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THE RELATION OF THE ENDOCNNE 

GLANDS TO HEREDITY AND 
DEVELOPMENT' 

SINCEthe object of the Eugenics Research 
Association is the advancement of knowledge 
that will contribute to the improvement of the 
human race by inheritance, its members can 
scarcely fail to be interested in the discussions 
that are now going on regarding the glands of 
internal secretion and their relations to hered- 
ity. As a medical man, deeply interested in 
the problems of constitution and of condition 
and profoundly impressed with the recognizable 
influences of internal secretions upon form and 
function in both normal and pathological states, 
I welcomed the suggestion of Dr. Davenport 
that I deal in my presidential address with the 
topic announced. The progress of research in 
endocrine domains and in heredity has of late 
been so rapid that no single person can keep 
pace with its strides. Ny remarks, therefore, 
will make no pretence to completeness of dis-
cussion of the reciprocal relations of heredity 
and endocrinology. They are intended rather 
to direct the tattention of the members of the 
association to some of the more important facts 
that have been established and to stimulate 
interest in some of the newer problems that are 
emerging and clamoring for solution. 

THE ENDOCRINE O W A N S  -4ND THEIR PRODUCT8 

I t  is only comparatively recently that the 
significance of the so-called ductless glands and 
of the substances they manufacture has become 
recognized, but, in a very short time, a consid- 
erable body of knowledge concerning their 
structure, their functions and their inter-rela- 
tions has been accumulated. At the moment, 
studies of the internal secretions, or, as many 
now call them, the "ineretions," are, on ae-

1 Presidential address at the tenth annual meet- 
ing of the Eugenics Research Association, held a t  
Cold Spring Harbor, Long Island, June 10, 1922. 
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count of their astonishing and novel revela-
tions, attracting the attention not only of 
ecientific worlirers in biology and medicine but, 
and perhaps to too great an extent, also of the 
laity. Important as a knowledge of these 
incretions IS for an understanding of bodily 
and mental states, there is some danger, I think, 
of over-omphasis and of clisproportionate 
prominence. Popular articles and treatises on 
endocrine srtbjects too often assume what is 
mere conjecture, or wild spec~iladiion, to be 
ejtablished as fact and reveal a tendency to 
exploitation that must sooner or later Ise fol- 
lowed by disappointment and disillusionment. 
There is, I fear, some danger that even scien- 
tific endocrinology may, temporarily a t  least, 
be brought into undeserved discredit. I t  would 
seem especially desirable, therefore, thal those 
who write or speak upon the subject should 
discrimmate carefully between fact and fancy. 
Every efCort should be made rigiclly to control 
hypotheses by accurate observation and careful 
experiment, for only thus can an orderly acl- 
vance in knolvledge be assured. 

Though an ineretory function has been 
ascribed to many organs of the body, the prin- 
cipal incretory organs, those whose function is 
best understood, are seven in number: (1)the 
thyroid gland, (2)  the parathyroid glands, 
( 3 )  the hypophysis cerebri, or pituitary gland, 
(4) the epiphgsis cerebri, or pineal gland, 
( 5 )  the suprarenals (consisting of two park  of 
entirely different functions, ( a )  the medulla or 
ehromaffine portion and ( 6 )  the cortex or inter- 
renal portion), (6)  the islands of Langerhans 
of the pancreas, and (7) the interstitial tissue 
of the gonads (ovaries and testicles) or so-
called "puberty gland." 

There is evidence that each of these organs 
yields an internal secretion that, di,tributed 
through the blood, exerts important chenlical 
influences upon other, more or less distant, 
organs and tissnes. Some of theae lnfiuences 
have h e n  definitely determined, but it will 
doubtless be a long time before all of them wlll 
1x2 well understoocl. The knowleclge that has 
been gained concerning the thyroid, the pitu- 
itary, and the suprarenals gives promise, how- 
ever, that steady research will gradually en-
large our information regarding the influences 
exerted by each of the increto~ y glands. 

The chemical substances contained in the 
incretions have been called "hormones" and the 
determination of the precise chemical constitu- 
tion of these hormones sets fasciriating tasks 
for the biochemi~t. That the chemical consti- 
tution of some endocrine products may be 
closely approached, if not definitely estab-
lished, has been shown by researches upon 
epincphrin (from the medulla of the supra-
renal gland) and upon iodothyrin and thyroxin 
(from the thyroid gland). Studies of concen-
trated functionally potent extracts from other 
glands may before long reveal .the chemical 
nature of other hormones; I have in mind, 
especially, studies of so-called "pituitrin" 
(hj-pophyseal extract) and of so-called insulln 
(extract of the islands of Langerhans of the 
pancreas). Glues as to the chemical natnre of 
the hormones of the parathyroids, the pineal 
body, the interrenals and the gonads will pmb- 
ably be illore difficult to obtain. Biochemical 
researches to establish the precise nature of the 
single horrnones are extraordinarily important 
and should be vigorously prosecuted in order 
tllat experimental studies of hormone influ-
ences inay be more systematically, exactly and 
inlelllgently pursued. 

TIIE BETTER-XNOWN ENDOCRINOPdTHIES 

Our knowledge of endocrine functions has 
been variously derived, partly through 
keen clinical-pathological observations, partly 
through esperirnelltal work upon animals (sur- 
gical removal of single organs ; organ trans-
planfations; injections of organ extracts or of 
isolated hormones). Before discussing the 
relations of the enclocrine organs to her edit,^ 
and development, i t  may be helpful briefly to 
refer to a fern of the classioal clinical syn-
clromes lhnt are now justifiably believed to be 
endocrinopathic in origin. Time will not per- 
mit me to refer to more than a few of these, 
bnt those chosen will serve as illustrative 
paradigms. 

I may cite first two characteristic clinical 
s~ndromes ;net with in association disease 
of ihe thyroid gland, namely, exoplitlialmic 
goitrc and myxadema. 

In  the former, known also as Graves' disease 
or Bmedow's disease, we observe, in typical 
instances, a marl<eclly enlarged pulsating thy- 
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roid gland (goitre) in the neck, a persistently 
accelerated pulse rate (say 150 or more to the 
minute instead of the normal rate of 72), 
marked nervous symptoms including fine tremor 
of the fingers, outspyken protrusion of the eye- 
balls (exophthalmos), a tendency to profuse 
sweats and to watery diarrhoea, sensitiveness to 
heat, a peculiar psychic over-alertness and 
apprehensiveness, and a tendency to rapid ema- 
ciation (despite an abundant food intake) 
associated with demonstrable acceleration of 
the rate of the bawl metabolism. Since simi- 
lar symptoms can be produced by feeding 
thyroid gland extract, it is believed that there 
is a hyperfunction of the thyroid gland (hyper- 
thyroidism) in exophthalmic goitre. 

I n  the idiopathic form of myxcedema (or 
Gull's disease) the clinical conditions are dia-
metrically opposite to those in exophthalmic 
goitre. The thyroid gland is small, the pulse- 
rate is usually slow, the eyes look sunken 
(enophthalmos), the lid-slits are narrow, the 
bodily movements are slow and clumsy, the 
patient is mentally dull, forgetful and apa-
thetic, there is sensitiveness to cold and a ten- 
dency to constipation, the hairs fall out, the 
skin is dry, thick and wrinkled and there is a 
tendency to obesity (despite a restricted food 
intake) associated with demonstrable retarda- 
tion of the rake of the basal metabolism. Since 
patients with idiopathic myxadema rapidly 
improve if they are fed the thyroid gland of 
the sheep, and since a condition precisely sim- 
ilar to it occurs if the thyroid gland be sur-
gically renioved (cachexia thyreopriva), it  is 
believed that myxcedema is due to a hypofunc- 
tion of the thyroid gland (hypothgroiclism). 

Two similarly contrasting clinical syndromes 
due to disorders of the hypophysis cerebri or 
pituitary gland may next be mentioned, namely, 
(1) gigaptism and acromegaly, due to over-
function, and (2) Froehlich's synclmme of 
obesity with genital dystrophy, due to under- 
function. 

When there is overfunction of the pituitary 
gland in early life before the epiphyses of the 
long bones have united with the shafts of those 
bones there is over-stimulation of bony growth 
and the patient becomes excessively tall (gigan- 
tism). When the overfunction of the pituitary 

gland occurs in later life (after epiphyseal 
union), bony overgrowth is still stimulated but 
manifesk itself in enlargement of certain parts 
of the skull and of the hands and feet 
(acromegaly). There is also enlargement of 
the tongue and of the internal organs (splanch- 
nomegaly). The victim presents a very char- 
acteristic appearance. The face is hexagonal, 
the nose is broad, the chin is prominent and 
curved so as to bend sharply upward, the cheek 
bones are outstanding and the arches above the 
eyes are prominent. h k e d  a t  from the side, 
the face resembles that of Punch (nut-cracker 
profile). The hands are spade-like, the fingers 
are sausage-shaped, and the feet are huge, 

On the other hand, when there is under-
function of the pituitary gland during develop- 
ment a condition (Fiwehlich's syndrome) in 
marked contrast to gigantism and acromegaly 
result?. The skeletal development is defective, 
the growth of bone being less than normal. 
The patient is short in stature, the face re-
mains child-like and the hands and feet are 
snlall (acromiliria). The subcutaneous fa t  is 
markedly increased (obesity), and is distributed 
in an uneven way over the body, being most 
abundant on the abdomen, over the buttocks, 
and in the proximal portions of the extremi- 
ties. The secondary sex characters either fail 
to develop or develop in a faulty way. The 
pubic and axillary hairs do not appear or are 
scanty. Tlie external genitals remain in an 
infantile state. I n  young men the voice is high 
pitched and there is a lack of normal virility. 
I n  young women, the menstrual flow is scanty 
or absent. 

Kext, let us contrast two clinical pictures 
believed to depend upon disorders of the supra- 
renal capsules, (1)  Addison's disease, met with 
in destruction of the supraGenals (hyposupra- 
renalism), and (2)  pseudo-hermaphrodism, 
premature puberty, and hirsutism, met with in 
association with hyperplasias of the supra-

(hypersuprarenalism). 
I n  Addison's disease there is great weakness 

and prostration, associated with low blood 
pressure, diarrhea and other digestive dis-
turbances, chronic a n ~ m i a  and often a peculiar 
bronzing of the skin (melanoderma). 

On the other hand, in cases in which there is 
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believed to be overfunction of the suprarenals, 
the clinical picture is markedly different though 
it varies somewhat with the time of onset of the 
assumed hyperfunction. Should this occur 
during fa ta l  life, a pseudo-hermaphrodite ap-
pears, the person presenting the external gen- 
ital appearances of one sex while possessing 
the internal sex organs of the other sex. When 
the overactivity exists sooil after birth rather 
than before birth, puberty appears premature- 
ly, a little girl of three or four menstruating 
regularly and exhibiting the bodily and mental 
attributes (sexually) of an adolescent, or a 
boy of seven presenting the external genitals 
and the secondary sex characters of an adult. 
Should the overactivitp of the suprarenals not 
occur until adult life, it  may reveal itself in a 
woman of middle age by the rapid develop- 
ment of hairiness over the body (hirsutism) 
and by the exhibition of masculine character-
istics (virilisin) . 

Other examples of clinical pictures might be 
mentioned but these few will suffice to illus-
trate the extraordinary menial and physical 
changes that may become manifest when there 
are disturbances of fui~ction of the enclocrine 
organs. 

CONSTITUTIOX AND THE ENDOCRINE ORGANS 

Biologically considered, a developed human 
being, like all developed higher organisms, 
must be looked upon as the resultant of a long 
series of reactions lbetween the zygote (fer-
tilized ovum) and its environment. The ger- 
minal type or genotype, reacting with the sur- 
roundings, becomes the developed type or 
phenotype, in the case of hnman beingi, the 
"realized person." The germ plasm provides 
the determining factors, the environment the 
realizing factors. Everything in the phenotype 
attributable to inheritance may be spoken of 
as 'Lconstitution," everything attributable to 
environment as "condition." Medical men as 
well as biologists must, then, when studying a 
person or a, single organism, be interested in 
differentiating, when they can, what is "consti- 
tutional" from what is "conditional" in origin. 
I n  experiments upon animals and plants such a 
differentiation may be relatively easy; in 
studies of human beings it is always extremely 

difficult and, as regards many features, as yet 
wholly impossible. 

The importance of constitution will need no 
emphasis among biologists who are predom-
inantly students of heredity. Among medical 
men, too, thiwughout the centuries, especially 
among practitioners, there have always been 
those who have been fully awaye of the sig- 
nificance of constitution and of its relation to 
disease-disposition. During the past fifty 
years, however, under the spell of bacterial 
and protoman etiology, medical men have been 
so absorbed by studies of innuences arising in 
the environment that they have, too often, for- 
gotten to continue their investigation of influ- 
ences of endogenous origin. For a time, it was 
almost taboo to speak of "constitution," or of 
"disposition," owing to a justifiable reaction, 
perhaps, against the earlier prevalent tendency 
to use theDe words as a mask for ignorance. 
Recently, however, there has been a welcome 
revival of studies of constitution. Now that 
facts that supply a scientific basis for a general 
pathology of constitution have been accumu-
lated, we may look forward to a greatly 
increased interest among physicians in the part 
played by inheritance in disease. Indeed, 
during the past five years, several treatises 
upon this and allied subjects have been pub- 
lished; and we inay expect, I think, during the 
period just ahead of us, many attempts to 
present, more systematically than hitherto, the 
rGle played by constitutional disposition in 
the pathogeiiesis of a whole series of diseases. 

The chenlical consideration of endocrine dis- 
orders, has in my opinion, given a strong im- 
petus to this m~vernent toward a revival of 
slctdies of the physiology and the pathology of 
mastiintion. For though the endocrine organs 
are, in some instances, accessible to trauma and 
to poisons and parasites that reach them 
through the blood-stream, diseases of these 
organs, especially those "idiopathic" chronic 
diseases that develop insidiously and give rise 
to the classical endocrine syndromes, appear 
to be, nsually, of endogenous rather than of 
exogenous origin, that is to say, they develop 
as the results of special anomalies of constitu- 
tion. This accounts for the fact that endo-
crinopathies tend to run in families, and the 



interrelationships that exist among the different 
endocrine organs may explain why a disease 
of the thyroid (exophthalmic goitre) may ap- 
pear in one member of a family, a disease of 
the panareas (diabetes mellitus) in another, a 
disease of the hypophysis (dystrophia adi-
posogenitalis) in a third, or a pluriglaadular 
disorder in a fourth member of the same fam- 
ily. The experienced clinician oan now often 
rewgnize phenotypes in which there are 
anomalies of constitution that predispose to 
endocrine disorders; and as a result of this 
recognition he mag, sometimes, be able to insti- 
tute a rational prophylaxis. The thyreotoxic 
constitution, the hypothyreotic constitution, the 
hypoparalhyreotic constitution, the hyper-
pituitary constitution, the hypopituitary con-
stitution, the hypergenital constitution and the 
hypogenital constitution are instances in point. 
Unfortunately we have not learned as yet how 
effectually to intervene in a prophylactic way 
in all of these anomalies of constitution, but 
rewarding experiences with the hypothyreotic 
and with the hypoparathyrcotic constitution 
give us hope that, with widening knowledge, 
suitable preventive measures will be discovered. 

Studies of the symptoms of endocrine dis- 
orders and studies of partial anomalies of con-
stitution affecting the endocrine organs are thus 
throwing much light not only upon (1) the 
mode of action of the incretions, but also upon 
(2) inheritance as a determining cause of endo- 
crinopabhic phenotypes. The incretions may 
affect distant parts directly, being carried to 
them by the blood; or they may affect those 
parts indirectly through the intermediation of 
the autonomic nervous system, which they sen- 
sitize. When they act directly, they may influ- 
ence the substances and processes in the locali- 
ties that they reach (chemical correlation; reg- 
ulation of metabolism) or they may supply 
materials for incorporation by the cells (nutri- 
tive and formative influences). When they 
act Indirectly through the vegetative nervous 
system they may exert profound effects 
through the secretory activity of glands, 
through the contraction of smooth muscle, or 
through modifications of those neural mechan- 
isms that have to do with the emotions and 
the will. During the developmental period, i t  
is clear that the incretions are in pant reeponsi- 

ble for the dimensions and proportions of the 
skeletal apparatus and the soft parts. A 
normal functioning of the inoretory organs is 
essential for  the h ha ping of parts and for the 
maturing of functions in the right place and 
a t  the right time. Through correlative differ- 
entication (due in part a t  least to the action of 
the incretions), the developing organism gradn- 
ally comes to exhibit the characteristics of its 
species, its age and its sex. Even tlie anthro- 
pologists now maintain that the solution of 
the problem of how mankind has been demar- 
cated into types so diverse as the Negro, the 
Nongol and the Caucasian will involve the 
study of hormonic mechanisms l 

CAN HORMOXES MODIIFY UNFERTILIZED QERM-

CELLS SO AS TO INFLUENCE INHERITANCE 

Thus far  in our discussion of the relation of 
the endocrine glands to heredity and develop- 
ment we have confined our attention to (1) 
the genotypic determination of endocrine Sunc- 
tions in developing organisms, ( 2 )  the r61e 
played by the incretions in normarl and patho- 
logical ontogeny, and ( 3 )  the fact that there 
exist heredo-familial anomalies of body make- 
up that predispose to endocrine disorders. Eut 
we must, for a fov  moments a t  least, consider 
the possibility that hormones, reaching unfer- 
tilized germ-cells, may modify the germ plasm 
in such a way as to give rise to new inheritance 
factors that will be transmitted from gencra- 
tion to generation. 

Experiments upon the influence of incretory 
substances upon the development of cold-blood- 
ed animals have yielded such striking results 
upon cells of the soma that many have won-
dered whether incretions circulating in the 
blood might not also permanently alter the 
germ-cells so as to account in animals for the 
origin of mutations and new biotypes. Yon 
will recall the experiments to which I refer 
(1) the acceleration of tadpole metamorphosis 
by feeding thyroid substance and (2) the re- 
tardation of the same process by feeding thy- 
mus substance. 

I n  endocrine diseases of either endogenous 
or exogenous origin, the cells of the soma are 
also markedly altered; and the question has 
naturally been asked, May not the germ-cells 
be simultaneously profoundly changed 9 
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Since 1895, a number of investigators have 
suggested that tlie influence of specific internal 
secretions might easily be used for the explana- 
tion of the inlleritance of acquired characters. 
Last year, an English evolutionist published a 
volunte on "Horiizones and fIeredity" and sug- 
gested that cnvironmcntal influences infiuencing 
211 organ, or  part, of the mother may set free 
chemical substances (hormones) that, carried 
t h i ~ u g h  the blood to the ovayies, may affect 
the ova in such a way as lo lead to similar 
changes in the same organ, or part, of the off- 
spring. By such a mechanism lie -would atfempt 
lo account for a progressive evolnlioa irz the 
;tnirnal serie:. IIis theory woultl seem prac-
tically to be a modfiicalion of ilie panqnc?sis 
theory of Darwin with the substitution of 
"hormones" for Darwin's "gemriiules." 

Many physicians, loo, has's leaned towarc1 
Laxnarekian or neo-Laniarclrian theories that 
nssunie the iriheritance of acquired char~ctcrs 
ant1 wnle of these h w e  snggested that in sucli 
inheritance the incretions must be concerned. 
Those -\rho have been trained in the methods of 
moiierri biology, hov~cver, uiually reject Ida-
marckism, and attempt to explain the apparent 
inheritance of "acquired characters" for a gen- 
eration or two by assunzing either a "germinal 
injury7' (in the i,ense of Forel's "blastoph-
thoria7') or a "parallel inclurtion." 

The consenbus of biologic31 opinion in this 
country is strongly opposed to the in2ieritanee 
of tlcqnirrd characters. Rf'enilelian studies lencl 
no support to the view tliab conditional influ- 
ences can a-a'ect inheritance factors. &tendelism 
is, homevel-, diffi'iicult if not impossible to apply 
lo  nian. As some one has put it, "the propa- 
gation of man consists of a continual crossing 
of polyhpbrid hetc?rozygoLe bastards," not 
susceptible to ant~lysis by Mendelian methods 
suc4i as can be applied to the study of the 
inpa pa gat ion of plants ancl expesiniental ani-
mal,, But if inheritance of acquired characters 
really occurred, why shoulcl there not be, a;; 
Conlclin emphasizes, an abundance of positive 
evidence to prove it? When one plant or 
animal is grafted on another, there is no evi- 
dence that the influence of the siock changes 
the constitution of the graft. When an ovary 
is transplanted, the foster mother does not 

affect the hereditary potencies of the ova. 
Until more proof has been [brought than has 
hitherto been advanced, me shall riot he jnsti-
fled, so fay as I can see.@,in accepting the 
theory that conditional iniluenct~s change 
hereditary factors. Tllere am, lnoreovets, aside 
from the problein of the inheritance of acquirecl 
charactcrs, enough relation~~l~ips the endo-of 
erine organs to heredity and development to 
long keep nb rewarilingly occupied. 

CONCLIrBIOZU' 

Lel me sumrna~vize in a few words the situa- 
tion as I see it. The endocr:ne olgans are of 
the g~eatest importance in nor~nnl development, 
their incretions exerting profonritl formative 
and correlative influences. I n  patho!ogieal de-
velopment, tlie abnormal plcnotgpes thal ap -
pear often polnt decisively to parti&l aaliomdleb 
of constitution involring especially the ducl-
less glands and thelr futic*lions. Whether or 
not under normal or patholoqical condilion.:, 
hormones a n ~ i n gin the ioin:~ can so changc 
the germ plasin ol' ova ora i,pemni-cells :ts to ae- 
oounl for cei.tniri n:utatjon-, or for gerni-cell 
injury is a c1uest;on that deserves considera-
lion and m2i itb esperim~nlal test. Finall~r, the 
conjcctn~e thal conditional irlflueuces upon tlir 
soma can tlzrougli hormonal production and 
transportation to parental gametes so modify 
tlie ~~JTYJ-pla:.rn ~n the inheritance as to re,ult 
of the condifioucd moditication seerris, as yet, 
to have but little, if any, evitlence to support it. 

I-IEITEI~LYSF. WAIZKEE 
RALTIILIOXE,MD. 

AN ANALYSIS OF STUDENT 

GRADES AT WASHINGTON 


UNBVE%ITY SCHOOL 

OF MEDICINE 


THIS work was nnctertaken with tlie idea of 
obtaining sornc definite dnla upon which to 
base opinions of students7 grades during their 
medical course. As the data obtairieil were of 
great inlerest to the staff of this school it was 
thought advisnble to publish them in order that 
they might be used for comparison with those 
of other schools. 

The recorctq of those students in the classe~ 
of 1914, '15, '17, '19, '20 and '21 who spent all 


