the laboratory, and
then he has accomplished the reverse process of linking these
together, until with five, ten, fifteen, and more linked together
he has obtained bodies aflording the chemical tests for
peptones.

Now these amino-acids have one striking property—they are
amphoteric ; they possess both acid and basic properties, acid
because of the contained COOH group or groups, basic through
the NH, group or groups. Thus we conceive these peptones
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as composed of polymerized molecules, formed in the main of
amino-acid molecules linked together by their otherwise un-
satisfied NH and CO affinities. Thus, to modily Hofmeister’s
illustration, we may represent a portion, at least, of the peptone
molecule as follows :
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¢ Each section between the dotted lines represents an amino-
acid nucleus. I speak of these as glycocoll, leucin, ete., but
it will be seen that in the leucin nucleus, for example, an H
of the NH, group is replaced by the CO of the glycocoll nucleus,
and the hydroxyl of the COOH group by the NH of the tyrosin
nucleus. In Fischer’s terminology the nucleus is leucyl, not
leucin. The peptone molecule is thus represented as composed
of a main chain in serial repetition of glycocoll molecules,

{H]—NH-GIH-CO—{OH],

(H),

in which the NH affinity on the one side and the CO on the
other have been satisfied by linkage with a like molecule, while
an H of the CH, is substituted (in the figure) by methyl-para-
oxybenzene, acetic acid, butylamin, etc. We have, that is to
say, a main glycocoll chain with a series of free-swinging chains
capable of being replaced or modified by processes of oxidation
or the action of enzymes.!

1 8o as not to introduce complications I have here purposely left out of
" account a consideration of the relationship of the purin nuclei or radicles to
such chains; it is necessary, however, to keep in mind that the latter are
important constituents of the nuclear matier, and of what later I shall refer to

as the biophores.
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Tae CoMPLEXITY OF THE PROTEINS

But the complex protein is composed of and breaks down
into peptones. We can therefore represent it either as a chain
or a ring of linked peptone molecules, or simply as in Fig. 2,

in which the hexagons A toI' re-
present each a peptone nucleus
with its ring of glycocoll nuclei,
with, however, the * swinging

Q a side-chains,” as I have termed

them, indicated as in the main

unsatisfied, save at M, M, M,

a Q and H. This represents but
the central skeleton of the

e Q protein molecule, a frame in

. M which to place one’s mental

picture of its nature and com-

M M plexity. Imagine that com-

plexity when, in the haemo-

= globin molecule, for example,

there is somewhere inserted among the 700 or so carbon
atoms just an atom of iron and two atoms of sulphur. The
nuclei or radicles of which these are essential constituents
must have one particular place among the other nuclei
composing the ring or chain. Consider also the number of
vulnerable linkages — free-swinging side-chains that may be
detached by compounds in the neighbourhood having stronger
affinities and be replaced by others, thus altering the con-
stitution of the protein molecule as a whole. In the much
simpler bodies with which the organic chemist is in the
main concerned —bodies, for example, like those of the
benzole derivatives or the carbohydrates—we know how the
transfer of a given radicle from, say, the alpha to the delta
position upon a ring brings about profound change in the chemical
and physical properties of the compounds. Bodies, for example,
of identical molecular weight, which on analysis contain the
same number of atoms of carbon, hydrogen, and oxygen, and
on analysis afford identical radicles, may be found to differ to a

remarkable degree. When two carbon atoms are united together
there are, or may be, six free affinities, and when these are
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satisfied by six different univalent groups, twelve different
arrangements are possible.!
Even if for the time we

leave out all consideration of C G
introduction of new orders | |

of “swinging side-chaing” A—O—DB B—o—A
think of the number of \ |
permutations and combina- p—ep —E D—0—E
tions that are possible I 1
when, instead of two, there F

are in the ordinary protein Fa. 3.

molecule hundreds of carbon atoms.

Tae BiorHores

If, therefore, we regard the biophores or molecules of living
and heritable matter in the germ cells ag, if not proteins, at
least proteidogenous, giving rise to proteins when dead or killed
in the process of analysis, obviously it is not necessary to demand
a separate determinant, a separate molecule for each specific
property ; it is simpler to regard properties inherent in the bio-
phores as the expression of the constitution of those biophores,
of the mode of linkage of the various nuclei, together with the
number of those nuclei and the nature of their swinging side-
chains. This conception is within the bounds of physical possi-
bility, and Weismann’s ids, idants, determinants, and the like,
certainly are not.

Let us therefore accept as a working hypothesis this con-
ception of the chemical constitution of the essential living matter
of the individual, namely that it is, as I express it, proteido-
genous, giving upon analysis bodies of proteid nature, and that
these biophores or molecules endowed with vital and heritable
properties are composed of rings or it may be chains of amino-
acid nuclei in series, each nucleus composed of a central ampho-
teric glycocoll group, to which are attached varying orders of
side-chains.

We know, in the first place, that in conjugation or amphi-
mixis the one element of the two germ cells, male and female,
that is contributed in approximately equal portions is the nuclear

1 See Bayliss, Principles of Physiology, p. 268.
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chromatin. We cannot help being impressed by the extra-
ordinary sequence of events all tending to this end result. No
other element common to the two germ cells is partitioned out
so meticulously, There is no other element common to the
two cells that is doled out with the same equivalence. Next,
making a careful survey of heritable and inherited properties,
we are forced to the conclusion that the likelihood is equal,
that the offspring inherits either from the male or from the
female parent. The conclusion is inevitable that the biophoric
molecules are conveyed in and by the nuclear chromatin. In
the bacteria which are so lowly that they possess no central
nucleus we observe nevertheless that chromatin-like granules
are scattered through the body substance, and that in
binary division these chromatin-
like granules undergo a certain
simple accumulation or arrange-
ment, to the end that each of
the daughter cells 1s endowed
with half of this specific chromatin-
>k like material.

Fia, a1 sndergolng Bbels: Or otherwise, whereas in these
skein stage to show the duplica- lowest forms the living cell sub-
tion of the chromatin thread .
with beading of the same, which stance is made up of gmnules
is seen in some species. Weis- of chromatin, each surrounded
mann regarded these heads or .
chromomeres (/d) as represent- by an area of cytoplasm, higher
:::,% c‘;};p{:};}-“ ¢, centrosome; yp in the scale these granules of

v ' biophoric matter are collected into
a central node, the nucleus, which is separated from the
circumambient external medium by the cytoplasm or cell
body. We may indeed speak of a triple protection, namely
the cell wall or membrane, the cytoplasm, and the nuclear
membrane, all of them on the whole acting as conservative
agents, tending to preserve the biophores from sudden change

from without.

Vitar Processes oF THE CELL

But to continue, ag it were, to rehearse our catechism,
while on the whole conservative, this system is exposed to con-
stant change, owing to the fact that it is not inert but is constantly
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reacting with that external medium, receiving matter from the
same either (1) in bulk (phagocytosis), or (2) by diffusion, or (3)
by surface absorption, and discharging other matter into the
same (excretion). And if we study carefully these processes of
assimilation and discharge it is to be made out that the outer
cell membrane is semi-permeable, preventing the entrance of
certain substances, permitting the entrance of others, whether
directly, or after a preliminary dissociation of the same into
simpler molecules by means of its extracellular secretions. And
once these food-stuffs are taken into the cytoplasm, there again
they are, if necessary, broken down still further into yet simpler
molecules by intracellular enzyme action.

It is being more and more surely established that these
enzymes are of nuclear origin,! resulting from the discharge of
certain constituents from the nuclear substance, but this is not
a necessary part of my argument. The essential point is that
the food-stufls, protein, carbohydrate, and hydrocarbon, are not
utilized by the cell as such, but are dissociated, and it is these
disintegrated and dissociated molecules that are utilized by the
cell in one of two ways, either to supply energy for the per-
formance of work, or on the other hand for growth.

Tuae NATURE oF GROWTH

I feel almost apologetic for taking up time over such
elementary matters. And yet these are matters that, while
absolutely basal, are absolutely neglected by ordinary biologists.
Take, for example, this matter of growth. With all the extra-
. ordinary width of his learning, D’Arcy Thompson 2 has just
achieved a work of some 750 octavo pages on Growth and Form,
full of most interesting observations and data, and with a

! Bee Pt. IL. Chap. V., “The Dominance of the Nucleus.”

® Growth and Form, Cambridge Univ. Press, 1917, p. 203. [It is but just
to D'Arcy Thompson to point out that his title was meant by him to signify
—and that by a figure of speech which, while wholly permissible, may
be construed otherwise —* Form in relationship to growth™; in other
words, while he occasionally touches upon matters physiological the work is
essentially morphological, * an easy introduction to the study of organic Form,”
as he terms it in his Preface. Perhaps T may be forgiven if it was just these
oceasional physiological excursions that arrested my attention rather than
the more severely mathematic and physical groundwork of his volume.]
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distinction of style that is a pure delight, but with little more
than a page devoted to the essential nature of growth of hiving
matter, and that page upon the text that the older naturalists laid
stress upon the fact or statement that inorganic bodies (erystals)
grow by agglutination, organic bodies by intussusception. The
living cell, he states,® grows very much as a piece of glue swells
up in water, by “imbibition ” or by interpenetration into and
throughout its entire substance. From his statement growth
might be nothing beyond the absorption of water by a semi-
fluid, colloid mass. Now one has only to consider a moment to
see that “ intussusception,” * imbibition,” * intercalation,” are
nothing more than bald and blank terms. They are inane ; they
cannot possibly explain how two molecules of living matter appear
where there was but one before, two grains of wheat where one
was put into the ground. Growth is one of the great underlying
phenomena of living matter, and zoologists and botanists have,
in a simple Topsy-like manner, been satisfied that the pheno-
menon occurs, and have been amply content to rest with the
demonstration of the stages of mitosis and cell division.

But what has happened to the cell substance that precedes
and impels mitosis ? Obviously there is an increase in the
amount of living matter, and this translated into physical terms
means a multiplication of the molecules of living matter, or, as
I term them, the biophores or biophoric molecules.2 If we
regard these complex proteidogenous molecules as a chain, or
more simplv as a ring of amino-acid radicles, there is but one
way in which this can multiply, namely by the same method as
obtains in the growth of a crystal. Let us take the simplest
case, that of the crystallization of sodium chloride out of watery
solution. We know that when the solution or dilution of the
sodium chloride reaches a certain point the salt separates into
its constituent ions of sodium and chlorine. But while separated
these maintain a certain relationship or association. It is
remarkable that the chlorine ions do not escape or volatilize
into the air. When the concentration of the solution reaches

1 Loc. cif. p. 203.

2 I employ this term, introduced by Weismann, rather than manufacture
a new term, because our fundamental conception is identical, although it is
neceseary to point out that our ideas as to the constitution of the biophores do
not entirely harmonize, he regarding them as collections of molecules, I as
individual molecules.
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a certain point each ion of chlorine unites with a corresponding
ion of sodium, and aided by a sharp point or inequality of the
surface of the containing vessel, the process of erystallization
begins. The very existence of one crystal is seen to cause other
junctions to occur in its immediate neighbourhood, and indeed
just that one series of junctions necessary to form sodium chloride.
Despite the presence of other salts in solution we gain pure or
almost pure crystals of the one substance. We have in this
way growth of solid sodium chloride.

Growth of living matter, if more complicated, because the
structure of the biophores is more complicated, must neverthe-
less be of the same order. Its nature is best suggested by the
following diagram.

F1g. 5.—Diagram of growth of biophoric molecnles.

Namely, granted that the already existing biophore finds itself
in a medium—the nuclear cell sap—contaiving the necessary
radicles, should that by one of its attachments attract to itself
one of its component radicles, there is then started a process by
which in orderly sequence the other radicles become attached,
until there is built up a compound molecule, identical with the
pre-existing molecule, in association with which it has become
developed.

This conception—namely, that the growth of the hiophores,
or otherwise of the molecules of living matter, is essentially of
the same nature as is that of erystals—is materially aided by the
recognition that crystallization does not of necessity demand
the production of rigid rectilinear ficures, that, as Lehmann !
was the first to point out in 1904, there are in nature abundant
examples of fluid, non-rigid, erystalline forms, and, as Aschoff

1 0. Lehmann, Flissige Crystalle, Leipzig, 1904,
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and 1 were the first to note® in 1906, the animal organism
affords abundant examples of these fluid crystals. As D’Arcy
Thompson well remarks,? “ the phenomenon of liquid crystalliza-
tion does not destroy the distinction between ecrystalline and

colloidal forms, but gives added unity and continuity to the
whole geries of phenomena.”

1 Adami and Aschoff, Proc. Royal Soc. B., 1906, 359, and Adami, * The
Myelins and Potential Fluid Crystals of the Organism,” Harvey Lectures,
2nd series, 1908, 117 (here reprinted as Chapter IV. of Part II.), and Aschoff,
Verhandl. Deutsch. Pathol. Gesellsch, x., 1907, 166,

* Growth and Form, p. 204.



CHAPTER VII

REVIEW OF CERTAIN CONCLUSIONS

Bur if we accept these views regarding the existence of biophoric
molecules and the essential nature of growth as involving a
multiplication of the same by a process akin to crystallization,
we are inevitably led to certain very interesting conclusions,
which may here be rapidly passed in review. Each, it is true,
might well be expanded into a chapter, but the limitations set
by this course of lectures demands that I do little beyond indicat-
ing the headings.

(1.) The Continuity of the Germ Plasm.—Weismann conceives
his biophores and determinants as handed down direct from
parent to offspring, so that the germ plasm is potentially eternal,
and that of a thousand generations back is contained in the
germ cells of the generation of to-day and has its influence upon
the configuration of the body of the individual derived from
those germ cells. This he speaks of as the “ continuity of the
germ plasm.”

But, obviously, this is not a continuity of substance, as Weis-
mann implies, but merely a potential continuity of molecular
arrangement and constitution. For growth and multiplication
of the living molecules, for one conjugated ovum and spermato-
zoon to give rise to the countless millions of sperm cells of the
male of any of the higher animals,® there must be such active
reproduction of the parental biophores that the chance of one
of the original biophores of a grandparent finding itself in the
nucleus of a sperm cell must be infinitesimal. The likelihood
is that while such, it is true, control the constitution of the new

1 According to Loeb, the average seminal ejaculation in man contains
226,000,000 sperm cells. Consult further Marshall, Physiology of Repro-
duction.
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biophores, they sooner or later, in the metabolic processes of
the cell, become dissociated and broken down.

(ii.) On the Functional (Katabiotic) and Vegetative (Broplastic)
Activities of the Cell and the Individual.—In unicellular organisms
the growth of the individual presents itself merely as increase
in size : in multicellular organisms, while there may be increase
in size of the component cells to a certain extent, growth is
brought about in the main by cell proliferation and increase in
the number of the component cells. But both in protozoa and
metazoa (and protophyta and metaphyta, if the terms be per-
missible) there are limits to this process. Here I would but
rapidly refer to what constitute these limits, namely, they are
conditioned by the relationship or interaction between the
individual and its environment. Broadly speaking, the indi-
vidual continues to grow until an economical mean is established
between the amount of food-stuffs afforded by the environment
and the absorptive surface that the individual can present to
that environment. It is, as I have pointed out,! a false con-
ception to regard the multicellular organism as a colony of
individual cells which remain united for self-defence and mutual
advantage. Rather it must be recognized that where the uni-
cellular mass of protoplasm undergoes enlargement, the greater
the mass the smaller relatively becomes the surface area, and
this diminution proceeds in a rapidly increasing ratio, until
growth is arrested by the fact that the amount of food-stufls
absorbed cannot keep pace with the needs of the organism.
Nuclear and cell division and multicellularity constitute the
simplest mechanism whereby the nuclear and cell surface areas
can be increased in a yet greater ratio, and the greatest effective
working of the individual obtained by decentralization. We may
thus regard the mass or size attained by the mature individual
of any species as representing the sum total of protoplasmic
matter of the constitution peculiar to that species which is
capable of existing as an entity under the particular conditions
of its environment, the multicellular individual acquiring its
greater size and more complex activities by means of nuclear,
followed by cell division.

From physical considerations I thus arrived at the same view
as that mentioned by Whitman in America (1893) and Sedgwick

1 Principles of Pathology, 1st ed., 1908, vol. i. p. 35.
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in England (1895), and best summed up by a modification of
the aphorism of the botanist De Bary quoted by D’Arey Thomp-
son : ‘It ig the individual that forms cells, not cells that form
the individual.” This is diametrically opposed to the teaching
of Virchow in his Cellularpathologie that “ Every animal appears
as a collection of vital units, each of which bears in itself the
full character of Life.”

In either case, whether in the unicellular or in the multi-
cellular organism, the individual continues to grow and exhibit
predominantly vegetative activities until it reaches this limit
of economical relationship between itself and its environment.
In the very earliest stages the vegetative activities alone are
evident : as the above-mentioned limit is approached these
become less and less, and the cells are more and more engaged
in functional activities, that is to say, they utilize the food-stufis
received, not in building up more living matter, but for the
performance of work and liberation of energy. And to the
extent that growth necessitates a building-up process from the
food-stuffs presented to the cell, and function necessitates a
breaking down and burning up ! of the same food-stufis, to this
extent the vegetative or-—as Weigert terms them-—bioplastic,
and the funectional, or katabiotic, activities are opposed processes.

(ii1.) Metabolism.—It may be thought that in mentioning
these matters I am wandering far afield, and through a singularly
arid field at that, nay more, that I do but touch upon or outline
matters which to be grasped in all their bearings need a much
fuller presentation. I touch upon them purposely in order to
emphasize that these matters of adaptation and evolution have
of necessity to be approached from the aspect of function and the
dynamics of living matter, rather than from the point of view of
cell statics. * Function,” it has been said, “ precedes structure,”
and it is the study of cell function that must afford the key.

If next we proceed to enquire into the state of our knowledge
of the chemistry of these active processes oceurring within the
cell, we reach a further stage, for the more we study the processes
of absorption of food and utilization of the same—the metabolic
processes whether, as Gaskell termed them, of anabolism, building

! It is not (as one is apt to imagine) the dissociation of the food-stuffs that
liberates energy, but the burning up of the same, d.e. the oxidation of the
dissociated food-stuffs.
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up, or katabolism, breaking down—the more it is borne in upon
us that the greater number—some would say all—are the out-
come of enzyme action.

(iv.) On Enzyme Action.—This is not the place to discuss
the nature of enzyme action in detail. For the most authorita-
tive treatment of the subject Professor Bayliss’s works should
be consulted. Suffice it to say that the simplest and now gener-
ally accepted view is that there exist in the cell, and are dis-
charged from it, intermediary bodies—katalysts—which promote
and hasten chemical dissociations and associations without them-
selves being involved in the final stage, and that the simplest
diagrammatic representation of their action is as indicated in
the diagram in which F represents the go-between, the body
endowed with enzyme action, S the
w*"‘-" ‘, zlilslu)str_atm or body which undergoes

sociation, and R the receptor
4 1 gs or body which is aggrandized, with
which the dissociated moiety or
( } part of the substratum enters into
- union. There are, I hold, always
O 5 s % these two phases of dissociation
3 W ’ and association in each instance of
o__W: ferment activity, even if R be
but a Hydrogen or Hydroxyl ion.
The process is comparable with the
katalytic process of manufacture of concentrated sulphuric acid
from sulphurous anhydride, through the agency of nitrous acid.
The nitrous acid HNO, takes up a molecule of O from the air,
becoming nitric acid, and acting as carrier gives this over to the
sulphurous anhydride H 80j, converting this into sulphuric acid
H,S0,, with this becoming free itself to take up another molecule
of oxygen and repeat the process with another molecule of sul-
phuric anhydride. And the process continues until a certain
equilibrium is reached between the amount of anhydride and of
sulphuric acid present, unless the H,SO, be removed so soon
as formed, in which case eventually a trace of nitrous acid can
convert a maximum, or theoretically infinite, amount of anhydride.
And this action is under certain conditions reversible.

Now, as I have already stated, the evidence is conclusive

that none of the ordinary food-stufis—the proteins, carbohydrates

1

Fia. 6.
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and fats—are utilized by the living cell as such : through enzyme
action, whether extracellular or intracellular, they are broken
down into simpler substances, into their component radicles.
The evidence is accumulating yearly more and more that, if
not the enzymes themselves, at least the zymogens, the bodies
from which the enzymes are derived, originate in, and are dis-
charged from, the nucleus, the dynamic centre of the cell.
Already there is evidence that certain of the amino-acids, and
it may well be of groups of conjugated amino-acids, constituting
Fischer’s polypeptids, manifest enzyme action. Their amphoteric
constitution in itself favours the possession of these properties.
We can visnalize the pro-
cess thus: Let A represent e 5 a

a peptone or polypeptid bt a’ 9@
molecule of food-stuff small @
enough to be absorbed or

diffused from the external
medium into the cytoplasm g

of the cell. This may ei*::her a a’ a
(1) be broken down into cﬁ:}
simpler radicles, a’, a’’, a’"’,

and those radicles utilized by
a direct dissociation process Fra. 1.
for the growth of the pro-
teins of the cytoplasm (B, Fig. 7) or, it may be, the
nuclear biophoric molecules themselves; B, through an
unsatisfied linkage (b'), exer-
By C S —a; Ao~ cising a stronger attraction

for certain of the constituent
SN radicles of A, such as @', in
L which case @’ becomes part

\%\* * and parcel of B, and ¢’ and
T a'"’, whether combined or
N loosened, are left free in the

AN cytoplasm. Or (2) where the
conformation (that is to say,

J constitution) of A and of B

Fig. 5. (or better A’ and B') is not

such as to permit of this direct attraction and linkage, it may

1 See the address upon “ The Dominance of the Nucleus,” Pt. II. Chap. V.
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happen that free radicles, C, suspended in the cytoplasm may
possess the necessary linkage, and in that case these will act as
catalysts or enzymes, first attracting away the radicle @’ from
A’, and then in turn by superior attraction being impelled to give
it up to satisfy the linkage “ 5" of B'.2

POSSIBILITIES ARISING OUT OF ABOVE VIEW oF EnzymME AcTiOoN

But if this conception and visualization of enzyme action
approaches the fact, do you see where it leads us ? I am not
going to take up all the lines of thought and possibilities opened
up by this conception, but only those bearing directly on my
theme.

1. In the first place the remains of A left free in the cyto-
plasm, if of amphoteric type, may in itself act as a catalyst.

2. In the second we are given an understanding of the
mechanism whereby foreign proteins may be utilized by the
cell. Those proteins are complexes with multiple linkages :
they are composed of combinations of the various amino-acids,
and the number of amino-acids is limited. It is, therefore,
inevitable that existing enzymes, whether extracellular or intra-
cellular, will loosen and detach certain of the radicles, thus dis-
sociating the protein and affording food-stuffs capable of being
utilized by the cell. But doing this, to take the simplest case,
the relative numbers of molecules of the different amino-acids
presented to the cell—and to its nuclear biophores—will differ
from the normal, and, if the exhibition of the foreign protein

! This conception of attraction and separation of radicles from a compound
is, T admit, difficult to accept when—as we are apt to do—in the mind’s eve we
pirture the maolecules of the different salts, e.g. simple salts, like NaCl or KRU
as golid, well defined substances. It must, however, he rﬁ!l]ﬂltlhﬂl‘ﬂﬂ that in tha
cell we deal with substances in solution, that the more dilute this solution, the
greater the liability towards ionization, towards a loosening of the constituents
of a compound one from the other. Under the conditions, therefore, in which
enzyme action proceeds, we may safely predicate that a relatively slight attract-
ive force is needed to detach molecules or radicles from one compound, causing
them to become associated {also loosely) with other molecules, and to be in
turn detached from this relatively loose combination. In solution, that is, we
have a state of unstable equilibrium, and without entering into a discussion of
the relative strength of electric charges of the molecules, or discussing whether
we deal with adsorption phenomena or true chemical combination, we can, I
think, compromise by agreeing that the conditions in which enzyme action
proceeds are those which favour the oceurrence of loose molecular combina-
tions.
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continues, so gradually will there be developed a tendency for
the proportion of the radicles constituting the biophoric mole-
cules to vary, those deficient in number being replaced by those
that are abundant.

Or again, the simpler complexes due to the breaking down
of the foreign protein may not be identical in constitution with
those which prior to the exhibition of the foreign protein had
been attracted to and had constituted certain particular side-
chains of the biophoric molecules. In this way again the con-
stitution of the biophores may become altered. This we may
visualize as follows (Fig. 9) :

0“3‘“ Side Clhain N C
|
:-:(i: C—
ew Side Cha |
New Side Chim Sl
Fig. 10.—FPyrimidine ring.
Fia. 9.

I would recall how a slight difference in the relative attachments
of the side-chains, say, of the Pyrimidine ring (Fig. 10) alters the
chemical properties of the compound:?! in like manner what
may appear to be but a slight modification in the constitution of
a biophoric side-chain may be expected to lead to material
differences 1n the reactions of the whole molecules, that is, in
the case of germinal biophores, of the individual.

1 ] eame to these views honestly through a respectable collateral heredity.
My mother's hrother, the late Dr. D. J. Leech, of Manchester, as the subject of
his Croonian Lectures at the Royal College of Physicians in 1893 discussed the
pharmacological action of the nitrates, comparing and contrasting the action

of the mtrntes - 0 -N=0, the nitrates, — 0 - N{g, the nitro compounds,
'h§u> the nitrosamines, =N=N -0, and the oximes, =N -0 -H. He was

one of the first English pharmacologists to dwell upon the modification in the
action of drugs brought about by slight differences in the order of attachment
or composition of radicles. (See the British Medical Journal, 1903, and his
collected papers upon ** The Pharmacological Action and Therapeutic Uses
of the Nitrates,” edited by Dr. K. B. Wild, Manchester, 1902.)
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(v.) The Mechanism of Immunity.—One more postulate
needs to be laid down. You will remember how I pointed out
in my second lecture that the introduction of toxines, whether
phytotoxins like abrin, or bacterial toxins like those of diphtheria
and tetanus, lead to the abundant if not over-production of
antitoxins on the part of the cells.

The simplest explanation of this continued production is
that when the toxin (which has all the earmarks ! of an enzyme)
enters the cell, it combines with and detaches certain side-chains.
Whether the cell in consequence becomes destroyed or, on the
other hand, succeeds in neuntralizing the toxin, depends upon
two factors—the number of toxin molecules that gain entrance,
and the rate at which the cell can reproduce the lost side-chains.
Just as a damaged erystal if placed in a saturated solution of
the particular salt repairs itself, so we have to assume the capacity
on the part of the living molecules to build up lost parts. So
long, that is, as the toxin in the cytoplasm acts as a catalyst
detaching the particular side-chains, for so long will the molecular
complexes build up side-chains until from the law of habit this
building up exceeds the immediate need of the cell, and the
side-chains being in excess are excreted to become the antitoxins
of the blood serum. We must, that is, regard these side-chains
as now built up in series from the simpler cytoplasmic molecules
of the cell-sap, and when
so built up easily liberated.
DL Here parenthetically it de-

< « é’ serves note that the bodies

\ which are antitoxins for man

are toxins for the bacteria
—all, in fact, depends upon
the point of view.

That this coneception of
the mechanism of immunity and progressive adaptation ? is
substantially correct has, I urge, been shown by the later
admirable studies of Professor Victor C. Vaughan of Ann
Arbor, Michigan, and Abderhalden of Berlin. Vaughan was

! Corrected from * properties  in the lecture as delivered, this being the
more accurate statement.

2 A conception laid down by me in 1908 in my Principles of Pathology,

though there following naturally upon my article upon * Inheritance ** published
in 1901.

Fia, 11,
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the first to show that every true protein when digested
with several times its bulk of absolute alcohol in the pre-
sence of 2 per cent of sodium hydroxide, splits up into a poison-
ous and a non-poisonous moiety, the former soluble in alcohol,
the latter insoluble. The poisonous moiety, when introduced
into the system by any path other than through the alimentary
canal, is rapidly fatal in relatively minute doses, setting up
symptoms identical with those seen in the anaphylactic stage.
I have pointed out (p. 38) that anaphylaxis, or hypersuscepti-
bility, is the first phase in the production of immunity. On the
prineiple, therefore, that like results are produced by like sub-
stances we arrive at the conclusion that this hypersensitiveness
or anaphylaxis is essentially due to the disintegration of the intro-
duced proteins with rapid liberation of the poisonous moiety.

But the first dose of a foreign protein introduced into the
tissues sets up none of the phenomena, the second does.
Evidently in the course of the few days necessary for anaphylactic
phenomena to manifest themselves the organism has gained a
new power, that of splitting up the foreign protein. Abderhalden
demonstrated the first stages in this process. In 1910 he and
his pupils published a remarkable series of “ Serological studies
by means of the optical method.” Starting from the fact that
the different proteins and peptones, when in suspension, present
each in the polariscope a specific index of rotation, he demon-
strated first that enteral digestion of proteins, i.e. the introduc-
tion of the same through the intestinal tract, has absolutely no
effect upon the physical condition of the blood serum: its
rotatory power is unaltered. But parenteral injection of any of
the more common proteins, ¢.e. by the subcutaneous or intra-
venous route, leads to a very different state of affairs : the index
of rotation of the removed blood plasma undergoes progressive
alteration, a clear indication that the protein is being broken
down, and this is confirmed by the fact that by dialysis peptones
can be separated off from the plasma.

Within forty-eight hours, therefore, after the introduction
of a foreign protein, the system has responded either by elaborat-
ing a proteoclastic enzyme, or, it may be, by a rapid increase
in the production and discharge of already existing proteoclastic
enzyme present in certain cells. But what I would particularly
emphasize is that in this first phase the enzyme is not specific.



92 ADAPTATION AND DISEASE

It is a general or indifferent proteoclastic ferment. The blood
plasma at this stage will act not only on the particular protein
inoculated, but also on other proteins, will break down indiffer-
ently bodies such as globulin, casein, gliadin, gelatin, and their
peptones with the production of slightly toxic bodies.

It might be laid down that this indifferent ferment first pro-
duced is the cause of the anaphylactic phenomena. Against
this view is the fact that Abderhalden’s ferment is recognizable
in twenty-four to forty-eight hours, whereas anaphylactic
phenomena are not obtainable until the sixth to the tenth day,
and again, the anaphylactic phenomena are specific : 1t is only
the protein first introduced that on subsequent injection sets
up disturbance. Abderhalden’s proteolytic and peptolytic
enzymes are active in respect to any protein. We have evidence,
therefore, of the development of two stages: (1) elaboration and
discharge into the blood within forty-eight hours of indifferent
proteoclastic and peptolytic enzymes; (2) the gradual produc-
tion within six or eight days of more high-developed specific
enzymes having the power of rapid dissociation of the particular
protein introduced, with liberation in the course of a few minutes
of sufficient toxic disintegration products to set up grave
symptoms. The rapidity with which the phenomena may show
themselves, and that upon the introduction of extraordinarly
small second doses of any particular protein, suggests that there
is a selective taking up of the protein by particular cells, in the
first place, with production and storage of the specific enzyme,
so that the moment the second dose is absorbed by these cells
there is an explosive disintegration and direct action of the
poisonous disintegration product.

But now by cautious reinjection of the foreign protein we
can pass through the anaphylactic to the succeeding stage of
immunity. Having accomplished this the introduction of the
foreign protein no longer leads to acute poisoning. Any one
who has observed Pfeiffer’s phenomenon—who has seen living
typhoid bacilli swell up and dissolve “ like pieces of sugar™
in the blood serum or peritoneal fluid of a highly immunized
guinea-pig—cannot but be impressed by the extraordinary and
specific digestive powers that have been acquired by the body
fluids through this process of immunization. We see here a
further evolution of the same process—a third stage—namely,
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the eventual development by the cells of the organism of further
enzymes, which disintegrate the poisonous moiety of the protein
disintegration products, and so carry on the degradation of the
foreign protein to a harmless stage ; which break up the associa-
tion of radicles still further, so that now they are converted into
more elementary constituents which, instead of disturbing the
cell activities, can, perchance, be utilized as food-stuffs. As
my colleague Dr. Fraser Gurd?! has shown, in the immunized
animal the earlier enzymes are not replaced, they are still active
and abundant, but evidently after they have broken down the
specific protein, with the liberation of the poisonous substance,
this is immediately acted upon by the new specific enzymes and
rendered innocuous.?

(vi.) Cell and Tissue Differentiation : Ontogeny.—With this
clear indication, therefore, before us of the way in which the
cell substance can become modified and adapt itself according
to need, it is not necessary, with Weismann, to postulate the
existence of two orders of living matter, gerin plasm and somato-
plasm. 1t suffices to hold that there is one common biophoric
material, or at most biophoric material in part derived from one,
in part from the other parent, and to recognize that as the fertil-
ized cell divides and redivides and the resultant cells find them-
selves in different relationships, so do they become modified
and differentiated, giving origin to the various tissues, the
eventual germ cells being so developed and so placed that they
are exposed to the minimal amount of differentiation.

If embryogeny or, more exactly, ontogeny—the development
of the individual—is a recapitulation of the phylogeny—of the
evolution of the race—it is this not as an historical reminiscence
and nothing more. It is this only so far as it is a necessity,
only so far as, for the unfolding and elaboration of the cell
structure of the various tissues up to the stage in which the
adult of a particular species will find itself in equilibrium with
its surroundings, the biophores distributed to those cells must,
of necessity, in the course of their growth and multiplication,
pass through a particular succession of equilibrations, of modifica-
tions, of accretions and losses. Where a given modification can

1 Amer. Jour. Trop. Dis. and Prevenl, Med. i., 1914, 776, and Jour. Med.
Res. xxxi., 1914, 205.

? For a fuller study of these matters see the paper upon * Parenteral Diges-
tion ** in Pt IL. Chap. IX.
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be attained by a short cut, there certain phases of the phylogeny
fail to be recapitulated. In short, the development of any
particular tissue may aptly be compared with the synthesis of
one of the higher organic compounds. That cannot be accom-
plished by taking so much Carbon, Hydrogen, Nitrogen, etec.,
mixing and heating them together, but demands a long process
of building up—it may be a score or more successive processes
of combinations, associations and dissociations—before the final
product is attained ; the constant endeavour of the chemist
being to simplify the process, to arrive at the same results by
finding some reaction which will cut out half a dozen or more
of the steps and lead more rapidly and more economically to
the same result.

(vil.) Amphimizis.—This mention of the contribution of the
two parental germ plasms to the fertilized germ cell, or zygote,

Fig. 12.—A, biophore of paternal, B, biophore of maternal origin; 1, 2, and 3,
varions allelomorphic side-chains ; 4, side-chains common to both orders of
biophores.

leads to certain important considerations. If the metabolic

activities of the cell are of the order here stated, and if, as is

evident from the studies of eytologists and embryologists,
equivalent amounts of heritable material—or biophores from
the two parents—reach the zygote and, in the subsequent process
of active cell division of the embryo, are contributed to each
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cell, 4.e. to each cell nucleus, again the static conception cannot
be permissible. We must realize that these two orders of hio-
phores, existing in each cell of the body and activating each
cell, are throughout life undergoing growth, building up side-
chains and radicles, and that there is a constant recurrence of
processes of association and discharge from each molecule out
of and into the nuclear sap. But if this is the case and the two
orders of active living molecules lie side by side in the fluid
medium of the nucleus, it is impossible to imagine, according
to the current Mendelian doctrine, that the two do not interact
one upon the other, that the two orders of side-chain substances
and dissociation products keep severely apart. We may safely
say that there must be interaction : that where tissue cells are
undergoing active growth and metabolism and radicles and
groups of radicles built up by biophores of the one order become
dissociated from those biophores, if they are of an order common
to both paternal and maternal biophores, they may be employed
indifferently in the building up and growth of biophores of both
orders ; if of an order peculiar to, say, the paternal biophores,
may under certain conditions be attracted to and built into
the growing maternal biophores. We can imagine environ-
mental conditions favouring the predominant growth of just
the one group of biophores so that the cells of some one tissue
take on the characters of the cells in the one parent, or, more
easily, in actively working tissue-cells, such an interchange and
selection of allelomorphic radicles that eventually one common
type of modified biophoric molecule may govern the cell (Fig. 12).

And at a slower rate due to their more latent state, this same
interchange, we must predicate, is capable of occurring in the
biophores of the germ cells, so that eventually a succession of
heterozygous generations will give rise to forms without the
pure dominant gross characteristics, but showing an approxima-
tion to intermediate properties ; ! or, again, eventually, the inter-
change of radicles may be such that the various dominant radicles
belonging to both orders of biophores be attracted to, built into
the growing molecules, and reproduced by the biophores derived
from the one parent—whereas the biophores of the other origin in

1 As in Correns’s observations upon the hybridization of the two strains of
Mirabiliz jalapa, alba and rosea, in which the heterozygotes of the F. genera-
tions are not of strong dominant rose colour but of a paler dilute pink,
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their growth would show a greater affinity for the radicles whose
constitution lead to the appearance of recessive qualities.

The existence of determinants as entities, as I have demon-
strated, cannot on physical grounds be accepted, and if in their
place we accept differences in the constitution or arrangement
of individual radicles composing essential portions of the com-
bined and complex molecules of living matter, it is still possible
to interpret the facts of Mendelism and indeed interpret not a
few phenomena which by the hypothesis of determinants cannot
be explained.

SUMMARY

However, I realize that here I advance into regions outside
the boundaries of current medical thought. To sum up, it may
be said that, according to this hypothesis, each species must be
recarded as having for its essential living matter a distinet
organic compound, a compound as distinet as any inorganic salt,
but differing from that simpler inorganic salt in that, whereas
the central ring or chain is of relatively fixed constitution, the
radicles composing that ring or chain are capable of attracting
and then of reproducing a series of side-chains which may vary,
so that within the species there may be various strains, just as
we may speak of various strains of crystalline haemoglobin being
obtained from different samples of human blood.

Let me freely admit that the diagrams here afforded are
very crude. With the necessarily condensed presentation of
my subject they have seemed to me essential. To those un-
familiar with the advanced organie chemistry of to-day, to have
attempted illustrations of the successive stages of my argument
by elaborate graphic chemical formulae would have been worse
than useless. I shall be satisfied if I have rendered it clear that
it is possible to replace an impossible hypothesis based upon sup-
posititious independent and transposable determinants by one
based upon what we know of the composition and physical

1 Of get purpose, as being outside the seope of my earlier work and of medical
research, I did not in the course of these lectures refer to the newer studies of
the last few years upon differentiation of the individual chromosomes. Such
differentiation with localization of groups of unit characters in particular
chromosomes is, I would point out, distinet from Weismann’s determinanta.
I hope to take up this matter later.
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structure of the main and outstanding constituent of living
matter—the proteins—a hypothesis that renders it possible for
us to understand how digestion or, more broadly, metabolism
is the keynote of the whole matter ; how through this universal
system of dissociation of food-stuffs into their elemental radicles
it is possible for the cell to utilize and accustom itself to new
and foreign food-stuffs; how doing this, the constitution of
the living molecules may become altered ; and how Professor
Bateson’s incapacity to comprehend the possibility of progressive
acquirements by the individual and his germ cells is due to his
static method of approach to the subject. To one who regards
life, not from the morphological point of view, in terms of form,
but from the physiological, in terms of function—who regards
life as a moving equilibrium, who regards it as in essence “a
state of persistent and incomplete recurrent satisfaction and
dissatisfaction of . . . certain proteidogenous molecules,” ! and
metabolism as the primary and basal characteristic of living
matter—for such an one there exists no such stumbling-block.

PROGRESSIVE ACCRETION OF PROPERTIES

Just as Weismann’s hypothesis of heredity breaks down owing
to the sheer physical impossibility of all the determinants it
demands being packed into the microscopic nuclear chromosome,
so the Batesonian hypothesis of a backward evolution by the
progressive removal of inhibitory factors, like the baseless
fabric of a wvision, fades into nothingness once it is confronted
with the demonstration that positive, direct acquirements can
surely be brought about. Both hypotheses, indeed, enter into
the limbo of the past, as examples of the Spencerian tragedy—
that of a deduction destroyed by a fact.

I imagine that it will be your experience—it certainly has
been mine—that it is those whose gentle birth is least obvious,
and genealogy most dubious, those who hang on to the border-
line of good family, who most vaunt themselves regarding their
descent. They do not realize that in these days it is & man’s
ascent that ennobles him, not his descent, even if, paradoxically,
ascent is not possible without good rich blood : it is the pro-
gressive accretion of properties, not the progressive loss. But,

1 Adami, Principles of Pathology, 1st ed., 1908, vol. i. p. 5.
H
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says Professor Bateson, in nature it is the opposite : it is by the
progressive loss of properties that from being an amorphous mass
of protoplasm man has become man. Life, according to him,
first appeared upon earth enshrined in matter of maximum
complexity, so complex that it was without form and void, and
only as through the vast aeons of geological time this matter
fell into order and simplified itself, and successive species
developed, did we eventually in these latter days arrive at the
simplest and least complex of all creatures—man, simple man.
Does it not appear to you that this is Topsy-turvydom ?
Is it not on the face of it more probable that the reverse has
been the case, that the earliest matter that could be recognized
as living was the simplest ? Itis not that the earliest living matter
possessed all the determinants of all the organized parts of all
future forms of life, but that its constitution was such that it
possessed from that constitution, and in consequence of its
metabolic activities, the potentiality to undergo progressive
modifications of that constitution, which modifications mani-
fested themselves, as an outcome, in progressive changes of
structure. The potentiality was there, not the determinants.

CoNcLusioN

One last word. I feel that as one on active service some
apology may be required from me for having taken your time,
and, it may be said, my country’s time, in dealing in the course
of these lectures with a matter so wholly foreign to the war,
to military medicine and military duties. Were what I have
placed before you wholly new, had I collected, thought out,
and elaborated the material of these lectures during the two
years since I received the invitation to deliver the course, an
apology would, T think, rightly be in place. As a matter of fact
these lectures are little beyond what I have taught and written
in the fifteen years and more preceding the war : they are a digest
and compend of those earlier writings and conclusions, brought
up to date by means of modern instances confirmatory of
or expanding that earlier work. Four hours before delivering
the last of these lectures, in order to complete my references,
I went to the Library of the Royal Society of Medicine in Wimpole
Street and took out the volume of the British Medical Journal for
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1901, containing an address delivered by me at Brooklyn, New
York, in May of that year.! That address I had not looked up
for a decade or so, and it was with not a little surprise that I
found laid down there the physico-chemical conception of in-
heritance here given, and the doctrine of direct inheritance of
metabolic conditions, such as gout and of disturbances of the
internal secretions. Rather, therefore, the apology should be
that I have plagiarized myself in so wholesale a manner. I shall,
however, be satisfied if it is demonstrated that the work of
medical men of this generation, of pathologists and bacteriologists
—work formed upon the observations and methods of the great
biologists of the past—is repaying the debt to biology by estab-
lishing prineiples which are basal for general biological advance.

1 See Pt. II. Chap. IL












CHAPTER 1

ON THE VARIABILITY OF BACTERIA AND THE DEVELOPMENT
OF RACES!

(1892)

From a medical as from a biological point of view, the variability
of micro-organisms is a subject of the highest interest. If it
can be clearly demonstrated that modifications of varying degrees
of permanency can be induced in sundry species of bacteria,
that “ new races ” are capable of being developed under the
influence of conditions that are easily recognizable and easily
controlled, then not only do we gain further knowledge of the
laws governing evolution, but—what for us is of more immediate
import—we become enabled to clear up not a few of the difficulties
constantly presenting themselves in the study of zymotie, or
mycotic, disease. The class of difficulties to which I refer is
go familiar that here 1 need give but the briefest indication
thereof. It is notorious, for instance, that successive epidemics
of one disease, say, scarlatina or influenza, are characterized
by well-marked differences in symptomatology, and in the
intensity of effects upon the individual; it is notorious also
that during the progress of one epidemic remarkable changes
are to be made out in the virulence of the malady. Often at
the onset the cases are so mild, the symptoms so vague, that
diagnosis can only be pronounced with exceeding caution.
Such doubtful early cases may be followed by a succession in
which the disease is typical and of increasing virulence, and
eventually is reached the period of decline of the epidemic, and
now again the cases assume a dubious aspect with indefinite
atypical symptoms. Or take a disease which now unfortunately

1 Reprinted from the Medical Chronicle, September 1892.
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has become more or less endemic, namely, diphtheria, and
observe the series of progressive cases that is to be made out
from the simple sore throat associated with the mildest con-
stitutional effects, through slight cases of croup to those terribly
malignant attacks in which the manifestation of the disease
and death are almost synchronous.

If the micro-organisms of disease have constant attributes,
if the species of bacteria are fixed, their characters unvarying,
then all these differences in the nature and intensity of the
symptoms produced by any one micro-organism at diverse
periods and in diverse individuals can only be due to subtle
meteorological changes, to differences in the power of resistance
to microbic invasions displayed by the individual, and to the
dose, if T may so term it, of infective material incepted by the
individual. Now, without doubt, all these factors are of very
greal imporlance, but at the same time it cannot be denied that
they do but vaguely advance our knowledge. Up to the present
the study of atmospheric influences as affecting zymotic diseases,
while impressing upon us one or two main truths, has, in other
respects, involved us in a maze of contradictions, and while the
last few years have greatly extended our knowledge of the
nature of the conflict between the organism and the microbe,
clinical experience is constantly bringing before us the para-
doxical phenomenon of disease, in its severest form, attacking
individuals in whom one would hold the constitutional powers
of resistance to be at their highest. So, too, difficulties in the
way of exact determination are insuperable, clinically, with
reference to the * dosage ”’ of infective material.

But if, while granting freely that all the above-mentioned
factors play each a part, it can be shown that modifications of
the powers of micro-organisms can be induced, both within the
organism and outside it—alterations in appearance, in the
ferments and other products of their vital activity and (among
pathogenic microbes) in virulence ; alterations, not temporary,
but continuing through generations ; alterations that are capable
of being demonstrated in the test-tube and under the micro-
scope—then we reach one stage further in actual advance in
our knowledge of infectious disease, and from this advance gain
a firmer standpoint from which to appreciate the other factors.

Largely influenced by the admirable researches of the German
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bacteriologists, and in this country by the teaching of Dr. Klein,
the tendency of the medical world has been to regard the species
of micro-organisms, and especially of pathogenic micro-organisms,
as fixed. If in each case of a given disease a given microbe is
discovered with specific cultural characteristics: if the more
closely zymotic disease is studied the more clear becomes the
evidence of its infectious nature, of its passage either directly or
indirectly from person to person, while the more the subject is
studied the weaker becomes the evidence of the spontaneous
origin of infectious disease: then the greater is the difficulty of
arriving at any other conclusion than that pathogenic microbes
belong to species that are fixed and possess unchanging attributes.
I need not say how valuable, not to say necessary, it has been
in a young science like bacteriology to hold this view of the
fixity of species, and, speaking broadly, this view must still
be held. In the great majority of cases the micro-organisms
gained from the tissues of the patient suffering from any one
zymotic disease approximate sufficiently closely to the type for
us to say with absolute confidence that no specific alteration is
to be discovered in them. But while acknowledging this much
it must be confessed that there has been a tendency to overlook
differences in the mode of growth of pathogenic microbes—gener-
ally, it is true, minute, though not always so—and to dwell
upon differences in the resistance of the organism more than
upon differences in the pathogenic properties of the micro-
organisms whenever, in an individual caze, or in an epidemiec,
the symptoms have varied from the ordinary. While bacterio-
logists in general admit, to a greater or less extent, that bacteria
show wariations, I know of no work in which the facts in con-
nexion with such variations have been brought together ; it may,
therefore, be useful at the present time if I gather together
some of the many researches into the wvariability of microbes,
and show that this variability can clearly be made out.
Undoubtedly where a number of facts are brought together,
all pointing in one direction, there is a danger that by some
these facts will be held to support an extreme theory, and one
that cannot surely be gained from them—the theory, in this
case, that non-pathogenic bacteria can easily become pathogenie,
and that zymotic disease may, as a frequent event, arise de novo.
While, possibly, further research may prove that in a certain



106 ON VARIABILITY AND ADAPTATION

limited number of cases a harmless saprophyte is capable of
developing into a pathogenic microbe, at the present moment?
the facts are wanting to support this hypothesis. The extreme
conclusion to be reached now is that there are species of patho-
genic micro-organisms whose virulence is capable of manifesting
great modification, and that such modification is fitted to explain
some of those differences in the course of zymotic disease which
must have arrested the attention of all medical men.

On cERTAIN (CHARACTERISTICS OF THE BACTERIA A8 A WHoLe
AFFECTING THE LIABILITY TO VARIATION

At the very onset we should expect to find the bacteria
peculiarly well adapted for the study of the most elementary
problems of evolution; their organization, as compared with
other forms of life, is so simple, the generations—if generations
they may be called 2—succeed each other with such extraordinary
rapidity, and, what is of yet greater importance, our study of
these forms would seem to be wholly freed from the perturbing
influence of sex. On the one hand there can, in the bacteria,
be no tendency towards the production of races through sexual
agency ; on the other the reverse tendency is equally absent,
namely, the tendency of conjugation to preserve the mean, to
lead to the development of individuals approximating to the
type.

Here, then, in studying these unicellular asexual bacteria,
we investigate the simplest and most fundamental principles of
heredity and evolution, and the influence of environment be-
comes most evident. Weismann, who in the higher forms of
life would make the development of individual differences
and the inheritance of the same almost wholly dependent upon
the phenomena which accompany the fusion of the male and
female reproductive cells, freely acknowledges that to the

1 [i.e. in 1892.]

? The word generation as applied to the Schizomycetes is not a little un-
satisfactory—yet 1 know no other word at present in use that is capable of
replacing it. Apart from the sexual significance that may attach to it, this
word embraces the idea of parentage. Now, among the bacteria there is
no true parentage, for what happens in the process of fission is that the bacillos
divides into two portions, each of which becomes a separate individual, but

neither can be regarded as the parent form ; each equally with the other
represents, and, to a certain extent, is, the earlier single individual.
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protozoa we must look for the origin of * hereditary individual
variability,” and, dealing with them, emphasizes this influence of
environment. If, for instance (he states), a protozoon, by con-
stantly struggling against the mechanical influence of currents in
water, were to gain a somewhat denser and more resistant proto-
plasm, or were to acquire the power of adhering more strongly
than other individuals of its species, the peculiarity in question
would be directly continued on into its two descendants, for the
latter are at first nothing more than the two halves of the
former. It therefore follows that every modification which
appears in the course of its life, every individual character, how-
ever it may have arisen, must necessarily be directly transmitted
to the two offspring of a unicellular organism.!

And in connexion with the bacteria we can modify the
environment at will to an extent that is far beyond our power
in regard to higher organisms ; we can alter the media of growth,
can make these more or less nutritious, can make them acid,
neutral, or alkaline; can alter the superincumbent air to such
an extent that if desired we can in many cases bring about
growth in vacuo or in an inert atmosphere of hydrogen or carbonic
acid ; we can add or remove this or that normal or abnormal
food-stuff to or from the medium of growth, or can add salts
and antiseptics, and observe the effects upon the microbes
studied ; we can observe the mutual effects of concurrent growth
of two or more forms, and the effects which the product of
growth of a microbe exert upon it, or again can modify the
temperature within the widest limits. With no other forms of
life are such extraordinarily diverse modifications of environ-
ment possible.

I propose now to set forth in regular order the facts at our
disposal with regard to the production and existence of varia-
tions of microbes. To give all is, from their very extent, im-
possible in this connexion, but sufficient may be given to show
very clearly that this variation is far more widespread than is
generally supposed, and that we can safely attribute to this
variability many of the difficulties already mentioned met with
in the clinical study of infective disease.

It is unnecessary for me to enter into the earlier history of
the subject, into the controversy that raged around * poly-

1 Essays upon Heredity, Oxford, 1889, p. 278.
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morphism ” and round Nigeli’s theory as to variability,! for at
the time that these were most discussed the subject was not
ripe for treatment. The methods of investigation were imperfect,
pure growths could not with certainty be obtained, and con-
sequently the arguments advanced pro and contra rested upon
insecure bases. Still Lankester’s observations 2 on the change
of form of the Clathrocystis, or Beggiatoa, roseo-persicina,
and later Kurth’s  Observations on the Bacillus Zopfii,” ® have
stood the test of time, and may be said to have laid a solid
foundation upon which rests our present knowledge of variation
among microbes,

TRANSIENT VARIABILITY

We possess now such a mass of separate observations upon
transient variability of bacteria that it is difficult to know how
much to say on this subject here, how much to leave unsaid.
Every one who of late vears has studied bacteriology must have
come across numerous cases of this nature. Every one admits
that according to the age of a gmwth according to the nature
of the medium of growth, changes in form and properties are
common. They may be slight, but if looked for are almost sure
to be found. I would pmceed to mention cases in which such
changes are very marked.

(1) Change of Form.—The Bacillus Zopfii,? for example, when
grown on various nutrient media manifests itself at first in the
form of long twisting tortuous filaments ; at a later period these
give place to chains of bacilli of fair size, and eventually in an
old growth the bacilli are replaced by what some would consider
as cocci, others as spores. We need not now concern ourselves
about this controversy. The important point is that, trans-
ferred to a fresh “ soil,” the bacillary form, just like the spore or
coccus form, develops into typical long convoluted threads.

Even more definite changes of shape are producible by slight

1 Niigeli, Die niederen Pilze, Munich, 1877,

? Lankester, Quart. Journ. Micr. Science, xiii., 1873, p. 408. [It may in-
terest Sir Ray Lankester to observe that 1 have been familiar with the observa-
tions upon his peach-coloured bacterium for a quarter of a century and more,
and have given him due credit. The reason why I did not refer to these in my
Croonian Lectures is obvious: he has consistently ascribed the modifications
in form to indireet and not to direct equilibration.]

3 Kurth, Botanische Zeitung, 1883,
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alterations in the medium of growth. Take, for instance, the
Eberth-Gaftky bacillus of enteric fever. This is a bacillus of
fair size—three to five times as long as it is broad, with rounded
ends, and, thanks to the possession of long vibratile cilia along
its sides, it is normally endowed with great rapidity of motion.
It has, further, the property of resisting the action of fairly large
amounts of carbolic acid in the medium of growth—a property
which has been utilized by Vincent to separate it out from other
microbes, and to gain pure diagnostic cultures from the faeces
of those affected by the disease, or from contaminated water.
If beef-broth be taken containing about 1 part of carbolic acid
in 600, the Eberth-Gaffky bacillus, almost alone among the
bacteria, will grow in it at a temperature of 42° C., rendering
the broth turbid in the course of a few hours. But if a drop of
this be examined, one finds not the characteristic motile bacillus,
but shorter forms and often diplococei, and these are non-motile.
In fact, there is an absolute want of resemblance to the type
bacillus. Yet if a culture of these be made in the ordinary beef-
broth of the laboratory, devoid of carbolic acid, there is an
almost immediate return to type.! But there is a much simpler
method of gaining polymorphism in connexion with this microbe.
Employing a series of potatoes of diverse origin, it is found that
upon some the growths of the microbe are atypical not only in
naked-eve appearance but also under the microscope, developing
into long filaments. This atypical growth has been commented
upon by numerous observers, including Fréinkel and Simmonds,?
Buchner,® Schiller, and Kamen.® Buchner’s observations
render it probable that this atypical growth is in close relation-
ship to the known varying acidity of the potato.

Still more striking are the results obtained by Charrin®in the
case of the small bacillus of blue pus, which within the body
of an infected animal, or grown in beef-broth, is what may be
termed a microbacillus—a minute short bacillus, the individuals
being often attached in pairs end to end.

If B-naphthol be added to the beef-broth in the proportion

! Vincent, Comptes rendus de la Soc. de Biologie, 1890, No. 5.

* Friankel and Simmonds, Zeitschrift f. Hygiene, ii., 1887, p. 138
3 Buchner, Centralblatt f. Bakteriologie, iv., 1888, p. 353.

¢ SBchiller, Arbeilen aus dem kais. Gesundheitsami, v.

5 Vide Petruschky, Centralblatt f. Bakteriologie, vi., 1889, p. 657
& Charrin, La Maladie pyocyanique, Paris, Steinheil, 1889,
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of 0-02 per cent, after forty-eight hours long straight bacilli
are to be made out, broader than the type, and from three to
five times as long, If, instead, alcohol be added (about 4 per
cent), at the end of twenty-four hours the change is even more
pronounced ; besides large bacillary forms, similar to those
last mentioned, there may be somewhat curved filaments from
ten to fifteen times as long as the type, if not longer. If 0:015
per cent potassium bichromate be added, then, even after fifteen
hours, one can make out long undulating filaments stretching
across the whole field of the microscope. And if the growth
be acted upon by 0-7 per cent boric acid for six days, then in
place of the microbacillus we see “ comma ” forms, S-shaped
forms, and close spirals; while 0-1 per cent creasote acting for
some weeks causes the production of micrococei and diplococei.

There could be no better example than this of the poly-
morphism induced by environment. In all these cases, however,
we are not dealing with permanent variations. Return to
“ ordinary ¥ media brings about in all a return to what may
be styled “type.” I say what may be styled * type,” inas-
much as the broth, potatoes, and other materials employed by
the bacteriologist are the common soils in and upon which can
be grown most bacteria, but they are not of necessity their
natural habitat, and when environment evidently plays so im-
portant a part in determining the shape of bacteria it is quite
possible that what we consider as typical are, in many cases,
not the usual (or primitive) but are acquired forms.

(2) Changes in Pigment Production.—But shape is far from
being the only property of microbes that is modified by environ-
ment, and very striking results are to be gained by a study of
those microbes which, in the course of their growth, produce
pigment—the chromogenic bacteria.l Of these a very large
number lose the faculty of pigment formation in the absence of
oXygen, many again when grown in the absence of diffuse light,
and all under the action of the direct rays of the summer sun.
An alteration in the medium of culture has also its effect. Thus
the Bacillus ruber of Kiel (better known in this country as the
“ rouge de Kiel,” the name under which our attention was first
drawn to it by Laurent 2), the Micrococcus indicus, the Micro-

! Schottelins, Kolliker's Festschrift, Leipzig, 1887.
2 Laurent, Annales de I'Insl. Pasteur, iv., 1890, p. 465.
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bacillus prodigiosus, and yet other forms which produce a red
colouring matter vary in the intensity of their colour production
according to the acidity or alkalinity of the medium of growth.
The most beautiful example of temporary modifications of
easy production by alteration of environment is supplied
in Gessard’s very full study of the Bacillus pyocyaneus.?
Ordinary beef-broth sown with this bacillus soon takes on a
greenish-blue slightly fluorescent appearance, and the blue colour
becomes more marked if there be a relatively large surface
exposed to the air, or if at intervals the culture be shaken, and
the pellicle of surface growth be made to sink to the bottom of
the vessel. Evidently then there are at least two pigments
produced, and Gessard succeeded in causing the independent
development of either. For he found that upon solidified white
of egg the bacillus gives rise to the bright green colour alone,
while upon the agar-agar, to which glycerine and a fair quantity
of peptone had been added, no green is developed, the medium
rapidly becoming tinged throughout an intense deep blue. It
may be added that the absence of free oxygen causes the develop-
ment of a colourless growth. These observations, I repeat,
can be easily confirmed.?

(3) Modifications of Ferment Production.—Similarly modifica-
tions can be induced in the ferment production of microbes.
Thus many micro-organisms, which elaborate a ferment capable
of liquefying gelatine, do not manifest that power if glycerine
be added to the medium of growth, or (from a different cause)
lose that power, as Cartwright Wood has shown ? in the case of
the Cholera spirillum, of the Bacillus prodigiosus and the Micro-
coceus indicus, if minute quantities of carbolic acid be added to
the culture medium. Again, as indicated by Lauder Brunton
and Macfadyean,® the bacteria which form a peptonizing
enzyme on proteid soil ecan also produce a diastatic enzyme on
carbohydrate soil.

(4) Modifications of Pathogenicity. — With regard to the

1 Gessard, Annales de I'Inst. Pasteur, iv., 1891, p. 737; and v., 1891, p. 65.

2 Adami, Meeting of East Anglian Branches of British Medical Assoc.
Cambridge, Lancet, July 24, 1801,

8 Cartwright Wood, Proc. Royal Soc. Edin. xvi., 1889; and Laboratory
Report, R.C.P. Edin. ii., 1890, p. 253.

4 Lauder Brunton and Macfadyean, Proceedings Royal Society, xlvi., 1890
p. 642,
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temporary loss of pathogenic power—of virulence—the case is
rather different. It would seem to be most difficult to bring
about a loss of virulence that does not tend to be permanent.
That is to say, very special methods have to be employed whose
action is exerted upon more than one * generation” of the
microbes, such as passage through a series of animals less and
less susceptible to the invasion of the given microbe in order to
exalt organisms, like the pneumococcus of Talamon-Friankel,
whose virulence can only be retained outside the body by constant
removal to fresh media ; others, like the typhoid bacillus, which,
according to Chantemesse and Widal,! are so susceptible that
a loss of virulence is almost immediate. This, after all, is only
what is to be expected if, as seems most probable, the pathogenic
property is that which has been latest acquired. A late acquisi-
tion is most easily altered, and the tendency to reacquirement
of the same is least evident. Intensification of pathogenic
properties can, however, be induced by other means than by
passage through animals. Hueppe’s observations would seem
to show that the Bacillus cholerae asiaticae grown anaerobiec-
ally gains in virulence.

This principle—that it is difficult to stamp a meodification
firmly upon a species of bacterium, as, indeed, upon any animal
or vegetable species—is exemplified throughout the long series
of attempts that have been made to produce new races of miero-
organisms, and now, when I proceed to recount some of the more
successful of these attempts, the principle will be seen to be
constantly in evidence,

MobpiricaTioNs oF LoNGER DURATION

From the transient modifications which I have noted above
it is easy to pass to a series of instances in which the return to
the normal only follows after an increasing number of genera-
tions, in which numerous generations retain the acquired char-
acteristics, and the original properties only gradually reassert
themselves. Take, for example, almost any of the chromo-
genic bacteria. If a minute quantity of a high-coloured typical
growth be removed and spread over the cut surface of a sterilized
potato it will be found that the individual colonies which result

1 Chantemesse et Widal, Annales de I'Inst. Pasfeur, ii.,, 1888, p. 54.
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present differences in pigment production; the majority re-
produce the type, but some are even deeper in colour than the
original, others paler, others colourless. If from one of these
colourless colonies fresh potato growths be made, a large number
of coloured colonies develop, but also a large number of colour-
less, and the more frequently this selective process is repeated
the greater becomes the proportion of the resulting colourless
colonies. Yet even after a very great number of growths made
in this way there is always a tendency for certain individuals
and their progeny to revert to type. Slight alterations in the
nutrition of the individuals probably induced the first differences
in pigment production, and the induced modifications tend to
reproduce themselves through many “ generations.” ?

The same occurs if a culture of one of these non-pathogenie
forms be heated for a few minutes to a point approaching that
at which immediate death of the special microbe is brought
about. After this treatment there may be numerous * genera-
tions ” produced, incapable of pigment production. Illustrating
this and the preceding order of appearances, I showed a series
of specimens at the Nottingham meeting of the British Medical
Association in July (1892). The series included cultures of the
Bacillus ruber, Plymouth ; Bacillus ruber, Kiel ; Microbacillus
prodigiosus, Bacillus indicus, and Sarcina erythromyxa. To yet
more marked effects of high temperature I shall revert at a
later period.

Again, old cultures of most micro-organisms become
attenuated, and although these attenuated forms still propagate
themselves, it may be weeks—that is to say, almost countless
* generations "—before there is a return to primitive appearance
and primitive properties. Thus old growths of Koch’s cholera
spirillum, or the Finkler- Prior spirillum of Cholera nostras,?
or, again, of the Vibrio metchnikovi® yield colonies which
have an absent or greatly reduced power of liquefying gelatine,
and only very slowly and under favourable conditions does this
power manifest itself once more. From old cultures of the
Bacillus pyocyaneus, the Pink torula, and many more chromo-
genic microbes, I find, in common with other observers, that

! Ses more particularly Charrin and Gessard, loc. cil.
* Firtsch, Archiv fiir Hygiene, viii., 1888, p. 369.
3 R. Pleiffer, Zeitschr. fir Hygiene, vii., 1889, p. 347.
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colourless or faintly-coloured growths are obtainable, which for
long show no reversion to type.

It would seem that, without there being necessarily any
attenuation, there may be modifications persisting for long
periods. It has been noted by many observers that for some
considerable period after Staphylococcus pyogenes aureus has
been separated out of pus and cultivated, the colonies are colour-
less, and that only eventually may the golden-yellow pigment
become produced. During the last long vacation I was a vietim
to this order of affairs, for having obtained a micrococcus from
some pus gained from a case at the Addenbrooke Hospital, I
made two successive cultures of the pure growth during the
course of a week, and the second of these I employed to distribute
to the bacteriological class as the Staphylococeus pyogenes
albus. The cultures made by the class developed the golden-
yellow pigment, and proved that we were dealing, not with the
*“ albus,” but with the * aureus.” It may be added that, save
for colour difference, the two forms are indistinguishable.

Tare PropucTioNn oF RAces

From such cases as these we can pass on almost imperceptibly
to the development of what may be termed races. I will presently
discuss the qualifications that must be applied in employing this
expression. For immediate purposes it is enough to state that
a slight modification of environment acting over a sufficient
number of “ generations ’—that is to say, acting for a sufficiently
long period—or a powerful stimulus applied temporarily to the
individual bacteria of one * generation,” may lead to modifica-
tion of the properties of any species which, so far as we can see,
are permanent so long as the microbes so acted upon are cultivated
under ordinary conditions upon the usual media of baecterio-
logical research.

To make this statement perfectly clear, I may give an example.
The Bacillus ruber of Kiel grows well upon a piece of sterilized
potato at the ordinary temperature (15-25° C.), the culture
becoming a deep crimson red. If now the culture be kept at a
temperature of 37° C. for two days, and a new piece of potato
be inoculated from this and kept another two days at the same
temperature, and a series of six to ten cultures be made thus;
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or if, on the other hand, a potato culture be exposed to a tempera-
ture of 55° to B7° C. for a few minutes, in either case fresh cultures
made in series upon potato at the ordinary temperature may for
months remain absolutely colourless.

It is scarcely necessary to say that the classical example of
this order of phenomenon is to be found in the remarkable observa-
tions of Pasteur, Chamberland, and Roux upon the attenuation
of the anthrax bacillus.® The anthrax bacillus may be kept
(in broth) at a temperature of 42-5° to 43° C. for a week or more
without there being any noticeable diminution of the virulence
of the growth. But after this the virulence slowly and steadily
diminishes. Made under ordinary conditions from a growth
treated thus for twelve days cultures will no longer, when in-
oculated, cause the fatal disease in sheep. After thirty-one days
the cultures are so feeble that the very susceptible guinea-pigs
survive, and mice alone are killed. In forty days or so the
bacilli subjected to the above-mentioned temperature are en-
feebled to the point of death, and no further cultures from the
original broth are possible. What is more, each successive
growth obtained daily after the eighth day from a culture sub-
jected to the Pasteur process, if periodically resown, under
ordinary conditions (in alkaline beef-broth at 35° to 37° C.),
retains permanently, for months and years, the grade of
diminished virulence that had been impressed upon the original
culture.

Several other methods have been suggested for attenuating
the anthrax bacillus, all of them possessing the advantage of
being more expeditious,? but all, save one, labour under the
disadvantage that the lowering of virulence produced is unstable,
and upon continued cultivation the successive growths vary
and are liable to regain the pathogenic property of the original
culture. The exception is Roux’s method,® in which, by the
addition of minute quantities of potassium bichromate or carbolie
acid to the culture medium, a race is, after a short time, developed
which has lost the power of spore-formation. According to the
duration of the action of either antiseptic, and the amount of

! Pasteur, Chamberland, and Roux, Comptes rendus, xcii., 1881,

? Bee Toussaint, Comples rendus, xei., 1880 ; Chauvean, Comptes rendus,
xevi, 1883, p. 678; and Wossnessensky, Comples rendus, xcviii., 1884,

p. 514
® Roux, Annales de I'Inst. Pasteur, iv., 1890, p. 1.
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either which is present, so are the daughter cultures of particular
degrees of virulence. These asporogenous races appear to retain
their characters indefinitely under normal bacteriological
conditions.

Here again it must be pointed out that “ permanent ’ races
are by no means necessarily attenuated races. Starting from
a culture of the Bacillus anthracis, so weak that only young
mice are affected, it is possible, by passage of the virus through
a series of animals whose resistance to the disease is in an ascend-
ing scale, to gain a series of races of gradually increasing virulence,
and as Malm has shown?! it is possible to pass beyond the
virulence of the type and obtain a race that will kill not only
sheep but the very refractory dog.?

Another example to the same effect may be gained from
Pasteur and Thullier’s researches into swine erysipelas (Rouget
des pores, or Rothlauf).® This fatal and most infectious
disease is cansed by a minute bacillus first isolated by Lofiler.
Rabbits also suceumb to the malady, but not so very readily.
It is found that passage through these latter animals causes the
virus steadily to augment in strength until a stage is reached
most fatal to rabbits, but cultures obtained at this stage induce
but a transient illness in pigs, which, consequently, can be in-
oculated or *‘ vaccinated ” against the disease. Here exaltation
of virulence for one animal and attenuation for the pig can be
produced by keeping cultures at 37° C. for a long period.

Equally instructive cases may be gleaned from researches
upon non-pathogenic micro-organisms. Let me take first the
Microbacillus prodigiosus. It was found by Wasserzug? that
the addition of antiseptics to the medium of culture, in quantities
sufficient to retard growth, led not only to the loss of colour
production, but also to accompanying remarkable changes in
form : some individuals become much elongated, others develop

! Malm, Annales de I Inst. Pasteur, iv., 1890, p. 520.
2 I may here call attention to a statement in Professor C. Frankel's

Bakterienkunde (edition of 1891, p. 177): “ Es ist . . . bisher noch nicht
gegluckt, eine dauernende Verstirkung der Bakterien, eine haltbare Zunahme
ihrer naturlichen Virulenz herbeizufuhren . . . auf Tiere . . . eine raschere

und andere Wirkungsweise an den Tag zu legen, als sonst an ihnen bemerkt
wurde.” While these statements, in face of French researches, were, to say the
least, already very debatable a year ago, they certainly now cannot be regarded
as other than quite incorrect.

* Pasteur and Thullier, Comples rendus, xevii.,, 1883, p. 1113,

' Wasserzug, dnnales de ' Insl. Pasteur, ii., 1888, p. 75.
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into actual spirilla. This polymorphism and its extent depend
(as I have already shown in the case of the Bacillus pyocyaneus)
upon the composition of the medium. Upon returning such
altered microbes back to the potato there is a gradual return to
the original state. Yet it is possible by slight modification of
this method to produce permanent races. Taking beef-broth
to which tartaric acid has been added, Wasserzug found that
when the culture was a day or two old there was a great develop-
ment of spirilla. Later, when through the production of tri-
methylamin the medium became alkaline, the spirilla ceased
to be developed ; there was a return to the coccus or shortened
bacillary form. If now he did not permit the production of
the alkaline trimethylamin, but made new acid growths before
the cultures were more than forty-eight hours old, he discovered
that the longer he persevered with his series of cultures the
longer the microbe took when grown upon potato to return to
the coceus form, until finally by such acid growth and subsequent
heating to 50° C. for a few minutes, all that he could obtain upon
sowing on potatoes was, not a micrococeus, but a long bacillus—
a permanent race of such.

Or let us return again to the Bacillus pyoeyaneus, which,
though pathogenic, may be discussed along with other chromo-
genic forms.

By placing his modifications, to which I have already referred,
under special conditions of heat, ete., Gessard found that he
could obtain permanent races upon ordinary beef-broth, one
giving the green fluorescent pigment alone, another the blue
pyocyanin, another colourless.! The same observer, studying
the bacillus of blue milk (Bacillus eyanogenus or syncyanus),
found that by passages through egg albumen he could obtain a
race giving a deep pigment (which becomes red with alkalies,
blue with acids), another race which is only fluorescent, gained
from cultures that are some months old, and a third colourless
race, this last either by taking extremely old cultures or by
warming a recent culture to a temperature which does not
cause death.

Similarly Laurent,? working with the Bacillus ruber from
Kiel (Bacillus rouge de Kiel), found that exposure of a growth
to bright sunlight for three hours gave colonies which with but

1 FLoc. cil. 2 Loc. cit.
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few exceptions were colourless, and though with further succes-
sive cultivations there was manifested a tendency for many of
the latter colonies to revert to type and develop red pigment,
yet by careful selection he was able to gain an absolutely de-
colourized race which remained colourless, that is, upon agar-
agar, and in broth at a temperature of 25° to 35° C., a temperature
and media at which and in which the original growth always
shows a strong reddish-violet tint. On potatoes at the same
temperature he was able to make thirty-two successive cultures
extending over a year, and in these not the least trace of colora-
tion ever appeared.

These facts, if alone they were all that we had to consider,
would fully justify the statement that it is possible to evolve
artificially species or subspecies of bacteria. But there are
other facts which must of necessity be taken into account before
we can arrive at any definite conclusion—faets which so far as
I know apply at present to micro-organisms alone, though every-
thing points to the belief that they are operative, and should be
considered, in discussing the development of new species and
subspecies, among higher organisms.

In cultivating the bacteria we are confronted with the fact
that successful culture necessitates the employment of special
media of growth. We have to sow the microbes in fluid or solid
substances, whose composition depends upon the mode of life
of the special form studied. And thus there is and can be no
common goil in which all forms propagate themselves with equal
facility. We are deprived of what I may term a common base.
We cannot, with certainty, say that such and such a form,
which we have separated out, is a distinet species, inasmuch as,
grown upon a common normal soil, it presents permanent char-
acteristics, The most that we can do is to approach, as near as
possible, to the formation of such a common soil. Thus for
many pathogenic and most other bacteria we find that slightly
alkaline beef-broth, and beef-broth that has been rendered solid
by the addition of gelatine or agar-agar, are media in which
growth occurs freely, and in which, certain elementary precau-
tions being taken, a given micro-organism retains its characters
for countless “ generations,” retains them so completely that
in the case of the majority of pathogenic microbes a series of
successive cultures, if made with due precautions and sufficient
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frequency, will yield microbes which will all produce typical
symptoms when inoculated into a series of rabbits, guinea-pigs,
or other animals, the microbes of the last of the series of succes-
sive cultures possessing the same degree of virulence as the
first of the series.

Where this is the case, are we justified in stating that the
species is permanent ? Upon first consideration one is inclined
to say that undoubtedly we are, yet further thought brings in
doubt, for this is far from being all. There is another and
remarkable order of appearances to be considered, which can
be exemplified from every case that I have given of the establish-
ment of permanent races.

Take, for instance, the races of anthrax bacilli produced by
Pasteur’s method. These, undoubtedly, when kept upon our
approximation to a common soil, namely, upon beef-broth,
preserve a well-defined permanency. But select any one of
these, and pass it through a series of animals of increasing re-
fractoriness to the disease, and there is evolved a race growing
equally well upon the beef-broth, whose virulence has been
greatly increased. Or take Gessard’s “ permanent” modifica-
tions of the Bacillus pyocyaneus and the Bacillus eyanogenus
respectively ; grow any of the former upon the rich culture
medium formed of agar-agar, glycerine, and peptone, and all
develop equally into a race producing large quantities of an
intense blue pigment ; grow any of the latter upon broth con-
taining 2 per cent of glucose, and all give rise to the specific
blue pigment of the typical bacillus. Again, take Laurent’s
colourless race of the “ Bacillus rouge de Kiel,” and place it
upon potatoes at a temperature of about 18° instead of 25°
to 35° C., and the coloured form reappears.

Or to epitomize. It is possible with bacteria to bring about
modifications which persist when a return is made to the ordinary
media of the bacteriologist (whether these be only our approxi-
mation to the normal—beef-broth, potatoes, etc.—or whether
they be the bodies of one or other species of animal, mice, sheep,
ete.), so that now cultivated upon these * ordinary ” media, the
modification preserves its characteristics, and remains markedly
different from the initial or type growth upon the same media.
And here we have a distinction between the races of bacteria
and the races of animals under domesticity, which, returned to



120 ON VARIABILITY AND ADAPTATION

the wild state, are said to revert to type. Now with the bacteria,
where such races have been developed, reversion to type may
still be brought about by a further process, namely, by a further
alteration of environment. I know of no case quite analogous
to this among the higher animals.

It is only within strictly limited conditions of environment
that the characteristics of the usual form or of a race can be
preserved ; overstep these limits, make certain alterations in
the environment, and type and race alike are liable to vary,
although the liability is perhaps the greater for the race to
approximate towards the type than for the type to produce
well-marked races. The only cases that I can call to mind
where this law apparently does not hold good are both of modifi-
cations of the anthrax bacillus. It is possible so to attenuate
the anthrax bacillus that a race is developed which is absolutely
non-pathogenic even for the most susceptible of small rodents,
and so far no efforts have succeeded in re-establishing the
virulence of such attenuated forms. Roux’s asporogenous race
also would seem thus far to remain asporogenous under all
conditions, although variations may be induced in its virulence.
Even these cases, however, will probably be found eventually
not to be exceptions to the rule.

For these reasons I have throughout spoken of types and
races rather than of species and subspecies or varieties, for by
employing the more uncommon terms in this connection I have
attempted to guard myself against appearing to hold that among
the bacteria there is anything beyond a relative permanency.
A study of the observations that have been made up to the
present time does not lead to the conclusion that new species
are readily developed ; all that it clearly indicates is that among
the bacteria our employment of this term * species ” must be
elastic—the limit to which the individual may depart from the
type (and from which it may again revert to type) is very far
removed. But granting freely that not one of the cases here
described records the development of a new species, this must at
least be admitted, namely, that the longer the action of any one
factor upon the bacterial growth, the longer the time requisite
to ensure a return to the typical condition ; the stronger the
impress left upon any individual microbe, the longer, again, the
time requisite to ensure a similar return. If, therefore, within
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the relatively short period of experiment changes so marked,
changes persisting through so many generations or cell multiplica-
tions, can be brought about, surely it is not difficult to comprehend
changes in the natural world whose action is sufficiently great
and is prolonged through a sufficiently long period to produce

races of even greater permanency, races which might be termed
new species.

On Naturan RAcEs

Now apart from these results of experiments we possess
already a series of data whose explanation is easiest on the
supposition that we are dealing, not with forms that are wholly
distinet and of separate origin, but with allied forms and natural
races. Perhaps the best example is one that has been extensively
discussed. Fehleisen’s Streptococcus erysipelatosus, the microbe
causing erysipelas, is, in microscopic appearance and in mode
of growth, indistinguishable from the streptococcus which can
be isolated from many boils and cases of abscess formation.
Yet certainly the two micro-organisms differ in pathogenicity,
differ in the symptoms they induce when isolated. Are we to
say that here we are dealing with two distinet species ? A few
years ago all bacteriologists answered this question in the affirma-
tive, but now most would reply in the negative, although some,
among whom may be included Crookshank,? still adhere to
the old view. The observations of Eugen Frinkel would seem to
indicate that truly we are dealing with what are only races.®
Frinkel obtained from a case of “ universal peritonitis ”’ a pure
growth of streptococcus. There could be here no question of
erysipelas. Taking some of a fifth culture of this, five months
after it had been isolated, he inoculated it into a rabbit’s ear
and produced an exquisite bullous erysipelas, with streptococei
in the lymphatics, identical with human erysipelas. The same
inoculated into the peritoneal cavity gave rise to a fibrinous or
fibrino-purulent peritonitis. From this it is evident that the
difference between erysipelas and pyaemia, in its various forms,
depends on mode, and locality, of infection and partly on the
quantity of virus, on the individual, and lastly, on differences

' Crookshank, International Congress of Hygiene and Demography,
August 1891.

* Eug. Frinkel, Centralbl. f. Bakteriologie, vi., 1889, p. 691.
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in the intensity of virulence of the races of streptococcus! It
is interesting to note how, in clinical practice, one observes this
conclusion borne out ; to observe the succession of cases passing
through ordinary erysipelas and acute lymphangitis,® bullous
and phlegmonous erysipelas, to acute pyaemia. Indeed, one
is driven to the same conclusion with reference to the Strepto-
coccus pyogenes that Levy arrived at after several years” work
at pyogenic micro-organisms in general.® Levy denies that
anything can be prognosed from the nature of a microbe causing
suppuration. “ The prognosis of the process whose origin is
referable to a micro-organism depends upon the virulence of
the same, and the degree of virulence of pyogenic micro-organisms
is subject to extraordinary change.”

It may be that similar changes in virulence will explain the
phenomena displayed in the case of swine erysipelas and mouse
septicaemia, cholera, and the Odessa fowl disease respectively.
The micro-organisms of the first pair of diseases are in appear-
ances, size, and method of growth scarce to be distinguished ;
but whereas the one form produces a fatal disease in pigs, the
other has no action whatsoever upon these animals; rabbits
also are susceptible to swine erysipelas, while they are said not
to be affected by mouse septicaemia. Still it is worthy of notice
that Loffler has occasionally obtained fatal results in rabbits
with inoculations of the bacillus of the latter disease, and that
the bacilli of both diseases show themselves peculiarly fatal to
white mice, producing similar effects. Quite recently, Lorenz4
has shown that pigs inoculated with cultures of the bacillus of
mouse septicaemia are protected against swine erysipelas, and
has described a third form, causing an eruptive disease in pigs,
which he terms ““ Backsteinbliattern.” The bacillus of this, in
mode of growth and properties, is intermediate between the
other two, and of these three any one, either virulent or properly
attenuated, confers immunity against the other two.

So again with the second pair of diseases. It is impossible

1 A paper by Behring (Centralblatt f. Bakteriol. xii., 1802, p. 192), just
published, confirms this view of the identity of the pathogenic streptococei,
and shows that an animal rendered immune to one of the various races
of these (vide Lingelsheim, Zeitschrift f. Hygiene, x., 1891, p. 331; gives
literature of subject) is now immune to all other pathogenic streptococei.

* Verneuil and Clado, Compies rendus, oviii., 1889, p. 714

3 Levy, Arch. f. exp. Pathol. und Pharmal. xxix., 1891, Parts L. and IT,
4 Lorenz, Archiv f. wiss. w. prakil. Tierheilkunde, xviii., 1892, p. 38.
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to distinguish with certainty a preparation of the Vibrio metch-
nikovi from one of Koch’s cholera spirillum, and the differences
in the mode of growth of the two are not greater than may be
determined between two cultures of the cholera spirillum of
different origin. Yet Vibrio metchnikovi is pathogenic for
pigeons and fowls and only affects guinea-pigs (which are sus-
ceptible to inoculations of the cholera spirillum) when inoculated
in relatively large quantities. According to Gamaleial injec-
tions of the Vibrio metchnikovi render guinea-pigs immune
to cholera. Pfeiffer denies this, though Gamaleia has reiterated
the statement,? and ascribes Pfeiffer’s failure to gain immunity
to the fact that he employed attenuated cultures. It must,
however, be admitted that Gamaleia’s statement still awaits
confirmation, and, for the present, it is better to look upon the
series of microbes which includes Koch’s spirillum of Asiatic
cholera, the Finkler-Prior spirillum of Cholera nostras, Deneke’s
3. tyrogenum, Miller’s spirillum obtained from the mouth, and
the Vibrio metchnikovi as a group of very closely allied species.

Similarly so high an authority as Professor Hueppe?3 would
class together into one group, as the bacteria of haemorrhagie
septicaemia, a large number of bacteria which microscopically
are indistinguishable, whose ends stain more deeply than the
central region, whose growth upon bacteriological media is
gimilar, and which, further, are identical in the appearance of
the individual colonies. C. Frinkel® would separate these into
two groups, one including the bacillus of ferret plague (Eberth
and Schimmelbusch), the bacillus of swine plague (Billings),
that of hog cholera (Salmon), that of Danish swine plague
(Selander), and the bacillus of the German * Schweinepest.”
All these are motile and ciliated. The other group contains
forms that are identical, or almost identical, namely, Lofiler’s
bacillus of chicken cholera, Schutz’s swine plague bacillus,
Cornil’s bacillus of duck cholera, Gafiky’s microbe of rabbit
septicaemia, and Kitt and Hueppe’s bacterium of * Wildseuche
(deer plague). All these only differ in regard to the animals
which they specially affect.

Here, too, I would mention a most interesting observation of

! Gamaleia, Annales de I'Inst. Pasteur, iii., 1889, p. 609.

2 Ibid. iv., 1890, p. 330.

* Hueppe, Berliner Elin. Wochenschrift, No. 9, 1800,

4 C. Frankel, Grundriss der Bakterienkunde, Berlin, 1891, p. 461.
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Hueppe and Cartwright Wood. These observers gained from
ordinary earth a harmless saprophytic bacillus, in appearance
and mode of growth resembling closely the Bacillus anthracis.
Inoculated into mice, which are of all animals the most sus-
ceptible to anthrax, pure growths of the earth bacillus induced
immunity against this very fatal disease.r

ON THE oBSERVED MobpirFicaTioNs oF PatHocENic MicroBES

There is, however, another perhaps more satisfactory way
of approaching this subject of the occurrence of natural races.
I refer to the actual differences in mode of growth and properties
that are to be distinguished in cultures obtained from diverse
typical cases of any given disease. This subject has not been
worked out so fully as it deserves, nevertheless certain very
interesting observations have been made. Thus the Talamon-
Frankel diplococcus of acute croupous pneumonia has been
studied by Banti.®? Banti describes four varieties of the species
Diplococeus lanceolatus capsulatus. No. 1is the typical form de-
scribed by Friinkel and Weichselbaum ; No. 2 is identical in form
and culture, but causes a “ diplococcus septicaemia ” in rabbits,
with small spleen and destruction of the red corpuscles; No. 3
is similarly identical, but produces a septicaemia with moderate
enlargement of spleen and diffusion of haemoglobin ; and No. 4
only differs from the rest in that its virulence outside the body
disappears even more rapidly than is the case with the other
forms ; it produces a mild septicaemia associated with albumin-
uria, and the animals all recover. All were obtained originally
from typical cases of pneumonia, and while in the years 1886,
1887, and 1890 the type form was alone gained from almost
every case of pneumonia—and these were of a benign nature—

! Hueppe and Wood, Lancet, December 7, 1889. [May it have been that
Hueppe and Wood’s harmless saprophytic bacillus obtained from earth was the
B. mycoides of Thiele and Embleton referred to in Chapter III. of Part I. 7]

* Banti, Lo Sperimeniale, xliv., 1890, pp. 349, 461, 573. An observation
of Nikiforofi’'s may be quoted in this connexion (Zeitschr. f. Hygiene, viii.,
1890, p. 531). From the lung of an influenza patient he obtained a microbe,
identical with the Diplococeus pnenmoniae in every respect save that it pre-
served its virnlence for longer periods and was fully virulent for mice, while
rabbits were completely refractory, whereas the true diplocoecus is virulent for
both mice and rabbits. [It is interesting that renewed study of the pneumo-
coceus has established the existence of four well-defined strains. ]
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in 1888 and 1889 the type No. 1 was never isolated, but the other
varieties were present, and the cases were severe.

Foa! has shown that by inoculation wvariation may be
induced in the diplococcus. If from a rabbit that has died of
inoculation pneumonia two rabbits be inoculated, one from
the [resh fibrinous pneumonic exudate, the other from the
cerebro-spinal fluid, it is found that the disease differs in the
two. The former shows inflammatory oedema of the skin, the
latter none. So, too, if the diplococcus be grown for twenty-
four hours anaerobically the latter type is produced and its
properties persist, although the original virulence and characters
may be restored by simultaneous inoculation of this form along
with the Staphylococcus pyogenes aureus and the proteus vul-
garis. These studies of Foa find their counterpart in Banti’s
researches into acute primary meningitis.2 From two cases of
this disease Banti isolated a diplococcus not to be distinguished
from that of Talamon-Frinkel, except that it rapidly lost its
virulence both inside and outside the body, so that when the
meningeal exudation was inoculated into a rabbit, and from
this a further series of passages was made, the sixth rabbit had
a mild non-fatal disease.

In the case of typhoid, Babes® has made a long series of
observations, and though he handles the subject with what for
him is extreme caution, it is difficult to arrive at any other con-
clusion than that the facts he represents can only be satisfactorily
accounted for on the assumption that, granting there be a specific
micro-organism for typhoid, and granting his results to be reliable,
this miero-organism is capable of modifications so definite that
many races are developed. Babes made numerous cultures
from twelve typhoid corpses, and while in nearly every case he
found the typical form, in every case he discovered also varieties.
In all he describes eighteen of these, all presenting some slight
differences. These were sufficiently permanent to permit him
to declare that he never saw one revert to the original form
(as determined by an original culture from Berlin), although in
many there was a tendency towards the loss of characteristies.

! Foh, International Medical Congress, Berlin, 1890 (Section of General
Pathology).

® Banti, Lo Sperimeniale, xliii., 1889, p. 138.

* V. Babes, Zeitschrift f. Hygiene, ix., 1890, p. 323.
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While acknowledging that these varieties, with rare exeeptions,
produce in small animals lesions similar to those due to the
typical bacillus, he concludes that they are not specific, and that
typical and atypical belong to a group possessing similar condi-
tions of existence. He notes also that the Bacillus coli communis
possesges many natural varieties. Despite this very cautious
conclusion, Gaffky (who with Eberth shares the honour of having
discovered the typhoid bacillus) criticised Babes severely, and
suggested that all his varieties were due to secondary ** Ein-
wanderung.”* To this Babes replied 2 by showing that if
so the varieties had wandered in during life, for his antopsies
were made upon the fresh corpse very few hours after death.
Surely rather than multiply species to the enormous extent that
these conclusions would demand it is simpler, as it is more
inherently probable, to hold these varieties to be races and of a
common origin : races, it may be, prpoduced by the peculiar
conditions of the contest between organism and microbe. At
the same time I am not prepared to go as far as Arloing,?®
who declares that the bacillus of typhoid ean be developed from
the Bacillus coli communis in the presence of fermenting faecal
mafter.

The subject of the bacillus of typhoid cannot be passed over
without mentioning also Cassédebat’s important paper.? The
relation of epidemics of enteric fever to the water supply has
been so clearly traced that all that was wanting to afford an
absolute proof of the relationship was the demonstration of the
presence of the specific bacillus in the suspected sources. And
this demonstration would seem to have been made by the methods
of Vincent, Rodet, Kitasato, Chantemesse and Widal, Thoinot,
and yet others. But Cassédebat, working at Marseilles where
enteric fever is almost endemic, states that in the water supply—
the Durance—he was unable to discover the typical bacillus,
although in its place he determined three forms all resembling
the bacillus of typhoid in their mode of growth upon potato

g (which is very characteristic), and in the form of the colonies

upon agar-agar plates, all equally polymorphous, and staining
with difficulty, all possessing the same movements of transla-
W1 Gaffky, Hygienische Rundschau, 1891, No. 12.
+ 2 V. Babes, Centralbl. f. Balkt. x., 1801, p. 281,

_® Arloing, International Congress of Hygiene and Demography, London, 1891.
* Cassédebat, Annales de I'Inst. Pasteur, iv., 1890, p. 625,



STRAINS OF PATHOGENIC BACTERIA 127

tion and oscillation, and giving much the same growths upon
puncture of gelatine, while in even so minute a characteristic
as the arrangement of the cilia Léffler's method showed no
difference between No. 1 and the type. (It is not stated how
the others appeared under this treatment.) But there were
differences of rate of growth on potatoes, in gelatine, potato-
juice-gelatine, and broth, differences also in the intensity of
colour of potato cultures, differences in the effect of the bacilli
upon media to which aniline dyes had been added, and the
result on inoculations, which were far from complete, show
that on the whole No. 1 wag less virulent for mice than in the
type Eberth-Gaffky bacillus. From these differences Cassédebat
concludes that he is dealing with pseudo-typhoid forms, and
that the results of the bacteriological examination of water must
be received with very great caution, if they are to be accepted
at all. I have already shown that the Eberth-Gafiky bacillus
is capable of very considerable modifications, is most susceptible
to change of medium, etc., and here, again, rather than accept
Cassédebat’s conclusions, I would hold that the more satisfactory
explanation of his facts is that he dealt with races—natural and
fairly permanent races—modifications of the type bacillus of
typhoid.

Turning now to cholera and its spirillum, it is already a
well-known fact—to which attention was, I believe, first called
by Zislein ! —that cultures of the spirillum derived from
- simultaneous epidemics in different localities present recognizable
differences—differences in tint, in rate of growth, in power of
liquefying gelatine, ete. So there are those who declare that from
- the appearance of a culture they can state its origin, whether from
Cairo or from Berlin, from Naples or Massowah, from Palermo
or Marseilles. It has, however, been left to Surgeon-Major
Cunningham to give the most remarkable example of these
differences.? At the beginning of 1890 three of the principal
hospitals in Calentta contained cases of cholera, not differing
from one another in symptoms or virulence, all giving abundance
of cultivable spirilla, but these not of one but of three * species.”
Later, other cases were observed, in all sixteen, and from these

1 Zaslein, Deuntsche med. Zeitung, ix., 1888, 7560 and 771.
® D. D. Cunningham, Scientific Memoirs by Medical Officers of the Army
of I'ndia, Part V1., 1891, p. 1.
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sixteen, ten ‘‘ species ” were obtained, @ to k. In only four of
the cases was the form present, even doubtfully, that described
by Koch (Cunningham, bacillus @). In some three different
comma bacilli were present at the same time.

The forms described by Cunningham may be divided into
two groups. The first contains only one which does not liquefy
gelatine, does not show interstitial growth in agar-agar, does
not develop “ cholera red ™ on the addition of acids, and morpho-
logically is distinguished by its large size and great variability
of form and curvature. This I feel inclined to consider as a
truly different species. The other group contains all the other
nine, which liquefy gelatine, are capable of interstitial growth,
give the “ cholera red ™ reaction, but all show fairly permanent
differences in the rate of liquefaction of gelatine. In six the
rate is distinetly rapid, in the rest it is slow. In one growth
upon potato is luxuriant, in others there is rare acclimatization
to this medium, in others, again, acclimatization has never shown
itself. Here, then, one working where cholera is endemic, and
one who is a most capable observer, who had been with Koch
when he studied the disease in India, is so affected by the general
view that species are constant and distinet, that the only con-
“clugion that he can draw from these facts is that *° whilst denying
that the primary cause of cholera is represented by any species
of intestinal schizomycete which has yet been discovered,”
it may be “ that those whose development is favoured by the
existence of the choleraic condition may exert an important
influence on the ultimate outcome of individual cases of the
disease.” If we accept the view that the spirillum is specific
I do not see any other conclusion from these observations than
that here is another well-marked instance of the production of
allied races.

Only within the last few days news has come from St. Peters-
burg that the spirillum obtained from patients affected in the
cholera epidemic now raging presents marked differences in
gize, etc., distinguishing it from Koch’s original form ; while
from the Institute Pasteur I hear that the microbe, isolated
from some of the doubtful cases in Paris, presented no greater
departure from type than is to be seen in many of the growths
obtained from indubitable cases of cholera. :

I might enter into the discussion of the relationship between



STRAINS OF PATHOGENIC BACTERIA 129

human, bovine, and avian tuberculosis, or again into the differ-
ences to be made out between the bacilli of pulmonary and
surgical tuberculosis (lupus, tuberculosis of bone and joints,
and scrofula), but though much has been done on these subjects
there is a want of well-confirmed results, and the subject is
still too chaotic for safe treatment. I will conclude this relation
of the occurrence of natural races with a reference to Roux and
Yersin’s remarkable and admirable work upon diphtheria.l
Apart from proving that the bacillus isolated by Loffler2
is specific, by showing that the sterilized medium of growth
inoculated into animals will induce the characteristic symptoms
of the dizease (including the slowly produced paralyses), these
observers made careful studies of the pathogenic qualities of
the microbe. They found that, according to their origin, some
cultures would kill guinea-pigs in twenty-four hours, some in
sixty, some in only three or four days, or even after a longer
interval, and they turned their attention to a form or forms
that had been described by Loffler as the Bacillus psendo-diph-
thericus. Loffler found this in the false membranes along with
the virulent micro-organism, and pointed out that it is practically
indistinguishable from this last, save that it has no toxic effect
upon animals. Hoffmann found it also in the pharyngeal
mucous membrane of cases of scarlatina and measles.? Its dis-
coverer considered it a separate species, and in this view most
observers joined, though Klein and Flugge admitted that it
was an attenuated form. The colonies on coagulated blood
serum are identical with those of the diphtherial bacillus ; like
that, it grows rapidly at a temperature of 33° to 35° C. ; micro-
scopically the two are the same, the staining reactions are
similar, and growth in alkaline beef-broth is characterized by
the same production of acidity followed by increasing alkalinity.
The differences are, that it is often shorter when grown on blood
gserum, that the cultures on bhroth are more abundant, and so
are those on agar-agar. It still grows at 20° to 22° (., a tem-
perature at which the virulent bacillus ceases to proliferate,
and the alterations in alkalinity and acidity of both cultures
proceed more rapidly.
! Roux and Yersin, Annales de U'Inst. Pasteur, iv., 1800, p. 385.

-* Loffler, Congress of Military Surgeons, Berlin, 1887 and Centralb. f.
Bakt. ii., 1587, p. 105,

" [‘I’hls form is now commonly referred to as * Hoffmann’s bacillus. ”]
K
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This form is very rare in malignant cases of diphtheria—it
is more abundant in benign, and becomes increasingly common
as severe diphtheria progresses towards cure. But, as I have
already indicated, it is to be discovered in non-diphtherial cases.
At the Hopital des Enfants Malades, Paris, from the pharyn-
geal mucous membrane of 45 children not affected with the
disease it was obtained in 15 cases, and of 59 healthy school
children at Caen, in a school where for long there had been no
diphtheria, no less than 26 gave growths of this form, though it
must be confessed that the colonies were few and far between.
Inoculation into guinea-pigs and rabbits never led to fatal
results, and yet differences were observable. Some guinea-pigs
manifested a very considerable oedema at the point of inocula-
tion, in others a slight ocedema was to be seen, others presented
no sign of even local disturbance. It is noteworthy that the
most marked oedema was developed where cultures were employed
whose origin was from cases of measles.

Oedema at the point of inoculation is one of the character-
istic lesions when virulent diphtheria bacilli are injected, and
Roux and Yersin found that if they attenuated virulent cultures
either by the action of air and high temperature, or, again, if
they preserved dried-up false membranes for five months in
a cool place and in the dark, they gained colonies, some of which
cansed no oedema, others a little, one alone caunsed marked
oedema. Such attenuated bacilli, like the Bacillus pseudo-
diphthericus, grew more abundantly at a lower temperature,
and, like this, also rendered broth more rapidly alkaline. In
fact, the only point distinguishing the two was that our observers
succeeded in intensifying the virulence of the attenuated form,
and failed to do this with the Pseudo-diphtherial bacillus. In
every other respect the proof appears conclusive that this Bacillus
pseudo-diphthericus is a natural race, or races, of the Bacillus
diphthericus, that it is no wise a separate species of independent
origin.

What is more, Roux and Yersin suggest an explanation of
the onset of diphtheria—of the natural intensification, that is,
of the virus in man. Just as they found that from a case of
measles presenting no sign of diphtheria proper they gained a
race of the Bacillus psendo-diphthericus, which exhibited distinet,
if slight, virulence, so have they noticed cases in which, through
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the access of an anginal attack, or of measles, diphtheria, which
was recovering, gained fresh malignancy and became rapidly
fatal.

There is another micro-organism frequently found in the
mouth and saliva of healthy persons, namely, the Talamon-
Frinkel diplococeus. May it not be that in both these cases
a natural intensification of the virus is brought about by catarrhal
and other affections of the upper respiratory and pharyngeal
mucous membrane, and that to such intensification, rather than
to the entry afresh of virulent micro-organisms, is to be ascribed
the onset of these diseases ?

I am well aware that in setting in order a series of facts and
observations upon deviations from the normal the tendency is
peculiarly strong to see in such deviations the normal, to see in
the normal the exceptional, and it may be that in the preceding
pages I have not dwelt with sufficient emphasis upon the fact
that employing well-recognized and standard methods the typical
forms of bacterial growth are easily and most usually to be
separated out from cases of disease. Still I shall feel that these
pages have not been written in vain if I succeed in drawing
increased attention to the fact that the bacteria are organisms
acutely susceptible to changes in environment, that as species
they are far from presenting constant characteristics, and that
to a variability which may impress itself upon a greater or less
number of generations is to be ascribed, in part, the differences
between successive epidemics, between the successive stages
of one epidemic, and between individual cases of disease.
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CHAPTER II

ON THEORIES OF INHERITANCE WITH SPECIAL REFERENCE TO THE
INHERITANCE OF ACQUIRED CONDITIONS IN MAN!

(1901)

QuesTroNs of inheritance at the present moment occupy acurious
position in the minds of medical men and in medical literature.
To judge from the medical press, we medical men are very Gallios
—we care for none of these things. And yet, in family, as in
consulting practice, questions concerning heredity must and do
continually present themselves. In attempting to arrive at a
conclusion about a given case, we are bound to ask ourselves how
far the frailties or follies of progenitors are responsible for the
conditions found—how far the accidents or the sins of the indi-
vidual. Each succeeding day you must have this question of
possible inherited defect brought before you ; constantly must
you be forced not merely to inquire whether certain phenomena
are matters of inheritance, but assuredly to recognize that this or
other condition runs through all the members of a family and is
an inherited weakness. And yet, although the lay reviews dis-
cuss the matter familiarly, and although perchance the charming
partner you takein to dinner does the same, we scarce write about
these things, save in connexion with one or two branches of
medicine, and when we do, I have no hesitation in stating, though
it is a bold statement, that much of what is written is misleading.

Even in my own subject of pathology, treating as it does
of the causes, the processes, and the results of disease, in the
discussion of which the laws of inheritance should obviously be

1 The first of a sevies of annual addresses under the auspices of the Brooklyn
Medical Club, delivered May 17, 1901. Reprinted from the New York Medical
Journal for June 1, 1901, and British Medical Journal.
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studied with care, if inheritance plays even a debatable part, turn
to any of the text-books in our language and what do we find ?
A single page, or it may be but a single paragraph, is thought
sufficient to introduce and to take leave of the subject. In short,
from a concatenation of circumstances the medical study of in-
heritance is largely “ taboo.” Why is this ?

It depends upon more than one factor. In the first place,
while, as I shall point out later, the study of man is singularly
well adapted for determining certain points in connexion with
inheritance, the fact that the generations of man follow each
other at such relatively long intervals is against man being for
most purposes a good subject for investigation. In the course of
a long life the investigator can but study the characters of three,
or it may be four, generations in one family, while influences
acting upon the susceptible foetus in utero in man, as in all mam-
malia, introduce complications. The basal facts of heredity have
to be made out in the lower animals, in which generations succeed
each other with fair rapidity, and in which the eggs are fertilized
and from the first developed outside the body.

Unfortunately, too few of us are trained biologists ; the curri-
culum of the past, as of the present, lays too little stress upon the
value of a broad biological training as an aid in preparing us to
discuss those special biological problems which constitute medical
study. As a consequence the medical world in general has to
depend upon the biologists proper—upon the zoologists and
botanists—for its views upon heredity, and the pure and simple
biologists have run riot in their lucubrations upon this subject.
Do not think that I mean to belittle them or to indicate that we
do not owe much to all the investigations and all the writings of
the biologists of the last twenty or thirty vears. The facts which
they have elicited have been of the highest value. Without
these facts we would be nowhere, but the contending theories
elaborated by them (perhaps I should be the last to make any
such criticism) have been fearful and wonderful, have started
from morphological rather than physiological conceptions, and
as a result have assumed shapes which would not disgrace the
schoolmen of the Middle Ages. While they have appeared to
collate and harmonize the facts known at a given moment, new
facts have caused them to need modification, and the successive
attempts to utilize the old bottles for the new wine, where they
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have not burst the bottles, have led them to assume most grotesque
shapes. In fact there has been developed such a muddle that no
amount of midnight oil and wet cloths bound around the temples
permit the ordinary mortal to disentangle and follow the course
of one theory.

This being the state of affairs, it is little wonder that we
have been unwilling to apply the theories of the biologists
to the problems of medicine, and this all the more because
the trend of these theories has been in apparently strong
opposition to medical experience. Of all the workers of late
years Weismann has had the most influence upon biological
thought, and his theory, if not accepted by all in its
entirety—and if, indeed, now found unacceptable,—has, never-
theless, profoundly affected the general consideration of this
subject of heredity. That theory is very complicated, and with
Weismann’s successive publications has not by any means become
easier to follow or epitomize in language devoid of technicalities.
Still, if not every schoolboy, at least every educated man is
supposed to comprehend the general tenor thereof and its main
thesis or conclusion, that acquired characters—characters ac-
quired by the individual—are not and cannot be transmitted to
the offspring. To use Weismann’s own expression, *“ We main-
tain that somatogenic characters (characters originating in the
cells and tissues of the body) are not transmitted, or rather, that
those who assert that they can be transmitted must furnish the
requisite proof. The somatogenic characters not only include
the eflects of mutilation, but the changes which follow from
increased or diminished performance of function, and those which
are directly due to nutrition and any of the external influences
which act upon the body. Among the blastogenic characters
(characters originating in connexion with the germ cells), we
include not only all the changes produced by natural selection
operating upon variations in the germ, but all other characters
which result from this latter cause.” ! In natural selection is to
be found the key of the phenomena of inheritance.

Now, up to a certain point, we as medical men are prepared
to accept this teaching. We know from experience that acquired
mutilations are not transmitted ; we acknowledge that no clear

1 Weismann, On Heredity. Authorized translation by Poulton, Schonland,
and Shipley, Oxford, 1889, p. 413.
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and satisfactory examples of the transmission of mutilations have
been brought forward. We can realize that the loss of an arm,
for example, has no direct influence upon the germ cells of the
individual, and that so these germ cells if fertilized will develop
into the complete individual. But there is another class of
phenomena specially interesting our profession which appears to
give a direct lie to Weismann’s thesis. And it is, I think, this
failure of the ruling theory to explain satisfactorily the pheno-
mena in question which has been the main factor in making us
as a profession not enthusiastic of late years to debate the
subject.

For, accepting the theory, we must be prepared to deny
wholesale the transmission of acquired defects of every order
and give ourselves over to a most serious form of fatalism.

If an individual is from the first feeble-minded, that is not
his parents’ fault ; it is due either to an unfortunate commingling
of the ids, or ancestral plasms, composing the promiscuous
ovum and spermatozoon from which he is derived, or to characters
which have come down to him from previous generations. If
he, being diseased, begets feeble-minded children, he is in no-
wise to blame—acquired characters are not transmitted. Either
those feeble-minded children are an accident—a spontaneous
variation ; or more probably they represent the summation of
characters inherited from long generations. If a man or a
woman becomes an aleoholic, it is not his or her fault, it is the
result of inherited tendencies; and if the children of the same
are of weak constitution or idiotic, again the parents are blame-
less : characters acquired by the parents are not transmitted,
the characters of the parents must have descended to them.
If a man is a criminal, again he is not to blame; criminality
is atavism, is a reversion to an earlier state, is an inheritance
of characters or features peculiar to primaeval man. We are,
so the popular translation of Weismann’s theory goes, the de-
scendants of criminals, or at least at a certain stage our ancestors
were of an imperfect and criminal type. And if criminality
appears in the family, with imperfect formation of head and
brain and low mental state, that is due to the fact that by the
fortuitous extrusion of certain ids from ovum or spermatozoon,
the ids of the criminal ancestors have preponderated in the
fertilized cell, and the result has been that the individual has
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developed possessing criminal features, However much a man
abuses his soma, or body, is of little moment ; the effect upon
the offspring is minimal.

I put this in strong language and baldly, and it may be
urged that I exaggerate the state of affairs. I do not think
I do. I believe that in making this statement I but give
expression to the general, if confused, ideas of the majority :
nay, more, that I state the received conception of what Weis-
mann’s theory means when applied to man and to abnormal
inheritance in man.

Now, if there is one conclusion to which we think experience
surely leads us as medical men, it is that the sins of the father do
tend to be visited upon the children even unto the thirdand fourth
generation. We think we see this demonstrated day after day.
But Weismann does not support this view. It is true that if we
study Weismann we find that he does not state this in so many
words; he admits! that the germ plasm is not absolutely
unchangeable, that the nutrition and growth of the individual
must exercise some influence upon its germ cells, *“ but in the
first place this influence must be extremely slight, and in the
second place it cannot act in the manner in which it is usually
assumed to take place.” Certainly he does not make it clear
that he believes in the distinet transmission of any order of
acquired characters.

Weismann’s Theory.—Weismann, I need scarce say, explains
inheritance along the following lines: the germ plasm, the
essential matter of the fertilized cell from which the individual
develops, must in the process of fertilization come to contain
portions of the germ plasm of both father and mother, brought
to it by the nuclear material of the ovum and spermatozoon
respectively, and the germ plasm of the father and mother
must contain portions of the germ plasms of paternal and
maternal grandfathers and grandmothers. And so, going back
through a long series of generations, it follows, according to him,
that representatives of the germ plasms of a long series of
ascendants, or progenitors, are contained in the nuclear material
of each ovum and spermatozoon. The constitution of a germ
cell therefore may be represented, for purposes of inheritance,

1 Weismann, On Heredity. Authorized translation by Poulton, Schénland,
and Shipley, Oxford, 1889, p. 170.
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as made up of a vast number of ancestral plasms, or *ids,”
derived from the long line of progenitors.

I need not here explain his most ingenious demonstration
of the means whereby at each successive act of fertilization a
certain number of these ancestral ids are discharged, so that the
ovum and spermatozoon each contains half the number originally
present, and so that the number of ids in the fertilized ovum is
kept constant. I need but point out, in passing, that by this
process of reduction the set of ids discharged from one germ
cell is by this theory held to be different from that discharged
from another germ cell of the same individual. And as the
1ds 1n two fertilized ova are not identical, as the same series of
ancestors do not contribute to the germ plasm of the two, so
it is that individual variation originates ; the ids varying, the
individuals controlled or developed by these ids tend to vary.
So it is by this fortuitous commingling that spontaneous varia-
tion is apt to show itself.

Further, it has to be noted that when the ovum undergoes
segmentation, and half of the nuclear material passes into one
cell, half into the other, according to Weismann a certain definite
series of these hypothetical ids passes into each cell, and accord-
ing to the series entering each of them, so (and not by any vara-
tion in environmental influence) are determined the eventual
characters of the tissues to which those daughter cells eventually
give rise. The germ cells of the new individual become differ-
entiated at a very early period, receive the full complement of
the ids, and so carry on the whole series of properties inherited
from the ancestors.

Difficulties in accepting this Theory.—This is a erude recapitula-
tion of the main points of Weismann’s theory. I have but
mentioned those portions which especially bear upon my argu-
ment. To explain atavism, or the reproduction of characters
in one generation which had not been recognizable in the previous
generation but had been present in some earlier generations,
you will see that the theory demands that some at least of these
ancestral ids should have remained unchanged through a long
period—it may be for centuries. For Darwin’s case! of the
return of features peculiar to the ancestral rock pigeon, brought
about by crossing barbs, spots, and fantails, is clearly a case of

! Darwin, Origin of Species, sixth edition, p. 18.
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atavism occurring after centuries of domestic breeding and loss
of the features in question. So in such a case of atavism we
must, in the terms of this theory, suppose that in the act of
fertilization there is & summation and preponderance of just
that series of unchanged ids which now in development lead to
the bringing into evidence of the atavistic ancestral features.
In other words, the theory demands that the ids must be singularly
stable in constitution—that they grow and multiply, but retain
the same structure.

But now Weismann has to admit that, under certain condi-
tions, the ids are modified in their structure. This admission
indeed is contained in the idea that the individual hypothetical
ids vary in their properties; and as, if we trace back these
ancestral ids to their common source, they must all originally
have been identical in structure, we conclude that at the same
time they are both stable and capable of change in constitution.
Here indeed is the crux of the theory. How are we to define
and realize for ourselves the limits of alteration ¢ Natural
selection cannot explain the alteration, unless we fall back upon
the far-away hypothesis of multitudinous separate acts of crea-
tion in the beginning of things—affording a large number of
distinet idioplasms,—and even this hypothesis does not work
out satisfactorily.

In the example already given of crossing of the old-estab-
lished breeds of barbs, fantails, and spots, we must imagine
that all the ids of each breed have been, in the germ cells of
successive generations, exposed to almost identical conditions,
and, as a consequence, modified along the same lines. Exposed
to the same influences in the course of many generations, it is
almost inevitable that all must become modified, for if there
were any large number of unaltered ancestral ids contained in
the germ cells it would inevitably occur that spots and atavistic
forms would frequently present themselves. But this does not
happen. Tach of these varieties of the pigeon breeds singularly
true. How, in short, are we to picture some of them passing
from germ cell to germ cell through all the long years in an
ancestral condition ? Put to this test, the theory breaks
down ; we cannot picture the necessary conditions. It is, in
short, an absurdity to regard the nucleus of the germ cell as
containing a colony of what are, to all intents and purposes,
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separate and independent individuals, some of which have for
centuries retained properties of one order, some properties of
another—to conceive the germ cell as a colony of individual
living beings, for this is what the theory demands.?

Driesch’s Demonstration of the Incompetency of the Theory.—
But it may be urged, what is the use of all this argument to
kill a theory already dead ? For dead it is, so far as regards
- the ids, and Weismann’s theory without the ids is like Shagpat
without the identical. The brilliant observations of Driesch,?
abundantly confirmed as they have been by others, foremost
among whom must be mentioned Professor E. B. Wilson?
of Columbia, and T. H. Morgan ¢ of Bryn Mawr, show that
the conception is untenable. If in a segmenting ovum we find
that normally each of the blastomeres or primitive segmenta-
tion cells gives rise to one special series of organs or tissues, but
if nevertheless the ovum of sundry animals can have its cells
shaken apart at the two-, four-, eight-, and even sixteen-cell
stage, and each separated cell can be found capable of develop-
ing into an entire if dwarfed individual, then obviously, each
time the nucleus segments there is no passage into the daughter
nuclei of particular series of ids destined to lead to the develop-
ment of one particular region of the body. Rather the varia-
tion in structure of the different tissues must be, to employ
Driesch’s words, “a function of their relative position ™ (ikre
prospective Bedeutung st eine Function des Ortes). The exist-
ence of these hypothetical ids is absolutely disproved. I dwell
upon this theory because here I want more especially to
discuss, on account of its importance from a medical point of
view, this matter of the inheritance or non-inheritance of acquired
characters. 1 hope that 1 have proved to you that the ground-
work upon which the negative view is based is of proved un-
soundness. The fact that a theory by which a position is sup-
ported falls through does not, it is true, afford proof that the
position is wrong, but when we find that the dictum of non-

1 For a fuller discussion of the weak points in the Weismann-Roux Theory,
regarded from an embryological aspect, vide Wilson, The Cell in Development
and Inheritance, New York, Macmillan, 1898, and Creswell Shearer, Monireal
Medical Journal, May 1901,

* Drieach, Zeitsch. f. wissenachafi, Zoologie, liii., 1892, and lv., 1893, and
Archiv f. Entwickelungsmechanik, 1900, p. 361 ; ibid. p. 411.

* E. B. Wilson, Journal of Morphology, viii., 1893, p. 579.

* T. H. Morgan, dnatom. Anzeiger, x., 1895, p. 19.
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transmission of acquired characters does not wholly accord
with medical experience, we may well ask : can we gain a con-
ception of the intimate nature of inheritance which is in accord
with that experience ?

Inheritance True and False.—My only regret is that, in
striving to gain that conception, I shall have to inflict upon
you yet another theory ; my only apology, that that theory does
appear to satisfy the conditions met with in man. First, how-
ever, it is necessary to lay down clearly what is not inheritance,
for in medical writings and in ordinary medical parlance a terrible
confusion prevails upon this point, and much that is certainly
not inherited is commonly spoken of as being hereditary. There
is, for example, no such thing as hereditary syphilis. There
is congenital syphilis, and there are, to employ Fournier’s term,
inherited * parasyphilitic ” lesions, but * hereditary ” and
“ congenital 7 are not and must not be regarded as interchange-
able terms.

The confusion is due to the common error of regarding the
individual as beginning his existence at the moment of birth
and not until then, so that everything occurring before that
moment is grouped in one category, everything after in another.
The chick, so to speak, is not a chick until it breaks open the
shell ; its status from the moment it ceases to be a new-laid
egg—or, more strictly, the egg of commerce—until it emerges
from the shell is not recognized in law, and fresh egg and chick
are commodities of wholly different orders. But the individual
existence of the chicken has already begun even before the egg
1s laid, and what is true of the chick is equally true of the human
being. The individual begins the moment that fecundation is
accomplished, the moment that nuclear material of the sperma-
tozoon fuses with the nuclear material of the ovum and these
twain become one. Compared with the event, birth is seen to
be of secondary importance, for the intra-uterine association of
the embryo with the maternal tissues is but one means employed
by a restricted number of species to ensure the satisfactory
nourishment of the individual during the earlier stages of develop-
ment. The recognition of these facts is essential for any serious
study of the problems of human inheritance. Any disturbance
due to influences affecting the individual from without while
in ulero is acquired. It certainly must not be spoken of as
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inherited ; it is an ante-natal acquirement or is of congenital
origin. That alone is inherited which is the property of the
individual at the moment he becomes an individual, which is
a property of the germ plasms from which he originates, or is
produced by the interaction of those germ plasms. The biologist
has no alternative but to define inheritance according to the
principle here laid down, nor have we, dealing with a limited
field of biology, the right to modify terms in general scientific
use for our own convenience.

Now, when we find that syphilis or tuberculosis acquired
in ufero during the later months is peculiarly severe and wide-
spread in its manifestation, it is wholly unjustifiable to premise
that the microbic germs of one or other disease could be present
in either the conjugating ovum or the spermatozoon, could pass
into one or other of the blastomeres, in a latent condition, doing
no harm to the developing ovum. The ovum would surely be
destroyed or at the least be monstrous. Could it conceivably be
present, it is more than debatable whether we could regard
such a fortuitous inclusion as a part and portion of the germ
plasm, and so a strict inheritance. However, I have already,
at the Academy of Medicine in New York, dwelt upon this
subject.! Suffice it to say that tuberculosis or syphilis of the
new-born must from every valid consideration be an acquired
congenital condition, not an inheritance. And, let me repeat,
only that which is derived from the parental germ plasms is
truly inherited.

It is to the germ plasm, the active matter in the germinal
cells, and to the properties of that germ plasm, that we must
turn in order to gain our basis for any sound theory for inherit-
ance. Weismann has done yeoman’s service in emphasizing this
fact. This germ plasm it is which conveys living matter from
generation to generation.

Growth and its FEssenticl Nature—Now, whatever life is,
the fundamental phenomenon or possession of living matter is
the performance of work coupled with growth—the capacity
manifested by that living matter to assimilate non-living matter
of certain orders, to absorb it, to endow it with like properties,
to convert it into matter like unto itself, into additional living

! Adami, * Byphilis and the Liver,”” New York Medical Journal, April 22,
1899,
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matter. In other words, difficult as it is to conceive or picture
to oneself the details of the process, growth is essentially a process
of conversion, a chemical process,and any adequate theory bearing
on the phenomena of growth must primarily be along chemical lines,
We are ignorant of what it is in the structure of living matter
that gives it those properties ; we are, if possible, more ignorant
of the physics of the process of growth, of the nature of the
force which, acting upon or inherent in the constitution of living
matter, leads to this continuous process of assimilation and
conversion, and in our ignorance we are unable to separate the
chemistry and the physics of the process; we must, that is,
regard growth as a property of living matter. We must also for
present purposes speak of the matter which is essential to and
directly concerned in the activity of any one species or individual
as a single substance which, following Négeli, we can refer to
as ““ idioplasm,” and our conception of the individual or of the
separate cell units forming that individual must be that in each
we have to deal with two constituents, the ¢dioplasm, or essential
and directive living matter, and the eyfoplasm, which is in the
strictest sense non-living or certainly unable to exhibit the whole
series of vital properties apart from the idioplasm, and which
consists of various formed elements developed and influenced
by the controlling idioplasm, intimately connected therewith, it is
true, but at the same time not an essential part of the same—
the cytoplasm varying in its composition and nature under
varying conditions which affect the idioplasm, the idioplasm
under all conditions retaining certain cardinal properties.

That the constitution of the idioplasm is not absolutely but
only relatively constant has also to be assumed. We are bound
to recognize that it is capable of undergoing modifications
within certain limits without loss of its cardinal properties,
and this from the following reasons: Admitting, as we must,
that the highest forms of animal and vegetable life have been
evolved from the very simplest, that there has been an unbroken
line of development of living forms from the simplest unicellular
to the most complex multicellular ; admitting also that in every
act of reproduction, however simple or however complicated,
the direct conveyance of the living matter of the parent into
the offspring is to be demonstrated, that, in other words, the
idioplasm of the primal living being has been continued on to
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successive and progressive generations; then we must admit
that the idioplasm of the highest forms, judging from its powers
of controlling and directing the development of the highly
complicated organism, is something very much more complex
than the idioplasm of the unicellular organisms; that in the
course of evolution this has undergone successive accretions of
properties, and this aceretion of properties is the manifestation
and accompaniment of increasing complexity of constitution
of that idioplasm.

This idioplasm must be capable of modification, either by
its environment or under the action of some law of progressive
modification. The fact that there exist to-day forms of life
practically identical in the main details of structure with those
of remote geological ages is against the latter view; we must
hold that environment determines changes in the constitution
of the idioplasm,

Chemical Theories of Inheritance : the Isomeric Theory.—It
must now be asked : Can we imagine a chemical substance so
constituted as to be capable of modification in its molecular
constitution, and so, in sundry of its properties, without under-
going complete change, without other properties being lost ?

We can. 1If, as Professor Walker of McGill points out to me,
such relatively simple bodies as lactic and malic acids are capable
of existing in more than one form—as laevogyrous and dextrogy-
rous and optically inactive modifications—and thiswithno obvious
alterations in their chemical properties (though physically they
show different actions upon polarized light, and physiologically
we find that certain bacteria can act upon one and not the other
form), then, certainly, the much more complex proteid material,
which would seem surely to be the basis of the idioplasm, may
present a very great number of molecular arrangements, and
each of these may be accompanied by slight differences in certain
physical and physiological properties.

Certain recent observations have rendered this additionally
probable. By our present method of conceiving and visualizing
the structure of chemical substances, we regard the carbon
atom in the molecule as being situated at the centre of the
tetrahedron and as capable of linking four other atoms or groups
one to each of the corners or apices of the tetrahedron. A sub-
stance like malic acid having a single central carbon atom may,
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therefore, be built up in three ways, with the linked groups
arranged in one relationship to each other, or in the reversed
relationship, or the substance may be a combination of the
two. These are all the forms we can picture as existing
according to this system. But now a fourth form of malic
acid has been found which is more dextrogyrous in the
polariscope than is ordinary dextrogyrous malic acid. And
the salts of this new form of malic acid show slight but distinct
variations, in solubility, etc., from the ordinary malates. If
this is so, there may yet be further molecular modifications of
such a relatively simple substance as malic acid, and ¢ fortiors
idioplasm (with its multitudinous ecarbon atoms) may be capable
of an enormous number of modifications.

The Side-Chain Theory of Inheritance.—The mode of the
atomic arrangement in the idioplasmic molecule may therefore,
in part, explain the variation in the properties of that idioplasm
seen throughout the animal and vegetable kingdoms. I say
in part, for if we assume that the structure of the individual is
primarily the outcome of the structure and properties of the
idioplasm, then for each different form of living being, nay, for
each individual being, we have to assume a different molecular
structure of the idioplasm. Or, otherwise, we have to assume
that the modifications of this idioplasm are infinite in number.
This, it seems to me, asks too much. The matter cannot be
quite go simple. Each molecular modification may play some
part, it is true, but our conception of the structure and modifica-
tion undergone by the idioplasm must be more elaborate. We
must, I think, formulate a theory of structure somewhat akin
to that laid down by Ehrlich® in his now well-known theory
of the nature of immunity. We can picture to ourselves the
primitive idioplasm as composed of a mass of material each
molecule of which is formed of a central ring, to which there
can be attached side-chains, and from which sundry side-chains
can be detached without the central ring being destroyed.

This conception, which upon first encounter appears revolu-
tionary and opposed to our ordinary chemical ideas, is, after a
little deliberation, recognized as being but a statement, in
chemical terminology, of what has been for long years the
accepted physiological conception of the nature of protoplasm.

! Vide Plimmer, Journal of Pathology, v., 1898, p. 489,



THE SIDE-CHAIN THEORY 145

It is, if I may so express it, the fundamental—the essential—
conception of the constitution of living matter; it follows
logically and inevitably the postulate of assimilation and growth.
Whether we agree, with the majority, to distinguish between
the idioplasm and the cytoplasm of the cell, or prefer to speak
simply of protoplasm, it must, I think, be recognized by all that
we are bound to assume—for the process of assimilation and,
again, in order to explain the variation in structure and pro-
perties of the various cells of the organism—that there is a
central basal substance to which become linked more or less
permanently, or more or less temporarily, those other secondary
substances, which, not in themselves protoplasm, modify the
constitution of the protoplasm as a whole. And these secondary
substances, we see, are necessary for the full manifestation of
the properties of that protoplasm. This conception is, I acknow-
ledge, difficult to harmonize with the prevalent elementary
conceptions of chemical action and chemical constitution ; but
it is, nevertheless, essential for the physiologist and unavoidable.
What is more (for I do not pretend to be a chemist), I learn that
it is not opposed to the more recent deductions of the chemists
concerning the nature and properties of the more complex
carbon derivatives. In other words, it is by no means heterodox
from an advanced chemical standpoint.

Acecepting this view, it is not necessary to regard the mole-
cules of idioplasm as at all times presenting their completed
structure, with every side-chain attached. On the contrary,
we are free to conceive the molecules being laid down and being
transmitted in a relatively simple form, some of the side-chains
only becoming attached when the molecules are brought into
certain particular relationships with their surroundings. It is
not necessary, for example, to hold that already in the ovum
there is idioplasm identical in structure with that eventually
present in the muscle fibres or nerve-cells developed from that
ovum. Rather we must hold that in the ovam there i1s one
common idioplasm of simple type, to which, when distributed
in the various cells derived from that ovum, different side-chains
become attached, according to the relationships assumed by
those cells, so that the cells of different orders are controlled
and formed around protoplasmic or idioplasmic molecules com-
posed of those central rings plus varying series of side-chains.

L
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Indeed, I am prepared to go further and to state that the idio-
plasm possessing its full complement of side-chains must be
regarded as ipso facto incapable of initiating cell multiplication.,

I base this statement upon the fact, to which I have more
than once called attention during the last few months,! that
it is only cells which are undifferentiated, or which have reverted
to a simpler, less differentiated form, that are found to undergo
division. Highly differentiated cells never multiply as such.

Inheritance in Unicellular Forms.—1If the primitive uni-
cellular individual formed by this controlling idioplasm divides
into two to form two individuals, each half will contain a portion
of the idioplasm, and if the circumstances affecting the mole-
cules of the new generation are the same as thoze affecting the
parent forms, then this idioplasm will continue to assimilate
to itself non-living matter and to endow it with its constitution
and properties, and the individuals controlled by this idioplasm
will correspond to the parent form and to each other.

But if the circumstances affecting the filial idioplasm vary
from those affecting the parental, then these more unstable and
loosely connected side-chains will be the first to be influenced.
The very act of assimilation (the surrounding medium varying
in itz composition) may lead to the substitution of other side-
chains, to slight variation in the composition of the idioplasm.
And the cell or individual developed or controlled by the idio-
plasm will therefore vary from the parent form, while the pro-
ducts of division of this second generation, containing as they
do this modified idioplasm, will exhibit like structural modifica-
tions. Here we have the simplest example of the inheritance of
acquired characters.

There is, however, yet another property which we have to
assume. It may be laid down as one of the great laws of biology
that characters which are of the most recent acquirement are
those which are most unstable, and are first lost ; those which
are oldest are the last to disappear. In man, for example, the
first signs of generalized systemic weakness and imperfect
development show themselves in connexion with those pro-
perties which differentiate man from the animals most nearly
allied, namely, in weakness and arrest of the higher functions

! Bee the chapters ““ On Growth and Overgrowth” and “On the Causation
of Cancerous and other New Growths'? in Part I11. of this volume.
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of the nervous system, or, again, in susceptibility to certain
specific diseases which are peculiarly apt to affect man, relative
immunity toward which on the part of the healthy individual
must be regarded as a comparatively recent acquirement. As
my old teacher, James Ross, of Manchester, was the first, I
believe, to point out, when there is progressive atrophy of the
cells in the cortex of the brain the first motor cells to show signs
of that atrophy are those governing the museles which differentiate
man from other animals, namely, the opponentes muscles of
the hand.

Hence it has to be laid down that the attachment of these
side-chains, which are recently acquired, is relatively unstable,
that such recent side-chains are most easily detached, so that
the idioplasm, and the organism developed around that idioplasm,
are prone to return to their former condition or lose characters
gained by recent progenitors. The more side-chains become
attached, the more complicated the structure, the more unstable
the equilibrium ; hence the greater the liability to revert. As
Professor Walker points out to me, parallel conditions are to
be recognized in organic chemistry. The old-established view
of the existence of “radicles” to a large extent admits this
principle ; certain central atomic groups in a compound are
seen to be more fixed and not to undergo change when the
attached groups are removed and replaced. Still more closely
allied is what has been observed in connexion, for example,
with aniline. The composition of this is C;H NH,. Here the
H atoms of the NH, group can be replaced by other groups,
by methyl (CH.) and ethyl (C,H,) groups, etc., and it is found
that under certain conditions, in carrying out a series of these
replacements, the last group attached i1s the first to be split off
and replaced.

We see this principle in action in the lowest forms of life.
Contrary to what Weismann has laid down regarding partheno-
genesis and asexual reproduction, it is comparatively easy to
impress new characters upon the bacteria. By subjecting a
growth of pigment-producing bacteria to the action of a tem-
perature just below that which will cause their death, we can
bring about a loss of pigment production, so that the rapidly
succeeding generations are perfectly colourless, but gradually in
the course of time the cultures made from the original (heated)
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tube regain the power of pigment production. This may be
in two or three days, or, again, only after several transplantations
at the end of two or three weeks ; and when we remember that a
bacillus divides and so forms a new generation in, on the average,
something considerably less than an hour, it is seen that the
acquired character may be impressed upon the race for some
hundreds of generations.! The more intense the alteration
to which the bacillus is subjected, the longer and the more
frequently the race is subjected to the altered temperature
conditions, the longer it is before there is a sign of return to the
normal. Translated into the terms of this theory, heat leads
the idioplasm to have certain side-chains, either modified or lost,
and this modification or loss i1s inherited ; but return to the
normal environment leads the modified idioplasm in the process
of growth and metabolism eventually to assume side-chains of
the same composition, the conditions of growth being similar to
those under which the species originally acquired the side-chain.
Yet another solution, though it is one which I do not favour,
is that not all of the molecules of the idioplasm undergo modifica-
tion ; a minority retain their original constitution and, under
favourable conditions, gradually come to preponderate.

Sexual Conjugation and Inkeritance—How, next, does this
theory bear upon sexual conjugation and its effects, for this is
also met with in many unicellular organisms ? I shall not take
up the explanation of the development of male and female
characteristics ; this is too large a subject, but I would discuss
how fusion of the idioplasm of two individuals affects inheritance.
In that fusion we have a mixture of the two idioplasms, and,
as already pointed out, these idioplasms, a result of the varying
influences which have acted upon them, tend to vary in certain
particulars in their constitution. This fusion must be either a
mere admixture, so many molecules of one idioplasm becoming
admixed with so many molecules of the other, or a true chemical
combination. If we presuppose a mere mixture, we are led
along the lines of Weismann's theory and have to regard the
idioplasm of the individuals of one generation as being composed
of idioplasmic molecules or ids which have been passed down from
the long line of previous generations. I have already pointed
out the difficulties in which we find ourselves if we accept this

! SBee the preceding chapter upon the Variability of the Bacteria.
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view. The other view largely, if not entirely, removes these diffi-
culties, nor does it introduce any fresh crop of serious difficulties.

We may regard, then, the idioplasms from the two parent
forms as undergoing a true chemical combination,! the resultant
idioplasm of the new generation being in truth a new idioplasm
not possessing the identical properties of that of either parent,
but being intermediate, tending in its characters and constitution
toward the constitution of either one or the other according, it
may be, to the number or chemical activity of the molecules of
one or other parent entering into combination. Weismann
supports his view by pointing out that for a certain period
the maternal and paternal materials in the chromosomes of the
daughter nuclei remain distinct, and reaches the bold and
utterly unsupported conclusion that when the chromosomes fuse
to form the irregular network pervading the nucleus, their
constituents nevertheless remain distinet and sharply separable
from those of the other chromosomes. But we have no evidence,
in the first place, that the chromosomes alone contain the idio-
plasm, that chromatin and idioplasm are identical. Everything
points to the fact that the idioplasm is contained in the
nucleus, but we cannot with certainty advance further. It
may be that the chromatin is but the cystoplasmie framework,
the mechanism, as it were, by which the idioplasm is distributed.

If the germ cells of both parents possess certain loosely
attached or unstable side-chains of more recent acquirement,
which are of like nature, there is no sufficient reason why the
protoplasm of the offspring should not also possess them. We
can thus realize how it is that abnormal features present in both
parents may be equally or more prominent in the offspring.
But in general we must recognize that, the parents varying in
different directions, the tendency of conjugation is to preserve
the mean, to bring about an approach to uniformity in the
constitution of the idioplasm of successive generations of one
species exposed to like influences.

I need scarcely say that in these higher unicellular organisms
which present conjugation the cell already presents a nucleus,
and that everything indicates that this nucleus is the controlling

L [Tt will be recalled from what was said in Part I. that I no longer accept

this hypothesis of chemical combination. For some years I have replaced it
by that of interchange of side-chains.]
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and directive body in the cell—that it is the nuclei which undergo
conjugation—and that, in short, we have to recognize that the
idioplasm of the individual is contained in the nucleus. It is
by no means necessary to conceive that the whole of the nuclear
material is idioplasm, or that the whole of the idioplasm enters
into chemical combination with the molecules derived from
the conjugating germ cell, molecule for molecule. I mention
this in passing to indicate that it is not necessary to assume
that when polar bodies are extruded, the material forming them
is identical with the idioplasm of the remaining nuclear material.
The difficulties in explaining polar bodies and the reduction of
the nuclear substance are no greater by this than by Weismann’s
theory. The exigencies of time demand that I should not enter
in detail into the consideration of these subjects. Rather I
must give the broad outlines of the theory and pass on to consider
inheritance in multicellular organisms.

Inheritance in Multicellular Forms. — Every multicellular
organism arises from a single cell, the fertilized ovum, itself in
all sexually produced forms the result of fusion of a male and
female cell, of the ovum and spermatozoon. Studying the
method whereby this one cell gives rise to the adult multi-
cellular organism, we see that by successive acts of division this
one cell gives rise to all the cells of the body. In the course of
this process its nucleus divides and redivides, and this in such
a way that at each division like portions of the nuclear material
pass into each daughter cell. This regular distribution of nuclear
material affords a sound ground for believing that there is an
equally regular and uniform distribution of idioplasm into each
cel. Now I have already pointed out the value of Driesch’s
observations in overthrowing Weismann’s contention that there
must be a qualitative difference in the idioplasm distributed to
the daughter cells. We have absolutely no ground for believing
in any such qualitative difference ; on the other hand, it is a
legitimate inference that the idioplasm is modified by its environ-
ment. To take the simplest example—a multicellular organism
composed of a spherical mass of cells. Those cells which come
to form the peripheral layer of the individual are subjected to
a series of reactions quite different from the series telling upon
the centrally situated cells, and it requires no stretch of the
imagmation to predict that in the process of assimilation and
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growth on the part of the idioplasm of these outer cells, that
idioplasm tends to be altered in its constitution as compared
with the idioplasm of the centrally situated cells. So that the
results of division of the peripheral cells, if retained in the same
environment, will tend to produce the characters impressed
upon the parent cells, and, if this subjection to the special set
of conditions is continued and impressed upon this order of cells
for a sufficiently long period or with sufficient intensity, even
when pressed or passing into other environment, the cell genera-
tions will retain these modified conditions, and, for example,
cells of mesoblastic origin will tend to maintain characters
different from those derived from epiblast, and this whatever
the ultimate position of the cells in question.

In fact, as a first law, we may lay down with Driesch that
the structure of the cells in a multicellular organism is a function
of their position, and this because the position of the cell deter-
mines the modification undergone by its idioplasm. As a second
law we may lay down that the greater the change impressed
upon the idioplasm of these cells, and the longer that idioplasm
is subjected to the conditions inducing this change, the more
permanently will the daughter cells exhibit the peculiar altera-
tion in the idioplasm, with consequent modified structure wher-
ever they find themselves in the economy. We have, in short,
to recognize that two orders of forces determine the structure
of every cell in the body: (1) the previous influences acting
upon its idioplasm and causing it to be of a particular chemical
constitution ; and (2) the position in which the cell finds itself,
and the forces acting momentarily and immediately upon its
idioplasm. Or, briefly, these two series of forces are inheritance
and environment, and inheritance and environment determine
the constitution of the idioplasm and the structure of the cells.

1 To the worker in bacteriology the hesitancy on the part of biologists to
accept environment as a most important factor in originating wvariation is
almost incomprehensible. Nothing is more remarkable in the study of the
lowest unicellular forms of life than this effect of environment in bringing
about changes in character, changes which not only tell upon a limited series
of generations (as I have already pointed out) but are permanent in their
nature. By no means save altered environment could Hansen (Compie rendu
des travaur du laboraloire de Carlsberg, v., 1900, 1; Abstr. in Ctbl. f. Balt.
2te Abt. vii., 1901, 199), taking isclated yeast cells or * spores * (100 per cent
of which, when cultivated under ordinary conditions, gave rise to spore-bearing

forms) and subjecting these to the highest temperature at which growth could
still occur, obtain a race or variety of yeast which now, after twelve years,
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Following this line of thought, we can understand how it
comes to pass that the body cells and the germ cells in the
higher and more complex organisms become so sharply divided,
how it is that the body cells are no longer able to reproduce the
whole organism. Their idioplasm has become altered in certain
directions to such an extent that it is able, under favourable
conditions, to divide and reproduce cells of like nature, but the
very extent of the modification it has undergone has taken from
it that constitution or structure which is necessary to allow it
to reproduce each and every order of cells which together form
the individual. The germ cells, on the contrary, as a function
of their position in the organism, undergo no such extensive
changes in constitution, their idioplasm as it grows and is dis-
tributed into the successive germ cells retains its fundamental
constitution with but little alteration, and when these germ
cells are discharged they and their idioplasm, brought into like
relationships to those affecting the parent germ cells, undergo
the like series of developmental changes, and reproduce the
whole series of cells, tissues, and organs characteristic of the
species to which they belong.

In the terms of this theory, therefore, inheritance essentially
depends upon the chemical constitution of the idioplasm or the
life-bearing or biophoric protoplasm of the germ cells, not upon
the number of the separate ids or biophores or ancestral plasms
or pangenes contained in the idioplasm ; and variation, whether
slight and individual, or extensive and leading to the production
of species, is ultimately the expression of modification in the
constitution of that idioplasm brought about by environment.
Whereas Weismann’s theory lays stress upon relative fixity in
the constitution of the idioplasm, this theory admits freely the
mp&mt}r for change in structure of the same. So long as the

ha.a continued to grow under ordinary condifions without once developing
spores. By no means save altered environment is it possible to explain
Vincent’s conversion of the absolutely harmless potato bacillus or, again, the
Bacillus megatherium (by long-continued sojourn within closed collodion
capsulesin the peritoneal cavity of animals) into forms profoundly pathogenie,
and fatal to rabbits, mice, and guinea-pigs in the course of a few hours (Ann.
de I Inst. Pasteur, xii., 1808, 785).

The argunment that phenomena observed in unicellular organisms cannot
be applied to multicellular organisms is, to say the least, a severely strained
argument. The extent to which environment acts as a factor may, it is true,
be diminished in the latter, but surely it cannot be regarded as being eliminated
and rendered negligible.
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surrounding conditions are unaltered the idioplasm is unchanged ;
alter these conditions and the idioplasm is liable to variation in
constitution.

Atavism.—Lastly, in regard to atavism and reversionary
degeneration of the cells of the individual, this conception of
the idioplasm with attached side-chains, which are more firmly
or more loosely attached, affords a perfectly adequate explana-
tion. The more advanced the organism, the greater number of
these attached side-chains; the more recent the attachment of
a side-chain, the more unstable that attachment. As a conse-
quence, any profound disturbance will, according to its intensity,
tend to cause the loosening and removal of the more unstable
side-chains, in general in the order of their stability of attach-
ment. And as the structure of the individual and of the
individual cells is the expression of the constitution of the
idioplasm, of the germinal idioplasm, and of the idioplasm of the
individual cells, so according to the intensity of the disturbance
will there be greater or less reversion to an earlier stage in the
developmental history.

Let us now apply this theory to those special problems
which I have referred to as being of peculiar interest to us as
medical men. Can acquired defects be transmitted? In
seeking to answer this question, at least three orders of pheno-
mena have to be recognized and distinguished. These are :—

1. The Non-Inheritance of Acquired Mutilations.—To these
I have already referred. We cannot conceive of the direct
transmission of identical lesions of this order from parent to
offspring. At most we can conceive of the possibility of indirect
effect where the mutilation i1s extensive or affects organs playing
an important part in general nutrition. If there is impoverished
general nutrition we can understand that this can affect the
germ cells along with the other cells of the organism, that the
lack of due assimilation or the excess of sundry internal secretions
which, in consequence of lowered general metabolism, have been
imperfectly neutralized, by telling upon the blood and lymph,
may lead to modification of the idioplasm of those germ cells,
with the possible resultant imperfections in the growth of the
fertilized germ, everything depending here upon the combination
of the modified germ plasm of the mutilated individual with
that of the other parent. If the number of molecules of this
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other idioplasm or the constitution of the same is adequate to
counteract the loss of side-chains in the idioplasm of the mutilated
individual, there may be no recognizable effect. Or, on the other
hand, the effect upon this latter idioplasm may be so serious
as to lead to inherited defects in the offspring. But clearly
these defects will be of a different order and a more generalized
type; they will not be identical with the mutilation. There
will be no direct transmission of acquired defects of this nature.
2. The Indirect Transmission of Aecquired Diathesis.—With
reference to diathesis, this also may be laid down, that acquired
disease, and the effects caused by disease, cannot in general
be transmitted in such a way that the offspring presents lesions
identical with those produced in the parent, thongh it has to be
recognized that there is the possibility of modification in that
offspring due to the parental diseaze. There is the possibility
of a certain amount of transmission, not of the identical local
lesion caused by the disease in the parent, but of a modified or
impaired condition of the germ plasm. We must recognize
that constitutional disease, by leading to disturbance in the
activity of important organs, tells not only directly upon these
organs, but secondarily upon other organs. It leads, for example,
to an altered condition of the blood, and so to altered nutrition
of all the cells of the body. Among other cells, the germ cells
may be directly affected, their idioplasm modified, and the off-
spring directly influenced. Conditions affecting the parents
are capable of influencing and modifying the descendants. It
i3 this which is forcibly brought home to us in our medical work.
It 1s changes of this order which are almost inevitably neglected
by morphologists, for they are not within their ken. The
changes brought about in the tissues by what is essentially
chronic intoxication may be so slight as to be inappreciable.
Microscopical examination may reveal nothing ; only by their
physiological effects can their existence be recognized. It is in
the study of these conditions and their effects that medicine
can afford the most valuable aid in the matter of inheritance.
All infectious diseases are intoxications. If a parent is the
victim of syphilis, it is obvious from febrile and other phenomena
not merely that there are local toxic phenomena at the foei of
growth with multiplication of the germs of the disease, but that
the toxines pass