








THE INBORN FACTORS
IN DISEASE
AN ESS4Y

BY

ARCHIBALD E.GARROD, K.CMG.
DM, LL.D, FR.CP, F.RS.
Comislung Phyvicnn to St Bantholomew's
Hospital,andtothe Hospital for Sick Children
sometune Regus Professor of Mediowe in
the Unisersity of Oxford

OXFORD
AT THE CLARENDON PRESS
1931



OXTORD UNIVERSITY TRLSS
AMEN TIOUSE, K.C. 4
LOKDON ¥DINRURGH GLANGOW
LELPRIG XZW YORK TORONTO
MELFOURNEZ CAPRTOWE BOMBAY
CALCITIA MADRAS SHANGHAL
HUMPHREY MILIORD
TORLISNER O THE
xvsRnTY

FRINTED IN CREAT BRITAIY



PREFACE
HIS essay had its origin in the Huxley Lecture on
T'D'xathesis' delivered by its author at the Charing
Cross Hospital in 1927,

In it the bearings of more recent scientific advances
upon the problems of disease are discussed more fully
than was possible in a single lecture.

Its pages reflect the outlook of a student of medicine
of fifty years’ standing who began his medical studies
shortly before the discovery of the tubercle bacillus,
and has witnessed the advances of, and the profound
changes in, medicine and surgery during the most
fruitful half-century in their history.

The author takes this opportunity 'to express his
sincere gratitude to all those who have helped him in
various ways, and especially ta Sir Frederick Andrewes
and Professor F, R. Fraser for their valued-criticism
and adwice.

December 1930.
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Prologue
THE DOCTRINES OF DIATHESIS

Dupes dan mot, les médecins ont cru pendant longtemps, et la plupart
crovent encore avoir donné la clef de ces phénomenes aussitdt qu ils ont
itz Ce sont des duathtses, et cette eroyance empéche d'en chercher une
sutre exphication—L. 7. rocuz. 1831,

AR back, in the carly days of medical knowledge, it
F\vas recognized that some individuals are more, and
others less Yiable to this or that disease; and it was known
at least as early as the commencement of the Christian
era, that diseases may be handed down from parents to
children,

Towards the end of the eighteenth century, at a time
when clinical medicine was beginning to be set upon
a firmer basis than it had had for centuries previously;
not only by increased study of morbid anatomy, but also
by the introduction of new methods for the detection of
Jocal lesions, and especially auscultation and percussion,
there was also a great awakening of interest in less
tangible matters, the morbid predispositions and the so-
called temperaments,

At that time, and indeed through the greater part of
the nineteenth century, it was in the French Schools of
Medicine that such matters were most actively dis-

cussed, and much of the discussion centred around the
word ‘diathesis’}
¥ For an adminatle Kistory of the Dy tri: f Di
Lo e lf,“.:‘y‘“ “k:t ines of Diatheses, see André
s .



10 THE DOCTRINES OF DIATHESIS

No little interest attaches to the history of this phase
of medical doctrinc, although it appears to us to-day
that much of the pursuit of the diatheses was carried out
in a fog, and led the pursuers along tangled ways. At
any rate some account of the stages of the pursuit is
highly desirable, if not essential, as an introduction te
any discussion of the inborn factors in disease, as these
appear when examined in the light of more recent
scientific advances.

Widely different meanings have been attached to the
word diathesis, at different times, in different countries
and medical schools, and even by individual members of
the same school. These differences are largely re-
sponsible for the disfavour tnte which the term has
fallen; they arc so fundamental that they deprive the
name diathesis of all practical utility; and reluctant as
one must needs feel to abandon a time-honoured desig-
nation, this particular one has become so damaged by
conflicting uses that its employment, in any modern
scnse, is calculated to Iead to fresh confusion. That
being so, it scems better to lay it aside.

It may be recalled that the onginal meaning of
Budlears, was an arrangement of objects in space, their
disposition, and hence @ disposition. In more recent
usage, the meaning attached to the word has been a dis-
position, or predisposition, to a pnnicular'm:hd'\- or
group of maladies. It is i.n this sense t}.m it has been
employed by the great majority of English westers and

teachers.
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‘Thus, in some manuscript notes of a course of X.ec.mres
on medicine, detivered in 38412, by C.B. ] Williaras,
onc of the leading teachers of his day, there occurs the
following passage: ‘Diathesis is merely a disposition to
a disease, it gives no idea of its cause’ The word
diathesis is not to be found in the indexes of the great
majority of English text-books of Medicine, published
during thelast fifty years, Inthe New English Dictionary,
ina volume (D), which was published in 1897, diathesis
is defined as ‘2 permanent (hereditary or acquired) con-
dition of the body, which renders it liable to certain
special diseases or affections; a constitutional predis~
pasition ar tendency’. The words printed in brackets
(as in the original) raise a highly controversial question,
and cleasly reflect the teaching of Jonathan Hutchin-
son,

Undoubtedly a diathesis has always been thought of
by the great majority of physicians in this country, as an
inborn, and usually inherited predisposition,

In the French schools, on the other hand, there early
b?c:mf: 'm:mifcsl 2 tendency to apply the name ta pre-
disposition to the manifestations of a disease, rather
than to the disease 1s such,

Thus, he who developed 2 succession of abscesses
was regarded a3 the subject of a purulent diathesis, he
who bled frequently of a haemorrhagic diathesis, 2 name

\\h'ic.h i stifl occasionally applied to the discase haemo-
philia, Bazin enumerated a number of such diatheses,

calcarcous, saccharine, faty, fibrinous, and the like,
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On the other hand there were always members of the
French school who did not share the prevalent views,
and amongst them Roche,! as the quotation at the head
of this chapter shows.

Towards the middle of the nineteenth century the
conceptions had become narrowed down and assumed
morc definite form. A diathesis came to be looked upon
as a comparatively slight deviation from normality,
‘peculiarity of health' as Hutchinson? called it, or in the
words of Germain Sée: 3 *Cet dtat intermédiaire quin‘est
pas encore la maladie, mais qui n'est déjd plus la santé
parfaite.’

Just as in a mushroom-bed a hidden, underground
mycelium throws up mushrooms here and there, and
from time to time, so the diathesis is regarded as latent,
but its presence is revealed by the manifestations to
which it gives rise fram time to time. It is easy to sec
how largely the phenomena of gout, which has always
been regarded as the typical diathetic disease, have been
instrumental in shaping this conception.

In Nysten's Dictionary, published in 188, diathesis
was defined as a general disposition, in virtue of which
an individual is affected by several local affections of the
same nature, and Trousseau ¢ quotes, with approval, a
similar definition in the dictionary of Littrd and Robin.

v Dice. de Mt ¢1 Chiv. Prae, 1831, vi, 298,

3 T3¢ Pedigree of Diseaie, 1884, p. 73

3 Lecens de Patdelgic expérimentale. Géntralists, posin

¢ Clivival Mediive—New Splenban Swiety Travilotion, iv, 358,
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Chomel,! writing in 1856, was more explicit, l:k
defined 2 diathesis as a disposition in virtue of which
several organs, or several gpoints in the ecanomy, are,
simultaneausly or in succession, the seats of aﬂ't.:chonf,
in their development and identical in their

r:xturc, although they may present themselves under
different aspects.

On this side of the Channel such views met with more
seady acceptance in Edinburgh than in the London
schoals, Amongst the Edinburgh professors was
Thomas Laycock, 2 man deeply interested in the con-
stitutional aspects of disease, and who instilled into
many of his pupils 2 share of his own enthusiasm.
Amongst these was Jonathan Hutchinson, a man of
temarkable ability and immense clinical experience, who
exercised a profound influence upon medical thought in
London, and indeed aver a far wider area. When we
recall his oral teaching, or read his writings, we realize
how his ideas outstripped the knowledge of his day, and
how he felf into errors on that account. In his often
Quoted lectures, published under the title of “The
Pedigree of Disease’, Hutchinson expressed views
which were in complete accord with those of Trousseau
and Chomel, For him diathesis was ‘any condition of
pm\o.ng:(’x peculiarity of health, giving prodiivity to
dcﬁ.mtc forms of disease’. He spoke of it as ‘a disease
which hst.s a lifetime, which may be active at times and
latent at times, and which may be handed on to another

 Pathalsgic Gestrale, b e, 1856, p. ga.
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On the other hand there were always members of the
French school who did not share the prevalent views,
and amongst them Roche,! as the quotation at the head
of this chapter shows.

Towards the middle of the nincteenth century the
conceptions had become narrowed down and assumed
more definite form. A diathesis came to be looked upon
as a comparatively slight deviation from normality,
*peculiarity of health as Hutchinson * called it, orin the
wordsof Germain Sée: 3 ‘Cet état intermddiaire quin’est
pas encore fa maladie, mais qui n'est d¢j) plus la santé
parfaite.’

Just as in a mushroom-bed a hidden, underground
mycelium throws up mushrooms here and there, and
from time to time, so the diathesis is regarded as latent,
but its presence is revealed by the manifestations to
which it gives rise from time to time. It is easy to sce
how largely the phenomena of gout, which has always
been regarded as the typical diathetic discase, have been
instrumental in shaping this conception.

In Nysten's Dictionary, published in 18 ¢8, diathesis
was defined as a general disposition, in virtue of which
an individual is affected by several Jocal affections of the
same nature, and Trousscau ¢ quotes, with approval, a
similar definition in the dictionary of Littré and Robin.

1 Dice. de MU, et Chir. Prat 831,11, 298,

r Tde Pedigree ¢f Direase, 1884, p. 71

3 Lejers de Patkelgit explrinensale, Gonteeliuts, p. sui.

& Cliskeal Mediivt~New Sydeebaw Sacitty Travlanev, iv, 358,
e



THE DOCTRINES OF DIATHESIS 13
Chomel,! writing in 1836, was more explicit. l.{"'
defined a diathesis as a disposition in victue of which
several organs, or several points in the economy, arc,
simultancously or in succession, the seats of af{smon‘s,
in their develof and identical in their
nl’“\“c, ahhg“gh d\cy ray present themselves under
different aspects.

On this side of the Channel such views met with more
ready acceptance in Edinburgh than in the London
schools. Amongst the Edinburgh professars was
Thomas Laycock, 2 man deeply interested in the con-
stitutiona] aspects of disease, and who instilled into
many of his pupils a share of his own enthusiasm,
Amongst these was Jonathan Hutchinson, a man of
remarkable ability and immense clinical experience, who
excrcised a profound influence upon medical thought in
London, and indeed over a far wider area. When we
recall his oral teachung, or read his writings, we realize
how his ideas outstripped the knowledge of his day, and
how he fell into errors on that account. In his often
Quoted lectures, published under the ftitle of “The
Pedigree of Disease’, Hutchinson expressed views
which were in complete accord with those of Troussean
and Chomel. For him diathesis was ‘any condition of
‘pmlo.ngcd peculiarity of health, giving proclivity to
deffmt: forms of disease’. He spoke of it 15 ‘a disease
which hst_s a lifetime, which may be active at times and
Yatent at times, and which may be handed on to another

* Pathologiz Céntrale, gthed, 1856, p. 92.
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On the other hand there were always members of
French school who did not share the prevaleat views,
and amongst them Roche,! as the quotation at the hexd
of this chapter shows.

Towards the middle of the nincteenth contury the
conceptions had become narrowed down and avumed
more definite form. A diathesis came ta be looked upen
as a comparatively shoht deviation from nnrn::lxl}, b
‘peculizrity of health” as Hutchinwon # called it, or in the
words of Germamn $ée:3 *Cet état intermédnire quin'es
pas encore k1 maladie, mars qui n'est dj) phus Josaned
parfaite.

jusz s 10 3 mushroom-bed 3 hidden, undenground
mycchum throws up mushroor here and there, 3nd
from time to time, 0 the duathens s repanied ai latenty
but sta presence 1 revealed In the manifonstnas to
which it ;:1\rs nie from time to me. Jta ey toee
kow largely the pheromena of gout, whih has alnan
bren reazded 39 the ypraal dithene diesve, have been
instrumentatan shapiry thea conception,

In Nyeen's Dicnionan, pulinbed e pe g, dratken
vear defred 3va penesal dopvestior i vrtue of n?.':
anindividusl nadecied In w\t':! Joalafelts raptt!
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miscellaneous collection, Amongst them were infective
maladies, such as tuberculosis and leprosy, n.numbcr ?f
cutaneous disorders, leukaemia and cyanaemia, oxztlun:,
phosphaturia andadeficiency disease, scurvy. Obviously
theory had quite outsteipped fact. L

A further development, which had its origin in the
French school, was the conception of what might be
called the farger diatheses, arthritic, stramous, dartrous
and the bike, under which headings were grouped sets
of maladies, often with little obvious affinity save that
they are apt to occur in association.

Of such diatheses arthritism proved the most viable,
and has played 2 large part in the teachings of the
French school.

Debove,! writing in 1903, acknowledged that the
term arthritism, in so common use in France, was little
heard beyond her borders, and was wont to surprise
foreigners. He described it as embracing things true
and things false; and 23 including 2 number of maladi
which do not involve the joints, but have a certain
affinity to gout, Amongst these he mentioned glycos-
uria, renal colic and obesity, Debove added that the

category could be extended indefinitely according to
the views of the enumerator.

Mention should be made of anather view of arthri-
tism, 4.)( which Hanot was an adherent, which looked
upon it as an impairment of the power of resistance of
the fibrous tissues in general, producing a liability to the

¥ Eeiologle de Ya Goune, ek Gan, de M, 1903,i. 865,
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generation”, In another place he wrote of 3 distheais 1
little more than an extremely Chroaic dicease,
Olniously these who held such views had el
far away frem the conception of adisthesiv 3y a rreee
predispesition to a malidy, They did not ressnd it s
of necessity an inborn pnnl wity, and andead, hos
Trousseau and Hutckinson admitteld that syphalis fule
filled all the requircments of therr defimtiony,
Although such conceptions made no wide appestin
this cauntry pos andeed vu.m!r Feance, they didin fact
constitute 2 step furvand, A Germain Me wrove: *La
dispsition €3t un ot pour Fasguer polre genenande’,
and the mmg that can be saed for the wend p'r\.nmu.
tion iy that it sraten the fact that wame are more fuh'e
than athers to this o that diresse. Frugseray, Choeel,
Hutchirwm, en ther part were fochirg thor v o
wardt 2 eomeptinn of eoncthoel much mue this 3

mere wond, 1o that of an ur“nlnrg vate trnkohghe
Labeliny e due, Jurt an WO Walihet gr sber
Pdinburph praduse, mnalecture delnreef s esth 2ain
1568, ;v::!u:rd the atkerrs rala b es an Tapparesth
penerated and wntared by smoantnes L T edge oon
prsultirss froem enmie perverian of the putntar o

cestrr of the e fog Lal’
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miscellaneous collection. Amongst them were infective
maladies, such as tuberculosis and leprosy, a numbcr.of
@ disorders, lenkaemia and ¢y ia, oxaluria,
p‘hosphaturia andadeficiency disease, scurvy. Obviously
theory had quite cutstripped fact,

A further development, which had its origin in the
French school, was the conception of what might be
called the larger diatheses, arthritic, strumous, dartrous
and the fike, under which headings were grouped sets
of maladtes, often with fittle obvious affinity save that
they are apt to occur in association.

Of such diatheses arthritism proved the most viable,
and has played a large part in the reachings of the
French schoal.

Debove,! writing in 1903, acknowledged that the
term arthritism, in so common use in France, was little
heard beyond her borders, and was wont to surprise
foreigners. He described it a3 embracing things true
and things false; and as including a number of maladies
which do not involve the joints, but have a certain
affinty to gout. Amongst these he mentioned glycos-
uria, Tenal colic and obesity, Debove added that the
category could be extended indefinitely ding to
the views of the enumerator, °

 Mention should be made of another view of arthi-

tism, of which Hanot was an adherent, which looked

upon it as an impaireaent of the power of resistance of

the fibrous tissues in general, producing a liability to the
* ‘Enclogic de 11 Goutte', Arch Gen, de Med, 1go3,1. 863,
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conditions which Luf¥ includes under the nave of
Ehrovitis, This ewgpestion has a special interent ja cone
nexion mth the tiscue defects, or ablotrophies, pres
sently to be discosaed.

The doctrire of arthritiem reached it cylminties
point with the appesrance, in 1882, of Bouchard's we'l
Lzown beak, .\[1. firs poav Rallewsssrmees Jo 0e N
tize, Notonly dud Bouckard precent, in clestlvact e
wequence, the arpuments i support of the exirterie of
an artheitic ditheay, ard tP'(' mduaon of certsin
marhid events under that name, butalo be tooh a b
step in advance of i predecessorn, an that he was the
feat toattempt to explaa the artnstom tooether of the
soveral members of the arthann complex by sopeine
to theem 3 defnute, comemnen aaure, paonely aalavhemirs

€the metaliolic prve s
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and other countries. Nevertheless his fundamental con-
ception proved to be 1ll-founded, and the progress of
blochemistry has taught vs that matters ace far less
simple than he supposed. .
The work of Emil Fischer, and his successors, which
has revealed the structure of the molecules of the pro-
teins, and similar investigations of the other main con-
stituents of living organisms, topether with a better un-
d ding of the bolic p of which the
tissues are the seats, have taught us that the metabolic
processes are carried out step by step. The huge pro-
tein molecule is not burnt as a whole, but its component
aminoacids are dealt with individually, along different
lines, and by specialized enzymes. Only the hormones
secreted by certain endocrine glands, and notably by
the thyroid, have the power of regulating metabolism as
a whole. A general damping down of the metabolic
forces may explain some of the phenomena of myxoe~
dema and cretinism, but cannot account for the troubles

grouped together by Bouchard under the heading of
arthritism.

The doctrines of diathesis occupy a very small place
in German medical literature. In 1911 the subject was
discussed at a meeting of the Kongress for innere
Medizin,! and in the course of that discussion Wilhelm
Hissaid: “We understand by diathesis an individual,in-
born, and ofteninherited state, in virtue of swhich physio-
Iogical stimuli produce abnormal reactions; and condi-
‘ml"er&.mdl.d.dzumk ng.ﬁ.;inn Med , 191, xaviis, 15-106,
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conditions which Luff includes under the name of
fibrositis. This suggestion has a special interest in con-
nexion with the tissue defects, or abiotrophies, pre-
sently to be discussed.

The doctrine of arthritism reached its culminating
point with the appearance, in 1882, of Bouchard's well-
known book, Maladies par Rallentissement de la Nurri-
tion. Not only did Bouchard present, in clearly sct out
sequence, the arguments in support of the existence of
an arthritic diathesis, and the inclusion of certain
morbid events under that name; but also he took a long
step in advance of his predecessors, in that he was the
first to attempt to explain the association together of the
several members of the arthritic complex by assigning
to them a definite, common cause, namely a slackening
of the metabolic processes.

Although Bouchard was not the first to suggest an
underlying chemical basis of predisposition, he was the
first to suggest a chemical defect of a tangible kind, in-
stead of a quite intangible factor behind a group of
kindred or apparently kindred maladies. The discovery
of uric acid in the blood of gouty people, which opened
2 new field of clinical chemistry, had been made some
thirty years previously, and chemical theories readily
suggested themselves in connexion with other diseases,

Bouchard’s monograph, which appeared to set the
doctrine of arthritism upon so scientific a basis, pro-.
duced a deep impression at the time of its publication,
and his views gained wide acceptance, both in his own
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and other countries. Nevertheless his fundamental con-
ception proved 1o be {il-founded, and the progress of
biochemistry has taught us that matters are far less
simple than he supposed. .

"The work of Emil Fischer, and his successors, which
has revealed the structure of the molecules of the pro-
teins, and similar investigations of the other main con-
stituents of Yiving organisms, together witha bct.tc: un-
derstanding of the metabolic processes of which the
tissues are the seats, have taught us that the metabolic
processes are catried out step by step. The huge pro-
tein molecule is not burnt 2s a whole, but its component
aminoacids are dealt with individually, along different
lines, and by specialized enzymes. Only the hormones
secreted by certain endocrine glands, and notably by
the thyroid, have the power of regulating metabolism as
2 whole. A general damping down of the metabolic
forces may explain some of the phenomena of myxoe-
dema and cretinism, but cannot account for the troubles
grouped together by Bouchard under the heading of
arthritism,

. "The doctrines of diathesis occupy a very small place
in German medical literature. In 191z the subject was
discussed at 2 meeting of the Kongress fiir innere

Medizin,? and in the course of that discussion Wilhelm
His said: “We und d by diatt

is an individual, in-
. . - . ’
born, and often inherited state, in virtue of which physio

Sogieal stimuli produce abnormal reactions; and condi
' ‘V"ﬁﬂm![ 4 deatsch Kong. fur inn Med, 1911, 3vik, 15106,
un N

c
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tions of life which are harmless to the majority of
members of the race bring about morbid states.” His
added that diatheses differ in degree in different in-
dividuals, and at different times, and that their lower
limits merge imperceptibly into the normal. Such a
definition approaches very closely to those usually given
of idiosyncrasy, and von Behring, who put forward a
similar definition, distinguished diathesis from idiosyn-
crasy in that the former implies sensitiveness to stimuli
of various kinds, whercas the stimulus which evokes an
idiosyncrasy is of some one definitc kind.

A definition recently put forward by R. J. Ryle!
supplies a bridge between the older and newer know-
ledge. Ryle suggests that we should think of a diathesis
as ‘a transmissible variation in the structure or function
of tissues rendering them peculiarly liable to react in a
certain way to certain extrinsic stimuli’, and adds that
‘not all who acquirc the disease have the diathesis, but
those who have the diathesis arc more likely to acquire
the disease than those who have not',

‘This brings us round full circle to the original notion
of a predisposition to a malady.

It was the coming of bacteriology, which supplies 1n
the bacteria definite, concrete agents of discase, attack-
ing the organism from without, that caused interest in
diathesis and kindred conceptions to flag. Attention be-
came concentrated upon the seed rather than upon the

¥ *Physical Ty pe and Reactions to Discase’, Guy's Merp Guz., 19126,
xl. 546.
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soil, and it was almast forgotten that there are maladies
which owe their origin to no such external invaders.

Those inborn factors which must needs be studied at
the bedside were relegated toa back place, and received
but scanty attention either from teachers or students.
The word diathesis, around which so many contro-
versies had centred, was relegated to the dust-heap of
obsolete terms.  Only here and there a voice crying in
the wilderness pleaded for a hearing for the older views.

But it is not in the laboratory alone that scientific
work can be carried out, and once again the pendulum,
having reached the limit of its swing, has entered upon
uts return journey. The inborn factors in disease are
ance mare attracting attention, especially in Germany
and Austna, but the word constitution has taken the
place of diathesis and its contemporary terms. Such
works 2s these of Julms Bawer,! very storehouses of
information on this subject, bear witness to the depth
as well as to the extent of the reawakened interest,

Constitutional Chnics have been established in
vatious centres, notablyin New York, Berlin, and Turin,
1 which valuable investigations are being carried on by
anthropometric and other methods.

In our own country the reawakened interest has been
less vocal, but the attention which the constitutional
aspects of disease are attracting is greater than the

' Dir Ki D i
1924 Porlesungen wber allgemeing
ad ed, 123, .

Zu inneren Krankheiten, 3ed ed,,

Konstatutsons- und Fererbungilehre,
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tions of life which are harmless to the majority of
members of the race bring about morbid states,” 11
added that diatheses differ in degree in different in-
dividuals, and at different times, and that their lower
limits merge impeeceptibly into the normal, Such &
detinition approaches very elosely to those usnally given
of idiosynerasy, and von Behring, who put forwand 2
similar definition, distinguished diathesis from idiosyns
crasy in that the former implies sensitiveness to stimuli
of varions kinds, whereas the stimulus which evokes an
idiosyncrasy is of some one definite kind.

A definition recently put forwand by R. J. Rylet
supplics a bridge between the older and newer know-
ledge. Ryle suggests that we should think of a diathesis
a8 'a transmissible variation in the structure or function
of tissues rendering them peeuliarly Hable to react in a
certain way to certain extrinsic stimuli’, and adds that
*not all who acquire the disease have the diathesis, but
those wha have the diathesis are more likely to acguire
the disease than those who have not'’.

"This brings us round full circle to the original notion
of a predisposition to a malady.

Tt was the coming of bacteriology, which supplies in
the bacteria definite, concrete agents of disease, attacks
ing the organism from without, that caused interest in
diathesis and kindred conceptions to lag. Attention bes
came voncentrated upon the seed rather than upon the

v Physionl Ty pe and Reactions v Disorse’, G Heip Gama 1020,
RTINS
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that of the naturalist who studies man and his disor.ders
from the point of view of bx‘ology.. This onc-§1dcd
approach has coloured afl theideas \Vhld:\ were :\dv:\nc.:d,
from fime to time, concerning constitutional tendencles,
temperaments, and diatheses. The ideas which‘ un‘dcr-
tay those terms originated, for the most part, in times
when many of the concepts of modern science were as
yet unformed, when little was known of the laws of
heredity, when the theory of evolution had not yet taken
form, and when such entities as chromosomes, hor-
mones, vitamins, and antitoxins were not yet dreamed of.
In order that we may get further it will be necessary
to re-layall the foundations of our subject by the light of
the newer knowledge. When so doing many cherished
nations and some time-honouted terms will have to be
discarded, whilst many new facts witl need to be taken
into account. This is what is being attempted in the
o ional clinics and el ¢, and it is the pur-
pose of this essay to try to sketch the useful lines of
approach to a better understanding of the parts played
by inborn factors in connexion with morbid states.
The essay is divided into two parts, In the first
section the fundamental studies upon which the recon-
structed edifice will need to be built up will be reviewed

briefly, Firstly, the mesning of the terms health and
hsease need to be considered.

Next, the bearing upon medical problems of recent
advances ?f biochemistry will be discussed, and after
that the influence of the theory of evolution upon
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scantiness of its literature might lead one to suppose.
Undoubtedly the interest is growing, and year by year
the need to study the part which the patient plays in
connexion with his maladies is emphasized by fresh
spokesmen, amongst whom A. F, Hurst, J. A. Ryle,
Langdon Brown, and Maitland Ramsay ? call for special
mention.

The word constitution has a much wider significance
than had diathesis, and predisposition to disease is only
one facet of the subject. The constitution of 2 man is the
sum of all his qualities and all his peculiarities. It em-
braces the colour of his hair and eyes, the shape of his
head and limbs and features, his functional peculiarities,
physical and chemical, and the mental and psychological
features which take so large a part in shaping his rela-
tions to his environment. Each and all of these factors
have a share in rendering him more or /ess liable to a
disease than his fellows. Relative natural immunity is,

* indeed, no less important than morbid predisposition.

Moreover, the constitution of the patient plays a very
important part in shapmg the diseases from which he
suffers. The picture of a malady represents the reaction
of the patient, his protest against the attack and his de-
vices for repulsing it.

Until recently the subject has always been approached
from the standpoint of the would-be healer rather than

1 A.F. Hurst, Brit. Med. Fourn., 1927, 1. 823, 866; J. A. Ryle, loc.
¢it,y sub, 9; W. Langdon Brown, Brir. Med. Fourn,s 1930,1 5255
A. Maitland Ramsay, Glasgoes Medical JFournal, 1927, viil. 65.
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cussed, however attractive from the scientific §tand-
point, have but Tittle bearing wpon the practice of
medicine, and few important lessons for those whose
work fes in the sick-room and hospital ward.

1t may even be suggested that although the study of
the constitutional aspects of disease has been, to a large
extent, relegated to the background during the last
half-century, there has been, during that same half-
century, an unparalleled advance of both medicine and
surgery. But it must not be forgotten that, in so far as
those advances are in the field of preventive medicine
and aseptic surgery, they are only in a minor degree
concerned with tnborn factors; for so long as the in-
dividual is sheltered from attack, his powers of resis-
tance are not called into play.

Another great line of advance has been the applica-
tion of laboratory methads to the solution of clinical
problems; whereas it is in the ward rather than in the
Iaboratory that the importance of inborn factors is to be
appreciated, The clinical worker rehes largely upon
\.nha( may be called his clinical insight; 2 quality which
is purely innate, but which has been dcvelopcd more
and more as the outcome of accumulated experience.
The fami‘ly doctor has watched many of his patients
from their birth onwards, and perhaps their parents
before them. "They trust him because, as they say, ‘he
kaows their consututions’.

N 'I;Qe medical man trains himself or has been tratned,

Y the example of those who taught him, to recognize



22 THE DOCTRINES OF DIATHESIS

medical thought; and finally the bearings upon medical
quesfions of the modern theories of heredity. In the
second section an attempt will be made to apply the
newer knowledge to the problems presented by in-
dividual groups of maladies.

In the first place the relation of disease to physical
structure will be considered under two heads, namely,
the liability of persons of different builds, features, and
general conformations to develop particular maladies,
and secondly, the influence of structural anomalies and
deviations from type, indirectly predisposing to disease.
A chapter will be devoted to that most interesting group
of hereditary maladies the tissue defects, or abiotrophies
as Gowers called them; some of which do not manifest
their presence for years after birth. In another chapter
will be discussed the influence of deviations from the
average chemical structure and chemical life of the
tissues in predisposing to, and shaping the manifesta-
tions of, some diseases.

The inborn factors in infective maladies will call for
consideration; and lastly the idiosyncrasies, the remark-
able sensitivities of some individuals to influences which
have no obvious ill effects upon the vast majority of the
members of the human race. These range from idiosyn-
crasies with regard to particular pollens or animal
emanations, to grave allergic diseases, such as asthma.

The several conclusions reached and inferences to be
drawn, will be summed up in an epilogue.

It may appear to some that the subjects here dis-



PART I

THE BASIC PRINCIPLES OF PRE-
DISPOSITION

1
HEALTH AND DISEASE

Men are called healthy 1 virtue of an snborn capacity to ezsy rcsisunfe
to those ynhealthy infuences that may ordinarily asise; unhealthy in
virtue of the lack of that capacity.—ARistoTLE, Categoriar, viit. (trans.
Edgehll),
HE living man may be compared to an aviator
upon war service, whose safety depends upon a
number of different factors. As he flies over the enemy's
lines he is a target for shot and shell, is at the merey of
wind and weather; and his hfe depends upon his own
alertness and resource, upon supply of fuel and of oil for
lubrication, and upon the efficiency of all parts of his
machine, So too we, as we go through life, are assailed
by bacteria and protozoa; our well-being is at the mercy
of our environment, and depends upon climate and
food-supplies, Moreover, if our tissues are not of the
first class of their kind, they show, prematurely, signs of
wear and tear,
As Aristotle clearly recognized, what we call health
1 O mere guiescent state, but a condition of unstable

cquilibrium, maintained by a continual struggle. His
definition, with its so modern ring, has much in com-
M
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the qualities and individual needs of his patients. He
realizes that each is an individual, and not merely a
member of the human race. The task of the practitioner
is far more than to apply the knowledge supplied to him
from the laboratories; he does not merely ask himself,
or look to his text-books to tell him, what is good for
pneumonia, but calls upon his experience to guide him
as to how he may best help the particular patient to
come through his attack of pneumonia with the least
possible damage.

Wittingly or unwittingly, the practitioner of medicine
is constantly engaged in the study of constitutions and
predispositions, and of reactions to environment. He
must, throughout his active life, be a student of thein-
born as well as of the external factors in disease.
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continuaus, normal, nutritive mutation and renewal of
the bodily tissues.”

Nevertheless, teachers of medicine and authors, ?f
text-books stil find themselves obliged to treat, in
sequence, of series of discrepant pictures called dtscns_es'.
as if maladies were all of 2 kind, and capable of'bcmg
classified into systematic groupings, corresponding to
the genera and species of plants and animals.

How else, indeed, could they present their subject to
their hearers and readers? As Wilhelm His ! pointed
outina recent Rectorial Address, many morbid pictures
recur over and over again with only trifling variations,
and to disregard such groupings would result in chaos.
Nevestheless, the morbid pictares must not be looked
upon as occupying rigidly defined compartments, but
rather as merging into each other.

Even if an attempt be made to reach a more scientific
classification of diseases by grouping together all the
effects of invasion of the organism by some special
bacterion such as the tubercle bacillus—a method for
which there is much to be said from the standpoint of
the bacteriologist—from the standpoint of the clinical
wa{kcr nathing will be gained by the assotiation, under
2 single heading, of pictures so widely different as
\posc of pulmonary tuberculosis, tuberculous meningi-
Ais, spinal caries, and Addison’s disease,

There are similar objections to the assembling, under
one heading, of all the morbid effects of the cantinued

* Utber die watirtiche Ungleichhert der Mensches, Berhn, 1928,
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mon with some of the most recent definitions of health
and discase. Thus, George Draper,! in his book on
The Human Constitution, defines diseasc as ‘the expres-
sion of the reaction between a complex set of external
agents and an equally complex organism striving to
survive in the midst of them’, and F. W. Andrewes,?
who speaks of the healthy body as not only perfectly
adjusted to its surroundings, but capable of adjusting
itsclf, within reasonable limits, to a rapidly changing
environment, defines disease as a condition in which
the body has fallen, in greater or less degree, out of
harmony with its surroundings.

Still more recently, H. D. Rolleston 3 spoke of disease
as ‘the mental picture of the manifest reactions of a
Jiving organism in response to harmful factors, whether
derived from outside the body or arising internally”.

These recent definitions all avoid the error against
which that great teacher, Thomas Watson,* warned his
hearers, in a lecture delivered almost a century ago, He
bade them avoid ‘the strange mistake, too often made or
imputed, of regarding disease as a thing, or (as the
phrase goes) a “separate entity”” by which the body is
possessed and damaged—something which can be con-
templated as apart from the body, which it may invade’,
‘Watson added that, ‘for the most part, disease consists
in some derangement, suspension or perversion of the

v Human Constitution, 1924, p. 222,

2 Laneet, 1926, 1. 1075, 3 Brit Med. Journ., 1929, i. 281.
& Lectureron the Principles and Practice of Physic, Sthed., 1871,1.6.
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temna factors. Sometimes the one and sometimes the
other is the more conspicuous, .

Eachoneof usis :xposcd, during every day of ‘_“S life,
to unhealthy influences to which he has some inborn
capacityof resistance, but the degreeof thatcapacity varies
widely, even amongst individuals who pass as healthy.”
It is, moreover, a discriminative capacity, different
individuals being resistent to different kinds of ateack.

On the other hand, there are many of us who possess
tatent defects of structure or function, inborn and for
the most part inherited, which are 2pt to be revealed,
sooner or Jater, by the effects produced by external in-
fluences which are innocuous to theaverage man, Upon
some of the subjects of such defects stight injuries, upon
others exposure to bright light or to extremes of tem-~
perature, exert 2 deleterious action, For some indivi-
duals those trifiing traumata which go to make up the
wear and tear of daily life, are apparently the provoking
causes of grave disorders.

As the pictures upon the walls of an art gallery are by
& vatiety of artists and of widely different kinds; some
portraits, atherslandscapes, othersagatn subject pictures,
and some studies of still life; so the clinical pictures
which we call diseases differ markedly amongst them-
selves, and are indeed the products of different kinds of
processes. Nevertheless, some of them fall into groups
which have much in common. Of such groups the in-

fectious fevers offer the most abvious examples; they
form & natural family of maldies,



28 HEALTH AND DISEASE
administration of such a poison as lead or alcohol. The
clinical pictures of the gastro-intestinal, cerebral, and
peripheral-neuritic effects of lead poisoning, and that of
saturnine gout, differ so widely amongst themselves,
that if they were not known to have a common origin
they would be looked upon as distinct maladies.

Indeed, the symptom-complexes which we call
diseases have, for the most part, littlein common beyond
the facts that they constitute departures from theaverage
standard of health, and tend to bring about, sooner or
later, conditions incompatible with the survival of their
subjects. These two aspects lie behind the various
designations of disease. The Greek and Latin terms
véoos and morbus convey the idea of fatality, whereas the
more modern terms such as ailment, illness, maladie,
and the word disease itself, point rather to the discom-
fort entailed than to danger to life.

So greatly have our notions regarding disease been
influenced by the progress of bacteriology, and by all
that that science has taught us, that we arc in danger of
forgetting that not all maladies have their origin outside
the body, nor are due to invasion by bacterion, proto-
zoon or virus, The man plays a very important part in
connexion with his diseases, and to quote Hippocrates:*
‘As to the manner of diseases, upon inquiry it will be
found, that some are born with us.’

Indeed in all diseases therc are both internal and ex-

t Dy Huroridus, § v2. (Hippocrates: Upon dir, I user and Situation,
trans. by Francis Clifton, 1734, p. 41.)
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mechanism remains well under control, and the tempera-
ture does not rise to a level which is gravely deleterious
1o the tissues. To quote Andrewes! once more, 2
bacterial infection does not always give rise to morbl‘d
happenings, as the symptom-free carriers of pathogcn.xc
bacteria show, only when the body begins to dcfc.nd it-
self against attack does trouble arise: ‘It is an evil that
atissue should become inflamed and that the body tem-
perature should fise in an acute infection; but it is a
lesser enil than that the infecting agent should averrun

the body unchecked by any antagonistic mechanism.’
Indwidual cases of any particular disease, infective
“ar ather, are not exactly alike, as are the prints pulled
from a hthographic block; they resemble rather the
drawings made from the same model by individual
members of 2 drawing class, The differentes between
one case and another are often very slight, but they are
familiar to all who practise medicine. By no means all
such differences are due to the constitutional peculiari-
ties of the patients; in the infective maladies, as has been
mentioned, the virulence of the pathogenic organism
plays an important part, and the clinical picture pre-
scmed. may be modified profoundly by the severity
af‘!d distribution of local lesions resulting from the

disease,

On the other }Eand‘ factors inherent in the patient un-
dd:‘::‘d‘Y play Important parts in modifying the syn-
© observed; as is witnessed by the conspicuous

¥ Loc.dit, gub 2,
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In the infective diseases a morbific agent, a bac-
terion, a virus, or a protozoon, enters the body from
without, and in so doing gives rise to trouble. In such
cases the external factor is something concrete, which
may be studied outside the body; but daily experience

~teaches that there are also internal factors at work, that

there is such a thing as a natural liability to, and
a natural immunity against infective diseases. More-
over, it is the human subject rather than the specific
micro-organism which shapes the syndromes or clini-
cal pictures by which such diseases are recognized;
although a similar response follows a specific bacterial
infection in different subjects, The scverity of the
attack, although in part controlled by the virulence
of the invading germ, is also a measure of the resist-
ing power of the organism, its natural or acquired
immunity; in other words by the efficiency of its defen-
sive mechanisms.

If we could watch from the air the landing of a hostile
force upon our shores, we should witness the distur-
bances thereby induced in the invaded area, the muster-
ing of troops for the defence, and the evacuation of the
inhabitants, These operations, which would fill the fore-
front of the picture, would represent the reaction of the
people attacked. So also, in the case of an acute infec-
tion, the clinical picture shows the marshalling and
organization of the defence of the body.

Even fever may be regarded as a beneficial rather
than 2 harmful process, so long as the thermotaxic
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supplies from without must cxp.er'xcncc serious tl‘D\!b\‘:‘S
if any of those supplies are withheld; as witness the

| of ja, culminating in suﬁ'oc:\uor.l,
:nd those of starvation of various degrees; but in
the diseases under discussion the dietetic errors are
much more subtle. The vitamins, which might be
described as exogenous hormones, cannot be reckoned
as foodstuffs, but exert a profound influence over
nutrition.

The vitamin C, which is soluble in water, is con-
tained in foods which avert or cure seurvy; and when it
is lacking the tissues are rendered unduly vulnerable to
slight injuries, and injuries, slight or severe, play the
chief parts in determining the occurrence and distribu-
tion of haemorrhages in scorbutic subjects, In the same
way the fat-soluble vitamin D is concerned with bone
and tooth formation, and lack of it induces rickets; but
23 i3 now known, the organism is not wholly dependent
upon supphes of that vitamin from without; for it can
be formed from esgosterol in the skin, by irradiation
with light or ultea violet rays,

4s to the influence of personal factors in deficiency
diseases, clinical evidence, and especially that derived
from work in children’s haspitals, suggests strongly
that some individuals are much better able than others
to carry on despite shortages of vitamins.

That some infants develop scurvy upon diets which

others can take with impunity, ot even upon a diet

wh:‘ch appears hardly open to criticism, is a matter of
%
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differences between cases of the same infective malady
in children and adults respectively. No better example
can be quoted than that of rheumatic fever. Inthe child
the greater frequency and severity of the cardiac,ac-
cidents, and the frequency of chorea and nodules, to-
gether with the comparative insignificance of the arti-
cular lesions, which are so conspicuous in adults, give to
the syndrome a special stamp. As other instances may
be cited the different distribution of the local manifesta-
tions of tuberculous and pncumococcal infections in
children and adults respectively. Theinfluence of sexis
much less obvious; but apart from obvious examples of
sex-linked inheritance, there is cvidence of relative im-
munities and liabilities in males and females respectively.
Draper,! in a recent book gives statistics of the incidence
of diseases in the two sexes, for many of which no obvious
explanation offers itself. We do not know why pneu-
moniashould be much commoner in males, and purpura
haemorrhagica in females. Some such differences may
be ascribable to occupations, and some to secondary
sexual causes.

Another well-defined group of maladies, widely
different in their outer aspects, but akin in their origins,
are the so-called deficiency diseases. In them instead of
an invading micro-organism the main external cause is
lack of a vitamin; if indeed a negative factor can properly
be described as an external cause,

It is inevitable that an organism which depends upon

1 Diseate and the San, 1930, p, 108 ct seq.
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animal, The internal factors, on the other hand, ate
conspicuous, and that, in many cases at least, the hypc.r—
sensitivity is inborn is shown by its appearance in
successive generations of a family.

Athwart such lines of classification runs a system of
grouping of diseases according to the organs or parts
shich they affect, and with such groupings neither
smedical teachers nor writers have been able to dispense.
A peculiarly interesting group of such syndromes is
that resulting from lesions of the endocrine glands.
Just as the several glands have widely different func-
tions, the syndromes which result from suppression
of their functions, or from excessive secretion of their
harmanes, ars of diverse kinds. Nomore clearly defined
diseases exist than exophthabmic goitre and myxoedema,
acromegaly and Addison’s disease; but seeing that the
functional derangement may be of any degree, the text-
book descriptions of these maladies are obviously based
upon extreme examples. There are all grades of hypo-
and hyper-thyroidism. Although in most instances the
underlying motbid process in an endocrine disease is of
the same nature, as in the case of the adrenal lesions of
AddlS?n'S disease, which are almost always tuberculous,
there is no necessary connexion between the syndrome
due to ertor of glandular function and the narare of the
glandular lesions.

otk o+ ety b the i
bt e arat ormone, and the deficiency diseases,
2y must not be pressed too far. L. J,
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common experience, whereas other infants appear to be
-relatively immune. McCarrison,! who bases his opinion
mainly upon experimental feeding of animals, speaks
confidently of the existence of individual predisposi-
tions to deficiency discases. He holds that ‘the quanti-
ties of vitamins necessary for the harmonious regula-
tion of the metabolic processes vary with the individual
and his rate of metabolism’. Moreover, he found that
different organs of the body have their individual
liabilities, as also has the same organ in different in-
dividuals, and concluded that ‘idiosyncrasy, whether of
individual subjects or of individual organs, is an im-
portant factor in determining the onset and the mani-
festations of deficiency disease’. That the stage of de-
velopment of the patient’s tissues plays an important
part in shaping the clinical picture, is evidenced by the
difference between infantile scurvy with its subperio-
steal haemorrhages, and the same malady as met with
in adults.

In a third group might be included what may be
called the allergic diseases, such as asthma, at least in
some of its forms, and angio-neurotic oedema; but this
group is not clearly defined, for allergic phenomena play
conspicuous parts in a vartety of maladies, including the
exanthemata, The external cause often appears quite
inadequate to bring about such striking results as are
seen, in not a few cases, to follow the inhalation of the
pollen of grass or the exhalation of a particular kind of

v Studres n Deficiency Diseare, 1921, p. 40
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the early extension and later contraction of the paralysis
produced by poliomyelitis.

It is obvious that many different factors are con=
cerned in the production of the various morbid pictures
which differ so widely in their characterss and that the
factors which predispose an individual to one xr'mlady
may be wholly different from those which predispose
bim to another. Nor is it to be wondered at that no
satisfactory system of classification of diseases has bc?n
evolved, seeing that the items to be classified are, in
many instances, not really comparable; as Thomas
‘Watson said, they are not entities.

Nor is it to be wondered at that wholly different
views have been, and are, entertained as to what is en~
titled to be called the canse of a disease, and these
differences of opinion extend even to the infective
maladies. ‘Whereas to some it appears obvious that the
cause of such a malady is the infecting organism, and
around this tenet modern medicine has, to a large ex-
tent, taken shape, there are others who maintain that
the cause of P ia is not the 7 cus, but
rather a state of the fissues of the individual infected,

which brings about 2 response of a characteristic kind
to the specific jnvasion,

“Those who are interested insuch discussions will fing
the conflicting views,

and the arguments upon which
they rest, ably st out in the writings of Lubarsch,
Julins Bau

er, F. Kraus, Hueppe and Martius ¥ amongst
! Lubarsch, Dewt. med, Wehnichr,

» 1922, xlvui 787,!015;Bau=r,] N
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Harris and T. Moore! have brought forward some
evidence of the existence of a vitamin balance com-
parable to the balance of the endocrine glands which
constitutes the great regulator mechanism of the bodily
processes.

More crude effects are produced in a variety of
morbid conditions, by pressure on ducts of such glands
as the liver or pancreas, or upon neighbouring blood-
vessels or nerve-trunks. As an example may be cited
the often-repeated clinical picture of carcinoma of the
head of the pancreas.

A large and most characteristic group of morbid
pictures is provided by the diseases of the nervous
system. From such pictures the skilled neurologist can
often localize with accuracy the seats of lesions of the
brain or spinal cord, and experience often enables him
to deduce the nature of the lesion to which the syn-
drome is due. No more striking example of such a
syndrome can be quoted than that of tabes dorsalis,
which is now known to be a manifestation of syphilitic
infection,

Amongst nervous diseases there are some which are
strongly hereditary, but in which there is little evidence
of the working of any external causative factor, Of such
pseudo-hypertrophic muscular dystrophy offers a good
example.

The syndrome due to a local lesion will obviously
vary according to the extent of the fesion; as is secn in

1 flarris and Moore, Biockemical Journal, 1929, xnil. 114,
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ments, there are internal and external factors concerned
of such minor degrees that their presence is hardly

recogatzable, or falls to be detected by the methods at
our disposal,

u
THE CHEMICAL BASIS OF INDIVIDUALITY

“The particular chemical type, the pasticular mode and rate of the
chemcsl changes of nssues, passes from father to son, as the shape of the
features passes.—JouN stMoN. 1876.

'N the preceding sketch of the history of the doctrines

of diathesis 1t was mentioned that, as far back as the
middle of the mneteenth century, some writers had sug-
gested that the ligbilties of certam individuals to parti-
cular diseases might have their origin in disturbances or
itregularities of the metabolic processes of the indi-
vidusls in question. At that time such an explanation
was apen to the objection that it cxplained the unknown
by the even less knowns, but although biochemistey has
made immense advances since then, the further the

matter is investigated the more probable does it 2ppear
that the suggestion 1s justified.
It will be desirable theref:

t to , in this
section, the evidence which favours the supposition
that our individuality has a chemical basis; for the
inborn factors 1n disease are merely facets of our in-
duviduahity, )

In our pursvit of this aim it will be necessary to go
back as far as the very germinal cells and their chromo-
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others. To some of us it will scem that the disputants
are beating the air; that there is right upon both sides,
and that both are wrong if they claim that any single
factor is entitled to be spoken of as the cause of any
malady. 'We may hold, with Lubarsch, that it is mis-
leading to assert that the tubercle bacillus is the cause of
tuberculosis, and may prefer to say that thé entry into,
and multiplication of tubercle bacilli in a predisposed
body is the cause of that disease.

The two factors, the soil and the sced, the external
and the internal, must both be taken into account if we
are to form any adequate conception of the nature and
causation of any disease. The relative importance and
prominence of the two factors vary very widely; but
whilst on the other hand, the constitutional factor can-
not safely be ignored when discussing the causation of
pneumonia, it is equally necessary not to leave out of
account, when discussing the causation of hacmophilia,
the slight injury which may have started a fatal haemor-
rhage.
1t is permissible to suppose that, as in the production
of those wider departures from the standard of health
which receive the name of diseases, both internal and
external factors are at work, so also in the causation of
those lesser departures, which it is difficult to name or
classify, and which may be spoken of as trifling ail-
Die konstisutionelle Dispostion zu taneren Krankbeiten, 31d ed., 19245
Kraus, F., Die allgemeine und spezielle Pathologe der Person, 1919:
Martius, F., Deut. med. Webnchr, 1918, xhiv. 449, 485,
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and substances of the lecithin group, which last, being
insoluble in water, are the more valuable factors in cell
life, there is room for immense variety and for differences
not only between species and genera, but 315? between
indwiduals of a species. In the living organism every=-
thing is in flux, there is action everywhere, in the limbs,
circulation, and viscera; in the constituent cells of the
tissues, in the molecules concerned in the metabolic
processes, and even within the very atoms of which the
molecules are composed. Every individual dffers from
every other, there is no rigid line between species and
species; no fixed standard of normality and health.

It can hardly be wondered at that, in such an atmo-
sphereof change, numbers of variations from theaverage
occur, nor that some of these are so pronounced as to
become conspicuous. It would be more wonderful if
it were not so. The departures from the average of the
species may be peculiarities either of structure or of
function, and there is good reason to believe that even
structural diversities have chemical origins,

. Mutations, thase step-like variations which originate
in the germunal cells and are transmissible from genera-
tion to generation, may be no more than slight deviations
from the average, or may be so conspicuous s to justify
(hc{r dcscnpﬁ.ﬂn as occurring per saltam. In this con-
n:}:\uon Goodrich? pictures what happens to a molecule
jl': Zr; :: atom or axfx atomic grouping is removed from

’ f;gfs\txvc of what may occur in the factors of

Licing Organitms, Oxford, 1924, PP- 85 and g5.
€
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somes, into which, in the words of J. B, Leathes,! ‘were
packed, from the beginning, all that pertains, if not to
our fate and fortunes, at least to our bodily characteris-
tics, down to the colour of our eyelashes',

It is hardly possible to imagine the concentration of
so many potentialities into structures so minute, unless
we suppose that the underlying factors of the various
future developments are inherent in the molecules of
which the chromosomes arc built up. Huxley? realized
this when he wrote, as long ago as in 1873, that ‘to be
a teleologist and yet accept evolution it is only necessary
to suppose that the original plan was sketched out, that
the purpose was foreshadowed, in the moleculararrange-
ments out of which the animals have come’,

In his illuminating Rectorial Address, delivered in
Prague in 1896, Huppert ? argued that chemical differ-
ences in the constituents of the germ-cells must deter-
mine the attributes of the organisms developed from
them. He was one of the first to point out the differences
of chemical structure and chemical life of animals of
different species; and from such differences he deduced
the existence of similar differences in the materials com-
posing the germ-cells from which they spring.

In such a congertes of molecules as a germ-cell,
made up, to a large extent, of proteins, nucleoproteins,

3 Britich Assoc. Oxford Report, 1926, Scct. 1, Physiology. Presiden-
tial Address, p. 208,

* Life and Lesters, 1990, i. 456.

3 Die Erbaltang der Arteigenschaften. Prague, 1896,
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essential oils to which their scents are due. In Ehﬂ
animal world they are borne witness to by SP“?\ﬂc
colourings, by protective secreta, odorousor concealn.\g,
Yess obviously by specific differences of haemoglobins
of bilesalts, and of the tissue proteins as revealed by
the precipitin test.

Nor can it be doubted that similar, but much more
subtle differences than those which distinguish species
from species obtain even within the boundaries of the
species, Were it not so it would be necessary to picture
the existence of specific barriers too rigid to be com-
patble with the evalution of living forms.

Moreover, there is clear evidence that such differences
do actually exist. Some deviations from the chemical
type of a species are wide encugh to compel attention,
such as albinism and certain chemical malformations
which will be discussed in a later chapter. Others less
conspicuous doubtless escape notice; and others again,
still more subtle although often more conspicuous, such
as idiosyncrasies to foods and pollens, are still beyond
the reach of ¢hemical methods.

Of the differences of this latter class are the remark-
able dufferences in the behaviour of blood when intro-
duced inta the circulation of another member of the
samc.spccics. These phenomena, which are of great
practical importance in the practice of transfusion, have
attracted m.uch attention in recent years. ‘The blood of

tour in such circumstances, and the
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inheritance when a mutationappears. Lenz ! carries the
conception of molecular mutations a step further, and
suggests that on any chemico-physical conception of the
germ-plasm it is not to be expected that it will be the
seat of smooth and continuous change, but rather that it
will be altered in successive szeps, by the removal, or by
shifting of the positions of molecular groupings.

One is tempted to venture yet one step further, and
to point out that, since in the experimental breed-
ing of Drosophila the same mutation is seen to originate
over and over again in the species, such a happening
may be compared toa chemical reaction in the laboratory,
which is repeated as often as the necessary conditions
are reproduced.

It is hardly necessary any longer to argue in support
of the view that the various genera and species of plants
and animals differ in their chemical structure. Not only
do we recognize the facts that the fat of a sheep differs
in jts composition from that of a pig, and that the
proteins of an animal of one species act as foreign pro-
teins to animals of another specics, but it is also evident
that the members of different species differ in what may
be called their chemical lives, in that complex of
chemical happenings to which we give the name of
metabolism,

In the vegetable world such differences are mani-
fested in the pigments of leaves and flowers and the

Y Handbueh der normalen und pathologischen Physiologie, 1926, avii.
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The number of possible groupings of the several
fractions, in which each fraction is r:.pr.csente(? only
once, 5 very great indeed, and Wwhen 1t is co.nsldHCd
that the proportions of individual amm.o-aqu vary
widely and that one or more may be missing from the
molecule of any individual protein, it is obvious that
the possible combinations and groupings must exceed
in numbers even the figures with which astronomers
have to deal.

1t cannot be doubted that natural selection works
through chemical as well as structural modifications,
nor that the features in which an organism differs from
type are foreshadowed in the molecular complexes of
the chromosomes.

In an address delivered in 1926, J. B. Leathes?
pointed out that all which needs ta be premised in
order that the whole course of evolution may follow,
is the disposition of matter in molecules or agpregates
which shall be unstable and immensely variable; and
that such matter shall have and retain the power to
d{tcrmin: the deposition of other matter in conformity
with its own pattern, or with patterns which enable it
ta exercise such power,

It may be supposed that, as evolution has procecded,
organisms have been praduced which differ in chemical
:'mc\urc,fals well 28 sn their forms, until the proteins of
ﬂ%::ll?e; b‘;‘:‘%:‘;‘“gs have becamesofar differentiated

s foreign prateins towards members
! Loc o, sub. 1,
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agglutination of the red corpuscles when donor and
recipient belong to incompatible groups is attributed
to the presence or absence of as yet intangible sub-
stances known as agglutinogens and agglutinins.

That membership of the several blood-groups is
transmitted from parent to child appears to be well
established, and it is suggested that the inheritance
follows Mendelian lines. But the groups would appear
to represent racial quite as much as individual differ-
ences; as would appear from work done upon various
races. It would scem that the group known as A is
present in higher percentage in the races of Western
Europe, and that the percentage of group B tends to
increase from west to east.

There is still much to be learned concerning the
blood-groups, but it can hardly be doubted that they
testify to chemical or physico-chemical differences
within the boundaries of the species.

It is the extreme complexity of the molecules of the
proteins, which are the essential constituents of all
living tissues, that makes it possible to imagine how
chemical individuality can exist. Their huge molecules
are built up of some twenty or more fractions, each an
individual compound, which, being an amino-acid, is
capable of acting as an acid and also as a base. To its
neighbour on the one side it acts as an acid, to its
neighbour on the other side as a base, and so the several
constituent fractions are able to hold hands, so to speak,
and to form chains and clusters.
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2 destroyed organ cannot be reproduced, nor 2 fost
limb replaced. .

A lizard may grow a new tail of a sort, but in 4 man
who bas lost one kidney, the remaining Kidney bas to
enlarge and do the work of two.

Only the germinal cells retain the power to rcpr?&}lte
ali the tissues and all the structures of the original
organism, and it is in virtue of thatlpower that .thc re-
production and survival of the species is committed to
them. Whatever may happen to the somatic cells affects
the individual involved, but not the future of the race.
Just as in a bee community the worker bees are
specialized for the performance of their appointed
tasks, and minister to the fertile queen and ber progeny,
but have no further share in the propagation of the
race, so the somatic cells are specialized to wait upon
the needs of the germ-plasm.

Yet the germ-cells are composed of the same kind
of materials a5 the somatic, and although protected
from many kinds of 1njury to which the body-cells are
liable they are no more immortal than they. The main

difference is that they retain the totipotentiality which
the somatic cells have lost. In what that totipotentiality
consists we do not know.

There are indications that the germ cells may be
altered by certain agencies, such as exposure to X-rays,
and that thereby the progeny may be affected; but it is
commonly held that to the germinal cells alonc is due
the sransmission of the forms and functional charac-
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even of kindred groups. When that stage has been
reached interbreeding will no longer be possible, the
species will have been established, and thenceforward
its main characteristics will be maintained.
Evidently, as the organism becomes more elaborated
there will be ever increasing opportunities of departure
from type. As Andrewes puts it, ‘a chronometer can
suffer from a greater variety of defects than an hour-
glass'.
The simpler organisms possess a great power of
repairing damaged tissues, but, as evolution proceeds
from the single cell to the nations of cells which consti-
tute the higher plants and animals, the somatic cells
of which their various tissues are built up become
specialized for the particular purposes which they are
called upon to serve; some to form the skeleton and
others muscles; some to produce external and internal
secretions, others to cnsure the removal of waste
materials. In becoming thus specialized the cells lose
a part at first, and ultimately almost the whole of their
totipotentiality, that power which the primary cells
posscsscd of reconstructing lost parts, and of the more
delicate kinds of tissue repair. Such repairs as are still
possible are carried out by the wandering cells of the
mesenchyme, The reunion of a broken bone, the scar-
ring of an abraded surface, the healing of a wound are
still possible cven for the most highly developed
organisms, and hypertrophy or .hypcrp]nsia may com-
pensate for loss of a part, but in the higher animals
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variations which diminish Yiability to disease, th‘an to
such 25 favour its development. Moreover, as is re-
marked by J. B. 5. Haldane and Julian Huxley,! in
2 book published recently: *Mutations most ?afﬂy
detected will usually be those with large and striking
effects; and a large change will be likely to throw the
animals organization out of gear. Mutations of small
amount which do not throw the machinery out of gear
but may even improve it, must also be occurring, but
the smaller they are the more difficult will they be to
detect.’ Tn other words, the better the adaptation to the
environment, the less likely 15 any change to be far the
better,

A new depatture may be, at the same time, both
beneficial and harmful, but if the good outweighs the
evil it will persist. Thus, when man adopted the erect
posture he gave up the hammack-like support of the
abdominal viscera, which is a fundamental part of the
vertebral plan; and in so doing laid himself open to
a variety of minor ills, varicose veins, herniae, and the
like; but the gain was far greater than the loss, for it
was no less than the mastery of animal nature upan
this planct.

It may appear, at first sight, that in this discussion
of the basis of individuality an essential difference
bctwan variations of form and those of function has
been ignored. But, as a matter of fact, the difference is
rather apparent than teal.

* Animal Bi;
. ai mlngc). 1927, p. 221,
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teristics of the individuals; and if so, we must Jook to
them for the basis of the inborn factors in disease.
Each one of us, and each departure from type which
he exhibits, may be looked upon as one of Nature's
experiments, and the experiment may result in success
or failure.

Speaking in 1881, Huxley ! referring to the normal
and typical characteristics of a species said: ‘Outside
the range of these conditions, the normal course of the
cycle of vital phenomena is disturbed ; abnormal struc-
ture makes its appearance, or the proper character and
mutual adjustment of the functions cease to be preserved.
The extent and the importance of these deviations from
the typical life may vary indefinitely. They may have
no noticeable influcnce on the general well-being of the
economy, or they may favour it. On the other hand,
they may be of such a nature as to impede the activities
of the organism, or even to involve its destruction.’

It is important to bear in mind, in any discussion of
constitutional liability to disease, the three possibilities
mentioned by Huxley. When approaching the subject
from the medical side one is liable to forget the reverse
of the picture, the modifications or mutations which are
beneficial to the organism. Inborn immunity is no less
real than inborn liability to discase. Were there no
favourable variations there could be no cvolutionary
advance. Yet, as will be shown later, it is far more
difficult to point to definite examples of favourable

t Internat. Med. Congr. Trans., 1881, 1. 91,
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variations which diminish Nability to disease, thfm to
such as favour its development. Moreover, 4s is re-
marked by J. B. S. Haldane and Julian Huxley,! n
2 book published recently: ‘Mutations most c-:x?\ly
detected will usually be those with lasge and striking
effects; and a large change will be likely to throw the
animal’s otganization out of gear. Mutations of small
amount which do not throw the machinery out of gear
but may even improve it, must also be occurring, but
the smaller they are the more difficult will they be to
detect.” Tn other words, the better the adaptation to the
environment, the less likely is any change to be for the
better.

A new departure may be, at the same time, both
beneficial and harmful, but if the good outweighs the
evil it will persist. Thus, when man adopted the erect
posture he gave up the hammock-like support of the
abdomunal viscera, which is 2 fundamental patt of the
vestebral plan; and 1n so doing Jaid himself open to
2 variety of minor ills, varicose veins, herniae, and the
tike; but the gain was far greater than the loss, for it
was no less than the mastery of animal nature upon
this planet,

It may a}:pczr,.at first sight, that in this discussion
Zf the basxs_ uvf individuality an essertial difference

ctween variations of form and those of function has
been ignored. But, as 2 matter of fact, the difference is
rather apparent than real,

- ! Animal Buolegy, w27, p 221,
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If we are justified in assuming that the representation
in the chromosomes of the characteristics of the
organism which shall spring from them has a molecular
basis, differences of form must themselves have been
determined by molecular grouping, in other words,
must have a chemical origin.

That chemical factors play a conspicuous part in
determining bodily form has been revealed by the study
of the endocrine glands and of the hormones which
they secrete, two at least of which hormones already
take their places amongst known crystalline chemical
compounds, It is now generally recognized that the
endocrine glands constitute a system of balanced regula-
tors, which control many of the most important processes
in the animal body, and through its functions tend to
shape its structure. By this balanced control, height
and weight, slimness and obesity, and also temperature
of the body and blood pressure are kept within the not
tao narrow limits of what is called normality, But, as
in a tug of war there 1 2 swaying to and fro; so, within
the bounds of the average, there are many apportunitics
for variations both small and great.

Not a few writers, notably Keith! in this country,
1. Bolk 2 in Holland, and Pende 3 in Italy, have empha-
sized the importance of the role played by the endro-
crine glands in connexion with the cvolution of the

¥ Huxley Mermorial Lectare Nature, 1923, cxil. 257.

2 Lancet, 1921, ii, 588,
3 Constituticnal Inadeguacies (teans.), 1928,
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races of mankind, but undoubtedly other influences a_lso
are 3t work, The hormones are essentially regu\at.we
atherthan inventive. ‘Theyare fully competent tobring
about abnormal stature or hirsuties, but we cannot
attribute to them extra digits, nor such other eminently
hereditary deformities as claw hand, and must look
elsewhere alto for the causes of malformations by defect,
of structural jobs left unfinsshed, such as cleft pafate and
spina bifida,

On the other hand, 1t can hardly be doubted that the
endocrine system plays a most impottant part in the
production of thase individual and racial differences of
form and feature which are revealed by anthropometry,
and of which the association with morbid labuities, of
various kinds, is being studied assduausly in an in-
creasing number of Constitutional Chintes.

Following a completely different Yine of thought,
J. B. Leathes? adduces the influence of function, of
stress and strain for i , upon the develop of
connective tissues. He sees in such influences the excit-
ing; causes of a secretion of collagen by certain cells of
the connective tissues, and the resultant formation of
what may be called a fibrous rigging along the direction
of the pull, that is vo say of tendons and ligaments,
To similar influences may be ascrihed the structuse of
the bones, the distribution of the trabeculae in such

293y as to meet the mechanical strain to which the
bones are habitually subjected.

* Loc. &t wab. (1).
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Starting with sucha conception of chemical specificity
and chemical individuality as has been sketched out in
this chapter, it is not difficult to conceive of the handing
down, from parent to child, of these peculiarities of
form and function which depend upon the chemical
structure of the chromosomes, Nor is it difficult to
suppose that natural selection works, through the
medium of the mutations which occur and recur from
time to time, for the better adaptation of the individual,
and through the individual of the race, to the environ-
ment in which he lives.

Among the legacies thus handed down from one
generation to another are predispositions to certain
diseases, or exceptional powers of resistance, which play
and have played no unimportant parts in the evolution
of the human race.

I
EVOLUTION AND DISEASE

Of all the teeth in the ternble comb with which Nature sorts out the
ineffi diseaseis one of the most formidable.—r. w. AxpREWES, 1926,

INCE the days when the older notions of diatheses

took form the whole outlook upon biolegical pro-
blems, has been profoundly changed by the general
acceptance of the theory of evolution; an acceptance
which is not impaired by the diversity of views which
still persists, as to the mode in which the evolution of
living things has come about.
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Thete ate, to-day, those who hold that the part
played by matural selection has bee.n far less th.an
Datwin supposed, and some who b?h‘evc that t.he in-
fuence of that factor is almost negligible; despite the
fuct that when once conceived of, the survival of the
fittest is seen to be inevitable, The controversy as to
the hereditability of acquired characters still persists,
involving, 25 it does, the vulnerability of the germ-
plism, The views of Lamarck in modified form, the

so<alled neo-Lamarckism, have not a few adherents.
Whatever views may be held upon such points, the
fact yemains that in no discussion of the inborn factors
in dusease can the evolution of the agents of disease,
on the one hand, and that of the methods of defence of
the organism, on the other hand, be left out of account.
As to what constitutes fitness to survive, man and
Nature do not see eye to eye. As clvilization has ad-
vanced the protection of the sick and weak s also of
those whose mental development gives them but 2 poor
chance in the struggle for existence has become more
and more developed, The whole sim of medical art,
whether therapeutic or preventive, has been to counter-
act the taws of Nature, We cestainly would not have
it otherwise, and indeed the highest achievements of
human thought and of art, ate nat unfrequently the
work of men who are little fitted for the rough and

tumble of a Life of strugpfe,

h;r:i Y";“" played by d'xst:ls.c as an agent of evolution,
oubt been greater in the case of man than of
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the lower animals whose livesare in jeopardy every hour,
and of civilized man than of his predecessors the pre-
historic cave-dwellers. Our early forebears, although
exposed to the far more rigorous climate of an icc-age,
and lacking the protections which we regard as essential,
probably needed such protections Jess than we do; but
they were constantly exposed to the attacks of wild
animals against which their weapons were not wholly
adequate, and to the assaults of kindred marauding
tribes. They had not much opportunity of being
sick.

Modern man, on the other hand, leading a far more
sheltered life, and perhaps because he does so, is much
more likely to succumb to disease—to die in his bed,
as the saying is—and he owes his survival far more to
the devices of his brain than to the vigour of his arm.
Whether, with advance of preventive medicine and
hygiene, on the one hand, and the multiplication of
motor vehicles on the other, this situation will again
become reversed, remains to be scen.

We are apt to forget how closely, as evolution has
proceeded, man has become adapted to the calls upon
him. The very possibility of protoplasmic life is limited
by the effects of temperature upon proteins, and the
range is not a wide one, but man s adapted, not only
to temperature, but also to the force of gravity at the
surface of this planet, to the pressure of the atmosphere
and the blending of its constituent gases, to the character
and composition of the available foodstuffs. It is not
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to be wondered at that a deviation from the average on
his pact is apt to place him ata disadvantage.

On the other hand the normal man is able to adapt
himself, in virtue of his regulating mechanisms, to
cansiderable changes in his environment. An obvious
cxample of this is afforded by the survival and well-
being of races and individuals, 1n the tropics or in the
polar regions, at the sea-level or on mountain sides,
without any conspicuous variation of body temperature.

"The relation of evolution to disease has occupied the
attention of a number of writers in recent years. Of
those, in this country, who have contributed to the
discussion the names of G. Adami,! F, W. Andrewes,?
ArchdaltReid,?and W. J.Collins¢call for special mention.

In later chapters 1t will be necessary to speak, in
some detail, of special aspects of the subject; here 1t will
suffice to review briefly some of its general aspects.

These fall under three chief headings: In the first
place, the means of defence of the organism against
attacks from without has obviously been improved
by the evolution of defens: .

h

B
§ccnndly, in the case of infective maladies the inyad-
1;{; organism, whether bacterion or protozoon, has
eveloped improved methods of attack as time bas gone
o8, s was well brought eut by Andrewes in his Linacre
'l :!I{:mr./ Contributions to the Srady of Bvolutson, 1g18.
7y i 1
o ere Lecture. Dusease in the Light of Evolunon’ Lancet, 1926,
* Present Evolution of Ma, 1896, * Lancet, 1920,1, vo5g
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Lecture. Thirdly, there can be no question that disease
has played, and is playing, a very important part as an
instrument of natural selection.

Against maladies which have their origin outside the
body, in the introduction into it of protozoa, bacteria,
or those still mysterious agents known as filter-passing
viruses, and against such diseases as result from ad-
ministration of poisons of various kinds, therc have
been evolved protective mechanisms of conspicuous
efficiency.

The chemical poisons may be considered first, for
they provide the simplest examples, in which fairly
simple chemical processes are concerned. The simplest
example of all it provided by the measures to counteract
acid poisons. The neutralization of the acid by ammonia
diverted from metabolism, which has the great merit
of sparing the fixed alkalies of the tissues, has been
developed in carnivorous animals, including man, but
not apparently in herbivora, which having abundance
of alkali in their food, are little exposed to acid-poison-
ing. Another simple, but highly important protective
device is the combining of toxic aromatic compounds
with sulphates, to form the innocuous aromatic sul-
phates which are excreted by the kidneys: or with
glycine to form the acids of the hippuric group. It
appears that only in the case of normal aromatic
products of the body chemistry, tyrosin, phenyl-alanin,
and tryptophane can the benzene ring be broken in the
course of metabolism.
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‘However, it must not be assumed too readily th'.‘xt
such mechanisms have been cvolved in all cases. tis
bighly probble that in some instances we have to deal
withanuneehearsed chemical reaction. When Baumann
administered brom-benzine to a dog the animal ex-
creted a derivative of cystin to which he gave the name
of a mercapturic acid. 'The same happens with all dogs
and with other halogen-benzines. Yet it is unlikely
that before Baumann's experiment any dog had taken
brom-benzine, ‘The mechanism was ready to hand,
although the contingency could hatdly have been pre.
pared for; just as the organic chemist succeeds in
preparing synthetically compounds which have never
previously existed, but which assume their correct
erystalfine form, and exhibit predicted properties. Yer
in studying such mechanisms we get a glimpse, behind
the scenes, of what may be the inner meaming of what
is spoken of as predisposition to disease.

Turning now to the infective maladies, the protective
mechanisms are undoubtedly much more elaborate.
The agents of defence are not yet known as definite
cflcmic:d compounds, but are revesled to us only by
Smg‘e properties. Such are the antitoxins, 2gglutinins,
opsinns, and the hke. They are not yet accessible by
the ardinary methods of the chemical laboratory, In
many instances they are appatently not present in the
organism until it is attacked from without, but once

acquired they may remain as long-Jasting assets of their
po,s:essors. Some of them have the power of slaying
2
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the invaders, whereas others serve as antidotes to their
toxic products.

Apart from these chemical or physico-chemical
methods the organism is able to defend itself by
mobilization of the wandering cells of the mesenchyme.
The phagocytes are rushed to the threatened area; steps
are taken to deal with the invaders by their means and
by hemming them in so as to localize the trouble.

The temperature of the body also is raised to the
optimum level for the altered circumstances, Such is
the picture by which we arecon fronted if, as Andrewes
does, we Jook upon fever, and inflammation also, as
part of a well-devised protective scheme.

As to the part which infective diseases have played
in the evolution of the human race it is difficult to bring
forward any definite evidence, but still more difficult
to doubt that that influence has been very great.
Epidemics and pandemics have decimated, and more
than decimated, large populations, as witness the Black
Death in England, and, in a lesser degree, the pandemic
of influenzain 1918. Such outbreaks destroy the strong
aswell as theweak, but less highly infectious maladies do
muchtoweed out the feebler members of the community.

To turn to the other side of the picture it appears to
be certain that populations tend to acquire a consider-
able degree of protection against those infective diseases
with the infective agents of which they are continually
in contact. The fatal results of the introduction of an
infectious disease, such as measles, into a community
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not previously exposed to it, bear witness to such
relative, acquired immunity.

Two}:xp?amtions of this suggest themselves. On the
one hand there can be no doubt that repeated exposure
to 4n infection, even though no attack of the corre-
sponding disease results, does tend to confex: a (}cgree
of acquired immunityy on the other hand it is dlﬁ.'xcu\t
to doubt that, as Archdall Reid ! so strongly maintained,
the mote bl bers of 2 ¢ ity tend to
be eliminated by natural selection, with the result that
the surviving population consists mainly of less vulner-
able individuals, Naturally this applies only to the
mafadies which are always with us a community enjoys
no such relative immunity 1n face of a disease to which
it has never previously been exposed,

The other side of the picture need not be discussed
here, but should be alluded to. It must not be supposed
that the cvolutionary processes ate concerned for the
welface of the higher animals alone, The bacteria and
protozoa which have acquired parasitichabits have their
OWnR careers to work out; 1o ensure their own survival
their methods of attack have doubtless been improved,
toceumzrimprovedmcthodsof defence. Wemust picture
astruggleof conflicting interests, carried on through the
ages, perhaps since the dawn of life upon this earth,

Bur by no means all maladies are due to infective
agents, and in some the internal factors play by far the
more tonspicuous parts, The subject of anunfavourable

* Loc. cit
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mutation may get along well enough until he be sub-
Jected to some exceptional test; but an cxternal agent,
such as an injury, of a degree harmless to an ordinary
individual, may have serious consequences for him.

Unfavourable mutations of minor kinds may cause
disfigurement or may inconvenicnce their sibjects in
a variety of ways, but may nevertheless recur in succes-
sive generations of a family. The conditions of civilized
life tend to favour the survival of such defects; a brain
worker may be little handicapped by a structural de-
formity of a minor kind. More serious departures from
the normal may greatly diminish the chance of the
sufferer’s survival into adult life, and tend to dic out.
Others again, such as the more extreme kinds of cardiac
malformations, are incompatible with survival.

Whilst a necessary factor in the impravement of
the race through natural selection is the transmission
by inheritance of such favourable mutations as may
occur, there is abundant evidence of the hereditary
transmission of such unfavourable mutations as those
which entail unusual liability to discase.

v
INHERITANCE OF MORBID LIABILITIES
Patrius hic iil;, nam plerumque morbr quoque, per successiones quasdam,
ut alia traduntur.—PLINY THE YOUNCIR <. A D. 96,
T is obvious that the importance of heredity, in con-
nexion with the inborn factors in disease, can hardly
be exaggerated, nor can it be doubted that, apart from
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direct infection of one member by another, or very
special conditions of environment, a xfm\ad_y which
occurs in several generations of a family with more
than average frequency, does 5o in virtue of some tnborn
peculiarity of the stock.

Some of the chief diffculties which, unt recent
times, surrounded the study of inheritance have now
been overcome, thanks to the work of Francis Galton
and Gregor Mende), and those who have carried onso
assiduously the researches which they initiated.

Such problems as that of atavism and the skipping

of generations, and the ‘knight's move’ inheritance of
K

hifia and colour blind

, have lost most of
their obscurity, and no longer present any great diffi-
culty of interpretation,

It is not possible, in such an essay as this, to attempt
fo give any general account of the modern views on
heredity, and it will be necessary, whilst speaking of
their bearing upon the particular problems here dis-
cusstd., ta agsume that the reader has at least some

g1 e with the Mendelian theory and the views
of Galran.

1t must be recognized, at the outset, that a disease
or anomaly which is present at bisth is not necessarily
1.nbom. "There are some diseases which may be acquired
#n gters, such as congenital syphihs, and some con-

gerital deformities are the results of intra-uterine
amputations ot minor in

juries. Qbviously all such
be excluded from this inquiry. RSy
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The once widespread tradition of the very hereditary
nature of tuberculosis, dates from the days before the
infective origin of that disease was recognized, and
when it was a common occurrence for brothers and
sisters to succumb, one after another, to tuberculosis
caught byonefromanother. Theadoption of precautions
against infection, such as destruction of sputum, im-
praved ventilation, instead of rigid exclusion of fresh
air, and the encouragement of outdoor life, have greatly
diminished the frequency of such occurrences, and have
diminished the importance of the part assigned to
heredity in connexion with tuberculous affections.

On the other hand, the investigations of Kar) Pear-
son,? Stocks,* and Govearts, who employed statistical
methods, and dealt with thousands of cases, revealed
asomewhat higher incidence of tuberculosis in members
of families in which the disease has occurred in previous
generations than in those in which no such family
history is forthcoming.

It must be borne in mind that the accurrence of the
same malady, and especially of a common malady, in
several members of a family, may be fortuitous, and it
is essential to employ the method of control when
estimating the value of evidence of inherited liability
which such occurrences supply. We need to know not

' Drapers' Company Research Memoirs: Studies sn Nosural Deterieras
tiox, No. 11, 1903,

1 Ann. Eugenitt, 1927, §i. 41; and 1926, ii. 84,

3 Exgenics Rer.y 1926=7, xvii, 12,
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only the proportion of subjects of the disease in whose
famiies it has previously occurred, b)xt also the pro-
portion of unaffected individuals with s}xCh family
histories, and the frequency of such histories in members
of the community at Jarge. .
Ttis equally important that the influence of heredity
shalt not be undes-estimated, as it well may be, secing
that the inheritance of 2 particular malady may be
masked, and 2 Mendelian recessive quality may remain
Tatent through several generations—the atavism of the
alder physicians, When such intervals occur the history
of previous occurrence of the malady may only be elicited
by diligent inquiry, if at all, for few of us are able to give
any account of the ailments of our great-grandparents.
It should be noted, oo, that experience shows that
when tabulating recorded cases of a malady, the absence
from the records of any mention of its occurrences in
past generations, or of consanguinity of patents, cannot
be taken as evidence of there having been none such,
Some peculiarity of

is among possibl
causes of the family occurrence of maladies, but is litdle
Yikely tolead to error, A deleterious trade carried on by
suceessive generations, such a3 steel prinding, or con-
tamination of the water-supply with lead, are cases in
point. In the easc of such diseases as goitre, endemic
1n particular segions, the members of the community
and not of \pmicuh.r famihes are Yikely to be affected,
mil(\'gic::;’\s stuflzes throw very valuable Fight upon
positions, and numbers of husman anoma-
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The once widespread tradition of the very hereditary
mature of tuberculosis, dates from the days before the
infective origin of that disease was recognized, and
when it was a common occurrence for brothers and
sisters to succumb, one after another, to tuberculosis
caughtby onefromanother. Theadoptionof precautions
against infection, such as destruction of sputum, im-
proved ventilation, instead of rigid exclusion of fresh
air, and the encouragement of outdoor life, have greatly
diminished the frequency of such occurrences, and have
diminished the importance of the part assigned to
heredity in connexion with tuberculous affections.

On the other hand, the investigations of Karl Pear-
son,* Stocks,* and Govearts,? who employed statistical
methods, and dealt with thousands of cases, revealed
asomewhat higher incidence of tuberculosis in members
of families in which the disease has occurred in previous
generations than in those in which no such family
histary is forthcoming.

It must be barne in mind that the occurrence of the
same malady, and especially of a2 common malady, in
several members of a family, may be fortuitous, and it
is essential to employ the method of control when
estimating the value of evidence of inherited Hability
which such occurrences supply. We need to know not

1 Drapers’ Company Research Memoirs: Studies in Notural Detertoras
tion, No. 11, 1905.

2 Aan, Eegenict, 1927, il 41¢ and 1918, it. 84.

3 Eugenics Rer., 1936-7, xvii. 12,



INHERITANCE OF MORRID LIABILITIES 65

As William Bateson was the first to point out, such
a mating is far more likely to occur when a member of
an albinotic family marries a cousin, also 2 member of
that family, than when he or she marries into 2 different
family, especially if the recessive characteristic be a rare
one. The raver the anomaly the higher should be the
proportion of its subjects whose parents are consan~
guinecus,

Hence it comes about that albinism, which is 2 rare
anomaly, and hos been shown to be recessive, is met
with, with quite unusual frequency, in the children of
consanguineous martiages. Whereas marriages of first

. N .

ght per cent.of all marriages
in this country, the percentage of first-cousin marriages
amongst parents of albinas is about forty per cent,

In estimaning such percentages a sibship containing
several albino brothers and sisters should be taken as
the umt, not the individual albino, The number of
marnages which result 1 albino offspring, and not the
number of albinos whose parents are consanguineous
is tn question.

1t should be noted that the marriage of cousins as
such does not favour the occurrence of such anomalies,
but the unton of coustns both of whom ate members of
the family in which the anomaly runs, and both of whom
contribute recessive gametes.

115 obvious that we are justified in arguing that an
. I: :\';ﬁ:‘:{lée Exlution Commuttee of the Royel Society, 1902, No 1,

Press
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lies are mutations which are either Mendelian dominants
or recessives, But, since for obvious reasons the relative
numbers of normal and abnormal offspring in the small
human families supply little information as compared
with the results of experimental breeding of prolific
animals, it is mainly by the application to man of the
results obtained by such experimental breeding that
progress has been made.

An only child may be merely the firstborn of a
family, and miscarriages would need to be taken into
account in reckoning human familics, and at the best
the figures dealt with would be incomparably smaller
than those relating to mice or rabbits, and still more to
such an insect as drosophila.

Albinism, a mutation occurring alike in man and
lower animals, is clearly shown by experimental breed-
ing to be a Mendelian recessive mutation, such as can
only appear when both parents, although they may
themselves be normally pigmented, contribute recessive
gametes, I both parents be albinos a1} their offspring
will be albinos. So long as one parent is a srue dominant,
normally pigmented, and contributes on/y dominant
gametes, none of the children will be albinos; but, on
the other hand, one parent or both parcnts may appear
to be normal and yet produce both dominant and reces-
sive gametes, Albinos mayappear amongst the children
of such parents, but several albino-free generations may
clapse before a mating :'ng:lin occurs between parents
who both produce recessive g:\m.crcs.
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As William Bateson® was the first to point out, such
2 mating is far more likely to oceur when a member of
an albinotic family marries a cousin, a\s? a mcn.\\xcr of
that famify, than when he ot she marties fnto a different
family, especially if the recessive characteristic be a rare
one. "The tarer the anowmaly the higher should be the
proportion of its subjects whose parents are consan-
guineous,

Hente it comes about that albinism, which is 2 rase
anomaly, and has been shown to be recessive, is met
with, with quite unusual frequency, in the children of
consanguineous matriages. Whereas marriages of first
cousing number fromonetoeight percent.of all macriages
in this country, the percentage of first-cousin marriages
amongst parents of albinos 15 about forty per cent.

In g such p fres 2 sibship ¢ ing
severai afbino brothers and sisters should be taken as
the umt, not the indvidual albino, The number of
massiages which result in albino offspring, and not the
{mfnbcr of albinos whose patents are consanguineous
13 1n question.

1t shouid be noted that the marriage of cousins as
such does not favour the occurrence of such anamalies,
but the union of cousins both of whom are members of

the famuly in whick the anomaly runs, and both of whom
contribute tecessive gametes.

{t is obvious that we are justified in arguing that an

¥ Repertof the Erolation Commiyt,
G ittae of the Royal Soceety, 1502, No 1,
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1f we attempt to apply Bateson’s law of"prcsentc
and absence’ to human abnormalities difficulties are apt
tobe encountered. Whereas some recessive anomalies
appear to be due to absence of some factor, a fermertt
in some cases, and excess of digits is ebviously domi-
mant, as Bateson’s law requires, brachydactyly, with
deficient number of phalanges, also behaves as a domi-
nant. It is probable that in some at least of the ap-
parently patadoxical instantes more than one factor is
concerned,

In recent years a considerable amount of information
bearing upon the inheritance of human anomalies and
habilities to disease has been accumulated, In a recent
work Ruggles Gates® has brought together and dis-
cussed the materia} already available, and supplies a
copiovs bibliography of the subject. To this and other
books by British and Continental writers, the reader s
referred for further information, which is outside the
scape of this essay. O. Nuegeli's? suggestive mono-
graph may be mentioned specially.

To some examples of morbid heredity, which are of
ehief importance 1 iustration of questions here dealt
with, it will be necessary to refer in later chapters.

!n Francis Galton's fascinating book, entitled En-
quines. into Human Faculty, there is a chapter upon the
histories of twins, in which he remarks that ‘the steady
and mutiless march of the hidden weaknesses of our

' Heredity in Man, 115,
3 d((gm?iu Kmti‘:?xt?uhiu, 1927,
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If we attempt to apply Bateson's law of}‘Prwence
and absence’ to human abnormalities difficulties are apt
tobe encountered. Whereas some recessive anomalies
appear to be due to absence of some factor, 2 fermexzt
in some cases, and excess of digits is obviously d°’f“‘
nant, as Bateson’s law requires, brachydactyly, with
deficient number of phalanges, also behaves as 2 domi-
nant. It is probable that in some at least of the ap-
parently paradoxical instances more than one factor is
conicerned.

In recent years a considerable amount of information
bearing upon the inheritance of human anomalies and
Tabilities to disease has been accumulated, In a recent
work Ruggles Gates? has brought together and dis-
cussed the matenal already available, and supplies a
copious bibliography of the subject. To this and other
books by British and Continental writers, the reader is
referred for further information, which is outside the
scope of this essay. O, Naegeli's? suggestive mono-
graph may be mentioned specially.

To some examples of morbid heredity, which are of
chief importance in iflustration of questions here dealt
wath, it will be necessary to refer in later chapters.

In Franas Galton's fascinating book, entitled Ex-
quinies into Human Faculty, there is a. chapter upon the
histories of twins, in which he remarks that ‘the
and pitless march of the hidden weaknesses

b Heredity in Mav, 1g2q.
* dilgemeine Konstieationslehry, 1937,

steady
of our
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constitutions, through illness to death, is painfully
revealed by these histories of twins’.,

The subject is closely allied to that of hesedity, if not
actually a part thereof,

No other two human beings are so much alike as are
twins developed from a single ovum. Their likenesses
of outward form are proverbial, and have supplied the
plots of tales and dramas. That such twinsalso resemble
cach other in mental attributes, disposition, and tastes,
is equally well recognized; and it may safely be inferred
that the resemblances extend still decper, to their tissue
structure, and to the metabolic processes which consti-
tute their chemical life. It has been shown that there
are close resemblances of such essentially individual
features as finger prints, sole prints, and blood groups.

Here obviously is 2 most promising ficld for inquiry
into the inborn factors in disease, for, as His says’,
when there occur in uniovular twins, at like ages and
with similar courses, discases, such as pneumonia or
rheumatism, which we are accustomed to regard as
maladies due to exposure or occupation, we recognize
the powerful influence of constitution upon them.

A large amount of information upon this subject
is available, but much of it has not the accuracy
demanded, if the evidence is to be regarded as con~
clusive. What is needed is a collective investigation
based upon information supplied by medical men who
have heen in contact with the twins from birth upwards,
urliche Ungleschieit der Menschen, 1928, p. 18.

¥ Ueer dic
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supplemented by other information from lying-in wards
and hospital notes. In Galton's chapter, based upon
2nswers to a questionnaire, the information was for the
most part supplied by the twins or their parents, and
little of it by their medical attendants.

On the other hand, notable contributions from the
medical side have been made by George Murray? and
E. A, Cockayne? in this country, and by Siemens3 and
others in Germany. Julius Bauer,* in his book on
Constitution, cites 2 number of examples of disease in
tnins in his discussion of consttutsonal factors in
particular diseases.

Obviously it is essential that in any collective in-
vestigation of the subject the inquiries must discriminate

tween true, umovular twins and those developed from
separate ova, but the latter will be of use as controls. In
s discriminating it 15 easy enough to discard all cases
in which the twins are of different sexes, as being ob-
viously binovular, but 1t is far fram casy to discriminate
between mono- and hetero-zygotic twins of the same
e, and the laster, according to Newrman, constitute
:;l: :lfn;hlz tr’c;;:nclc:t:mb;r of “kvlins of. one sex, Evid_cnc.e
membroe csscn,( it;[ :r;‘:e c don‘gmc af:d two amniotic
Apare from ey s o :" :: ing prh crucial cases.,

e v resulting from accept-

N ) 1925,1. 529

Bnr. J. Child. Dy,

? ch[lny’amlqu.

")lll-)u Lnitistiensf)y Dutpecition zx innerex Krankkeiten, 2nd eq,

+ 1911, vai. 487,
1924.
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ance as presumably uniovular of twins of the same sex,
and whose likeness to each other is conspicuously
greater than that of ordinary brothers or sisters, will not
be a large one. As examples of the crucial questions
referred to, in which such evidence does not suffice,
may be quoted that of differences of blood groups in
twins, and the occurrence of Mongolian idiocy in one
of the pair.

The number of records which fulfil the strict require-
ments are very small, but the following may be quoted
as such, Cockayne and Sheldon ! described the cases
of male twins both of whom exhibited signs of con-
genital pyloric stenosis in the carliest months of life.
In both cases the diagnaesis was confirmed at an opera-
tion. It was testified by the midwife who attended the
mother that there had been one placenta, one chorion,
and two ammiotic sacs.

Other cases of pyloric stenosis in identical twins have
been recorded.

There is much evidence which hardly admits of
question, of the tendency of the so-called identical twins
to develop along similar hines, even when their sur-
roundings and upbringing are different. In Galton's?
words, ‘they continue thewr hives, keeping time like two
watches, hardly to be thrown out of accord, except by
some physical jar'.

There is also an impressive mass of evidence that

t Proc. Ry, Soc. Med , 1928, x00 1360
3 Inguirses snig Human Faculty, 1883, p 235.
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true twins are wont to suffer from the same Mnesses
Imost simultaneously, even though living far apart and
in different circumstances.

Oneis tempted to be sceptical as to such records, but
itis hard to doubt the testimony of Trausseau® as
Tegards the often quoted ease of twin hm.(hcrs who
wrere attacked simultaneously with *rhenmatic ophthal-
miz', in Paris and Vienna sespectively, and who both
suffered from asthma. In this, as in other recorded
cases the one twin foretold the other’s attack. Trousseaun
adds, that however singular this story may appear, the
factis none the less exacts it was not told him by others,
but he has seen it himself; and has seen other similar
cases in his practice.

‘There are not a few instances of similar troubles
developed by twins well on in life, and 1n some of these
the maladies observed have not been such as might be
expected to be hereduary.

Among suth are Hodgkin's discase, lymphatic leu-
kaemis, Hirschsprung's disease, and Hanot's cirrhosis
of ;ht liver, papiftoma of the larynx, and even empyema
andp . A
Rver's book ate somcbg

therecord ed through

f Frohlich's syndrome, calca-
tuna, renal tuberculasis, and variows nervous disorders,
incuding myatonis congenita and spastic paraplegia,
Such cases are not numerous enough ¢o serve as bases
of generalization, but they emphasize the desirability
of systematic research upon rigid lines.

§ Cheipne .‘I[J:ru/!.lﬂﬁl,lumci.p 923,
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Of cxceptional intcrest and importance are the
examples of diabetes in twins collected by W, Stanky
Curtis ! of Baston, They relate to thirteen pairs of twins,
several of which were under observation in the Joslin

.clinic, and it is necessary in this connexion to take into

account not only the several kinds of twinship but also
the several kinds of glycosuria, some of which appear
to be manifestations of definitely inborn peculiarities,
such as the glycosuria without hyperglycacmia, the so-
called diabetes innocens,

Of Curtis’s thirteen pairs of twins one pair was of
different sexcs, and two other pairs are described as not
homologous, although of the same sex. The remainder
arc classed as identical twins, It is of interest to notc
that the ages at the period of onset of the diabetes varied
within such wide limits as threc to sixty years. Twin
brothers of fifty-nine, died of diabetes within two
months of each other, and brothers of sixty within a
few weeks. Yet a third pair of brothers succumbed to
the discase within four months of cach other, at the age
of twenty-seven.

Such cases recall Galton's simulc of the watches which
run down together.

In other cases there were long intervals between the
onsets of the malady; and as evidence of the difficulties
which besct such inquiries, Curtis tells that the mother
of the twins of different sexes declared that they always
had the same diseases.

1 Jour. Armer. Med. Ais, 1929, xcii. 952.
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1t must be acknowledged that there is something
uncanny about the diseases of twins.

Each of the subjects so far discussed has 1mportnnt
bearings upon questions of constitution, of human
individuality, and upon what Langdon Brown? has
aalled predestination to disease. The attempt may now
be made to apply the knowledge gained in recent years
of the chemical constitution and activities of the human
body to the elucidation of the processes at work in
rendering it unduly liable to, or unduly immune from,
diseases of various kinds.

1 Brit. Med. Jour., 1930, 1. §25.



PART 11

THE SEVERAL KINDS OF PRE-
DISPOSITION

v

STRUCTURE AND FORM IN RELATION
TO DISEASE

Each patient has a pathological, as well as 2 mental and soca! individe-
ahty —TnOMAS LAYCOCK, 1862,

HE relationship of structure to disease has to be

considered under two main aspects. In the first
place peculiarities of form or feature may serve as labels
indicative of Habdlity to particular maladies, althoughno
obvious part in the causation of those maladies caa be
assigned to them. On the other hand, some deviations
from the average build and structure of the species
render their possessors Jiable to pathological acaidents
of various kinds.

It has long been recognized that, as regards their
liability to disease, people fall into different classes, and
that such liabilities may be associated with differences
of structure and feature; so that the several ‘tempera-
ments’, to use the term in its older sense, may often be
recognized by mere mnspection.

Various factors doubtless contribute to the produc-
tion of those groups of individuals who resemble each
othe, not only in outward form, butalso in physiological
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and mental processes. Amongst these the ac ¢
effects of inheritance play important parts. .

I 1 race such as ours, which results from the fusion
of 2 number of strains, and especially of Kelt, Anglq-
Saxon, and Northman, racial peculiarities st contri~
bute fargely; and just as racial characteristics extend to
the forms and agglutinations of the red Corpusfles of
the blood, so also there is a considerable mass of| evidence
pointing to racial Habilities to, and immunity from
particular diseases.

In tecent years the study of such individual differ-
ences of structure, and of the morbid proclivities asso-
ciated with them, has been approached along modern
scientific lines, and by the employment of anthropo-
metric methods. Such anthropometric studies, together
with othiers involving different methods, but similar in
their aims, are being pursued in the ‘Constitutional
Clinics” which have been established in several centres,
Gearge Draper,! who presides over such a clinic in New
York, has already published a volume dealing with what
he describes as the “anatomical panel’, and which em-
bodies the results of large numbers of measurcments,
2nd deals with statistics relating to many individual men
2nd women as regards their stature, girth, weight, and
any physical peculiarities of feature or limb which they
exhbie. This investigation is only a part of that con-
templated in Deaper’s scheme, which embraces also
Fhysiologica), psychologieal, and immunological panels,

b Humas Constitanion, 1924,
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To turn to the second division of the sulzject under
discussion, namely the part played by :mgtom\ca.l anoma-
hes in predisposing their subjects to disease, it is sur-
prising, at first sight, to ﬁnd.hmv .sma“ that part is.
[mportant as is the part which disease plays as an
instrument of natural selection, it is rather those who
are functionally than physically unfit who are weeded
out by its means. .

Yet in extreme cases congenital malformations may
be incompatible with suryiva; or as is the case with
certain cardiac defects, may seriously curtail life. Mal-
formations of less degree may place their subjects at
serious disadvantage, by disfiguring them, by bindering
them in earning a living, or by impairing their powers
of self defence.

Itis hardly necessary to point out that malformations
differ widely in kind. Some are dué to failure to com-
plete some structure, and to this class of malformations
by defect belong hare-lip, cleft-palate, and spina bifida.
Others are malformations by excess, such as extra digits,
2nd others again, such as branchial clefts, present per-
sistent vestigid remnants. Many malformations are
obviously hereditable, cither as d or recessive
characteristics, and it would seem that in some families
what is inherited is « tendency to structural variations,
rather than any individual anomaly.

On the other hand, it cannat be supposed that the
evolution of the human frame has reached its limits, nor
that ait varistions of form ace necessatily harmful;
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of may be met with from time to time. For example,
an almest complete absence of the mxfscles of the
Ddowinal? wall oceurs in association with cnOr'mou.S
diltation of the ureters, and of the bladder W}\}Eh is
wually attached to the umbilicus. The condmof\ is
usually fatat in infancy, but some subjects have survived
to adult ife. It is not cestain which s the primary
event, but examination of subjects of the anomalics
leaves fittle room for doubt that the abdominal disten-
tion due to the huge bladder leads to atrophy of the
ffected muscles.

Hawever, such combinations and happenings rank
rather as clinical curiosities than as examples of struc-
tural predisposition to morbid states; and as such they
contribute but little to the elucidation of the problems
of predisposition. Far more germane thereto, but still
of the nature of curiosities, are the cases in which 2 mal-
formed part scrves as a seat of election of an infective
grocess, Thus it is 2 recognized fact that malformed
andiac valves are favautite seats of malignant endo-
exrditis, and specimens are to be seen in museums in
wvh'\ch the abnormal curtains atone have been attacked.
Yet such cases also contribute only a very minute frac-
tion to the total of cases of such endocarditis.
mt ;;ircg:;l\ or:mn:mts, 3ls0, may be sources of dan.ger
i ey m}:":;?} (\:tfm. .Thus a Mcck:l’s: diverticu-
'\mm;n: el ‘) Bive rise to Strangulation of the
‘o ;g i wn.ussusccphon, but it also appears to

LA Ean avm‘u.\‘v'.,!!d-Cﬁr.Tmnx.,\9q5,\nxy',u.363'
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although in the course of ages the body has become so
well adapted to its surroundings that, in its ordinary
environment, any conspicuous change is more likely to
be harmful than beneficial.

When an important organ is malformed its function
may be impaired. The subjects of congenital cystic
disease of the kidneys may show few symptoms for
years, but eventually they usually succumb to progres-
sive renal disease. ‘That this anomaly is inborn is shown
by its occurrence in successive generations of a family;
as in families described by H. W. B. Cairns? and
C. J. Fuller,? in one of which it was traced through
four generations. There is still much to be Jearned as
to the initial stages of the anomaly, and some hesitation
is permissible in deciding whether to place it under the
heading of malformations or that of tissue-defects. The
cyanosis and clubbing of the digits in cases of cardiac
malformation may be cited as other examples of
secondary effects of structural anomalics.

In a case scen by the writer, 2 young woman died
suddenly in an uraemic convulsion, due to pressure of
an enlarging uterus upon a single small kidney, situated
in the hollow of the sacrum; again abnormal mesen-
teries of the caecum or colon may lead to intussuscep-
tion or volvulus, even in later life.

Occasionally a definite clinical picture is prcscnttd
by a group of congenital anomalies, and examples there-

 Quart. Jour. Med., 1924~5, xvii. 359.
3 Ibid., 1928-9, xxii. §67.



RELATION TO DISEASE 79
of may be met with from time to time. For example,
an dmost complete absence of the muscles of the
abdominalt wall oceurs in association with enormous
difatation of the ureters, and of the bladder x‘:l{ich 35
usually attached to the umbilicus, The condntxof\ is
usually fatal in infancy, but some subjects have survived
to adult Ife. It is not certain which is the prim:\p'
event, but examination of subjects of the anomalies
leaves httle room for doubt that the abdominal disten-
sion due to the huge bladder leads to atrophy of the
affected muscles.

However, such combiations and happenings rank
rather as clinical curiosities than as examples of struc-
tural predisposition to morbid states; and as such they
contribute but litrle to the elucidation of the problems
of predisposition, Far more germane thereto, but still
‘of the nature of curiosities, are the cases in which a mal-
formed part serves as a seat of election of an infective
process. Thus it is a recognized fact that malformed
cardiac valves are favourite seats of malignant endo-
carditis, and specimens are to be seen in museums in
which the abnormal curtains alone have been attacked,
\fct such cases also contribute only a very minute frac-
tion to the total of cases of such endocarditis.

Vestigial remnants, also, may be sources of danger
1o those who possess them. Thus a Meckel's diverticu-
Yum may not only give rise to strangulation of the
intestine, or to inmssuscepﬁon, but it alsa appears to
" Garred, A E.and Davies, AW, Med!-Chir. Trans , 105, bxcxvih 363.
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sign of 2 fong one. Both may be regaeded as vanants
fram the average form of stomach met with in normal
people, as being independent of gastric tone, and of the
amount of support afforded by the abdominal wall.

Moreover, hyperchlorhydria, which has been shown
by Ryle® and others to be commonly associated with
ashart stomach, and hypochlothydria usually associated
with a Tong one, are physiological variations from the
average of gastric secretion. They are both met within
normal indwiduals. It 15 not suggested that the type of
secretion is dependent upon the length of the stomach,
but that the associated conditions are wont to coexist
inindividuals of particular structureand build. Further-
more, such conditions may predispose to disease of
particular kindsy such as duodenal ulcer, which is apt
1o occur in those whose stomachs are short, and whose
gastric juice 15 unduly tich in hydrochloric acid.

The intrmate connexion between structure and func-
fon here suggested, has been aluded to in earlier
chapters, ‘The trifiing deviations of form and function
which are revealed by anthropometry, and by physio-
logical tests 1oay be Inoked wupon as slight oscillations,
suc}} as are bound to occur, to one side or another of
an ﬂmg'\pary normal Yine, Such trifing innovations
may furnish clues to the gifted facial diagnostician, and
vf“k’ deviations may offer much more obvious warning
signals, even though the anomaly may be one of fance
tion and not of structure,

- * Gayi Hop. Goz., 1926, 11 546.
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Esangeborene embryonale Defekte gibt, bei deren Bestehen die normale
Funhtion schon eine Schidigung bedeute —o. . 1891,

N the conditions next to be discussed, the congenita]

defects are not of particular organs, but of tissues of
particular kinds. In some instances there are present
from birth, obvious changes in the affected tissues, in-
herited from former generations, and which have none
of the characters of progressive diseases. Sometimes the
only outward sign of defect of internal tissues is some
warning signal, 1 a conspicuous situation, such as blue-
ness of the scleratics of the cyes. In some instances
there develops upon the top of the congemtal defect
progressive morbid process, and, occastonally, stationary
tissue defects and progressive changes are mixed to-
gether to form 2 complex clinical picture. Lastly, there
are maladtes, inhenited and obviously inborn, in which
there are no obvious tissue defects at birth, nor in early
childhood, but in which there appear, at some period
in early life, signs of a progressive disease. The best
examples of these Iast are to be found in the heredo-
farnilial discases of the neuro-muscular system, to which
Govwers gave the name of ‘abiotrophues’.

Such conditions found no place in the diathetic hists
of our forefathers, although they offer some of the most
striking examples of inborn tendencies to special forms
of disease, or more strictly, to disease of special tissues,
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Doubtless their omission was mainly due to the fact shat
very little was known about these maladies at the time
when the idea of diatheses was to the fore, and that of
sume of them nothing was then known. They have o
place 1 Hutchinson's Pedigree of Disease, althongh its
suthor mentions that he has met, in his practice, with
inherited liability of kindred tissues to exhibit inflam-
mation of peculiar forms, at certain ages, and as effects
of very insignificant causes.

Among the tissue defects which may be regarded
as congenital malformations rather than as progressive
maladies, those which mvolve the surface tissues are
maturally the most obvious, They are usually hereditary
in 2 pronounced degree. Ichthyosis, and tilosis of the.
palms and soles are familiar examples, but in recent
years increasing attention has been given to a rare and

most remarkable form of ectodermal defect. 1t has been
deseribed as lete devel
and its depend

P of the epidermis
fes, amounting i to its ab-
sence over cirenmscribed areas. The anomaly was first
deseribed by Goeckermann? in the year 1920, and
among thase who have studied it since may be men-

tioned Christ;* MacKee and Andrews;3 and Falkoner 4
of Capetown.

One of 1ts most striking features is a partial or com-

b Arh Dermat. and B, i
3 3¢k \ 1920, 1. 396
‘: Arek f. Dermat. u, Sypk , 1913, cxvi. 6.
Arek Dermat, and Syph., 1934, x. 673
* Lancet, 1924, 5. 636,
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plete absence of teeth. The nasal bridge is usnally de-
pressed, the skin is dry, smooth and glossy; and owing
to the Jack of sweat glands the victims of the anomaly
suffer much discomfort in hot weather, The sebaceous
glands are also absent and the hairs scanty.

The defect is strongly hereditary and in some in-
stances the dental defect has been the only visible sign
n some members of an affected family.

Here we have an cxample of a hereditable defect
Himited to tissues of a particular class, namely ectoder-
mal, which are embryologically connected,

In another group it is in the bony structures that the
shortcomings are mostly observed. A noteworthy ex-
ample is afforded by the hereditary form of brittlencss
of the bones which has been observed in large numbers
of the members of successive generations of some
affected fanulies. The fragility is apparently due o 3
defect of the mesenchyme, leading to an imperfect for-
mation of connective tissues, rather than to any imper-
fect laying down of calcium salts 1n the bones; for the
blue colour of the scleratics ot the eyes of those members
of a famuly in which the condition occurs, is certalaly
dueto imperfection of the fibrous tissue of thesclerotics,
which, being less opaque than 1t should be, allows the
black pigment of the choroid to show through it. An
analogous blue colour, due to the blickened cartilage
showing through the skin, is seen in the hollows of the
ears in cases of ochronosis.

The blue sclerotics serve as warmng signals of the
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presence of the anomaly of the bones, “f‘d also bcm'(
cloquent witness to the inborn and congenital nature of
Ahat anomaly.

The affected merbers of such a family suffer re-
peated fractures of bones from what appear to be wholly
inadequate causes; their skeletons are unable to bear the
wear and tear of daily life.

The fractures occur at any period of Yife, from early
childhoodonwardsand as life goes on the majority of the
victims develop the changes in the aural structures
known 25 otosclerasis, manifested by progressive deaf-
ness, There can be no question of the association, for
stosclerasis has been met with in many subjects and in
members of various affected famities.

Here then we have  very instructive combination of
three factors 1n 2 morbid picture. First the visible
warning signal the blueness of the sclerotics, secondly
the inability to resist slight traumata, manifested in the
fcpeatcd fractures of bones as the results of slight in-
Juries, and thirdly the progressive deterioration of the
structures of the ears, the otosclerosis, And with it all
we have one of the most striking of known examples of
Rereditary transmission of a defect met with in the
whole field of pathology.

 In recent years the use of the X-rays has brought to
Yight a stll rarer form of brittleness of bones. In cases
of ‘thxs condition the shadows cast by the bones are
‘:;:‘ﬁrmy datk, ﬂs‘if they were salid thronghout, which

ey actually are in advanced cases. Here the brittle-
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plete absence of teeth, The nasal bridge is usually de-
pressed, the skin is dry, smooth and glossy; and owing
to the lack of sweat glands the victims of the anomaly
suffer much discomfort in hot weather, The sebaceous
glands are also absent and the hairs scanty.

The defect is strongly hereditary and in some in-
stances the dental defect has beea the only visible sign
in some members of an affected family.

Here we have an example of a hereditable defect
limited to tissues of a particular class, namely ectoder-
mal, which are embryologically coanected.

In another group 1t is in the bony structures that the
shortcomings arc mostly observed, A noteworthy ex-
ample is afforded by the hereditary form of brittleness
of the bones which has been observed in large numbers
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defect of the mesenchyme, leading to an imperfect for-
mation of connective tissucs, rather than to any imper-
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bluc colour of the sclerotics of the eyes of those members
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black pigment of the chorod to show through it. An
analogous blue colour, duc to the blackened cartilage
showing through the skin, is scen in the hollows of the
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point s been Tade, T ridenee of family accurrence
fas been forthcoming. ‘This fact presents a serious
chstacle to the inclusion of the diseast in the group
under diseussion. Against it may be set the remarkable
fact that in no less than 70 per cent. of all recorded
cases there have been congenital deformities of the great
taes, and in some cases, of the thumbs also. The nature
ofthe deformities is not so constant as their seats, but in
most instances the affected digats are shortened, either
by suppression of a phalanx ot by fusion of phalanges.

In one instance  father who had such digitat defor-
mities, but no myositss, begat a son with identieal de-
formities who developed myositis ossificans in eatly
childhood.

Tty difficult to imagine what is the connecting link
between the malformations and the malady, unless the
latter has an inborn basis, and as has been mentioned in
connesion with ectodermal defect, the widening of the
extent of 2 tissue anomaly in successive gencrations of
4 family 15 ot an uncommon phenomenon,

“We are probably justified inincluding gt tissue
defects certain familial and hereditary diseases which
are characterized by anomalies of the ved blood cor-
puscles and leucocytes, and especially that known as
#ehotunic jaundice, or, preferably, as congenital haemo-
Iytic jaundice, It was Chauffard wha first pointed qut
that the red corpuscles of the subjects of that malady
undergo b tysis in 2aline sol not sufficiently
ditute to haemolyse those of normal blood, or as it is
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ness is presumably due to Joss of tubular structure, and
also to diminished clasticity of the affected bones. It
would seem that such osteosclerosis is progressive, for
various degrees of obliteration of the marrow cavities
have been observed; but it is so rare, and has been so
seldom met with, that it would be premature to base any
sweeping conclusions upon the scanty knowledge which
we have of st. It is almost certainly @ Mendehan reces-
sive, and like other such, has been met with unduly
often i children of first cousms, It 15 a matter of no
small mterest that i some advanced cases of such osteo-
sclerosis, there has been enlargement of the spleen and
lymphatic glinds, as it to compensate for the destruce
tron of the bone-matrow,

That remarkable and bisarre malady known as,
myositis ossificans progressivais af even greater interest
in connexion with our subject. Init also the mesenchyme
is the seat of the detect, and Julws Bauer suggests that
in those who suffer from it the cells of the mesenchyme
retawn the power which they notmalty lose, of fornung
bony tissuet, for 1t 15 1n the connective tsue around the
affected muscles that the osseous depasits are formed.
It 1s noteworthy that 1 simvlar bone-tarmation s ocea-
sionally scen as t localized result ot a severe lacal npury.

It must be acknowledged that the cvidence of -
heritance ofmyosmsossxm ANsis, up to now, very scanty,
and in the majority of Cases in which mqury upan this

Y Due desstssutionelle Disposstion zu ruveren A ranbensen, 1nd od ,

1921, p. 330
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point has been made, no evidence of family occurre.ncc
has been forthcoming. This fact presents a serious
obstacle to the inclusion of the disease in the group
under discussion. Against it may be set the remarkable
fact that in no less than 70 per cent. of all recorded
cases there have been congenital deformities of the great
toes, and in some eases, of the thumbs also. The nature
ofthe deformities is not so constant as their seats, but in
most instances the affected digits are shortened, either
by suppression of a phalanx ot by fusion of phalanges.

In one instance a father who had such digital defor-
mities, but no myositis, begat a son with identical de-
formities who developed myositis ossificans in early
childhood.

Itis difficult to imagine what is the connecting link
between the malformations and the malady, unless the
hatter has an inborn basts, and as has been mentioned in
connexion with ectoderma) defect, the widening of the
extent of a tissue anomaly 1n successive generations of
a family is not an uncommon phenomenon.

Weare probably justified inincluding amongst tissue
defects certain familial and hereditary diseases which
are characterized by anomalies of the red blood cor-
puscles and leucocytes, and especially that known as
“d‘."‘f".‘c jaundice, or, preferably, as congenital haemo-
Iytic jaundice. It was Chauffard who first pointed out
that the red corpuscles of the subjects of that malady
undergo h tysis in saline sol not suffici 1y
dilute to haemolyse those of normal blood, or as it is
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usually stated, are abnormally *brittle’. Naegeli* made
the further observation that the red corpuscles of 2
patient with haemolytic jaundice, although they appear
unduly small under the microscope, actually exceed
normal erythrocytes in volume. From this he cancludes
that they are more globular in form.

The peculiarities of the red corpuscles, their brittle-
ness and unusual form, are abviously independent of
the medium in which they are suspended, and it has noty
apparently, been shown that normal red corpuscles are
rendered brittle by contact with the serum of a subject
of haemolytic jaundice.

Nacgeli holds, moscover, that the abnormality of the
carpuscles 1s the primary feature of the malady which
only manifests itself by visible signs under the influence
of external agencies such as infections or poisons. The
enlargement of the spleen and the hacmolysis he re-
gards as sccondary phenomena, for he finds that the
abnormal form of the erythrocytes persists, and theit
brittleness is only dimimished shghtly after removal of
the spleen. The remarkable improvement which follows
splenectomy, and which amounts, in some cases, to
practical recovery, he attributes to the withdrawal of the
haemolytic action of the spleen. Lastly, Nacgeli classes
the candition as a mutation of the Mendelian dominant
class.

Hawkins and Dudgeon 2 made the interesting sugges-

v Affgereine Kowstitunonsichre, 1927
1 Cloesnnts Fousmal af Nodrotwe tonf_n v 1for
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tion that the brittleness of the red corpuscles {nay be
due to 2 deficient stability of the h:cmcg\cﬁ?m con-
tined in them; interesting because if verified it wo\z\d
bring congenital haemolytic jaundice into line .\v.xlh
morbid states obviously due to chemical abnormalities.

Yet another borderland malady, on the frontier of
structural and chemical anomaties, is that whichis ealled,
afier its discoverer, Gaucher's discase. Here, as in the
instance of dystrophia myotonica, to be referred to later,
we meet with a history of greater and greater extension
afa clinical and pathological picture, each step forward
throwing fresh light upon the pathogeny of the trouble,
The story dates back to the year 1882, in which
Gauther* described a condition of primary epithefioma
of the spleen, a kind of splenomegaly met with by him
in 2 child, and characterized by the presence in the
splenic tissue of many large hyaline cells which stained
only feehly, Since then a number of such cases have
been observed, in all of which there has been the same
microscopic picture, which is quite unlike any observed
in other varieties of splenic disease. As the fresh cases
were investigated 1t soon became evident that this was
no variety of mahgnant tumour, and that the morbid
changes were by no means limited to the spleen.

‘As the disease progresses the liver undergoes great
enlarge also,and thely poletic tissues generally,
mcludm_g the bone marrow, become invelved, and not
merely in a secondary manner; for the characteristic
;“l:e FEpithétioma Primitef de la Rate, Thése de Paris, 1882
M
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inborn anomaly of metabolism, by which t}.xc mc(ab?hc
path 15 perverted rather than arrested at an intermediate
suge. He compares the deposition of the Gaucher sub~
stance with the similar laying down of abnormal
chemical material, such as fat out of its proper place, in
the reticulo-epithelial tissues of sufferers from diabetes,

“To turn now to the abiotrophies of Gowers,! in which
there is in many instances atrophy of muscular fibres or
nerve cells and fibres, which Gowers described as a
wasting away of tissues, as of plants without soil, and its
replacement by fibrous tissue, ‘tissue weed" as he called
it. Butthis designationas tissue weed is not altogether a
happy one, for the fibrous tissue may be more aptly
compared to the rubble with which a breach in a fortress
wall has been repaired. It represents an attempt to
mend; the best that Nature can do to make good the loss.

Some of the newro-muscular abiotrophies, and especi-
ally that peculiar kind known as pseudo-hypertrophic
muscular dystrophy, are sex-Jinked Mendelian reces-
Sives, transmitted almost always by normal females to

their male offspring. Others behaveas simple recessives
and some a3 dominant characters,

_ The onset of such 2 malady, or rather its manifesta-
tion by okfvious signs, is wont to occur at about the
same age in the several affected members of 2 sibship
(xset of brothers and sisters), but there is a tendency for
the age of onset to anticipate from generation to genera-
tion. As Mott suggested, but in another connexion,

* Lancer, 1902, i, 1003,
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diseases which behave in this manner tend to eliminate
themselves from the stock in which they occur, by a
virtuous circle so to speak; whereas sex-linked recessive
characters tend to secure their own survival, seeing that
the healthy members of the family transmit the defect.

Up to now little is known of the state of the affected
tissues in the stage before the disease becomes apparent,
The rarity of most of these tissue defects renders such
inquiries difficult, but systematic examination of the
children of the affected families might meet with some
reward. Abnormalitics of individual muscles in associ-
tion with the tissue defect have been described as met
with in some cascs, and in athers, areas of change have
been found in muscles not yet obviously iavolved. of
less importance, save a5 affording evidence of structural
instabulity, are malformations of varions kinds which
have been met with in such cases. Such malformations
of minor degree are cammon enough, and comparative
statistics of their occurrence in myopathic and other
individuals are necessary if we are to judge the value
of such endence.

‘The abiotrophies of the neuro-muscular system differ
conspicuously amongst themselves mn their clinichl
features, which 1s not surprising sceing that the clinical
pictures of nervous diseases are shaped largely by the
situations of the lesions. In some of them muscular
atrophy is the conspicuous mamfestation, in others
muscular spasm, and tn others again atrophy and spasm
in association. Somie agan, such as Fricdreich’s ataxia,
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1s¢ manifested by inco-ordination and tremor. Ttis
noteworthy, moreover, that the various types of such
affections do not appear to breed true, for different
members of the group have been met with in different
members of the same family.

"That a neuro-muscular defect may be merely the con~
spicnous sign of 2 far wider morbid picture, is well
illustrated by the growth of our knowledge of that one
ofthem which goes by the name of dystrophia myctonica.
Thestoryiswelltoldina paper by Adieand Greenfield !
published in 1923,

‘The first step was the recognition, in a special group
of cases of myotonia (the condition of which Thomsen’s
disease is the best-known form), of the association with
the muscular spasm, of muscular atrophy of somewhat
unosual distribution, facial, brachial, cervical, and in
some cases, perotieal. This association is named, after
those who first deseribed it, the Batten, Steinert, Cur-
sthmann syndrome. The second step was the observa~
tion that, with the above syndrome, cataract js wont to
be associated, either in the patients themselves, or in
members of previous generations of theirfamilies, Later
still, it became evident that the dystrophy, myotonia and
Cataract are one and all manifestations of a still mare
cnmpr:hcnslwc heredutary and familial disease, amongst
the other signs of which are changes in the thyroid
L"fmdx testicular atrophy, baldness, increased secretion
of sweat and tears, with cyanosis and coldness of the

¢ Bram, 1924, xivi. ETR
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extremities. Thissomewhat confused clinical picturehas
suggested to some observers that behind it is a wide-
spread defect of endocrine glands—that it is a pluri-
glandular syndrome, in fact.

It is noteworthy that whereas in the cases hitherto
reported the dystrophy and muscular spasm have been
met only in collaterals belonging to a single generation
of a family, and in them has seldom developed under the
age of twenty-five years, the cataract has been traced
back through four or five generations of that same
family.

No one who has watched the course of the diseases
here grouped together under the name of tissue defects,
can doubt that inborn factors play very large parts in
their causation. The development of a characteristic
syndrome in member after member of a family, and
often in members of successive generations; its appear-
ance at about the same pertod of hife in the members of
a gencration, and its tendency, in most instances, to
anticipate from generation to generation, suffice in
themselves to prove the importance of the constitutional
element. Further evidence is afforded by the warning
signals sometimes shown, which may artract attention
even during the latent period of the malady. On
the other hand, it is difficult to conceive of the steady
progress of such maladies unaided by any external in-
fluences, even if we are driven to invoke as such the
innumerable minimal insults which constitute the wear
and tear of daily life. Jt may well be truc as Rendu
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wrote, in an article on G_out, ')C'c_st dhailleurs une loi
générale que le traumatisme dveille souvent fa pré-
disposition diathésique’s )

The subject of a constitutional defect who sv:\ﬁ'crs
from obvious lesions when exposed to some particular
external influence may have remained quite unaware of
his liabifity until he was exposed to such influence; a
subject of Raynaud's disease may exhibit no symptoms
until he removes from a hot climate to a cold one.
Whether it would be possible by any special care toavert
2 neure-muscular abiotrophy remains unknown,

Nor can any answer yet be given to the question
whether, in cases of congenital and hereditary tissue de-
fects, the structure or make-up of the affected tissues
is at fault, or whether their resistance is impaired
by some unusual metabolic product present in them.
The only positive indications of abnormality are
afforded by Naepeli's obsetvations upon the red blood
corpuscles in congenttal haemolytic jaundice, and
by some abnormahties of muscle cells in ‘Thomsen's
disease and in some dystrophics, but in the blue
scleratics associated with fragtlity of bones there is vis-
ible evidence of tissue deficiency present from birth,

That chemical substances exercise selective action
upen particular tissue is not apen to doubt, as Witness
the staimng of cartilagres by homogentisic acid and of
!)ones by p.orphyrin, and the deposition of sodium urate
in the cartilages of the gouty; also the symptoms of not

* Dic, Encyelep des Sei. 242, 1884, % 73
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a few forms of acute poisoning bear witness to selective
actions. However, there is as yet no evidence of the
presence in the blood or tissues of any such selective
agent in any of the conditions which have been con-
sidered in this chapter, with the exception of Gaucher's .
disease which differs in several respects from other
members of the group spoken of as abiotrophics.

If the defect be in the make-up of the tissues it is
probably due to errors of chemical structure, rather
than to mere morphological anomaly.

Whatever their nature, the tissue defects, or some of
them at [east, teach us the important lesson that maladies
which only manifest their presence some years after
birth, or even during adult life, may have their origins in
some peculiaritics of the germ plasm which may be com-
pletely latent in the eatlier years of life.

VII
ERRORS OF METABOLISM

Diathetic diseases are apf ly g d and ined by an intrinsic
blood-poison, resulting from some perversion of the nutritive processes
of the individual—w. 1, walsue, 1855.

N the discussion of the parts played by derangements

of function as inborn factors in disease, it will be con-
venient to consider the subject under three headings.
In the first of the three sections there will call for dis-
cussion the parts played by errors of metabolism which
can be detected and studied by the methods employed
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inthe chemical laboratory, and this study seems to bring
us into closer touch than does any other with .thosc
underlying causes which determine the fiabilities of
some individuals and the immunities of others.

In the second section there will be considered the
evidence for and against the existence of inborn pred.is-
positions to, and defences against, particular infective
maladies—subjects of which our knowledge is far less
precise as yet, It 3s well recognized that chemical
agents play very impottant parts as means of defence of
the patients, and as weapons in the armament of the
invading organisms; but as yet we have no clear know-
ledge of such agents as chemical compounds, and can
only recognize thewr presence by their physiological
actions, and usually by single properties which they
possess, just as if we knew nothing of strychnine save its
power of causing convulsions, nor of motphine save as
an inducer of sleep.

Yet we may confidently expect that as time goes on,
antitoxins and their congeners will be isolated as pure
substances, and that their constitution will be known,
just as the hormones adrenalin and thyroxin have
alteady been 1solated and synthesized.

A}hird chapter will be devoted toa brief survey of the
Fmr}ng upon our thesis of the so-called idiosyncrasies;
in virtue of lwhich substances contained in particnlar
foa.ds, certain drugs and exhalations of particular
animals o P‘“‘fs produce in some people effects wholly
°“I‘m°f proportion to any which they bring about in

x
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a few forms of acute poisoning bear witness to selective
actions. However, there is as yet no evidence of the
presence in the blood or tissues of any such selective
agent in any of the conditions which have been con-
sidered in this chapter, with the exception of Gaucher's
disease which differs in several respects from other
members of the group spoken of as abiotrophics,

If the defect be in the make-up of the tissues it is
probably due to errors of chemical structure, rather
than to mere morphological anomaly.

Whatever their nature, the tissue defects, or some of
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which only manifest their presence some years after
birth, or even during adult life, may have their origins in
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i the chemical Jaboratory, and this study seems to bring
us into closer touch than does any other with those
uededlying causes which determine the fiabilities of
some individuals and the immunities of others.

I the second section there will be considered the
evidence for and against the existence of inborn prcd.is-
positions to, and defences against, particular infective
maladies—subjects of which our knowledge is far less
precise as yet. It 15 well recognized that chemical
agents play very important parts as means of defence of
the patients, and 2s weapons in the armament of the
invading organisms; but as yet we have no clear know-
Jedge of such agents as chemical compounds, and can
only recognize their presence by their physiological
actions, and usually by single properties which they
possess, just as if we knew nothing of strychnine save its
power of cansing convulsions, nor of morphine save as
an saducer of sleep.

Xfet we may confidently expect that as time goes on,
antitoxins and their congeners will be isolated as pure
substances, and that ther constitution will be known,
just a5 the hormones adrendlin and thyroxin have
hready been isofated and synthesized.

A.third chapter will be devated toa brief survey of the
\"““'“% wpon our thesis of the so-called idiosyncrasies;
1R virtue of which substances contained in particular
foods, certain drugs and exhalations of particular
animals or pl:\nfs praduce in some people effects wholly
°“:h°f proportion to any which they bring about in

3.1
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average individuals. Such effects vary from a slight and
temporary discomfort to morbid syndromes which
amount to severe or even fatal illnesses, Of these latter
asthma offers a most striking example.

Whatever may have been at the back of the mind of
Germain Séc! when he wrote of predisposition as ‘cet
état intermédiaire qui n’est pas encore la maladic—mais
qui n'est d¢jd plus la santé parfaite’, or of Jonathan
Hutchinson,? when he spoke of a diathesis as ‘any con-
dition of prolonged peculiarity of health, giving proc-
livity to definite forms of disease’ their definitions are
applicable in a remarkable degree to the conditions
which now call for consideration.

It has been seen how, in any theory of the nature of
tissue defects, there are gaps which cannot be bridged
over in the present state of our knowledge. The condi-
tions now to be considered give more encouragement to
students of constitutional factors, for in some at least of
them it is possible to fathom the means by which pre-
disposition to a disease is brought about.?

They show how a product of metabolism, when pre-
sent in the tissues from birth throughout life, may work
mischicfin the course of years. Such a product, although
not dircctly harmful, may ncvertheless place an in-
dividual at a disadvantage, by rendering him liable to

v Legons de Pathelegie expéramentale. Géntraliety, p. siti. 1867

2 The Pedigree of Disease, 1884, p 71 3
3 Garrod, A, L., Inbern Ervors of Metabelim, 20d d, 1923 (gher

many references to literature of the subject).
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sulfer, in some obvious way, when exposed o such ex-
ternal influences as infections, expasure to bright light,
traumata, slight ar severe, or even to the wear and tear
of daily life,

The chentical agent concerned may be 2 product of
normal metabolism formed in undue amount, or an
intermediate product which escapes the further changes
which it normally undesgoes, o possibly an abnormal
product formed owing to deflexion of a metabolic pro-
cess from its normal path.

The individual who carries such a substance in his
tissues can hardly be said to suffer from any disease, and
it may well be that his anomaly 1s harmless or even help-
ful to him. On the other hand, he is not in perfect
health if he is rendered by it unable to adjust himself to
his environment, that is to say to the influences to which
2 man is habitually exposed.

Seeing that no two sndividuals of a species, nor even
uniovidar twins, are exactly alike in structure and out-
ward form, secing also that the standard of chemical
structure and chemical process is no rigid one, but re-
presents an average, it tan hardly be that in their
chemistry, a8 in thew structure, any two individuals
ate exactly alike, There is indeed much evidence of
chemical individuality, 2s well as of chemical specificity.

In section ii it was pointed out also, that the structure
of the molecules of proteins is capable of colossal
numbers of different groupings and proportianal com-
positions, but secing that deviations from the metabolic
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average arc of necessity less obvious than variations of
form, they attract comparatively littlc attention. It can
hardly be doubted that the great majority of minor
chemical variations have hitherto escaped observation.
The more pronounced chemical mutations which
come under observation from time to time arc clearly
hereditary, and are extremely rare for the most part.
The search for minor mutations revealed by no con-
spicuous appearance or by response to a widely used
test, may be compared to the proverbial scarch for a
needle in a haystack. Hitherto, the few recognized
chemical abnormalities have attracted attention by some
warning signal, comparable to the blue sclerotics of the
subjects of fragilitas ossium. A systematic search for
chemical mutations which show no such signs would
involve elaborate metabolic studies of large numbers
of specimens from many human beings, and the kbour
so expended would usually prove vain, Even a very
limited experience of such searches served to deter the
writer from pursuing further so discouraging a task.
In connexion with the known chemical anomalies the
factor of inheritance plays a no less important part than
with structural malformations. Most of them arc re-
cessive characters in the Mendelian sense, and this
suggests that the defects are rather negative than posi-
tive. There is some tendency to sex-linkage, secing that
in the case of those defects of which a considerable
number of examples have been observed, the males have
been about twice as numerous as the female subjects.
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Itis difficult to imagine that this male pfcpohdc'rancc,
which holds good for the rare and conspicuous {nbm‘n
errorsof metabolism, can apply to chemical mutations in
general, We can hardly suppose that the metabolism of
males s far more liable to go wrong than that of females,
despite its liability to do so in certain particular ways.

Although it would seem that a product of normal
metabolism, even an intermediate product which should
bave anly 2 momentary existence, should be little likely
to be injurious to the organism in which it is formed,
some at least of the chemical mutations give rise, sooner
or fater, to serious troubles. But such troubles are
usually, if not always, provoked by some external in-
fluence, In some instances this comes about much
sooner than later, as for example in haemophilia, the
sex-hinked recessive anomaly, due almost certainly to the
fack of some enzyme concerned in the coagulation of the
blood; whereas 1n other conditions the morbid events
may only make their appearance late 1n life.

The subject of an inborn error of metabohsm may go
through life unaware of his trouble so long as he is pro-
tected from those external influences which provoke its
evil manifestations.

In the days when the diatheses held the field, Ttle
was known of such chemycal abnormalities, but one of
::i“;fnsziy cystinura, was included by Walshe in bis

o etic disrders, contained in a lecture de.
fivered in 1853

* Wollaston, who was the pioneerin the
Y Med. Times and Gaz > 1855, xxd, 613
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chemical investigation of calculi, described, in 1810, 2
previously unknown variety of urinary calculus, which
consisted of a chemical compound also unknown hefore
that date. To this he gave the name of cystic oxide, for
which Berzelius substituted that of cystin. Some fiftecn
years later the characteristic colourless hexagonal erystals
of cystin were found in urine, first by Stromeyer, and
soon after independently by Prout. Not until twenty
years after its discovery was the fact that cystin contains
sulphur recognized. For many years urinary calculiand
deposits were the only known supplies of cystin.
Whence it was derived remained a sccret, and to all
appearance it had no place in the ordinary scheme of
human metabolism.

Only at the very end of the nineteenth century was it
shown that cystin might be obtained in abundance by
hydrolysis of hair. This discovery, which we owe to
K. A, H. Morner, was quickly followed up, and before
long cystin took its place as one of the amino-acid
fractions of which the protein molecules are built up,
and one of the most important of these, since it contains
the bulk of the sulphur which enters into the composi-
tion of proteins.

It was Alexander Marcet, a friend and contemporary
of Wollaston, who first described the occurrence of
cystinuria in several members of the same family. This
observation has been abundantly confirmed by sub-
sequent observers, and in some instances the anomaly
has been traced through scveral generations. Unlike
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most other anomalies of its kind, the mode of inheri-
tance of cystinuria suggests that it is a dominant
character,

In 1888 it was shown, by Baumann and Udranszky,
that cystinutics sometimes pass in their urine, and in the
faeces aiso, the diamines cadavefine and p\m-:sc'me,
which can only have been derived from the argenin and
Iysin of proteins, This observation also has been
abundantly confirmed, but it is noteworthy that these
diamines, or either of them, are not to be detected in the
excreta of a large proportion of cystinurics, and when
found are usually present only intermittently. More
recently lysin and argenin themselves have been found
and other protemn fractions, notably tyrosin and leucin,
in the urine of some, and only some, cystinurics.

From this it would appear that what we call cystin-
uri3, 1, €, the excretion of tystin in the unne, is only the
warning sign of an anomaly of protein metabolism of far
wi.dcr range, which mvolves varying numbers of pro-
tein fractions in different cases.

l} would seemn also that cystin ss the first fraction to
be involved, but even this is uncertain, since, in the
abssnce of cystin, with its characteristic crystalline de-
posits, ti.\: presence of tyrosin or leucin, and still more
?;::(d;;?‘;:::é lis ‘t:kdy to be overlooked, chcrt}}c—

] y be doubted by those who have jn-
\'Cﬂlglt'ed cases of cystinuria, that in a considerable
propartion of f\mh cases cystin is the only protein
fraction which is excreted unchanged in the utine,
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The phenomena observed suggest that there is mis-
sing in the cystinuric an enzyme or similar agent which
is concerned in the desamination of the protein fractions,
and that in consequence of the Iack of it the stripping off
of the amino-groupings from the amino-acids of some
part of the proteins of the dict is not carried out, as it
usually is at an early stage of protein catabolism. It
would seem, further, that in consequence of the failure
of the process at that stage, the protein fractions in-
volved escape the further destruction which they nor-
mally undergo.

As far as is yet known, the presence in the blood and
tissues of the unchanged amino-acids has no ecffect
which can be described as toxic, and it would appear
that the troubles to which cystinurics are exposed are
wholly due to the insolubility of cystin and its con-
sequent deposition, in crystalline form, in undesirable
situations. Obviously 2 compound so insoluble in acid
media is eminently unsuited for excretion by animals
whose urinc is normally acid. Because of this insolu-
bility the cystinuric man, although he may appear to be
in perfect health, lives with the sword of Damocles sus-
pended over his head. In Hutchinson’s words, he has
‘a peculiarity of health, giving proclivity to a definite
form of discase’.

The special afliction of the cystinuric is the forma-
tion of urinary calculy, which in some instances attain
to a large sizc, and in others arc formed in very large
numbers in the kidneys. In 2 few instances there have
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been found, in the bodies of young infants who have
died in 2 marasmic state, and some of whom were not
Known to be cystinuric during life, multiple deposits of
aystalline cystin throughout the viscera. .

Yet the cystinuric may go through life unaware of his
peculiarity, and free from any calculous troubl:s: Thus
seversl members of a faraily may all excrete cystine and
show the deposits of hevagonal crystals in their urine,
but it may be that only one of them will suffer from
stones, and may form a number of stones in succession.
It is obvious that there must be some external factor
derived from the environment which thus discriminates
between members of a family in a}) of whom the con-
stitutionatl factor is present, Clearly the answer to be
returned to the question what this influence is, has most
important bearings upon the pathology of caleuli in
general,

_ Naunyn's work upon bihary calculi, and observa-
ttons on cystinuric subjects, leads to the belief that it s
toz locatinfection of the wrinary tract, such as frequently
oceurs, that the meeption of stone formation is to be
ascribed. In the fanmly of cystinuries the urine of the
ctleutusforming member alone may be infected with
baci?lus caly, but it must not be forgotten that such in-
fection may be secondary to caleutus formation. Some
attempts, on Naunyn's lines, to find bacilli in a solution
:liz}:}:; n:c:\cus ofa q'stil:x.mlculus i.xa‘:: hithcxm‘ fa'x_]cd,
b gh the ready solubility of eystin in an alkali might

c, ::(pcctcd to facilitate such a search.
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facts. As the knowledge of gout goes back to the h.c—
ginnings of medicine, so also does the recognition of its
hereditary transmission. We all know of families some
members of which develop gout at unusually early ages,
and which include many victims of the malady. Thus,
2 man whose father and paternal grandfather had both
suffered severely, had his first attack of orthodox gout
in the great toe at the age of twenty. His two brothers
and three sisters all suffered from true gout, and 2
son of one of his sisters had gout at the age of sixteen,
whilst a schoolboy. This is, of course, a very extreme
example. It would seem that if gout is inherited as @
Mendelian charactersstic, it is 2 dominant one. Itis a
matter of common experience that gouty ateacks are
much less often seen to-day than was the case fifty years
2go, and this is as true of hospital practice as of that
amongst peaple in more comfortable circumstances.
This cannot be wholly explained by a change of fashion
in nomenclature, in consequence of which many cases
which would have formerly been called gouty, are
assigned o other classes, and it would rather appear that
changes of duet and modes of life render the exciting
causes of the manifestations of gout less prevalent,
Th.c study of the pathogeny of gout is beset with
peculiar difheulties, and despite all the work which has
been expended upon it since the detection of uric acid
in the blood of gouty people in the middle of the last
century, no outstanding advance towards the solution of
the prablem has been made, A concensus of opinion
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however much they may try to do so, whilst others can-
not escape it, however hard they try not to provoke it.
The comparatively late age at which, with few excep-
tions, the onset of the disease occurs suggests t.hnt the
underlying error is not, in itself, seriously detrimental
to its subjects, but that it renders them unduly sus-
ceptible to external influences. Unless such inﬂlfenccs
come into play the gouty man may escape the manifesta-
tions of his matady, and it can hardly be doubted that
many who inherit the susceptibility do actually escape.

There is no conclusive evidence that uric acid and the
uratesas such exert any toxic infiuence upon the tissues,
and there is strong evidence that the pathological vice of
sodium biurate, tke that of cystin, is its scanty solubility,
and ts tendency to be deposited in ¢rystalline form in
the tissues, and especially in cartilage. 1t is permissible
tosuppose that the conditions which ensure the holding
in solution of the urate are, in the gouty subject, taxed

to the full, and that a variety of external influences may
precipitate attacks,
Inag

iven community the pri
the envi doubtedl

evalent mode,of life and
y 1nfl the frequency
of Bouty attacks to a remarkable extent, but that does
notimply that they influence the number of potentially
gouty individuals in the community,

Thle manifestations of Bout are much more frequently
seen in cities than in rura areas, and the prevalence of
thc. disease in imperial Rome, and in other cities in
which moch Yuxury prevails is a notorious fact; but it is
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nowadays favours the view that the underlying trouble
is a derangement of purin metabolism, Even if it should
be proved that the accumulation of uric acid in the
blood of gouty subjects is due to defective excretion by
the kidneys, it may nevertheless result from a defect
of purin metabolism, for the deficient excretion may be
due to a shortcoming of the product to be excreted,
rather than of the excreting organs.

{tisa well-known fact that the excretion of endogenous
uric acid is independent of changes of duet, but varies
rather widely 1n different indsviduals; and a systematic
study of the purin metabolism, and of the blood content
of uric acid in members of gouty famibies from mfancy
upwards, might go far towards the cluadation of the
nature of the malady. At present we have no such data
to go upon.

If gout be due to an 1nborn error of metabolism, such
as 15 here suggested, 1t cannot be looked upon as due,
fike other such errors, to 4 rare mutation which ocasion-
ally occurs e neto, but rather as based upon an alter-
native and shghtly dnergent path of metabohsm met
with in a large part ot the total population. Tsanterest-
ing to note that there appears o be a specal habihiey of
the male sex, not to be explaned by the wtluence ot diet
and environment.

It is a matter of obscriation that some individuals
fail to develop gout, in spite ot diligent culovation of
those faulty habuts which are supposed to conduee to
attacks; in other wards some are unable to acquire gout,
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however much they may try to do so, whilst others can-
a0t escape it, however hard they try ot to provoke i,
The comparatively late age at which, with few excep-
fions, the onset of the disease ocours suggests t.hac the -
wnerlying error is not, in itself, seriousty detrimental
to its subfects, but that it renders them un.duly sus-
ceprble to external influences. Unless such mﬂxiences
come into play the gouty man may escape the manifesta-
tions of his malady, and it can hardly be doubted that
many who inherit the susceptibility do actually escape,

There is no conclusive evidence that uric acid and the
uratesas such exert any toxic influence upon the fissues,
nd there is strong evidence that the pathological vice of
sodium biurate, ke that of eystin, s its scanty solubility,
and its tendency to be deposited m crystaliine form in
the fissues, and especially in cartilage. 1t is permissible
tosuppose that the condutions which ensure the holding
in solution of the urate are, in the gouty subject, taxed
1o the full, and that a vartety of external infinences may
precipitate attacks.

Ina given community the prevalent mode of life and
the envi doubtedly inf the £

quency
of gouty attacks to a remarkable extent, but that does
not imply that they infuence the number of potentially
gouty individuals in the, community.

Th.c manifestations of gout are much more frequently
seen In citres than in rural areas, and the prevalence of
the disease in imperial Rome, and in other cities in
which much Suxury prevails is a notorions facts butitis
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however much they may try to do 5o, whilst others can-
not escape it, however hard they try not 1o provoke it.
The comparatively Iate age at which, with few excep-
tions, the onsct of the disease occurs suggests t_hat the
underlying error is not, in itself, seriously detrimental
to its subjects, but that it renders them unldu’ly sus-
ceptible to external influences. Unless such 1nﬂ\§cnccs
come into play the gouty man may escape the manifesta-
tions of his malady, and it can hardly be doubted that
many who inherit the susceptibility do actually escape.

There is no conclusive evidence that uric acid and the
wrates as such exert any toxic infiuence upon the tissues,
and there is strong evidence that the pathological vice of
sodium biurate, likethat of cystin, is its scanty solubility,
and its tendency to be deposited in crystalline form in
the tissues, and especially in cartilage. Itis permissible
fosuppose that the candstions which ensure the holding
in solution of the urate are, 1n the gouty subject, taxed
to the full, and thata variety of external influences may
precipitate attacks,

Ina given community the prevalent mode of life and
the environment undoubtedly influence the frequency
of gouty attacks to a remarkable extent, but that does
not imply that they influence the number of potentially
gouty individuals in the community.

The manifestations of gout are much more frequently
scen in aities than in rura} areas, and the prevalence of
lhc' disease in imperial Rome, and in other cities in
which much luxury prevasls is a notorious fact; butitis
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these are the only joints which are damagcd in walking,
but defects of footwear doubtless contribute.

1f the views here put forward are sound, gouty per-
tons are subjects duting the intervals bct\vct:.n their
attacks in which they may feel quite well, to ‘a pecu-
Tarity of health’ which gives proclvity to that particular
form of disease; and just as a cystinuric may form no
caleuli, 2 gouty subject may never suffer from an actual
attack of gout. It may be well to emphasize t.hat the
mafady under discussion here has been true uratic gout,
chatacterized by the deposition of crystalline sodium
biurate in the tissues; a malady of which tophi in the
€rs may serve as 4 warning signs and serve as sure
guides to diagnosis.

Much less 15 heard now than formerly of that con-
geries of discomforts and ailments which were formerly
loosely classed as gouty, but which are now referred
toather categories, The more exact indications afforded
by the estimation of uric acid in a few drops of blood
may reveal the gouty nature of troubles the true origin
of which had not been suspected, and on the other hand
carrects much loose classification, Nevertheless it must
be remembered that ncrease of uric acid in the blood
results from other causes besides gout.

‘The onset of the familiar osteo-arthritis of later life,
with its erosion of cartilages, eburnation of bones, and
formation of osteophytes, is often attributed to an injury.
This is especially the case with the hip-joint disease of
derly people. Other manifestations of the malady,
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Mendelian recessive, appearing in several children of
purents who are usually normal, and of whom a la.rgc

. proportion are consanguineous, usually first cousins.
The proportion of consanguineous parents 1s far
greater than in the population at large.

The essential error is apparently a failure to effect the
complete catabolism of the tyrosin and phenyl-alanin
contained in the proteins of the food and tissues, and
the consequent presence of an intermediate product of
the metabalism of these aromatic fractions of proteins,
The product in question, homogentisic acid, or hydro-
quinone-acetic acid, shares with many other similar
aromatic compounds the property of blackening on
oxidation, and hence the characteristic property of
alcapton urine,

In the course of years the homogentisic acid in the
ti.ssucs brings about 2 selective blackening of certain
tissues, notably of the articular and aural cartilages, and
soisinduced a condition first recognized in the cadaver
b Virchow as ane of extreme rarity, and called by him
ochranosis, Albrecht was the fiest to suggest that aleap-
tonutia might be 2 cause of ochronosis, and Osler de-
smhsd cleatly the clinical picture of the condition as
seen in several elderly aleaptonurics under his observa-
tion, These abservations have been abundantly con-
firmed, and the blue coloration of the interior of the
:;:: ‘3}1:: !:c:l:e bh;k c:rtilagf showing through the
sdc;nﬁCs P:md che of brown 'trmngula‘r patches on the

aes casionally pigmentation of the skin of

N
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dlusive, the osteo-arthritis of alcaptonuria with ochro-
nosis assumes a characteristic distribution and character
which has been observed in all the recorded cases. So
much is this the case that its presence m'lg}\t be re-
cognized by one who knows, from the peculiar stance
and gait of the sufferer,

The patient stands upon a wide base, and adopts 2
stooping attitude, due, as Sdderberg has pointed out, to
affection of the articulations of the spinal column. On
the other hand it has been shown that there may be
complete blackening of cartilages before there are any
anatomical changes 1n the joints; and the signs of
ochronosis become apparent to the clinical observer at
a considerably earlier period than those of implication
of the articular structures.

It would be wholly premature to supgest that the
presence of an unusual chemical compound in the
tissues and blood 18 the underlying factor in all cases of
astec-arthritis, but it seems clear that in some instances
itis 50, and that the hfelong presence of such a com-
pound may produce its morbid effects only after the
lapse of many years,

. Among the exciting causes of disease 2 not un-
important place must be assigned to light, and at the
present time when the beneficial action of light and
?\m-viclet radiation are attracting so much attention,
3 13 well o be reminded that there are some to whom
h“Sh“ “G}EK is a poison, and that there 15 2 clags of
maladies rightly named light diseases. One such is of
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desivatives of haematin and haemoglobin, and to h‘fvc
preceded the blood pigments in the evolutionary chain.
Moreover, they are to be cbtained from vegetable as
well a5 animal soutces, and even from yeast.

A pigment of this group, talled by Hlans Fischer
topro-porphyrin, because he first identified it in faeces,
ispresent in minute traces in the urine of normal human
beings; and it is tempting to imagine that stilax traces
present in the tissues of the average man may play an
mportant part in connexion with the physiological
action of waves of short length.

Following the administration of certain drugs over
fong periods, of which drugs sulphonal has been the
chief offender, there occasionally develops a form of
acute poisoning, often fatal, of which the excretion of
porphyrins, in quantity sufficient to calour the urine a
deep red or brown, is 2 conspicuous Sign. Curiously
=Emugh the patients arc almost always women. A
simifar, but less fatal porphyrinuria is seen occasionally
2 symptom of disease, apart from the use of drugs.
Except in a case recorded by Haxthausen in which
1“‘}\31\1‘: 1ad been taken over a long period, and the red
utine %510 of sorme anding, no skin affection dueto
expasure to light has been observed in such cases, in

which \h(} porphyrinuria is wsually transient, or merely
an event in a fatal illness,
In some rare instances

abundance in the

porphyring are present in
Th

P ¢ urtne and facces from birth onwards.
© dark red urine is the warning sign of this anomaly,
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the eaes and nose and even blindness from the implica-
tion of the cornea in the eruption. Nor is that all; the
deeper tissues also are affected, and there result defor-
mities of the hands with stiffness of the fingers and
atrophy of the terminal phalanges. Anogher remarkable
efiectis deep staining of the bones, and in some cases of
the milk teeth, and also those of the second dentition, by
perphyrin, X

On the other hand it"scems certain that porphyrin-
tria is not the only cause of hydroa vacciniforme, any
more than aleaptonuria is the only cause of osteo-ar-
theites, nor that 1t is even its commonest cause. In cases
clinically similar there has been no excess of porphyrin
in the uring; but it is significant that when cases of
hydroa are collated both the sex incidence and type of
heredity in the whole series resemble closely those of the
porphyrinuric cases when taken alone, It may well be
that the cases without porphyrinuria have their origin in
some other metabolic error, or in several such, and that
the sensitivity of porphyrinurics to light is only a par-
ticular instance of a much wider phenomenon,

The light-sensitizing power of the porphyrins has
been proved by Hausmann and others by experiments
s mice and on brotazon, and by the daring experiment
°TM"W’ Betz upon himself, but hitherto it has proved
difficult to reproduce the exact conditions needed for
the development of the particular skin-cruption hydroa
Vacciniforme, .

Justas it is possible to produce a farm of ochronosis
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character, and, a3 such, difficalt to eradi‘cate from a
stock. It can hardly be doubted that this is due to Phc
absence of an enzyme concerned with the coagulation
of the blood, .
lemight be objected that the conditions spoken of in
this chapter are extremely rare, and that it is unsafe to
daw any conclusions from them as to pathog.cny in
general. Yetifit be granted that every human being has
s chemical individuafity, as well as his individuality of
fotm, we may well suppose that, seeing how conspicuous
#re the effects of the more pronounced departures from
chemical type, the minor differences between any two of
s may ply important if less conspicuous parts as in-
born fictors in disease,

As was mentioned, Gaucher's disease may form a
fomnecting ik between tissue defects and inborn
metabolic errors, and it is clear that a chemical defect
may bring in its train highly selective damage to par~
ticular Kinds of tissues, *

There can be litde doubt that,

nd more inbory errors of metab

o light but it is t by
i

as time goes on, more
ohsm will be brought
0 ¢ hoped that a too ready applica-
tion of that term will be avoided, There is danger lest
2 should be employed without any adequate reasons,
and 1o quote Germain Sée ance more, as merely ‘un
mot POUr masquer notre ignoranee’,

An 'MPOTtant suprestion hag been put forward by
A Hust! namely, thay constitutional achlorhydria,

e *Bnt M, Jour, 1527, 1, 866.
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niture of the external factors is obscure. There are, on
the other hand, many diseases in which the position 18
reversed, and the external factors are the mo?t obvious
and best defined, Without the tubercle ba:dlu? there
can be o tuberculosis, and without the plasmotinm no
malaria, .

Nevertheless it must never be forgotten that it is not
only in causing predisposition that internal fact?rs are
concerned; but also, that upon the patient’s constitution
depends the form which the morbid syndrome assumes,
As Sydenham? wrote, nearly three hundred years ago:
‘a disease, however much its cause may be adverse to
the human body, is nothing more than an effort of
Nature, who strives with might and main to restore the
health of the patient by the elimination of the morbific
matter.’

The exogenous diseases, as they may be called, are
the most important of maladies, for they are responsi

for the great bulk of human sickness, and for the largest
part of the death-roll. In any medical ward in 2 hospital
sufferers from infective diseases occupy most of the
beds, and of such maladies tuberculosis, in its various

forms, sheumatic fever and its sequels, and the troubles
attributable to the p

us and the streptococcl
are most abundantly represented.  So it has come about
that, in recent years, the importance of the parts played

* Medical Observations concerning the Hustory and Cure of Acate
Drscases {Works of Thevar Sydenkan, translated by R, G. Latham,
1948,4 2g). "
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terned in their working. Most of them are known to
ws only by single properties; just as for many yeats the
clement hefium was known to us only by its fine in ‘E‘“
yellow of the solat spectrum, and adrenalin only by its
efiect upon blood-pressure. X

It is not even certain whether the formation _Df
an antibody is a chemical reaction which follows in-
evitably from the entrance into the body of 2 certain
antigen; just as effervescence results whenever an acid
i added to 2 solution of a carbonate; or whether the
chemical reaction involved has been elaborated by an
agedong process of evolution, to meet the special
emergency when it arises,

The investigator engaged upon the synthesis of
erganic compounds can confidently expect that if he
follows a certain line of procedure he will obtain a com-
pound the properties of which he can foretell, although
it may never previously bave existed. So also, when
 harmful aromatic compound enters the human body
it is combined with sulphuric acid, and excreted as 2
Rarmiess aromatic sulphate, and when an acid is ad-
ministered to 4 carnivorous anirmal 1t is neutralized by
ammonia, whereas ina, vegetivorous animal, whose food
i nch in fixed alkali, this mechanism is not required to
protect the fixed alkalies of the tigsues, and has not,
2pparently, been developed,

On the other hand, when Baumann administered
brom-benzene to 2 dog the animal excreted a mercap-
turic zad, a derivative of cystin, and in this form got
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{hat we arc constantly exposed to infections which fail
to produce illness, but nevertheless call if\to play the
protective mechanisms to counter them, }vxt}} the reAsult
that a greater ot less degree of immunity 1s acquired
by individuals who are unaware that they have been
exposed to the specific infection concerned. Further-
more, it is well established that maternal antibodies in
the circulation of infants may confer an immunity
during the early months of an infant’s life. Conse-
quently, when it is atterpted to differentiate true in-
born, or natural, immunity from such immunity as has
been acquired after, or even before, birth the inquirer
is 1 like position to one who listens to a wireless
programme which is seriously obscured by heterodyne
transmissions.

There is strong evidence that a community may ac-
quire, in the course of time, a relative immunity from
an infection to which it has been long and continuously
exposed ; whereas another community, not so pro\eued‘
by secular exposure, may, when the disease in question
is introduced into it, suffer in wholesale numbers and
from attacks of extreme severity and fatality. This may
bc' due to acquired immunity produced by continual
minor infections, or, a3 some think, and as Archdall

Reidt so strongly urged, to raising of the level of
protection by the weedin

g out of the more susceptible
members by natural selection,

The clinical evidence of the existence of inborn im-
© The Lazs of Heredrey, 1910,






IN INFECTIVE DISEASES . 717
that we are constantly exposed to infcct'\o‘ns which f;ﬂ
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1 The Loz of Heredry, 1q10,
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tioned in 2n eathier section, the statistical investigations
eftheincidence of tuberculosis by Karl Pearson, Stocks,
1nd Govaerts show a somewhat higher incidence of that
disease in individuals in whose family it has occurred
in previous penerations, than in those whose family
bistory presents a clean bill of health in that respect.

Obviously a definite test of susceptibility to infection
offers the best chance of gaining reliable information
regarding the existence or otherwise of inborn natural
immunity to infective maladies, and in this connexion
Shick's test of Yability to diphtheria holds out the
greatest promise of usefulness. If it can be shown that
immunity from diphtheria conforms ta some definite
scheme of heredity, such evidence will be of special
i'mpormn::, for the risk of confusion with acquired
immunity will be excluded. However, in the opinion
of same who are well quelified to judge, the response
to the question which the Schick test supplies is not
tnequivocal,

The test in question wdicates the presence in the
blood or tissues of the individual to whom the test is
apphied of diphtheria antitoxin, or at least his power
of producing the antitoxin with ease.

. H, _and L. Hicszfeld! have carried out an elaborate
r.m'fmgntion upon 4 large number of families and of
individuals, both with the Schick test and with the

Dick test of susceptibility to scarlet fever, These in-
P Kl fFebuckr, 1924,

i 20843 Zerekr, f. 1, ita
t9:1-8, by, By Laners, 191g, i, 675, $- Inmenitinfirsch
[N
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Here also are traces of that enigmatical scx—li'nkagfx
quch 15 is seen in the metabolic errors, but in this
instance the advantage lies with the males, who are
less liable than females. . )

Clinical evidence points to a greater liability to diph-
theria of females, and observations with the Schick test
tend to confirm that impression. There is similar sup-
port for the belief, based upon clinical obscrvation, that
some races of mankind are more Jable than others to
acquire diphtheria, i

S.F. Dudley,! in a critical review of the whole subject
in which the findings with the Schick test, and the in-
ferences based upon them, are subjected toa searching
criticism, writes as follows: “The evidence on the whole
seems to favour the hypothesis that the potentiality of
responding o antigenic stimuli from the diphtheria
bacilli in the environment is greater in the average male
than the avetage female. If this be so, susceptibility to
diphtheria is to some extent a real, hereditary, sex-
linked character.!

Agan: ‘A general survey of the evidente does un-
coubtedly suggest that 2 small percentage of the popula~
tion are born with genetic defects in their potentiality
to form diphtheria antitoxin, but that this hereditary
factor has sn insignificant bearing on the degree of im-

munity possessed by a community as 2 whole, compared
with the concentration, distribution, and persistence of
diphthena bacilli in the envi a

* Quort Juar Med, 1928, 2is. 3.
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Stricly speaking the term idiosyncrasyshould beused
to cover the whole ground of our individual differences,
2scoestensive with our personalities, Jonathan Hutch-
inson, in his Pedigree of Disease, includes under the
rame even such structural anomalies as coloboma of
the irfs and cleft palate, and H. D. Rolleston;! ina
recent monograph on idiosynerasies, includes 2 psycho-
logical group, in which an idea or emotion, such as does
notupsct the average man or woman, brings about most
tnexpected reactions.

The peculiarities here to be considered cover a much
more Timited field, for in medical parlance the name
idiosyncrasy is commonly applied to exceptional re-
sponses, on the part of exceptional individuals, to sti-
muli which are insufficient to produce any conspicuous
cffects in the great majority of members of the human
race. Such stimuli are often applied in the forms of
articles of diet or particular drugs, the pollen of particular
plants, or the exhatations of particular animals.

lellmon defines an idiosyncrasy as *an abnormal
teaction in an otherwise normal person, which may be
cither, on the onc hand, greatly exaggerated, or, on the
Df)\Cr.hznd, greatly diminished: more briefly it may be
d.tsc'nbcd as an unusual physiological personal equa-
tion’. The inclusion in this definition of what may be
called negative idiosyncrasies is of special interest, It
:;:Z;?\{::-S:“h;d that there are variations to both

ge ling, and that there are persons who
! Listyseraries, 1937,
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stnted by the anaphylactic guinea-pig bears Tittle out-
ward resemblance to that manifested by an anaphylactic
dog, . secial

Anaphylasis, properly so-called, is an ':"f‘f‘c,‘a or
adventitious state, which results from the injection of
a protein into an animal which has previously been
sensitized by the administration of 2 dose of the same
protein, Nevertheless, certain of the symptoms which
enterinto the composition of the anaphylactic syndrome,
such as rashes, usually urticarial, gastric disturbances,
and respiratory embarrassment, are met with not only
in amaphylactic states, but also in connexion with many
of the human idiosyncrasies as regards drugs, foodstuffs,
pollens, and animal emanations.

That some individuals are far more liable than
average people to respond injuriously to such provoca-
fions js an undoubted fact, and it is reasonable to
ascribe their sensitivity to the presence in their tissues
of an antibody, ready to combine with the antigen when
it comes their way. Indeed, Prausnitz and Kuster!
detected such substances, which they called ‘atopic
reaging’, in the blood of hypersensitive individuals, and
by injecting blood from such an atopic individual into
the skin of a normal man they rendered the injected
area of the skin of the recipient, and that area alone,
sensitive to the foadstuffs or pollens which gave rise
to allergic reactions in the donors of the blood,

There is strong evidence that in the subjects of the

* ZestreZl f Bale, Absk. 1 (Originald), 1921, lrxnyj, 160,
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respond Jess vigorously to the stimuli mentioned than
do the bulk of human beings. However, we should
expect that such negative idiosyncrasies would be more
difficult to study than are the converse positive pecu-
liartties.

The idiosyncrasies are of special importance from
the point of view set out in this essay, for nowhere are
our individualities more clearly manifested than in such
wide departures from type.

Whereas we might hesitate to label an attack of
giant urticaria, following the cating of honey, and srecur-
ning whenever honey be eaten, as a disease in the
ordinary scnsc of that term, it 1s not possible o draw
any sharp dwiding hne between such attacks and
merbid pictures to which no one would hesitate to apply
the name. Some varieties of asthma fall into the one,
and some into the other category.

A ltarge numbser, perhaps the largest number of 1dio-
syncrasies, are mamfestations of by persensstiveness, and
their symptoms are such as charactenze allergic or
anaphy lactic states, which result trom the introduction
of foreign proteins snto the orgamsm.

Immunological mvestigations have shown that the
intrusive substance, the so-called antigen, encounters,
chiefly in the tissue cells, a substance which 15 antagonss-
tic to1t, an antibody, and to the effects of their encounter
the observed phenomena are asunibed.

These symptoms differ in conspicuous ways i an-
mals of different genera; the suffocative syndrome pre-
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1 protein into an animal which has previously been
sensitized by the administration of a dose of the same
protein, Nevertheless, certain of the symptoms which
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such a5 rashes, usually urticarial, gastric disturbances,
and respiratory embarrassment, are met with not only
in anaphy lactic states, but also in connexion with many
of the human idiosyncrasies as regards drugs, foodstuffs,
ollens, and animal emanations,

That some individuals are fac more liable than
average people to respond injuriously to such provoca-
tions is an undoubted fact, and it is reasonable to
ascribe theit sensitivity to the presence in their tissues
?f an antibody, ready to combine with the antigen when
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¢ Zeuraltl £, Baby, Abtk .y (Originald), 1921, Yesxed 160,
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The hereditary transmission of hay-fever and of
asthma is well recognized; angioneurotic oedema h?.s
been traced through five generations of a family in
which the condition proved fatalin a number of cases,
and even so highly specialized an idiosyncrasy as in-
tolerance of epg-albumin has been secorded asoccurting
in three generations of a family.

The simplest of all forms of allergic idiosyncrasy is
that known as ‘factitious urticaria’ or *dermatography’.
Here the exciting cause is no introduction of a foreign
protein or ather substance, but a mere mechanical pres-
sure often of a very slight kind. Anything written or
drawn upon the skin of a subject of this anomaly, even
by gentle pressure with a pencil or other blunt point,
stands out, after 2 short time, in the form of raised
wheals. The phenomenon is an exaggeration of normal
bhappenings, but provoked by 2 pressure which would
case but insignificant manifestations in an average
individual.

The series of phenomena obscrved in subjects of
factititous urticariz, and in less pronounced degree in
average individuals, has formed the subject of a masterly
investigation by Thomas Lewist and his fellow workers.
The initial fush, due to dikuarion of capillaries, the
more lasting ﬂir.t: around the seat of pressure, which
is due to relaxation of the adjacent arterioles, and the

eventual wheal, ate also members of the anaphylactic
syndrome, and are signs met with in 2 number of other
b The Blod Venels of the Humay Shis
wu .

axd their Respowses, 1927,
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allergic idiosynerasies the hypersensitivities which they
ckhibit are inborn peculiarities in most, if not in all
cases; nevertheless, as in not a few hereditary morbid
conditions, their manifestations may be postponed, and
may not be in evidence during the early years of lifc or
evenlonger. Thus, anarticleof dict which was previously
taken with impunity, may be found, in later life, to elicit
an allergic response. Conversely it is undoubtedly the
case that an idiosyncrasy to a particular antigen may
disappear as an individual grows older, probably as the
result of a process of desensitization.

There is a large amount of evidence of the hereditary
transmission of hypersensitivities; but it would appear
that members of different generations of a family, and
evenmembers of the samesibshipof brothers and sisters,
although hypersensitive, 1 the sense under discussion,
do not always react exceptianally to the same antigens.

Cooke and van der Veer,! in Amenica, found that
hypersensitivity could be traced in the antecedents of
48+5 per cent, of a group of o4 sndsviduals who them-
selves exhibited some form of hypersensitivity, but in
the antecedeats of only 14°¢ per cent. of normal indi-
viduals. The same nvestigators found that the allergic
symptoms tended to make theur firstappeacance between
the ages of 20 and 26 years in persons having anly one
hypcrscnsitivc parent, \vh.crms n children both of whose
parents were hypersensitive, the symptoms appeared at
§ years or earlier.

! Four. [rmunct  1916,1 10t
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explanation as accounting for il \.he known fs.cts. f{'}ilc
poiats aut that by any of the earlier conceptions of t ;
process at work, it was difficult to expl.alﬂ why, in eac
species of animal, only those cells Wh\?}} are normally
sensitive to histamine appear to be sensitive also o the
foreign antigen, and Tespond toits injecfmn.

If Lewis’s explanation be adopted this need not be

assumed. It is only necessary to suppose that fr?m
whichever cells histamine may be set free, by the union
of antigen with antibody within them, those cells which
e W\ itive o histamine take part in the
production of the obvious reaction which results,
On this theory we have not to deal with an undue
sensitivity of certain cells to histamine, but with exces-
sive fiberation of that substance, either into the parts
adjacent to the seat of its liberation, or when, 25 in the
dog, the sctting free of histamine results from anaphy-
lactic damage to a large viscus, such as the liver, the
discharge is into the general blood-stream, So it comes
about that the fiberated histamine produces its charac-
teristic response in celfs which are normally sensitive to
that base, but which atc ot themselves affected by
the antigen. In this way may be explained the striking
differences in the anaphylactic syndrome, as seen in
:nifm]s of different species, such as the dog and the
guinea-pig rospectively,

As Dale points out further: “We may picture the
amphylactic shock, therefore, as the result of cellutar
injury due to the inteacellular seaction of the antigen
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kinds of idiosyncrasy, elicited by other causes than
mere pressurc.

Lewis, in the course of his work, has traced the
production of the flush, flare, and wheal to the liberation
by the injured cells of a substance which he calls the
‘H substance’. This intial was chosen because of the
similarity of the physiological action of the H sub-
stance to that of listamine, a base derived from hista-
dine by removal of a CO, group, and which was
originally found in the tissues by Dale and Barger,
H. H. Dale! has since advanced strong reasens for
taking 2 bolder view, and for the dentsfication of the
H substance with histamine, which base 1s known to
be present normally i the tissues,

The expression *hberation of histammne’ 15 a some-
what guarded one, but 1t 15 more probable that, under
the influence of agents which damage the tissuc cells,
the preformed histamine which thev normally contain
cscapes into the arculation, than that histanmune s
formed in excess, as a result of the damage, and s
thrown out for any pratective purpose,

Sceing that the same tnple response, the flush, the
flare, and the wheal, figures amongst the anaphylactie
reactions in healthy skins, Lewss came to the conclusion
that the union of antizen and antibody sn the cells 1n
which it occurs liberates the preformed I substance,
justasa mechanical ijury does; and Dale regards this

5 'Croonun Lectuses on some Chemioal Favtors i the Comred ot
the Circulanon’, Lawcss, 19391 1188
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explanation as accounting for all the known .facts. He
points out that by any of the earlier conceptions of the
process at work, it was difficult to explain why, in each
species of animal, only those cells which are normally
sensitive to histamine appear to be sensitive also to the
foreign antigen, and respond to its injection.

If Lewis's explanation be adopted this need not be
assumed. It is only necessary to suppose that from
whichever cells histamine mmay be set free, by the union
of antigen with antibody within them, those cells which
are normally sensitive to histamine take part in the
production of the obvious reaction which results.

On this theory we have not to deal with an undue
seasitivity of certain cells to histamine, but with exces-
sive liberation of that substance, either into the parts
adfacent to the seat of its liberation, or when, a¢ in the
dog, the setting free of hi tesults from anaphy
hetle damage to a large viscus, such as the liver, the
discharge is into the general blood-stream, So it comes
:b?uz that the liberated histamine produces its charac-
tenistic tesponse in cells which are normally sensitive to
that base, but which are not themselves affected by
the 2ntigen. In this way may be explained the striking
dxf.i'er:nccs in the anaphylactic syndrome, as seen in
animals ?f different species, such as the dog and the
fuines-pig respectively,

As Dale points out furthers “We may picture the
anaphylactic shock, therefore, as the result of cellular
injury due to the intracellalar reaction of the antigen
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70 more the cause of anaphylaxis and al']crg)' ﬂl‘{“ gun-
onderisthe cause of war. Anexp\mau?z‘\ bas stilltobe
sought for the ext inary hyp s °f the
¢ells of certain individuals to injuries of certain kmfis,
2 the readiness of those cells to set fice histamine
under provocation which fails to produce such tesults
in the cells of the average man. i

Itis, at Jeast, highly probable that the exp&amnon.cf
dlergy is to be found in the chemical individuality
of the subject, and of those of his cells which are
&maged by antigen, sceing how discriminative is the
action of the causative agents at work, If there were
merely a greatly exaggerated sensitiveness to histamine
of the cells which are normally sensitive toit butin a far
lesser degree, we should expect that disturbance would
be induced by any of the recognized causes of the
Histamine syndrome, from slight mechanical pressure
upwards; but this is far fram betng the cade, Therefore
it must be assumed that the cells of a subject of facti~
tious urticaria are not unduly sensitive to histamine, but
that they liberate that sub with undue readiness,
whereas in the great majority of human beings the
histamine syndrome produced by pressure upon the

skin s far Jess pronounced, and requires greater pres-
sure for its induction.

As 2 rule, of the known causes of allergy only one is
efiective in any particular case,

Tt will be remembered that Cooke and van der Veer
found that in families containing hypersensitive mem-
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bers, the exciting cause of the manifestations may not
be the same in all the members, but in some cases sensi-
tiveness to a particular antigen, such as egg albumin, is
manifested by members of successive generations of
a family. It would seem that the cssential factor is the
chemical or physico-chemical interplay of antigen and
antibody in the cells of the subject, as the result of
which histamine is liberated from the damaged eclls.
‘What is inherited is an undue liability to such cellular
protests against some particular antigen or antigens,
but not always the same ones.

Examples of such selectrve idiosyncrasies are quoted
by ail authors who have written upon the subject. The
present writer, who has nat, to his kaowledge, any cx-
cessive sensitivity to any other flower or plant, and who
does not suffer from hay-fever, is unable to stay in 2
room with the flowers of the orange-coloured buddleia
without experiencing general discomfort and breathless-
ness, but without any stridor. The purple buddieiz, on
the other hand, has no such effect.

A member of a former generation of his family
could not, when young, cat any fish of the family of the
plcuronm:t:dac, sole, platce, turbat, hahbut, and the like,
without experiencing severe gastric symptoms; but
from middle Jife to extreme old age, she could eat such
fishes without il effect.

All men are subject to some allergre cffects, upon
adequate provocatian, and st would be difficult to sup-
pose that whercas same are much more sensitive than
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the average man, there are not others wha are dccidefily
less seasitive, It is naturaily more difficult to bring
forward examples of such negative idiosyncrasiess but
perhaps the best known is the scanty response of some
individuals to bites of such insects as fleas and to the
stings of nettles. .

From a mere idiosyncrasy towards a particular anti-
gen therc are all stages to what are knownas the allergic
discases; of which asthma is the most important,
although angio-neurotic cedema is more fatal. Such
diseases have been discussed widely in recent years, on
the Cantinent by Storm van Leeuwen,! in this
cauntey by Hust,? and in America by Coca,? Cooger,
and others,

1diosynerasies to drugs are sometimes of the allergic
kind, 23 when a drug such as quinine or antipyrine gives
rise, whenever taken, to an urticarial rash, with or with-
outattendant vomiting. In some cases a drug produces
an effect quite unlike its usual action, as when opium
causes excitement; but mote usually the normal action
of the drug is induced by unusually small doses, or on
the other hand an abnormal degree of tolerance may
be manifested.

Every drug which has a definite physialogical action
acts 23 2 poison when taken in excessive doses, but in
different individuals and in animals of different species

Y Aenic Dueares, 1g25,

* AE Mun, Tée Connrstiens] Facter in Duieare, 1927.
* Coma, Larwtial of fmwnwslezy, 1925,
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bers, the exciting cause of the manifestations may not
be the same in alf the members, but in some cases sensi-
tiveness to 2 particular antigen, such as egg albumin, is
manifested by members of successive generations of
a family. It would seem that the cssential factor is the
chemical or physico-chemical interplay of antigen and
antibody in the cells of the subject, as the result of
which histamine is liberated from the damaged cells.
What is inherited is an undue liability to such ccllufar
protests against some particufac antigen or autigens,
but not always the same ones.

Examples of such selective idiosyncrasics are quoted
by all authors who have written upon the subject. The
present writer, who has not, to tus knowledge, any ex-
cessive sensitivity to any other tlower or plant, and who
does not suffer from hay-fever, is unable to stay in a
room with the flowers of the orange-coloured buddleit
without experiencing general discomfort and breathless-
ness, but without any stridor. The purple buddleis, on
the other hand, has no such effect.

A member of a former generation of his family
could not, when young, cat anv fish of the family of the
pleuronectidae, sole, platce, turbor, haltbut, and the like,
without experienuing severe gastrie symptoms; but
from middle life to extreme old age, she could eat such
fishes without 1} effect.

All men are subject to some allesgic effects, upon
adequate provocation, and 1t would be difficult to sup-
pose that whercas some are much more sensitive than
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their subjects, and the chemical structure of their tissues.
Their tendency to family occurrence, and their inti-
mute refationship to such hereditary maladies as angio-
neurotic otdema and asthma, suggest strongly that
idiosyncrasies are inbarn peculiarities, even in cases in

which they do not manifest themselves in the early
years of life.
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the dose per kilogram necded for the production of
such effects differs omewhat widely, The same is true
of children and adult men and women respectively, as
witness the well-known tolerance by children of bella-
donna, and their relative intolerance of opium.

Much experimental work has been carried out, by
Clark! and others, upon the tolesance of drugs by
animals, and 2 mass of evidence regarding this matter
was brought together, in a critical review, by J. A
Gunn® in 1923. Some of the protective methods
directed to saving the tissues from the ill effects of
chemical poisons were spoken of in an carlier section,
but it should be mentioned fusther that there is reason
to believe that the destruction of drugs within the body
is brought about 1n not a few «ases bv enzyme action;
it would appear that 1n the cases of atropine, morphia,
and strychmne amongst other alkalaids, the hver is the
organ chiefly instrumental in therr destruction. It may
well be that, as Gunn suggests, the ferments cancerned
are usually occupted in dealing with ordinary products
of metabolism, rather than that they he in wait i the
tissues 10 the hope that some day thewr appropriate
atkaloid may come along

1t will have been seen that all that we know ot the
nature of idiosy ncrastes, cuther allergic or other, sug-
gests that the factors which bring about ther manifesta-
tions are intimately connceted with the chemsal bite of

t Qxert Jear Expor Lhvacs/, 1933 185
t Phyned Rrro 195540 4t
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are two sets of factors at work in the formation of the
morbid picture, namely internal or constltu?\ona\ factcr?:
izherent in the sufferer and usually inherited fr?m his
forchears, and external ones which fire the train. In
some instances, and especially in infective diseases, the
external factors dominate the picture, in so far as the
causation of the trouble is concerned, but the symptoms
abserved represent the tesponse of the patient to the
assault of the invaders. In some other maladies, such
2 the hereditary abiotrophies of the neur
system, the external factors are so little in evidence that
they are apt to be overlooked. Between these two ex-
tremes various intermediate stages are met with.

The constitution of a man is the sum of a/f his quali-
ties, biy bodily form, the structure of his tissues, his
coloration, height, weight, blood-pressure, and body
temperature; as well as his mental and moral qualities,
funetonal processes, and tricks of gesture and action,

Inall or some of these respects each man differs from
2} his fellows, for even uniovular twins are not exactly
alike.

The differences between the various species of animals
in thew chemical build and chemical processes are well
Lnown, and 1t follows, and can indeed be demonstrated,
that the indvidual members of 3 species are likewise
possessors of chemical indwiduality; that each is buile
up of shehtly different materials from his fellows, and
teads huy own chemical life, Secing that all the factors
sn the constitution of the future man are represented in




Epilogue

Mehr und mehr wirt dic Keankheitslehre zur K
zwar wirkt die Ummelt auf den Korper ein; aber Art und Grad dtr
Wirlung bingt von des angeborenen Anlage ab—wizugss 1s, 1928,

HE subjects which have been touched upon in the

coursc of this essay, as illustrating the importance
and the nature of the inborn factors in discase, cover so
wide a field, and throw hght upon the subject frem such
different angles, that it will be well to take stock, in 2
bricf concluding review, of the general conclusions
arrived at or suggested, of the way in which the several
pieces of the puzzle can be fitted together.

It was pointed out, sn the historscal ntroduction, how,
starting from the recognition of morlud predispositions,
there were bult up theories of diatheses which assumed
various forms, but which were all impasred by the lack
of knowledge, in the davs w which they were pro-
pounded, of fundamental problems spon which modern
science has thrown freshhight Hlence it became abvious
that n order to arnve at anv sound condlusions on the
Habilities of individuals to, and therr immumity from
certain maladies, 1t was necessary to approach the sub-
ject de xovo n the hight of that more recent knowledge,
whilst recogmzing fully that in fitty vears a sull more
ample knowledge will doubitless displace many of our
own conclusions n turn,

The further nosology 1s pursued, the more clearh
does it emerge that w every wase of every malady there

hologie:
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which be has developed that improvement of the race is
porsible, .

Many of the difficulties which sutround the pheno-
rena of heredity have been removed in recentyears, and
Mendel's theory serves to explain the skipping of one
or more generations, the occurrence of an anomaly in
seseral children of parents whoare themselves ap'parently
rormal, and the remarkable sex-linked inheritance of
haemophilia.

In the course of ages the human organism has be-
tome temarkably well adapted to the conditions in
which it lives, and it is able to adapt itself to somewhat
wide chanpes of environment; as witness man’s power
to live in the polar regions or in the tropics, on the
mountain side or below the sea-{evel. Nevertheless, that
condition of adjustment which we speak of as health is
maintained only by a continuous struggle; it is a dyna-
mic, not 4 static state, and there is truth in the popular
phrase, for a man keeps rather than remains healthy,

Mar has to struggle against his own individual short-
comings upon the one hand, and against physical agents,
chemical poisons, and the attacks of pathogenic organ-
1sm3 on the other hand,

What wedescribe as diseases are groups ofsy'mptoms,
forming clinicat and pathological pictures which portray
that struggle. Many such pictures represent the re-
action of the organism to the attacks of morbific agents;

its attempts, which happily are often successful, to beat
off or destroy the invaders.
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the chromosomes of the germinal cells from which he
shall spring, it can hardly be supposed that such diverse
potentialities as arc foreshadowed in structures so
minute, and so little different from each other as arc the
germinal cells of creatures of different species, ¢an have
other than a molecular representation.

If this be so, it can hardly be doubted that variations
in the chemastey of the chromosomes of the germinal
cells are the starting-points of mutations great and
small. Upon these mutations natural sclection is con-
tinually at work, ensuning the persistence of those which
make for the welfure of the organism and the species,
and weedng out those which are detrimental. Itiseven
difficult to escape the conchusion that upon the chemeal
structure of the chromosomes depend even the structure
and forms of the creatures which spring from them, and
the anatomical deviattons from t pe which some of them
display. How profound an imtluence chemieal products
can exert upon form 1s shown in the workings of some
of the harmancs

A pnrnruhr mutaton may recur, apist from in-
hentance, just as the same chemical reaction will be re-
pcatcd whenever the same reagents come together under
surtable conditions. We are not abliged to suppose that
all those who exhibit 2 muration, cven a very rare one,
are, to whatever the race they may belong, members
of a single family.

On the ather hand, it 1s because an wdivdual ss able
to hand on to his descendants some favourable mutation
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which he has developed that improvement of the race is
possible.

Many of the difficulties which surround the pheno~
mena of heredity have been removed in recent years, and
Mendel's theory serves to explain the skipping of one
o more generations, the occurrence of an anomaly in
severalchildren of patents whoare themselves apparently
normal, and the remarkable sex-linked inheritance of
batmophilia,

In the course of ages the human organism has b,c—
come remarkably well adapted to the conditions in
which it lives, and it is able to adapt itself to somewhat
wide changes of environment; as witness man’s power
to five in the polar regions or in the trapics, on the
mountain side or below the sea-level. Nevertheless, that
<ondition of adjustment which we speak of as health is
muntained only by a continuous struggle; it is a dyna-
mic, not a static state, and there is truth in the popular
phrase, for a man &eeps rather than remasns healthy.

Man has to struggle against his own individual short-
comings upon the one hand, and against physical agents,
fhcm‘m\ poisons, and the attacks of pathogenic organ-
1sms on the other hand.

Whatwedescribeas diseases are groups of symptoms,
forming clinical and pathological pictures which portray
that struggle. Many such pictures represent the re-
action of the organism to the attacks of morbific agents;

its attempts, which happily are often successful, to beat
off or destroy the invaders,
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Unquestionably discase has played, and is‘ playing,'a
very important role in the process of evolution, and is
a potent agent for the weeding out of those Jeast able to
survive, But a5 man has developed, the process of sur-
vwalof the fittest, in Natures sense, has received acheck,
28 far 25 the human race is concerned. The ideals of
mutual help, the care devoted to the maimed and
mentally deficient, and indeed the entite avts of medicine
and surgery, are marshalled in direct opposition to the
strugple for existence, as it is seen in the lower animals.
Ciearly, it is to his brain rather than to his muscles that
man owes his survival and his high place in Nature,
‘When we speak of 2 normel man we mean one who
does not depart, in any conspicuous respect, from the
average of the race. That average cannot be represented
by a sharp line, but by a series of dots, some to one and
some to the other side of an imaginary line. Some of us
deviate from the normal to our benefit, and some of us
to our detriment.
"The various races of mankind, and groups of people

wha may, or may not, be descendants of common an-
cestors, show constitutional b including like-
. K . -
nesses in face and form, 2s well s in mental qualitiesand
d : \Y;}h these blances are often linked
degrees of Hability to suffer from particular diseases.
Hence the study of bodily form by anthropometric
m:!.hods can give intimations of the maladies from
which individuals are likely to suffer,

tics of outward form are in nosense th

but the peculiari-
€ causes of disease,
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Unquestionably disease has played, and is_ playing, 2
very important role in the process of evolution, and is
apotent agent for the weeding out of those least able to
survive, But as man has developed, the process of sur-
vivalofthe fittest, in Nature’s sense, has received acheck,
28 far as the human race is concerned. The ideals of
mutuz} help, the care devoted to the maimed _a_nd
mentally deficient, and indeed the entire arts of medicine
and surgery, are marshalled in direct opposition ta the
struggle for existence, 23 it is seen in the lower animals,
Clearly, it is to his brain rather than to his muscles that
man owes his survival and his high place in Nature.

‘When we speak of a normal man we mean one who
does not depart, in any conspicuous respect, from the
average of the race. That average cannot be represented
by a sharp line, but by a series of dots, some to one and
some to the other side of an imaginary line. Some of us
deviate from the normal to our benefit, and some of us
to our detriment.

‘The various races of mankind, and groups of people
who may, or may not, be descendants of common an~
cestors, show canstitutional resemblances, including like-
nesses in face and form, as well as in mental qualitiesand
dispositi ‘With these es are often linked
deprees of liability to suffer from particular diseases.
Hence the study of bodily form by anthropometric

methods can give intmations of the maladies from
which individuals are likely to suffer; but the peculiari-
ties of outward form are in nosense the causes of disease,
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but are the labels indicative of particular morbid
liabilitics.

On the other hand, amongst the unnumbered differ-
ences of form which serve to distinguish each man from
his fellows, there ase some which may handicap him on
his way through life, may lame him or disfigure him, and
others which directly predispose him to disease, An
abnormal mesentery may lead to strangulation of the
intestine, an abnormal diverticulum may become the
seat of inflammation or wlceration, a malformed cuedize
valve may suffer too readily from infection. Yet such
accidents are too uncommon to play any conspicuous
parts in the aetiology of disease, nor is any important
general inference to be drawn from them.

In some human familtes numbers of members exhibit
anomalies of particular tissues, or tissues of certain
groups, which are strongly suggestive of defects in the
materials of which theaffected tissues are constructed, or
of the manner in which the materials are put together;
as if Nature had descended to jerry-bulding, A con-
spicuous example is afforded by the highly hereditary
kind of brittleness of bones, in which the defect of the
connective tissues is made evident by undue transtu-
cency of the sclerotics which appear blue in colour be-
cause the black choroid shows through them. It is
shown also in the fragility of the bones which arc broken
by slight injuries. Upon this congenital defect is en-
gmftcd, as time goes on, 3 progressive disease, oto~

sclerosis.
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In all pro\;a\:'\l'\ty minor defects of tissues are very
common, and not only defects but also improvements
upon the average standard. Various examples were
luded to in section vi of this essay. They are of
widely different kinds, but in all some particular kind of
tissue is implicated, and even when the trouble is not
obvious at birth, that tissue appears to be unable to
stand even the ordinary wear and tear of ife, OFf special
interest are the maladies, hereditary, and sooner or later
fatal, of the neuromuscular system, to which Gowers
gave the name of abiotrophies. In them we see what
Galton described as ‘the steady and pitiless march of the
hidden weaknesses in our constitutions through illness
to death’. -

Their subjects may appear to be in perfect health
during their carly years, and only show signs of their
disease in later childhood, or even later. But their
hereditary and family occurrence, which is specially
well marked in that sex-linked recessive condition
pseudo-hy pectrophic muscular dystrophy, point clearly
to an inborn defect. Although it is penerally assumed
that the hssuss‘hcmsclves areat faultin the abiotrophies,
and thas their power of resistance to the unavoidable
minor accidcnts. of life is so seriously impaired that, 2s
Rosenbach put it, the ordinary use of the parts amounts
to an injury, the possibility is not wholly excluded that
:‘\i‘;’:‘;;::;:“::;‘:}' be dam{gcd, or rendered sensi-
beric pmduct,which Pffscncc.m th?m o(: some .mcta-

. progressively impairs their in-

u
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but are the labels indicative of particular morbid
liabilities,

On the other hand, amongst the unnumbered differ-
ences of form which serve to distinguish each man from
his fellows, there are some which may handicap him on
his way through life, may lame him or disfigure him, and
others which directly predispose him to disease. An
abnormal mesentery may lead to strangulation of the
intestine, an abnormal diverticulum may become the
seat of inflammation or ulceration, a malformed cardiac
valve may suffer too readily from infection. Yet such
accidents are too uncommon to play any conspicucus
parts in the aetiology of disease, nor is any important
general inference to be drawn from them.

In some human familics numbers of members exhibit
anomalies of particular tissues, or tissues of certain
groups, which arc strongly suggestive of defects in the
materialsof which the affected tissues are constructed, or
of the manner in which the materials are put together;
as if Nature had descended to jerry-building. A con-
spicuous example is afforded by the highly hereditary
kind of brittleness of bones, in which the defect of the
connective tissues is made evident by undue transtu-
cency of the sclerotics which appear blue 1 colour be-
cause the black choroid shows through them. It is
shown also in the fragility of the bones which are broken
by slight injuries. Upon this congenital defect is en-
grafted, as time goes on, & progressive diseasc, ofo-
sclerosis.
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problems, and problems of the greatcst importance be-
cause such maladies are rcsponﬂb‘c for the great bullf of
human sickness, and take the heaviest toll of human 11.fe.
In them the organism is called upon to wa.ge an active
fight against highly trained external enemies, whether
bacteria, viruses, ot protozoa, and the signs and symp-
toms which compose the pictures of such diseases are
the evidences of that struggle.

Even against chemical poisons taken by mouth, or by
other channels, there are some means of defence. Every
active drug is 2 poison, when taken in large enough
doses; and in some subjects a dose which is innocuous
to the majority of peaple has toxic effects, whereas
others show exceptional tolerance of the same drug.

Some chemical poisons are destroyed in the tissues,
provided that the dose given be not too large, and others
are combined up with substances to hand, and so
rendered innocuous and got rid of.

Against bacterial invaders more subtle protective
mechanisms have been evolved, some to destroy the in-
vaders and others to render their toxins innocuous, The

protective substances present in the blood and tissues,

i s, agglu'(inins, and the like, are un-
tedly chemical pounds, but as yet we know
nothing of them save the properties from which they
dcn\:e thtlll' names. When an invasion occurs the
specific antibody is formed, if not already present, and

an immunity is acquired which lasts for weeks, months,
years, or even for the remainder of life, 4

dout
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tegrity. As yet there is little evidence in support of
either hypothesis. The changes observed in the
apparently unaffected muscles of dystrophic subjects
may be degenerative rather than primary, but no
abnormal chemical product has yet been detected in
the tissues of patients swith any of the conditions here
spoken of as tissue defects.

Itis highly probablethat chemical defects, or errorsof
metabolism, are very common, although any individuat
error is rarely met with. Those which we know proclaim
their presence in some obvious way, or are detected
because they respond to often applied tests. Others
which do not so advertise themselves may readily escape
notice, For example, if the copper tests for detection of
glucose were not in dasdy use in medical work, therc is
no symptom yet known by which the existence of that
rare anomaly pentosuria could have been detected.

Presumably some chemical mutations are beneficial
or at least harmiess; but some render their subjects
liable to morbid developments of particular kinds. To
the victim of congenital porphyna light behaves as a
poison, the cystinuric 1s always mn danger of calculous
troubles, and the alcaptonuric 1s wont to develop in late
life an osteo-arthritss of charactenstic kind and distribu-
tion. By the study of such anomalies one seems to
approach very nearly the solution of some cases of mor~
bid predisposition.

When we turn to the consideration of the infective
maladies we find ourselves confronted by a new set of
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tole in the production of the aflergic syndrome is
secreted by the damaged cells, rather than leaks from
them when they are damaged.”

But allergy is, to all appearance, 2 chemical event,
and the highly specialized effects of particular exciting
substances, the pollen of a special plant or the exhala-
tion of an animal'of a particular species, point to a large
persanal element in connexion with such phenomena.
Moreover, we can hardly doubt that in many, if not in
all cases, the susceptibility isinborn. Suchidiosyncrasies
are apt to occur in several members of a family, but the
exciting cause is not always the same in the different
members of a family. In the grave diseases which per-
tain to the allergic group, such as asthma in some at
least of its forms, and angioneurotic oedema which,
when it affects the larynx, may cause death by suffoca-
tion, the hereditary factor is often strongly marked,

1t might be claimed that what used to be spoken of
25 2 diathesis 15 nothing else but chemical individualaty.
But to out chemical individualities are due our chemical
merits as well as our chemical shortcomings; and it is
more nearly true to say that the factors which confer
upon us our pr dispositions to, and i from the
various fm'shaps which are spoken of as diseases, arc in-
herent in our very chemical structure; and even in
the ’f‘°‘°§“}“ groupings which confer upon us our
indhvidualities, and which went to the making of the
chromasomes from which we sprang.
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Apart from this natural process, the appropriate
antibodies may be administered in the serum of an im-
munized animal, or their formation may be stimulated
by a vaccine containing the toxin.

"This, as was pointed out in an earlier section, greatly
aggravates the difficulty of determining how far a
natural immumty against infective diseases exists; for so
many individuals have acquired immunity in one or
other of these ways or even by exposure to contagion
apart from any actual attack of the disease under in-
vestigation.

The chinical evidence of the existence of natural im-
munity, and also of unusual Hability to particular
maladics, is very streng, and 1s based upon the experience
of many generations of medical men. It receives support
from the resuits of statistical investigations of liability
to tuberculosis for example, and from the results of the
Schick test of Hability to diphtheria. Yet such testimony
givesasomewhat restrainedanswer. Thereis, moreover
testimony of clinical experience to the hereditary
character of such immumties and liabilines,

Lastly, the so-called idiosyncrastes, disturbances of
health out of all proportion to the external causes which
provoke them, display the protest of the organism
against the intrusion of some foreign substance, some-
times a drug, more often a foreign protein. It is not
clear how far the phenomena observed in such cases
have a protective purpose, as those of inflammation
haves not that the base histamine which plays a feading



INDEX
Germinal cells and somatic cells, 36
oy totipotentiality revained by, 47
Gout, 1¢6~11,
— berednary tramsmistion of, 507
. wnjury exciting an atack, 110
- :‘uh of uric aad in, 107-8.

159

Kerasin in tisves, in Gaucher's
dusease, 90

Kidneys, polycystic disease of; 73-

. inheritance of, 78

—, malformations of, 78

Light, sensidivity of porphyrinurics
o, 11

—, aetian of, upon ergosteroly 3%
1

1t substanee, rol of, in allergy, 138,

Haematoporphyrin and haematopor-
phyra, see porphyrins.

Haemophilia, L1, 38, 66, 130,

= hereduty o, 66 Malformations, stractural, in rela-
Haalth, definitions of, 25-6. " ion to disease, 77-31
Tieredty and disease, 60-73. eekels dmerocitam

51
Meckel's diverucvlom as eavse of
diseases 79

Mesenchyme, defects of, 86,
Metabolism, errors of, g6-133«
—, ndwviduality of, 39-52.
Muscular dystraphiss, gt.
—spusm, 2.

Mutauans, 41.

—, chemucal, 4t-z, 148,
Myosuis ossificans, 86,

-y Mendclan theory of, 65 et pas-

nm

Histamine, role of, 12 allergic pheno-
mena, 138-41, 156

— syndrome due to, 137,

Mydroa vacciniforme, with porphy-
rinotia, 118,

Hypersenutivay, allergic, 135-7.

— 0 bight, 118,

1diosyneranics, 133455 156

— definutinns o, 133

Immunity, natursl wnd acquired,
r1asga, 16

— relaure, 1 males and females,

Natoral selection, 45, 53

— — role of disease 10, 56, 58.

Neoro-muscular dystrophues, 16, 91
e seq.

U

Tndwiduabiy, ehemical bass of, 39 | Ochronosis, wath aleaptonuria, 113

Osteo-arthntis, 1t

—, alezptonunc, £z,
Osteoscleroms,  with fragiliey  of

3147
Infectiony, 1ndiidual Yabiline 10,

1y,
Irfecuve ducases, 1nborn factont in,
1a2-32,

— ~ w aents of evolution, 8,

— = evclution of defence againet,
shet

— == evolution of,

Inhentance of morbid Labilives, 60—
n

bones, 85.
Otoslrou, sth fagilie of boses,
H

Pentosuru, 154.

Physical characterisues, in relaton
10 disease, 7g, 151,

Porphyria, see Porphyrinuria.

Porphyrins, the, 116

Porphyrinuria, atute tovic, 117

— congenital, 117,

Jaundee, congensl haemelyte, 17—
N ¥



INDEX

Abiotrophies, or tissuz defects, 32~
98, 53,

Achlorhy dria, consttuzional, 81,121

Albinsm, 64, 120

Alcapronuraa, 112,

Allergie diseases, 34, 143

~— rdiasynczasics, 13§ et seq , 157

Anaphylans, 133, 139

Angronaurote otdem, 34, 137, 143,

157
An{xrmc diathests, anthesm, 15
s vy Bouchard's theery of, 56
Asthma, 34 143, Y57
Atwsm, 61, 66

Bacteria, evolution of, ¢

Blood corpuscles, red, m haemoly e
joundice, 87,

Blaod groups, 43

—~ —y inhezitance of, 44

e sy 7333} dstibution of, 34

ey TR AWINS, B

Bones, fragilny of, with blee sclero-
tics, 8p-3.

ey I8 os\cosclcmsu. 85,

e —ny GtoSClErOSTS Wch, 8¢

Chemueal indmiduahity, 39-52

— RULILONY, 43, F00, 154

- anomalies, 100

Chromewemes and mdividualny, 4o,
148, 187.

Consanguinsty of pasents, @ con-
nevion »ith heredity, b3

Constitution, 20 f passm

Constitauonal e, 19, 75,

Cysunuriz, o2

wm and caleulus formation, 104

Deficiney diseaset, 3o 250
e oy predisposition 10, 13

|

'

Dermatography, 137

Dirabetss, 1n twing, 72,

Diatheses, the doctring of, gu2y,
—m definitons of, 13, 12, 13, 58
Diphaberia and the Schick testy

119

Prscase and health, 25-19

- definitions of, 26

— ercluton and, s3-60.

- heredsty of, 6073

— relation of 1o physieal sructure,
22, 74-81

—, acquired ¢ uiero, 6t

Drugs, hosyncrases with segaed to

3
Dystrophea myetonic, 91,

Ectoderm, defect of, 83,

Eundoerine glandy, sy ndromes duc to
diseases of, 35,

ey infuenee of, o0 bixhily foron

5o

Eavironment, mfuence of, in famly
diseases, 63,

Frect posture, discases due 10, 49

Lrgosterad, vitammn D formed by
wweadiation of, 17,

Lrsors of met:bul’um. discaws doe
w, 9b-522

Lyvolutron and discase, s3-40

— uf infective agents, §3r §9

wof protective mechanums, §3, 137,

Fangrer prants of twany, 63
Form, bodity, 10 selauon o dweast,

74-8t

Ganrie hypertonus, fo.
Gaseraptons, 30

Gavrbes's discase, 89-9;

-« part played by kemm w, 9o



INDEX
Germinal cells and somatic eells, 46
— —, touporentiality retaned by, 47.
Gout, scé~18, .
— bereditary transmission of, roy
— 1ajury exeiting an atwack, 110,
—, role of unc seid in, t07-8-

.

159

Kerano in tssues, in Gaucher's

duease, go. .

Kudneys, polycyste disease of, 78,
2, inberance of, 8.

-, malformations of, 73.

Light, sensitsity of porphyrinusics
0, 116,

= action of, upon ergosterdl, 33,
16,

1 substance, role of, in allergy, 138

Haemaroporphyrin and haemtopor-
phyria, see porphyring

Harmophalia, 1, 38, 66, 120,

~, bheredity of, 66.

Health, defintions of, 2g-6.

Teredity and dueasc, 673

~= Mendclan theory of, 61 ¢t pas-

Malformations, structural, in rela~
tion to disease, 77-8, 152.

Meckel's diveruculum as cause of
duease, 79+

Mesenchyme, defects of, 36

Matabolism, ertors of, g6-t2a.

—, ndividuabity of, 39-52.

Muascular dystrophics, gx.

— spasm, g2

Mutations, 41,

~ chemical, 41-2, 148,

Myoitis ostificans, 86,

am.

Tistamine, role of, in allergic pheno-
Foena, 133~4 K 166,

~— tyndrome due t0, 137

Hydroa varcansforme, with porphy-
Tigun, 118

Hyperenutisny, alergie, 1357,

— o hight, 1k,

tdiosyncranes, 32~4g, 156

— definitions of, 133,

Immunity, natural and acquired,
)

— relative, ™ males 304 females,

Natoral selecuion, 43, 53,
— — role of diseate 10, 6, 5%
Reuro-muscular dystrophies, 36, 91
euseq.
3.
Tnduedailiy, ehermeal basss of, 39~ | Ochsonosts, wh alcaptonuria, 533,
Oseo-arthnus, 351,
= slapnune v
teosclerosis, with fragility  of
bones,

Otorclerosss, with fragulity of bones,
25,

§2 157
t-ftom, indridual dabilites to,
-1,

127-1,
Irfective duwases, mbomn factors in,
12231

=~ 1y agents of evolution, g8
= tvofuticm of defence agrins,

evaluson of Peotosurly, 14,

— et 59 .

Tnhentance of mm}‘d bt 6om yucal characterisyes, i wlaton
b7

0 doexse, 75, 151,
Porpbyei, see Porphyrinuria,
Torphyring, the, 116,
Pu@hynm{m. aute wxie, 117,
— congeniua, 117,

Jruniice, conpemsal haemalyue, 8-
y



160
Porphyrinuria (contd )

f bones

INDEX

Stomachs, long and short, symptoms
d wath, 8o.

—
and teeth with, 119

ey 3203 Yacemforme with, 113

o ey SERSYILY Yo Light with, 138

Protens, specific, evolution of, 45

Punm rctabohism, exror of, 10 gout,
108

Pyloric  stenoss,
twns, yo.

congenital, n

Racial habihties and immantues, 75

Repawr of darnaged tissues, 46

Rheumate fever, differences s mor-
tud prctures at disferent perinds of
Ufe, 32

Scarlet fever, the Dack test, 129
Schick test of hability to diphtheria,

129-31.
Sexes, speenal habslities and anvmuni-
ues af, 324 100, ¥31
Sex-huked recessive characters, 66

Somare cells, duffercaces from gorm |

eclls) 46~7

Structure and form in selation to
disease, 7481, 153
Struetural malformations, 97, 153,

Tussue defects (abiotrophies), 346,

Trsues, connectne, mfBuence of
stran on development of) §1.

=, reparr of damaged, 36

Tuberculons, hereditary Inbulity to,
62, 519

Twns, dsseases of, 67-72.

~, blood groups of, 68,

—, firger and sole prits of, 63

Unic acid, role of, s gout, 107-8.
Urucarn, facttious, 137

Vestygial remmants as causes O
seats of discase, 7y

Visumins, 13, 35, 116, 130,

—, deficiency , persanal factor 11, 33

~, suamun D, formed by ssadiae
uon of ergostesal, 33, 116

FRINYED 1K GREAT BEITAIK AT T8 { MIVERNITY ZRESS QXFORD
v J0Wy JORYSOR, PRINTIA T5 TH8 LIt ERUTY






