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PREFACE

The lectures collected in this volume were delivered in various
places during the pertod from June 1049 to Apnl 1033, Although
siot in any way planned as & sequential cousse, the several lec-
tures yet have some relevancy one to another. The excuse for
publishing them in the present form is that, taken together, they
epitomize some of the thoughts which I have derived from my
own work on the thyroid, together with that of many bridhant
colleagues, whose brats X have freely picked In my own case
the experience has extended aver some forty years. The collection
is a personal account. It is not intended in any sense as a com-
plete coverage of the topies discussed

The first four lectures, previously published in medical jour-
nals, have all been carefully edited and brought up to present
knowledge as nearly as possible by means of textual alterations.
In the doing of this I have had the mvaluable a:d and advice of
Dr ]ohn B Stanbury, Ty successor in the Thyroid Clime at the

General Hospital

Lecture T was the third annual Harvard Lecture given at the
University of Colorado Medical Center, Denver, on December 8,
1930, under the auspices of the Rocky Mountain Harvard Med-
ieal Alwmni Association,

Lectures IT and 11I were the seventeenth course of lectures
under the Witliam Sydsey Thayer and Susan Read Thayer Lec-
tureship in Clinival Medicme. They were delivered at the Johns
Hapkins Hospital, Baltumore, oo Apnil 26 and 27, 1951,

Lecture IV was the Holme Lecture delwered at Usiversity
College Hospital Medieal School, London, on June 23, 1943,

Lecture V was the Hanau W. Loeb Lecture of the Alphi Pi
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Chapter of Phi Delta Epsilon, St. Louis University School of
Medicine, delivered on March 26, 1933,

I am grateful for permission to republish to the Annals of
Internal Medicine in the case of Lecture 1, the Bulletin of the
Johns Hopkins Hospital in that of Lectures II and 1Y, the Lancet
for Lecture IV, and the Medical Bulletin of S¢. Louis University
in the case of Lecture V.

J. H. Means
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1 The integrative action
of the endocrine system

For the subject of this lecture I have chosen certain aspects of
the fundamental question, “What makes us tick?”

“What makes us tick as human beings” is perhaps relatively
easy to answer, We might say the cerebral cortex or, if you
prefer, the soul of man. The latter, however, gets us ioto the-
ology, and I would prefer to stay out of that—at least at this
time, “What makes us tick as animals” is 2 more complicated
question, There is involved not only our cerebral cortex but our
adrenal cortices as well, to say nothing of the rest, both of our
nervous systems and of our endocnne systerns,

The great d ic i hanisms of the animal body
are the nervous and circulatory systems and the endocrine sys-
tem, which employs the circulation as its conveyor. These sys-
tems, which are integrated with one another, together play an

ble role in the integration of the higher animal in jts

enbxety.

But, one may ask, “What of the amoeba?” This lowly being
seemingly gets on well without either an endocrine or a nervous
system, yet it bebaves as 2 beautifully # d organism, better
pethaps in some respects than man. Who, for example, ever
heard of 2 schizophrenic amoeba? Does the amoeba make sub-
stances bearing any resemblance to hormones, or does it get on
quite well th}mut !hem? I suspect that it gers on without them,
and that i i ingle-cell hieved throngh

regulation of the rate of one enzyme system by the accumulated
products of another enzyme system. We may call this enzymatic
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integration, or the primordial integration of the unicellular, and
perhaps look upon it as the most primitive integrating mechanism
of the multiceliular. I will return to this interesting subject later,

When I was a medical student I read from cover fo cover with
Tapt attention the work of Sherrington, then professor of physi-
ology at Liverpoo), entitled, The Integrative Action of the Nero-
ous System.! It was his Silliman Lectures, delvered at Yale, and
it represented the most authoritative work on the physiology of
the nervous system of appraximately half a century ago. Investi-
gation since Sherrington’s has added much to our understanding
of the physiology of the nervous system, as, for example, the
whole concept of the conditioned reflex of Pavlov,? the chemical
mediation of nerve impulse, Jocalization of function 1n the brain,
etc,, but I believe there is Ittle, if anything, in Sherrington’s
conceptual scheme that requires retraction,

This work made a deep impression on me, and through the
intervening years, as I have become increasingly interested m
endocrinology, I have become more and more conscious of certain
similarities between the functions of the nervous and the en-
docrine systems.

In both systems stunuli are received; signals are sent to distant
end-organs which, upon receipt thereof, perform in turn the fune-
tions they have been evolved to perform. “The umt mechanism
in integration by the nervous system,” Sherrington tells us, “Is
the reflex,” and in the reflex there are involved “at least three

separable structures”™ D d and effectors. In
the case of the nervous system, receptors are sense organs of
one sort or another, cond are and synapses, and

effectors are muscle or gland cells, The same tenmumnology can
be applied to the endocrine system Receptors are the cells of
endocrine glands or similar tissues, conductors are hormones, and
effectors are the end-organs or targets upon which hormones
specjﬁcauy act. The simplest nervous reflex arc involves at least
two but more plicated reactions require many
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more. So alsa in the endocnne system we often find hook-ups in
which two or more b are involved An fmp prop-
enty of the nervaus system alsa is that action gu effectors may in
some cases be excitatory, in others, inhibitory. The same is tue
of the endoerine systes, Hormone A, for example, provokes the
delivery of hormone B, but hormone B suppresses that of hor-
mone A,

1 do nat wish to belabor the nervous-endoerine analogy undaly

~~ it has, of course, but a limited application ~nor do T wish to

d ion by the endocrine system as 8 thing apast.
However, i t}:e limitations of the analogy are recognized (and
1 hope, if not alrendy obvious, they will emerge as 1 proceed),
it wall prove helpful in the development of a concept of total
mtegration of the person, which is what, after all, concerns the
physician,

The whole process of Lving, 10 1ts material realm, consists m
everastingly adjusting to Ad includes not
merely the erection of defenses against hurtful influences of
environment, but alse the alteration of environment by the or-
ganism ta make it more suttable for the organism Gcad adjust-
meut is health, poor ady s ﬂlness, f y

ful is d gration. When ady
f:nls completely, hfe ceases or, if you prefer, death takes place
It is a case of “root, hog, or die.” Frustration I should classify as
a form of disintegration

“In the multiceltular animal,” Sk gton tells us, “especialt
for those higher which its beh as a
socsad unit m the natural economy, it is nervous reaction which
par excellence integrates i, welds it together from its com-
ponents, and constitutes it, from a mere collection of organs, an
animal individual”

Sherrmgton adxmts that the animal possesses othes integrating

, for ple, “the -hani b of the unit
cens of the bedy wmto & smgle mass.” Also, he speaks of integra~
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integration, or the primordial integration of the unicellular, and
perhaps Jook upon it as the most primitive integrating mechanism
of the multicellular. T will return to this interesting subject later.

‘When I was a medical student I read from cover to cover with
rapt attention the work of Sherrington, then professor of physi-
ology at Liverpool, entitled, The Integrative Action of the Ners-
ous System.! 1t was his Silliman Lectures, delivered at Yale, and
it represented the most authoritative work on the physiology of
the nervous system of approximately half a century ago. Investi-
gation since Sherrington’s has added much to our understanding
of the physiolagy of the nervous system, as, for example, the
whole concept of the conditioned reflex of Pavlov,? the chemical
mediation of nerve impulse, localization of function in the brain,
etc,, but I believe there is little, if anything, in Sherrington’s

1 scheme that requires retraction,

This work made a deep impression on me, and through the
intervening years, as I have become increasingly interested in
endocrinology, I have become more and more conscious of certain
similarities between the functions of the nervous and the en-
docrine systems.

In both systems stimuli are recewved, signals are sent to distant
end-organs which, upon receipt thereof, perform in turn the func-
tions they have been evolved to perform. “The unit mechanism
in integration by the nervous system,” Sherrington tells us, “is
the reflex,” and in the reflex there are involved “at least three

separable structures™ P d and eff; In
the case of the nervous system, receptors are sense organs of
one sort or another, cond; are and pses, and

effectors are muscle or gland cells. The same terminology can
be apphed to the endocrine system. Receptors are the cells of
endocrine glands or similar tissues, conductors are hormones, and
effectors are the end-argans or targets upon which hormones
specifically act. The simplest nexvous reflex arc involves at least
two but more jplicated fons Tequire many




" INTEGRATIVE ACTION OF ENDOCRINE SYSTEM 3

+ 2part in our minds from all the xest of the endocrine systm

. The h of the p: d —~—adrenalin and pituitri

t ~are quick acting and have widespread effects. They are se-
ereted in response to stimuli reaching their parent cells directly

 aver nervous p: ys. The h of the remain-
- iag endocrines are more shnrply focused on their kugets They
- are secreted in resp to}l 1, not neural, st

In the organizational pattern of the endocrine system in its
present state of evolution in wertebmtes, we find what 1 have
called the p. doctine system, o an i diacy
pasition between the nervous and the endocrine systems proper.
All impulses — at Jeast so it appears — that pass from the nerv-
ous system to the endocrine — and we know beyond all possible
doubt that such passages occur — must pass by way of !he para-

d the p. ine glands Hy; they
conbnue humoxal!y ( or, if you prefer, hormonally), seemingly oaly
via the anterior lobe of the pitnitary. From the antesjor pituitary
the organizational pattern may be desenbed, in past at least, as
a ies of tv y bormonic pathways (or ases) radiating
from the anterior lobe to one ai the peripheral endocrine organs.
In each case the b y p y is d on the d
journey by a tropic hormone of the anterior pituitary which stim-
ulates the peripheral gland to make its hormone {or hormones),
and on the return journey by the peripheral hormone, which in
tum inhibits the pituitary with respect to that pasticular tropic
function. This type of balanced reaction, which I shall call the
axal prmmple is semmummanc, but not, as we shall see pres-
ently, 1 dent unless 1t b so in disease.
It may be Tooked upun as a functional unit of the endocrine sys-
tem, analogous in some respects to the reflex are of the nervous
system That the secretion by the pitunitary of adenotropic hor-
mones (that 15, hormones whose targets are other endocrines)
is controlled by the blood level of the hormones of the peripheral
gland that is stimulated seems to be a fundamental law of the
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tion resulting from chemical fes, as, for ple, that result
ing from the circulation of the blood. But extranervous phenon-
ena were not his concern, and he said nothing further sbout
them.

At approximately the same time that I was reading Sherrington
1 also had the good fortune to have as teacher of physiology
Walter Bradford Cannon, At the time I was a medical student be
was beginning his classic studies on the effect of the emotions
on bodily p and the develop of his concept of home-
ostasis? Unlike Sherrington, Canson was concerned with both
nervous and chemical, or endocrine, integrating mechanisms. He
was less occupied with external behavior of the organism tha
with its methods of preserving the constancy of its internal en-
vironment, which Claude Bernard had recognized as the price of
free and independent life. Therefore, he was more concerned
with the vegetative, or autonomic, nervous system, which works
inwardly on the viscera and governs internal environment, than
with the central, which works outwardly; and of the two divisions
of the autonomic nervous system he was more concerned with
the sympathetic division, which discharges diffusely to the vis-
cera, including blood vessels, than with the parasympathetic,
which is focused more sharply on specific end-organs. In con-
sidenng the wmtegration of the nervous and the endacrine sys-
tems, one with the other, we shall have to take into account all
divisions of the former, but in particular the sympathetic.

The endocrine system, like the nervous system, can be sep-
arated into certain divisions. On the one hand we have such
organs as the adrenal medulla and the posterior pitintary (or
neurohypaphysis), which are clearly under direct neural control,
and which even bear strong resemblances histologically to nerv-
ous tissue; while on the other we have the remaining, more ob-
viously g}audu!ar, endocrine organs, which have not been proved
to be under any direct neural control I have been tempted to
call the first category the para-endocrine system, to set it
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dences have vanished with restoration of the normal thyroid
state, Premenopausal patients with severe myxedema often show
oligomenorrhea and amenorrhea, and studies of the nature of
these disorders have disclosed that the end rium, via the
ovary, may be under the influence of a diminshed pituitary secre-
tion of follicle-stimulating hormone, and that there may be no

id of any leutinizing hormone whatsoever, The normal
functional gonadal hormonal balance is restored when thyroid
is given to the patient Some of our myxedematous patients have
also shown some evidences of hypoadrenocorticism, and these
abnormalities have also vanished when thyroid has been ad-
ministered. It is a common observation of the gynecologsts that
fertility, either of the sterile male or female, can often be restored
by dessicated thyroid, although the precise way in which this
comes about is not yet clear. But action of this sort would not be
in the same category as the specific balanced relations between
the anterior lobe and the penipheral gland. The latter may be
likened to a mervous reaction originating in and requiring the
presence of the higher nerve centers, the former to reflex nervous
phenomena which remam intact in the spinal animal. Ope perti-
nent fact is that i the case of the thyroid, at least, it can be
shown that the gland’s own hormone mhibits the gland durectly.
1 have dered if, phylogenetically speaking, this type of con-
trol of thyroid function represents a more ancient one than that
mediated through the pituitary.

For a complete understanding of the modus operandi of the
endocrine system as it exists in man and his nearer relatives in
the animal scale, I have long believed that more knowledge of
the evolutionary process 1s needed. From what primtive form
did it evolve? Early in the multicellular story, enzymatic or, as
I called 1t earher, primordial integration may have sufficed, but
only for very simple organisms living in very simple environ-
ments As the struggle for survival has driven organisms into
ever tougher environments, such saperstructures as nervous and
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endocrine system. Knowledge of this Jaw was first gained from
the so-called eastration phenomenon, that js to say, hypertrophy
of the pituitary and increased secretmn of the hormene tmpic to
the gonads that have been dord d. The p

non is well exemplified by the physiologic castraﬁon of the meno-
pause, causing & great increase in secretion by the pituitary of
gonadotrapic hormone.

The axal principle is known to apply to the pitnitary in its
relation to the gonads the thyroid, and the adrenal cortices. So
far as I have d d, there is no incing evidence that the
pituitary exercises any tropic action over the parathyroids or pan-
creatic slands, It also should be noted that the anterior pituitary
makes certain hormanes which act directly on nonendocrine end-
organs, as, for example, prolactin and the growth hormone.

The ascendancy which the anterior pituitary has gained over
the endocrine system may be likened to that of the cerebral cortex
over the nervous system. As the cerebral cortex signals various
parts of the soma over pathways of varying numbexs of neurones,
so does the pituitary at times send a hormone to impinge divectly
on an effector tasget —a melunophore, for example, or 2 mam-
mary gland — while at others, the ultimate somatic target is
reached via an intermediary endocrine, as pituitary to gonad to
uterus, or pituitary to thyroid to muscle, In other words, the
endecrines and their hormones may be conpled up as are new-
rones.

Whether there are important direct humoral balance relations
between peripheral endocrmes, one with another, not routed
through or mediated by the anterior pituitary, I think is not
known Presumably there are what we may call nonspecific
effects, as when an increasing output of thyroid hormone dizectly
causes ap increase in metabelic activity of other endocrines,
along with the other cells of the body Far example, we havc
seen certain patients with far ad
and evidences of reduced pituitary function m whom these evi-
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adrenalin from the adrenal medulla, also it seems likely, though
the evidence is less clear cut, that the neurohypophysis is stimu-
lated to secretory activity by nervous impulses reaching it via the
stalk from the hypothalamus; but when we search for evidence
of a direct pathway, either neural or humoral, between the neuro-
hypophysis and the adenohypophysis, we end up in confusion, It is
true that various forms of psychic activity are followed by altera-
tion in function of the peripheral endocrines, but by what route
is far from clear, Indeed, one cannot be sure that the intimate
proximity of the neurohypophysis to the adenohypophysis, or of
the adrenal medulla to the adrenal corte, has any functional sig-
nificance at all. It is possible that these juxtapositions are purely
adventitious. Smee evidence of direct secretory innervation of
endocrines, except adrenal medulla and neurchypophysis, is un-

ing, we may K late that for stimulation of the other
glands a h 1 pathway is requisite. In the case of one
of them —the adrenal cortex —the pathway, thanks largely tu
the work of Long and his collat has been elucid:

With evid now available, this pathway may be traced as
follows:

Afferent impulses from the outside world and the muscular
system impinge, through semse organs, upon the thalamus.
Thence they are relayed to the higher levels of the brain, where
they give rise to processes of cerebration, the emotional com-
ponent of which activates the hypothalamus, which in tum ex-
cites the sympathetic nervous system, and with it, the adrenal
medulla, with resulng discharge of adrepalin. Adrenalin, of
course, has many and varied actions and a multiplicity of targets,
among which, so Long‘ s work suggests is the adenohypophysis,
which is stimulated to ticotropic h or,
as it is now universally called, ACTH. Thus one might refer to
adrenalin, in this particular one of its roles, as a pituitary tropic
hormone, or perhaps as ad icotropic-tropic h The
next event in the chain of events is, of course, the stimulation of
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endocring systems have of necessity been evolved in arder to
increase efficiency to the point where such environments can
successfully be mastered.

In considering the nervous system, Sherrington discusses the
nerve-cell network of the jellyfish Medusa. Here is a nervous
system which receives stimuli and p rdinated move-
ment of the whole organism, yet is without polarity or centraliza-
tion. There is neither head nor tail to such a system, yet it ade-
quately brings about adjustment of this particular organism to
its particular environment. As we ascend the animal scale, the
nervous system develops a linear and segmental arrangement —
a bead end gains dominance, culminating in the brain of man.
Similarly, may not the endocrine system have begun without the
segregation of endocrie tissues into specific glands, and, when
glands were first evolved, may they not have been in more or less
equal partnership, one with the others, without any one member
being dominant in the sense that the anterior pituitary is now
dominant? As a matter of fact, when I was a medical student that
is about the way the endocrine system was visualized. We spoke
of the ductless glands, not of the endocrine system, and we vis-
ualized them as operating pretty much as individuals. The pres-
ent concept of what I have called the axial organization was
quite unknown. The prtuitary-thyroid axis, for example, did not
enter our thinking on thyroid problems until after 1930, and then
for some years we were rather inclined to conceive it as working
pretty much as a self-regulating gadget, not much influenced
from higher up.

Now, however, great interest is focused on the neuro-endocrine
bridge, of which the anterior pituitary seems to be the keystone
— particularly, on the question as to what is the approach to this
bridge from the nervous system side. As yet the evidence bearing
on this question is, on the whole, rather scant. To be sure, as
early as 1914 Cannon showed that stimulation of the splanchnic
nerves of the sympathetic nervous system caused a discharge of
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other tropic-tropic hormones involved? Is adrenaline tropic-tropic
to all the peripheral glands, or are there others? If there are
others, are they derived from the adrenal medulla, the posterior
pituitary, or elsewhere? Indeed, we would like to know what
role in the overall outflow from the nervous system to the en-
docrine system is played by the posterior pituitary. Certainly its
hormone or hormones have widespread effects on blood sugar,
on blood pressure, on the uterus, antidiretic, ete., but are any
of these mediated through the 'mtenor-pxtmtary or penpheml

endocrines? These are all fund ly important q
but I do not believe that, at the moment, any of them can be
d The elucidation of the ad rcal pathway got

ahead of that of others, because of the great ease with which
adrenocortical activity can be tested for by means of the eo-
sinopemc response No equally convenient and rapid assays for

and gonadotropic hormone have yet been
devxsed One can make eosmoplnl counts as often as one hkes,
there is nothing to parallel this for the other tropic hormones.
In the case of the thyroid there is some pertinent evidence, but it
is hardly conclusive. Salter, for example, cited evidence that the
blood iodine level rises after the administration of adrenalin,
which fact would at least be consistent with a thyrotropic-tropte
action of adrenalm, and Uotila® has obtained results supporting
a dual control for thyrotropic activity of the anterior lobe anal-
ogous to Long’s for adrenocorticotropic, Uotila found that hy-
perplasia of the thyroid which follows exposure to cold fails to
take place if the pituitary stalk is cut, but that control of thyro-
tropic activity is effected by blood thyroxine level whether the
stalk is cut or not.

I suppose by now the reader will feel entitled to an apology
for terminology. Para-endacrine — that is to say, beside the en-
docrine — seems to me fair enough, but what of tropic-tropic?
Can he bear with that? One may say, why tropic at all— why
not trophic? Both these suffixes are in common use What do they
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the adrenal cortex by ACTH to produce its own hormones, in-
cluding the celebrated and glamorous cortisone, and these in
turn, as their titer rises in the blood when they reach the pitui-
tary, shut down the latter’s output of AGTH, and thus the hor-
monic circle is completed.

Long and MeDermott! chim a dual control of the secretion
of ACTH by the pituitary. That which results directly from stim-
ulation of anterior-lobe cells by adrenalin they call the “auto-
nomic control’; that which resnlts from a falling titer of cortical
hormones in the blood they call the “metabohc.” The cancept i
derived from the observation that in animals whose adrenal
glands have been demedullated, and in animals in which de-
structive lesions have been produced in the thalamus and hypo-
thalamus, the autonomic release of ACTH is abolished, whereas
the metabolic response remains intact. It was further shown that
homologous grafts of anterior-pituitary tissue to the anterior
chamber of the eye retain their ability to secrete ACTH both
spontaneously and in response to adrenalin. Moreover, 1t was
found that adrenalin injected directly into the anterior chamber
of the eye containing the transplant caused a response even when
given in very minute doses, too small to have apy direct systemic
effect. In neither the adrenal demedullated animals nor those
with diencephalic lestons could there be any reflex secretion of
adrenalin, because in the former the gland which makes that
hormone had been removed, and 1n the latter the reflex path-
way had been interrupted The transplanted anterior pituitary,
however, subject only to hormonal stimulation, was able to re-
spond either to admi d adrenalin or sp ly, under
the control, presumably, of the blood titer of cortical hormones.
These observations, which support a dual-control theory with
respect to adrenocortical functions, interest me greatly, and 1
would dearly like to know whether similar dual control evists in
the case of other glands. Indeed, is dual control a usual orgamza-
tional patter of the endocrine system? and, if so, what are the
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to dilodotrynsine and the coupling of two molecules of the latter
1o form thyrorine, all these reactions taking place within the
chain molecule of thyroid protein — thyroglobulin.

8. Storage of hormone as thyroglobulin within the thyrofd
folticles.

4 Discharge of hormone to the body.

Study of the action of thyrotropic hormone (TTH) on these
functions has been facilitated by the fact that we now have drugs
capable of divorcing these several thyroid fupctions. Potassium
sulfocyanate, for example, blocks the trapping mechanism. So do
perchlorate and certain other anions. Thiouracil and its relations,
on the other hand block the syntheti hanism. Th; pi
! probably p all the h of the thyroid but,
when part is blocked, will accelerate the unblocked. Thus the
gland blocked with thiouracil will still trap iodine when TTH
is administered, It will slso liberate hormone, which, in view of
the fact that the synthetic mechanism is blocked, must mean that
TTH promotes the breakdown of stored thyroglobulin, The re-
leasing of hormone may be the carliest effect of TTH on the
thyroid, The work of De Robertis® suggests that it is due to
almost immediate activation of the proteclytic enzyme system of
the thyroid, which brings about a reduction in the molecular size
of stored protein and pennits thyroxine-containing fractions to
escape to the curculation. Hypertrophy and hyperplasia of thyroid
patenchyma then follow with increased trapping of {odine sad,
finafly, 48 hours or more after injection of TTH, increased syn-
thesis of hormone,

12 brief, these are the things TTH does to the thyroid gland.
Now the question becomes, What does the thyroid do o TTH
in the process? Rawson and his collaborators have shown that
when TTH acts on the thyroid it disappears, This disappearance,
however, is not due to destruction, because hormonie activity can
be restored by heat or by certam mild reducing agents, The
hormaone s inactivated ouly, and remamns capable of reactivation,
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signify? Tropic is derived from 7gonf, menning tum ~ perbaps,
tarn toward. Trophic, from rpopibs, clearly carries the implica-
tion of something having to do with nutrition. It scems to me
that to imply a nutritional quality to the impingement of a pitui-
tary hormane upon its end-organ is to be more specific than
existing knowledge justifies. “Tropic,” meaning turned toward, or
“aimed at,” commits us to far Jess and therefore, in our ignorance,
seems 2 more suitable term. Thyratropic can be taken to mean
aimed at the thyroid. Of course all hormones are aimed at some
target; therefore, one might say all are tropic, and that the suffix
is superfluous, It is convenient, however, when the target of one
1 when hit discharges another, to use the suffix tropic
to define the former. Also, when a target is hit by a hormone and
thereupon discharges a second hormone which hits a second
target which discharges a third hormone, it seems to me reason-
able to apply to the first hormone of the series the term tropie-
tropic.

Ang this discussion brings me to the subject of targets or end-
organs, 2 little-known area of endocrme physiology, but guite
as essential to a comprehensive understanding of the workings
of the endoctme system as is a kno\vledge of the synapse ar the

to an und g of the nervous system.
My own work has dealt with the thyroid therefore ¥ will discuss
the action of the thyrotropic and thyroid hormones upon their
tnrgets by way of d!ustrauon
The target of the th b is the p h of
the thyroid gland, What happens when this hormone hits this
tasget? There is available a certain amount of evidence bearing
on this question, and it will be easiest to interpret it if we think
in terms of the known functions of the thyroid gland. These ali
have to do with the manufacture of its hormone and may be
dentified as follows:
1. A mechanism for trapping fodide from the blood stream.
2. Synthesss of thyroxine. This involves fadination of tyrosine
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centration as in the serum, and distributed faitly evenly through-
out the various elements of the cell. But how it exerts its action
on the enzyme systems of the cell, and what happens to it in the
process, temamn to be elucidated,

Let us now turn again to the working of the endocrine system
as a whole. One way of studying the nature of an integrating
mechanism is to throw it out of gear at various points and ob-
serve what then happens. In the case of the endocrine system we
can ablate portions of the systen; we can administer hormones
and, quite as important, we can investigate nature’s endocrine
disinteg namely, endocrine disease. 1t was from the lost-
mentioned method, of course, that the first knowledge of the
endocrine system was obtained,

There was a time when it was believed that by removing a
single endocrine gland, or by giving & single pure hormone, one
could isolate the action of one gland from the rest. But this is
obviously not so. In a system made of infimitely interrelated
mechanisms, as is the animal body, or at least the bodies of
higher animals, one cannot alter any one part of the mechanism
without altering the rest, for the rest must adjust to the disturbed
part in order that commotion in the whole be kept at a minimum.
Those physicians and surgeons wha deal with a very restricted
part of the body would do well from time to time te ponder
these truths,

1 will mention a few jtems that may wlustrate what 1 mean,
Aside from Addison’s early recognition of the consequence of
destruction of the adrenals, the important early endocrinology
had to do with the thyroid. The connection of the thyrowd with
the chimeal picture of myxedema, the discavery that feecing thy-
roid would remove this picture, seemed to tell most, or all, of
the story about this particular endocrine organ The role of the
pitwstary m thyroid function was not at all suspected, even
though as ealy as ¥851 a French physician, Nidpce, had made
the wmportant chservation that the pituitary 15 hypertroplned in
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It can be found in the urine in its inactivated form and, under
certain circumstances, also in its active form.

The question of whether TTH has any specific targets, or end-
organs, other than the thyroid cells, is important. When Rawson
studied inactivation of TTH by thyroid tissue, he also made ob-
servations on other tissues, and found that both lymph-node tissue
and thymus caused partial inactivation. Adrenal, kidney, ovary,
pancreas, porathyroid, testis, spleen, and stomach mucosa caused
none. Interpretation of these findings is not possible, All that can
be said 15 that thymus and lymph-node tissue do something to
TTH. What, if anything, TTH does to them is not known. How-
ever, the sugpestion is strong that these tissues are in some way
targets for TTH Somewhat stronger evidence connects TTH
with the orbits, For some years now this hormone has been
believed connected in some way with the ophthalmopathy of
Graves’s disease, At least it has been found experimentally that
anteror-pitwitary extracts rich in thyrotropic principle cause
marked exophthalmos in animals. This is accompanied in the
orb\t by edema and the laying down of connective-tissue cellular

ts, 1 t and fibrobl This is a
picture sxmdar o that seen in humans with Graves's disease.

The other hormone involved in the pituitary-thyroid axis s
thyroid hormone. How does that one impinge on its end-organs;
also, what are its end-organs? Presumably all cells in the body
are targets or end-organs to the thyraid hormone, and its action
on them is to stimulate their boli This is a well-
known fact However, in two special mstances thyroid hormane
inhibits its end-organs, As already mentioned, it inhibits the
anterior pituitary n its thyrotropic function, and 1t inlibits the
thyroid gland stself When we come to the problem of the mech-
anism whereby the thyroid hormone exerts its action on its target
we can find very little pertunent information Presumably, thy-
roxme diffuses into the cell; at least, Professor Fritz Lipmann
informs me that he finds it within cells in about the same con-
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evidence that hyperthyroidism also occasions hyperadrenocorti-
cism. By what mechanism I do not know. The point is, however,
that in addition to putting an extra strain on the sugar mech-
anism directly, hyperthyroidism may also call forth an increased
discharge of diabetogenic cortical hormone. Houssay has found
that giving thyroid to partially pancreatectomized dogs produces
a type of diabetes indistinguishable from the usual form of pan-
creatic diabetes. When thyroid is withdrawn the diabetes dxs-
appears He calls this “thyroid diabetes.” If thyroid is i

long enough, an irreversible change may take place and a per-
manent diabetes result, This he calls “metathyroid diabetes.”

The endocrme system is largely concerned in the now famous
alarm reaction or adaptation syndrome of Selye!® This investi-
gator was bright enough to recognize that nearly any variety of
violence ot noxious stimulus, if sufficiently strong, sets off 2 chain
reaction in the vertebrate animal which seemmgly, at least in the
healthy animal, is useful in preparing it to cope with the disturb-
ing situation, In the diseased subject — the diabetic, for example,
or the thyrotoxic — the alarm reaction may be highly injurious or
even fatal by addmng the extra burden of an adrenocortical dia-
betes to the preexisting pancreatic or thyroid diabetes, thus
throwing the patient in the former case into diabetic acidosis
and coma, and 1 the latter, into thyrotoxic crisis or so-called
thyroid storm, Under such circumstances we may say that the
endocnine integrating mechanism does not integrate — mnstead,
it disintegrates the organism. Dr. Janet W. McArthur has made
very extenswve metabolic studies on a diabetic patient in the re-
search ward of the Massachusetts General Hospital, and finds
that even the withholding of insulin provokes an alarm reaction,
with mereased output of cortical hormones

If, as the examples I have cited would seem to indicate, the
endocrme glands are normally all in balance one with another,
the effect of removing a part of them, or of giving an excess of
the hormones of any of them, will obviously unbalance the sys-
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cretins. The significance of Niépce's work was not apparent until
years after, when TTH had made its appearance on the medical
scene.
It was in 1889 that von Mering and Minkowski showed that
caused d mellitus in dogs. In 1922 Bant-
mg and Best obtained insulin from the pancreas, which relieved
it. The situation in diabetes, however, is not as simple as that of
the thyroid and myxedema; in fact, it is very complicated. In
1931 Houssay and Biasotti® found that hypophysectomy prevents
or ameliorates the diabetes caused by pancreatectomy, and from
this emerged the concept of a diabetogenic hormone of the an-
terior pitwtary which directly antagonizes insulin, In 1935 Long
and Lukens® brought the adrenal cortex into the picture by dis-
covering that adrenal 1i ic diabett

1y also ic
The hormone of the adrenal cortex of the 11. oxysteroid type,
popularly known as cortisone, inhibits the oxidation of carbo-
hydrate and so Ingle has shown, causes violent aggravation of
di and great i to insulin, The ameliora-
hon of p i i 1 y is believed
to be due to the removal from the sxtuatmn of the cortjcal dia-
betogenic hormone, cortisone. The diabetes of Cushing’s syn-
drome is the result of the excessive production of diabetogenic
cortisone by this hyperfunctioning cortex. It 15 insuln-resistant.
Thus at least three endocrines are brought into the diabetes
picture, and we can bring in a fourth if we wish, namely, the thy-
roid. It has long been known that giving thyroid aggravates dia-
betes mellitus, and that when a diabetic person develops myx-
edema the diabetes is ameliorated. I have long supposed that
these facts were to be explained on the basis of increased gen-
eral (mcluding carbohydrate) metabolism, by the thyroid hor-
mone. Diabetes is aggravated by thyroid because the higher
metabolism imposes a greater burden on the glucose-burning
mechanism, and removal of the thyroid gland diminishes it. But
the thyroid may also play a more complex role. There is some
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of slow hike thyroid, it is more difficult to adjust the dose with
great nicety to the precise need of the organism. Thyroid hormone
provides specific substitution therapy only for athyreosis or myx-
edema, as 1t is usually called. Insulin provides 1t only for pan-
creatic diabetes. When large doses of cortisone (or ACTH to
stimulate the secretion of cortisone) are given in a host of dis-
eases, it is certainly not substitution therapy in the usual meaning
of the word. Such therapy is based on a totally different principle.
It is not a matter of supplying in pk a hormone
that is lacking; it is rather one of giving a great excess of a hor-
mone in the hope of thus neutralizing some injurious process
which is causing the malady. We can quite properly regard myx-
edema as a deficiency disease — deficiency of thyroid hormone —
but dly we cannot ider rt id arthntis, asthma,
Iymphoma, or any other of the diseases which have been reported
to be benefited by these new hormones, as in any similar sense
diseases simply due to deficiency of these hormones.

One can perhaps for a time neutralize the inroads of 2 morbid
process by giving an excess of a hormone, as one can with a drug,
but in so doing one cannot be said to have rebuilt a normal status,
in the sense that one does by giving thyroid i myxedema. if a
therapy produces a permanent change in a subject, then the sub-
ject must effect an adjustment to the therapy.

The situation may be likened to that in which one tries to
bring to even keel a boat with a list to starboard by putting a
load to port Perhaps the hoat is righted, but the original situa-
tion has not been restored The boat is more heavily laden than
1t was and, if the load mposed is too heavy, the boat may sink!

What has happened 1n the few years since the nonphysiologic
use of ACTH and cortisone has been in vogue is that an increasing
number of untoward side effects have been encountered As the
use of these hormones is extended, we shall see stll more Ac-
cording to the phdosophy T have been trying to enunciate, such
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tem or throw it out of gear. I have wondered for many years,
however, what would happen if the entire endocrine system could
be ablated. This question came to my mind because of Cannon’s
experiments on the total ablation of the sympathico-adrenal sys-
tem. Cats so operated on continued to live without apparent diffi-
culty in the sheltered i of the lat y, but there
were many adjustments they were quite unable to make, and they
were totally unable to cope with the tough type of world in which
2 cat normally has to make its way. To conquer such an environ-
ment, the superstmcture of a sympathetic nervous system is
requisite.

And in the case of hormones, Long has made the point that
they “do not initiate new patterns of cellular function; these are
in the birthright of the cells themselves, All that any hormone
does is either to facilitate or inhibit certain types of chemical
transformation within the cells” If this concept is correct, one
might speculate that as Cannon’s cats got on in a hmited way
without their sympathetic nervous systems, so might animals
deprived of their endocrine system make a shift to carry on the
adaptive process in a limited way in a sheltered environment.
But be that as it may, it is certain that, for normal living by the
higher animal, an intact endocrine system is as reguisite as an
intact nervous system,

I would like to conclude with some comments on the present
all-prevailing ACTH-cortisone furor. On all sides the time-hon-
ored principle of substitution therapy is being violated. In a sub-
ject whose thyroid s atrophic, we give a quantity of thyroid
hormone which presumably approxmmnates what his own thyroid
gland wauld be making if 1t were capable of normal function, So
doing restores the subject to a state approaching that of complete
health. This is substitution therapy. When we give insulin in
pancreatic diabetes we are also providing substitution therapy,
although in this case, because the hormone is fast acting instead
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of slow like thyroid, it is more difficult to adjust the dose with
great nicety to the precise need of the arganism, Thyroid hormone
provides specific substitution therapy only for athyreosis or myx-
edema, as it is usually called. Insulin provides it only for pan-
ereatic diabetes. When large doses of cortisone {or ACTH to
tmulate the ion of cortisone) arc given in a host of dis-
eases, 1t is certainly not substitution therapy in the usual meaning
of the word. Such tharapy is based ona totaﬂy different prmmp}e
1t is not 2 matter of supplying in p
that is lacking; it is rather one of ngxng 2 great excess of a hor-
moue in the hope of thus neutralizing some injurious process
which is causing the malady. We can quite properly regard myx-
edema as a deficlency disease — deficiency of thyroid hormone —
but dly we cannot tder th id arthitis, asthma,
Yymphoma, or any other of the diseases which have been reported
ta be benehited by these new hormones, as in any similar sense
diseases simply due to deficiency of these hormones.

One can perhaps for a time neutralize the mroads of a morbid
process by giving an excess of a hormone, as one can with a drug,
hut 1 5o daing ene cannot be said to have rebuilt a normal status,
in the sense that one does by giving thyroid in myxedema. (f a
therapy produces a permanent change in a subject, then the sub-
ject must effect an adjustment to the therapy.

The situation may be likened to that in which one tries to
bring to even keel a boat with a list to starboard by putting a
load to post, Perhaps the boat is righted, but the original situa-
tion has not been restored. The boat is more heawly laden than
it was and, if the load wmposed is taa heavy, the baat may sink!

What has happened in the few years smce the ponphysiologic
use of ACTH and cortisone has been in vogue is that an increasing
mumber of untoward side effects have been encountered, As the
use of these hormones 15 ectended, we shall see still more, Ac-
cording to the philosophy I have been trying to enunviate, such
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therapy, although productive of immediate symptomauc beneﬁt,
must be looked upon as, in its fund; tal nature,

and its use should be governed with that concept in mind 1 close
with that warning.




2 The thyroid hormone

In any consideration of the function of the thyroid gland, one is
concerned Jargely with the thyraid hormone and with the thyro-
tropic hormone of the pitustary. The latter may conveniently be
called thyrotropin, Ouwr knowledge of these ¥ is a3 yet
fragmentary. We do know that together they form a balanced
system, being reciprocall itatory and shibitory, the pitmtary
stimulating the thyroid and the thyroid inhibiting the pitujtary,
with respect to thyrotropic action —an example, to use present
jargon, of the feedback principle.

The type of knowledge which we now possess of these two
bormones 1 different. Thanks chiefly to the masterly work of Sir
Charles R Harington: ? for example, we know a great deal of
the bi: hesis of thyroxine. Of the mech by which thyroid
hormene affects its targets, , we know d ingly little,
In the case of thyrotropin, the work of Rawson® ¢ and of others
has given us some msight mto the mawaer i which this hormone
affects targets, but of its biosynthesis, or even of the rate of its
production, we know nothing The gaps in our knowledge are
due, in part at least, fo lack of certa technical approaches

1 would Ike first to set a background for 2 diseussion of the
thyroid hormone by recalling a few sahent stems of medical his-
tory. It 15 of interest that the first fundamental knowledge of the
thyroid was gained largely by clinicans. Thus as early as 1620
Comdet in Switzerland showed that giving iodine reheved certain
fypes of goiter, and in 1850 Curling in England found complete
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atrophy of the thyroid in sporadic cretms The physwlogxst Schiff
of Geneva in 1859 obtained hypoth jons in animals
by thyroidectomy, but in 1874 Gull in England, although he gave
an excellent clmical description of spontaneous myxedema in
humans, stated that he was “not able to give any explanation of
the cause.” However, in 1883 the surgeon Kocher of Bem found
that total thyroidectomy in humans produced the picture of Gulf’s
disease. Finally subshitution therapy for athyreosis emerged from
the work of Bettencourt and Serrano in 1890 in France, and of
Murray and of Fenwick in England, both of whom published in
1891, It was from such observations, as well as those of othess,
that the concept of a hormone peculiar to the thyroid gland took
its origin?

This concept having been formed, the biochemists set to
work to isolate an active principle. Baumann in Germany in 1896
discovered that iodine is @ normal constituent of the thyroid, and
by acid hydrolysis of the gland’s proteins he separated a small
fraction containing about 10 per cent of jodme, which he called
iodothyrin, This substance administered to patients with hypo-
thyrordism was found to possess physiologic properties Iike those
of whole thyroid gland.

In 1911 Oswald isolated from the thyroid the iodine-bearing
amino acid duodotyrosme This, however, possesses no physxo—
Jogic activity. The most imp event foll ’s
discovery of 1odine m the thyrord was the isolation fmm the gland
by Kendall m 1915 in pure crystalline form the amino acid thy-
roxine, which he found to possess the full physiologic activity of
whole thyroid substance, and which he showed contains 60 per
cent by weight of 1odme

The next crucial observations on the biochemstry of the thyroid
hormone came in 1926 when Harington® identified the structural
formula of thyroxine as a hydroxyphenylether of tyrosine con-
taining four atoms of iodine in the 3, 5, 3, 5 position, and the
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following, year when Harington and Barger achieved its syn.
thesis.?
Harington and Barger syothesized thyroxize in the lab e

1t bad never been done there before. But nature must have been
biosynthesizing thyroxine in the bodies of animals for acons, al-
though we do not know just how far back in the evolutionary
scale the process began, Hzmngton and Bargers syn!hesis was
lished by 2 licated series of ch in-
valvmg, altagether, emht different steps, but their work disclosed
thst nature effects her biosymhesxs by iodmating tyrosine to diie-
and then by coupling two molecules of diiod; i

with the Joss of one side chain, to form one molecule of thyrovine,
The pest bit of background that we need for what follows is
that i the arganism this synthesis seems to take place only within
the matrix of a protein molecule. When the process ocours in the
thyroid, the protein matnx 15 thyronlobuhn Whether there is
any true in vive k ynthesis of thyreid b is
a disputed question 1f there is any it must be insigniBeant o
amount, In viiro, however, a variety of proteins may be exposed
to elemental iodine, and if the pH is right, fodioation of protein
will ocour and thyroidlike physiologic activity will be acquired,
This has been shown to be due to actual formation of thyroxine,
Until very recently the general belief had been that thyroxing

is itself the thyroid hormone. All vanations made in the thyroxine
molecule had reduced or abolished its physiologic activity. Until
about a year ago the only xodme~bearfng amuo acids found in
the thyroid had been d ine, and tetra-
fodothyronine or thyroxine, Then, however, Cross and Pitt-Riverss
in Harington's laboratery discovered by meauns of paper chroma-
tography traces of 2 fourth substance in this sertes, namely, trifo-
dothyrenine. They were able to make physiologic tests with this
matersal, and found that not only did 1t possess full thyrovinelke
actwvity, but it had, weight for weight, several times the potency.
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This di; y was a bombshell to theoretical thyroidology. I will
retum to its significance a little Jater.

I must add one final touch to the background. Then I wll try
to paint a foreground, The point is that the thyroid gland does
not operate i glorious isolation. It is but a member of a co-

dinated system of end organs functionally dependent on
the nervous system, which two systems together constitute the
chief mtegrating mechanism of the higher animal organism,

The type of hormonal balance which I have already mentioned
as existing between the pituitary and the thyroid, exists also
between the pituitary and the gonad, and the adrenal cortex.
Such “axes,” as Salter® has called them, may exist in the case of
other endocrines. They constitute self-regulating mechanisms
in which each of two glands involved is controlled through the
blood level of the hormone of the other, and to some extent by
that of its own,

When I began my career in medicine at the end of the first
decade of the century, the tropic hormone of the pituitary had
not been recognized as such. It was not untd the Iate twenties
that such terms as “thyroid stimulator” appeared, and the first
use of “thyreotropic” that I am aware of is that of Crew and
Wiesner in 1930.1° Yet facts were available a century agoe from
which the existence of a piturtary thyrotropic principle could
have been deduced. I refer to the fundamentally significant dis-
covery of the French physician Niépce,”* who in 1851 showed
that the pituitary 1s characteristically enlarged in cretins, He had
five autopsies; mn each case the pitwtary was hypertrophie It is
easy enough now to gnize the great img of Niépee's
observation, but in the century which has elapsed since 1t was
made it has attracted but scanty attention I would like to put
in a plug for Niépce.

1 have called the pituitary-thyroid axis self-regulating, and so
it is from the peripheral side. That Is to say, it will presumably
supply thyroid hormone to the body in relation to the use of that
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hcrmone by the bndy, the objective of the mechanism being the

ofa Iy level of thyroid hormone in
the bload —an example, I should say, of what Cannon called
homeostasis.

A similar situation has been shown, chiefly by the work of
C. N. H. Long* and his collaborators, to exist in the case of the
adrenal cortex. Control of cortical hormone output through blood
level of the hormone acting on the anterior pituitary, Long calls
the “metabolic” control. However, he has further shown that
there is another cantrol mechanism which consists in the activa-
tion of the anterior prtuitary to put out ACTH, by adrenalin,
This he calls the "autonomic” control It may be considered a
method of meeting emergencies. Whether there is an analogous
“autonomic” control of thyroid function has not been established,
but there are some reasons to beheve that there is.

With this brief sketch of how the thyroid works in relation to
the rest of the body, let us now tum to its intrinsic activities.
These may be identified as being sequentially (1) trappuwg of
sodhde, {2) biosynthesis of hormone, (3) storage of hormone as
thyraglobulin in the thyroid follicle, (4) discharge of harmone
to the circulation, (5) transport to targets, (6) action upon tar-
gets, (7) final fate of the hormone. T will examme certa aspects
of some of these,

The thyroid gland 15 utterly umque in that for the manufacture
of its hormone it requires an element — ioding — not used spe-
cifically by any other tissue. Without an adequate sepply of io-
die 1t cannot perform its function, namely, that of maintaimng
the metabolic rate of the bady. It is not surprising, therefore, to
find that #t p 2 specral T for trapping iodide
from the blood flowing through it.

When inorgame jodine 15 ingested and absorbed 1t crrculates
through the body as 10dide. Like chloride, it is distributed chiefly
in the extracellular fluid. When 1t reaches the thyrod it is specifi-
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cally collected and concentrated. Thus the thyroid of the normal
rat has been shown to concentrate jonic iodide to 20 times the
concentration in the blood, and thyroids made hyperplastic with
either thyrotropin or thiouracil can concentrate fodide up to 250
times the blood concentration. From the time that jodide reaches
the blood stream from without, the thyroid and the kidney, which
excretes it, are in competition for it.

1t is customary in thinking about thyroidal iodine, to distm-
guish between an inorganic fraction and an organically bound
fraction. The former is freely dialyzable, the latter is nondialyz-
able; the former can be discharged from the gland by an excess
of thiocyanate jon, the latter cannot. Organically bound iodine in
the thyroid is undoubtedly incorporated in the molecules of the
jodine-bearing amino acids, which have been shown to be con-
stantly present 1n the gland, It is in firm chemical combination.
The achievement of this chemical union is an essential part of
the process of hormone biosynthesis. It can be blocked by drugs
of the thiouracil type. The amazing thing, however, is that the
gland, totally blocked in its synthetic activity by such a drug,
still traps inorganic jodide as well as ever. The trapping mecha-
nism can be divorced from the biosynthetic. The question is —
what is its nature?

There are, of course, several levels at which the answer to
such a question can be sought — those, for example, of naturally
occurring disease, in vivo experiments on ammals, at the in vitro
levels of intact living tissue (slices of thyroid), and finally of
homogenates of one sort or another made from thyroid tissue, I
will cite first some evidence gamned from patients.

Stanbury and Hedge in our clinic were able to make radioio-
dine studies on three out of four goiterous cretins from a single
family, and on one normal sibling; also on a single similar case
from an uarelated family. These patients were sporadic, not
endemic, eretins. Ordinanly sporadic cretins do not have goiters.
In endemic cretins the goiter is a result of 1odme want. When
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sporadic cretins have goiters some cause other than extrinsic
iodme want must be looked for. Radiofodine tracer studies dis-
closed that the thyroid glands of the three cretins, and also of
the normal sibling, all were able to accumulate jodide. On the

ar
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ion of p jum thi the thyroids of the cre-
tins promptly discharged their iodide, whereas that of the normal
sibling retained 1t. It was concluded that, whereas the cretinous
members of the family were able to trap iodide in their thyroids
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in a normal manner, for some reason not known, perhaps an m-
herited imperfection in the jodinating enzyme system, they were
unable to iodinate the tyrosine nucleus and so could make no
hormone.” Their goiters, which anatomically were no different
from those found m severe endemic areas, were the expression
of an intrinsic unavailability of jodme.

The ease with which thiocyanate liberates or displaces iodide,
or, to put it another way, the high degree of reversibility of io-
dide collection in vivo, suggests that its attachment in the thyroid
must be very labile in nature, Two possible explanations of this
process occur to one. First, as shown in Fig, 1, the thyroid cells
may selectively increte iodide against a concentration gradient
in a manner similar te the reabsorption process carried out by the
cells of the renal tubules, or to that of the gastric mucosa with
respect to the formation of hydrochloric acid, or to that of the
concentration of potassium and magnesium by all cells A second,
and perhaps more likely, explanation is that iodide is simply
adsorbed by some protein present m the thyroid cells which pos-
sesses a specific affinity for the iodide fon, as shown in Fig, 2. If
one could 1solate the trapping mechanism and determine whether
it requires energy, one might be able to choose between these
two possibilities. The first would require energy, the second might
not However, I do not know how this could be accomplished.

The observations on the goiterous cretins led to studies now
in progress at the in vitro level by Wyngaarden, Stanbury, and
Du Toit,'® in which use is made of certamn acellular homogenates
of thyroid tissue. Two types of material are being investigated —
the thyroids of normal rats and rat thyroids depleted of fodime.
For control purposes other tissues than thyroid have been used
— striated muscle, spleen, liver, kidney, and blood serum

Making use of I8! (radioactively labeled 1odine) the trapping
of jodide across a cellophane membrane by these matenals has
been mvestigated, Dialysis is carried out for varjous periods of
time up to 72 hours, at varying temperatures from 1°C upward.
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By this method it has been found that the homogenates of
thyroid, whether normal or depleted of iodine, consistently bind
jodide, The depleted homogenate binds iodide in direct propor-
tion to the concentration of iodide in the dialysate until a binding

Fig 2. The jodide trap, second theory. In this case the todide 10ns sumply
diffuse mto the thyrod cell and become adsorbed on protem.

of onetenth gamma of ipdide per milligram of thyroid protein
has been reached. The total binding of fodide by ths homogenate

exceeds its original concentration of jodide by a factor of two or
more.
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The other tissues studied bound only insignificant amounts of
iodide, with the single esception of blood serum, which, when
highly diluted, binds jodide two-thirds as well as thyroid. How-
ever, with serum on one side of the membrane and thyroid
homogenate on the other, the two being at nearly the same con-
centration of protein, the thyroid preparation will bind jodide
from the serum. By means of chromatography it has been possible
to show that much of the iodide collected by the thyroid homage-
pate is present in the form of inorganic jodide. Another experi-
ment was designed to di whether the collection of iodide
by thyroid homogenates is reversible, as was that by the thyroid
glands of Stanbury and Hedge's cretins. When exposed frst to
appropriate concentrations of thiocyanate, bomogenates became
unable to collect jodide. However, homogenates that had al-
ready collected 10dide did not release it when treated with thio-
cyanate, nor could it be dialyzed off from them. In other words,
in the case of this in vitre iodide callection, reversibility has
not been demonstrated, The lack of reversibihty of iedide col-
lection by the homogenate is puzzling, but perhaps in some re-
spects analogous to the binding of iron by serum. If the process
is irreversible, jodide should not be present as such, and yet jt
is so present. This leaves us with a paradox. The work is being
continued in the hope of clarifying it.

Another approach to the trapping problem has been through
the study of the thi effect. Wyngaarden, Staobury, and
Rapp have found that, mole for mole, jodide and thiocyanate,
administered to the animal, are approuimately equally effective
in inhibiting the concentration of a labeling dose of radioactive
iadine by the gland blocked with a thiouracil-like drug, or, to
put it another way, radioiodide occupying the iodide space of
the gland can be discharged by equimolecular doses of either
iodide or thiocyanate On the other hand, it was found, using
material labeled with $%5, that the blocked gland is able to con-
centrate the 5% of labeled thiocyanate 1on only to about ten times
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the seram concentration, whereas similar glands can achieve a
concentration ratio for iodide 100 times that of serum, or better.
The interesting paradox here is that, whereas the gland develops
a much smaller concentration ratio for the §% of labeled thio-
cyanate than for jodide, molar equivalent doses of the two have
the same effect on the uptake of radioactive iodine given simul-
taneously.

Another develop from our lat y has been the use of
perchlorate jon in experiments precisely similar to those with
thiocyanate. Perchlorate is about ten times as effective as thio-
cyanate jn preventing the accumulation of I'*! by the thyroid.
1t is oot yet known whether perchl is actually selectivel

P Y

concentrated by the gland as is thiocyanate.

Following the trapping of iodide, the next step in the process
which leads to the elaboration of thyroid hormove is the oxidiz-
ing of trapped jodide to iodie. There is no free lodine to be
found in the gland so that we must assume that, on the oxidation
of iodide, iodine is immediately combmed with tyrosine to form
first iod and then dijodoty In contrast to
the trapping of iodide, which may require no energy, the oxida-
tion of jodide to jodime requires high energy. A peroxidase system
15 the only one known with high enough redox potential to pro-
mote this reaction, and Dempsey®® and others have found perozi-
dase in the thyroid.

‘The next step, namely, the conversion of diiodotyrosine to
thyroxine, requires less energy than the preceding, but neverthe-
less is believed also to be an enzymatically promoted reaction.

The final event, that is to say, the delivery of thyroglobuln
coutaining thyroxine into the follicles, Salter described almost
Iyrically as follows: “The parenchymal cells spew their proto-
plasm out into the follicle much as Jacteal {mammary) cells pro-
duce milk globules in the lactating breast” ~perhaps 2 good
analogy, “It is possible, ti that the f: of hor-
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The other tissues studied bound only insignificant amouats of
iodide, with the single exception of blood serum, which, when
highly diluted, binds iodide two-thirds as well as thyroid, How-
ever, with serum on one side of the membrane and thyroid
homogenate on the other, the two being at nearly the same con-
centration of protein, the thyroid preparation will bind iodide
from the serum. By means of chromatography 1t has been possible
to show that much of the iodide collected by the thyroid homoge-
nate is present in the form of inorganic fodide. Another experi-
ment was d d to di r whether the collection of iodide
by thyroid homogenates is reversible, as was that by the thyroid
glands of Stanbury and Hedge's cretins. When exposed first to
appropriate concentrations of thiocyanate, homogenates became
unable to collect jodide. However, homogenates that had al-
ready collected iodide did not release it when treated with thio-
cyanate, nor could it be dialyzed off from them. In other words,
in the case of this in vitro jodide collection, reversibility has
not been demonstrated. The lack of reversibility of jodide col-
lection by the homogenate is puzzling, but perhaps in some re-
spects analogous to the binding of iron by serum. If the process
is irreversible, jodide should not be present as such, and yet it
is so present, This leaves us with a paradox. The work is being
continued in the hope of clarifying it.

Another h to the trapping problem has been through

P
the study of the thi y effect. Wyngaarden, Stanbury, and
Rapp** have found that, mole for mole, jodide and thiocyanate,
administered to the animal, are approximately equally effective
in inhibiting the concentration of a labeling dose of radioactive
jodine by the gland blocked with a thiouracil-hike drug, or, to
put it another way, radioiodide occupying the iodide space of
the gland can be discharged by equumolecular doses of either
iodide or thivcyanate On the other hand, it was foung, using
material labeled with §%, that the blocked gland is able to con-
centrate the 5% of Jabeled thiocyanate ion only to about ten times
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munistration of potassium iodide inlubits the release of labeled
hormone from the gland.

At this point it is appropriate to speculate about the significance
of the structure of thyroxine. Although, as previously said, there
is reason to believe that this substance is synthesized within the
thyroglobulin molecule, that it is stored in the follicles in chemical

bi with thyroglobulm, that it is released from the thy-
roid by the enzymatic breakdown of thyroglobulin, and that it is
transported in the blood stream in association with plasma pro-
teins, nevertheless it seems now safe to assert that thyroxine it-
self exther is the thyroid hormone, or at least the business part of
it, the warhead, so to speak, of the torpedo! It is reasonable to
liken it to a torpedo, for after all it is aimed at a target! Possibly
as 1t strikes the target it is converted into triiodothyronine.

The thyroxine molecule we may well regard as a remarkable
structure, Take a look at it:

1 I
HOQO—QCH;CHNH;COOH.

It is the only known hormone which is an 2mino acid, and, ac-
cording to Harington, it is the only known naturally occurring
product containing a diphenylether linkage.

Without an adequate supply of this potent compound normal
Lfe cannot go on, at least at the vertebrate level, It has no natu-
rally occurring close relative that we know of except Trito-
dothyremne —no great flock of related substances all having
hormonic activity, as 1s the case with the steroids.

Let us scrutinize its architecture and see what inferences can
be drawn as to why it is built the way it is. What are the func-
trons of its several parts? To what does 1t owe its unique catalytic
capacity? T well remember a lecture by Barger given in Boston
1 1928 “It's as though,” said he, “one tadpole had swallowed the
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mone can occur within the follicle proper, at least in part, by
vi;tue of the naked protoplasm extruded from the parenchymal
cells.”

What determines the rate of release of hormone from the
gland? This is important, for the rate of release determines the
setting of the metabolic rate of the organism. It is well known
that removal of the adenohypophysis is followed by atrophy of
the thyroid and failure of hormone release. Conversely, adminis-
tration of thyrotropin will maintain the structure and function
of the thyroid in the hypophysectomized animal. It has not been
clear, however, whether thyrotropin stimulates all phases of
thyroid activity, or that this is seemingly so only because in-
creased activity of one phase is followed pari passu by an increase
in the next succeeding phase.

In an attempt to pinpoint the site of action of thyrotropin Gold-
smith, Stanbury and Brownell ¢ measured the release rate of
radioiodine m thyroids of thyrotoxic subjects given an effective
antithyroid drug, l-methyl-2-mercaptoimidazole. When the re-
lease curve, which is a straight line when plotted logarithmically,
was well established, a series of injections of thyrotropin was
given. Immediately there was a sharp increase in the release rafe.
Since the factor of hormone synthesis was controlled by the block-
ing agent, the concluston reached was that thyrotropin causes the
release of hormone independently of its effects on trapping and
synthesis. Whether there are other factors controlling the release
rate remains for further investigation.

Todide is also involved in the secretion process, This was first
pointed out by Means and Lerman’ when they found that the
time course of fall in basal metabolic rate is the same in the
patient with Graves’s disease who 1s treated with potassium 10-
dide as it is when a total thyroidectomy is performed, or when
3 source of exogenous thyroid is withdrawn The same effect of
iodide bas been demonstrated by Purves 1o New Zealand and by
Goldsmith in Cincinnati when they found that therapeutic ad-
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In the first place there is the matter of optical activity, Natu.
rally occumng thyroxme is laevcrolatory When one gives paren-

terally pure dext , it p aresp about
one-tenth that of pure ! laevorotamry in magpitude.
In our studies of th ducted on patients

with myxedema, we have always related the physiologic action
(effect on basal metabolic rate) of the substance being tested to
that of pure laevorotatory thyroxine.

Furst we may consider the role of the dipheny! skeleton. For
example, does duodotyrosine,

I
Ho<:>cn,cm\m,coon,

I
the building block from which thyroxine is made, have any phys-
iologic activity? It is possible, but it is of a very low order of
magmtude, about 0.005 percent that of lthyroxine. All of the
ds tested, provided they had any halogens,
had far greater activity than diiodotyrosine. Thyronine with no
halogens is inert, or nearly so.
A compound like thyroxine, but with only two jodines, 3-5
duiodothyronine,

1
HOQ-O—QCH,CHNH,COOH,
I

was 13 percent as active as thyroxine
Substitution of bromine for iodine, namely, tetrabromothy-
ronine,

Br Br

HOQO_QCH,CHNH,COOH,
r i g

gave a compound 3.0 percent, and 2 tetrachloro variety 0.2 per-
cent, as active as thyroxine.
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tail of another,” and the eyes of the tadpoles are in positions
corresponding to the I's of the molecule! We would like to knaw
the function of its varjous components or radicals, as, for ex-
ample, the jodine atoms, the dipheny)
of the two benzene rings, the side chain (or taxI, Leeping the tad.
pole in mind), and the hydroxyl group at the “anterior” end.
A method of approac}zmg this question is by the bioassay of
Jogues of thy on suitable test objects and the comparison
of the result obtained, as quantitatively as may be, with that
abtained in the case of thyroxine itself. The effect on physiologic
response of various departures in molecular structure can thus be
identified. As a matter of fact, Harington and his co-workers
started using this approach shortly after the synthesis of thy-
roxine, and during the intervening years a number of other in-
vestigators,’® including ourselves, have done likewise. The test
objects have included normal and thyroid ized animals in
which the effect on metabolic rate is determined before and after
the material is given, and tadpoles in which the effect on meta-
morphosis is quantitated. In our own work, which started with
Salter’s return from Harmgton's Iaboratory in the autumn of 1929
with a bottle of thyroxine polypeptide in his pocket, and which
bas continued ever since, we bave always made use of human
beings suffering from sp dema as our test objects,
The objecnve has been to test every analogue of thyroxine that
we could lay our bands on. Most of them were supplied to us by
Haringtor. The wark started off under the direct chazge of Salter
and Lerman, and after Salter’s going to Yale in 1941, under that
of Lerman.
It may be said at once that every variant from the thyroxine
lecule, except tritod jne, that has been assayed has
shown less physiologic acnvity than the naturally occurnng
substance. In other words, any alteration that has been made in
molecular structure has yielded a substance of diminished (or

absent) physiological activity.
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1 1
10 >—5—_ SCHCHNHCOOM.
I T

This gave a compound with 100 percent of the activity of I
thyroxine.

Thus 1t appears that nature has discovered that in order for
tha Lhyrmd gland to accomphsh its function with the greatest

, 2 diphenyl alamme is essential, and, furthermore, that

this must bear two or more atoms of a halogen, preferably iodmne.
The substitution of sulfur for oxygen m the couplng of the rings
causes relatively shght deterioration in physiologic activity, and
the same 15 true of certain alterations in the side chain

Every component of the molecule seems to have its function,
but just how this function is served remains obscure.

And now we come to the target. What influence does the hor-
mone have upon the target, and how does 1t exert this influence?

‘We know in general terms that the target cell is speeded up in
various ways. Its oxygen consumption is increased, and we also
know that this increased consumption of oxygen is useful to the
orgamsm, that the energy released by the step oxxd:\tlon of glu-
cose is stored in high gy pt and b
available to the ceIl and the orgamsm as needed It 1s not all de-
graded into heat, and blown off, to the detriment of the cells or
the orgamsm, as is the case when a substance hke dmitrophenol
15 admmustered,

It 15 unknown in what form thyrord hormone gains entry to
the cell, whether as a free dissolved substance, or in some sort
of peptide combmation. Does it enter by simple diffusion? Prob-
ably 1t does, because Lipmann has found 1t in approximately the

same 10n 1 ntra- and extracellular fluid. There is no
accumulation of 1t, as there is of 10dwne in the thyroid cell. Does
it alter the p bihty of the cell 3 with respect to
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Thus it appears that the diphenyl strocture is more important
than having the right balogens, but also the right hafogen is very
important. Diiodothyronine is less active than tetrabromothyro-
nine, but more so than tetrachlorothyronine,

Thyroxamine, a substance with the formula

1 1

HOQOOGXl;CH:(NH;),
T

tested by Gaddum,® has hittle or o acthty, which would indi-
cate that the carboxyl group is indi

Alterations in the side chain, however, other than removing
the carboxyl, seem of relatively less importance. Thus N-acetyl
Lthyroxine,

1 1

HOQO—QCHZCECDOH
NH,COCH;,

has 20 percent, and N-acetyl-d 1 thyrotyl-1-glstamic acid,

I
Ho@—o@cmmm{mem
\CON HCHCH,GH,COOH,
COOH
has 5.5 percent the activity of I-thyroxine.
Methy} ether of thyroxine,
1 1

cx{.o@-o—@cmcxmncoon,

alem foam Ato w8

of the carbon rings by
sttt U2 the usual otygen, atom:

4 oouaul,
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Harington in his Pedler Lecture (1944)? states that the terms
of the lectureship require that “the lecture should indicate direc-
tions in which further work is required.” I do not know that any
such condition has been imposed in the case of the Thayer Lec-
tures, but for this particular one, at least, 1t is not inappropriate.
1 will, therefore, close this discussion with certain suggestions as
to how some of the gaps in our fragmentary knowledge of thy-
roid physiology might be narrowed, Actually I will mention five
approaches, selected, be it understood, without any thought of
ultimate practical value or application.

First, it seems to me that much more study of the jodide-trap-
ping mechanism is indicated, and that this should be not alone
from the point of view of the function of the thyroid gland, but
with reference to, and for comparison with, other ion-trapping
mechanisms of the body. It seems likely that the principle in-
volved in jodide trapping by the thyroid 1s not fundamentally
unique to the cells of that organ, but has its analogues in the
functions of other tissues. The inquiry has now got to the stage,
however, in which the physical chemist must come to the aid of
the biological or medical investigator.

Second, it is important to discover the mechanism whereby the
pitwitary-thyroid axis is controlled, as 1t must be, from the higher
levels of the nervous system. What is the neuro-humoral pathway
involved?

Third, the metabolic cycle of thyrotropin should be worked
out. How 15 this hormone produced, and what determines the
response of its end-organs to it? We already know something of
its excretion in both active and inactive form, but to get further
on with the problem we badly need a method for determining its
titer in the blood stream, and in other hissues, as easy of per-

as1s the P P as applied to the quanti-
tation of adrenocorticotropic activity.

My fourth suggestion is that an all-out effort be made to learn
how thyroid hormone enters and affects its targets, and what
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other substances? What does it do after gaining entry to the cell,
and what happens to the hormone in the process? At least it can
be said that the hormone appears to be metabolized in the body,
presumably in the same fashion as any amino acid. Certainly,
too, it can be said that in some way it activates one or more of
the enzyme systems of the cell. Lipmann has studied the distribu-
tion of thyroxine within the cell, Inasmuch as the mitochondria
are known to be iated with the synthesis of adenosine tri-

hospl it was anticipated that a higher concentration of
thyroxme might be found within them, but such was not the case.
Lipmann found jt in about equal concentration in the nuclear
fraction of his homog; the mitochondrial fraction, and the
supernataut, which Inst represents the microsomes and soluble
proteins of the cell.

One last point concerning the thyroid hormone which I should
Iike to touch upon is the fundamental one of whether the output
of hormone by the thyroid is determined by the call for hormone
by the tissues, or whether the thyroid drives the tissues.

There are some bits of evidence which bear on this point.
Rand, Riggs, and Talbot™ exposed rats to cold long enough to
cause stimulation of the thyroid. Then they determined the pro-
tein-bound jodine of the serum and compared it with that of rats
which had been kept at room temperature. There was no differ-
ence. Dempsey and Astwood %! have shown that when animals are
exposed to cold more thyroid feeding is required to prevent thy-
roid enlargement than at room temp It appears, therefe
that under exposure to cold more thyroid hormone 15 put out, but
that it does not pile up in the serum. From this it may be con-
cluded that of h is d as much as
producuon which favms the theory that tissue cells are calling
for harmone. If the thyroid gland were driving the cells, one
would expect the protein-bound iodine of the serum to rise. All
this is reminiscent of Barcroft’s old concept of the call for oxygen
by the tissues.




The use of hormones, drugs,
3 and radiations in the
management of thyroid diseases

In this lecture let us shift our sights to a clinical level. Having
now at our disposal a number of agents, the actions of which
upon the thyrmd gland are known, or partly known, in precise

ical terms, let us the various ways
in w}uch they can be applied in the care of patients with diseases
of the thyroid gland or disturbances of thyroid function. These
ways will include diagnosis as well as treatment. Instead of the
usual clinical approach, namely, “How treat a given disease?” I
wish to employ that of “Here is a tool, what is 1t good for?”

The tools I have grouped under the headings b drugs,
and radiations. I should perhaps have included surgical thyroid-
ectomtes, but that would have made the title too cumbersome.
The diagnostic uses to which these tools can be put fall within
the area of tests of function. The therapeutic uses fall within a
certam framework which may be outlned as follows:

1. To suppress, or restrain, the pathologically overactive thy-

roid gland;
. To augment the function of the pathologically underactive
thyroid gland, or provide a substitute for 1t;

To alter the function of the normally acting thyroid m order

to compensate for disturbed function elsewhere in the body

(e g, thyroidectomy or irraduation of the thyroid in certain

cases of heart disease),

4. To remove or destroy mischievous thyroid tissue;

o

@
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happens to the hormone in the process. Is it consumed? Existing
information indicates that it is, but how? It is not enough just
to draw arrows from gland to target and let it go at that. Explora-
tions in this area may well penetrate deeply into the fundamental
nature of the act of living by the cell. It will require the services
of enzymologists and physical chemists to solve this one.

Then also in the over-all end-organ problem is the fact that
whereas thyroxine is a general somato-accelerator, when it comes
to the cells of the anterior pituitary which are involved in thy-
rotropin production, it is an inhibitor, at least with respect to
thyrotropic function, It also seems to be a direct inhibitor of the
cells that make it, the thyroid parenchyma. These facts too need
study. Nothing is known of the mechanism involved at present,

Lastly, I would dearly like to see explorations of the largely
unplowed field of the phylogeny both of the thyroid gland and
of its hormone. I expect that 1t will be found that the hormone
antedated the gland, To the practically minded this approach
may appear nebulous, but I cannot but believe that it may prove
to be productive of new biological concepts. Below the verte-
brates no recognizable thyroid tissue has been described, but
there is some evidence, pot very satisfactory, that vertebrate thy-
roid may affect certain invertebrate species, even down fo the
leve] of the unicellular organisms. A search for all the jodine-
bearing ammo acids from protozoon fo vertebrate might shed
Light on the evolution of thyrovine. It scems to me nature can
only have perfected this efficient hormone, this streamlmed mole-
cule, after many trials with simpler structures It is thus, I be-
lieve, that the form of the hwing body and its component parts
has come into bemg, Shall we not suppose that its biochemical
anatomy has been simulatly evolved? If it is worth while to trace
the ancestry of an organ, why not that of a hormone also? Theo
two combined will tell us the story of the organism.
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thyroid hormone is far more than merely raising the rate of energy
metabolism Dinitrophenol and related compounds bave 2 pro-
found calongenic action, but Dodds and Robertson! have shown
that the basal bolic rate of a d subject can be
raised from —20 to +70 by such a drug without there being any
change whatever in the picture of athyreosis other than the rate
of gas exchange The action of thyroid hormone in physologic
dosage is utterly specific. No substances other than close chemical
analogues of thyroxine can replace it, and analogues, except for
triiodothyronine, must be given in far larger dosage than pure
thyroxme to obtain a given effect.

There are uses, however, other than that of simple substitution
therapy to which thyroid hormone can be put, and of these I
wish now to speak, Instead, for example, of using 1t for its gen-
eral somato-stimulatory action, it can be used for its inlibitory
action on such targets as the pituitary and the thyroid gland ftself.
When in Graves's disease the ophthalmopathy takes on a malig-
nant type of course, 1t is customary nowadays to give thyroid to
tolerance, the rationale bemng that the lesion results from excessive
thyrotropic activity on the part of the pituitary, and that thyroid
hormone inhibits the pitumtary with respect to its thyrotropre
function This is all very fine provided the premuses are correct.
1 am confident that there is adequate evidence that thyroid hor-
mone inhibits the pituttary with respect to thyrotropic activity,
but the relation of thyrotropm to malignant exophthalmos is, to
say the least, uncertain. There is, of course, the production of
exophthalmos in animals by thyrotropin, and there 1s a httle
evidence indicating a high titer of thyrotropin in the blood in
mahgnant exophthalmos. I have long suspected that changes in
end-organ sensitivity, thyroid or orbital tissues, to thyrotropin,
may play a role, but have no proof thereof. A great many patients
with hyperophthalmopathic Graves’s disease have been treated
with thyroid, but so difficult is 1t to provide adequate control for
climeal observations of this character that I am at a loss to say
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5. To obtain benefit through some extrathyroidal action of the
agents in question (e.g,, giving thyroid in the treatment of
byperophthalmopathic Graves's disease).
Let us keep this outline in mind as we proceed,

HORMONES

The hormones which I shall ider are thyroid h 3
thyrotropin, adrenocorticotropin, and adrenacortical harmone,

In the use of any of them I should like to distinguish sharply
between physiological substitution therapy and pharmacotherapy.
The former may be defined as the giving of 2 hormone, in cases
of underactivity of an endocrime gland, in amount approximating
what that gland would have made for tself under conditions of
health, The pharmacotherapeutic use of hormones 1 should define
as the giving of unphysiologically large doses of hormones, in
order to obtam an alterative action which 1t is hoped may be
beneficial to the patient. The administration of thyroid in myx-
edema is an example of the former, that of large doses of ACTH
or cortisone in rheumatoid arthritis, lupus, pemphigus, or what
bave you, is an example of the latter. Physiologic substitution
therapy, simply because it is physiologic, is without danger of
untoward side effects, Pharmacotherapy with hormones is beset
with much danger. In these days of fantastic, and sometimes even
reckless, empiricism in hormone therapy, it is desirable that we
pause ionally to get our bearings.

Thyroid Hormone Since the first successful use of any hormone
was with thyroid, we may appropnately begin our diseussion with
that. Back in the early nineties it was discovered that the feeding
of thyroid is a full, perfect, and sufficient therapy for the relief of
myxzedema ( primary athyreosis) or Gull's disease, Parenteral exhi-
bition of pure thyrodne is equally effective, but possesses no ad-
vantage over the oral administration of whole thyroid, All this, of
course, is very ancient history, and I shall not belabor it further,
except to stress one pornt, namely, that the relief of athyreosis by
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The use of thyroid in patients with habitually low basal meta-
bolic rates, but lacking other evidence of hypothyroidism, needs
mention. The etiology in such cases is really wnknown, and
the use of thyroid must be regarded as pbarmacodynamic and
empiric, Often the metabolic rate in suck cases is zelatively va-
affected by thyroid. Qccasionally one hears stories of such pa-
tients taking up to 3 gram of thyreid per day without its having
much observable effect upon them One interesting fact has been
unearthed by Farquharson? as a result of such therapy. He
found that after the metabolic Tate in these patients has been
elevated by means of heavy dosage of thyroid, if the honmone
thexapy is then suddenly terminated, the basal metaboke rate
falls to & Jower level thun that from which it started before thy-
roidt therapy We have called this the Farquharson effect, and
believe it due to thyroid hypop]ana resulting from an excess of

insic thyroid t The istered thyroid could cause
such an effect either by pituitary intubition or by direct inhibi-
tion of the thyroid, or by a combunation of these.

We have run into this area 1 another way -—a way which in-
velves the diagnostic use of basal metabohe rate, protem-bound
fochne, and uptake of radioactive fodine. fu sp hyper-
thyrowdism the valuees obtained by all these determinabons are

1 d. In true hypothyroxdism they are all depressed, In thy-
Totonicosis factitia, that 15 to say, due to ingestion of thyroid,
basat bolic rate and protein-bound sodine are elevated, but

d iodme uptake is & d, because the thyruid taken
artificially eauses hypoplasia or at east hypoactivity of the sub-
ject’s own thyroid Such a formula is of ligh diagnostic signifi-
cance, and usefut in the detection of patients who swreptitiously
take thyroid,

As a diagnostic tool the exdubition of thyroid 1s of Limited im-
portance. If one had been unable to amive at a positive diagnosis
in a myvedemalike ieture, the presence or absence of charae-
teristic yesponse to thyroid would be of diagnostic significance.
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whether or not any benefit is conferred by such therapy. At least
T am convinced that I have never scen any harm result from it,
and that is more than can be said of many forms of therapy. I
even have seen improvement occur, but whether the result of
the therapy, or a spontaneous happening, I cannot say with any
certanty. A statement made to me by Purves of New Zealand
when he visited us in 1949 is very pertinent in this connection.
He is one of the few who have made determinations of blood-
thyrotropin level. He finds it elevated beyond normal in two con-
ditions, myxedema and malignant exophthalmos. On the exhibi-
tion of thyroid in d blood-thyrotropin level promptl
falls to normal; 1 malignant exophthalmos, however, even very
large doses of thyroid fail to alter it. This &inding could be m-
terpreted to indicate that there is no sense in using thyroid in
exophthalmos as it appears not to exert the action desired of it.
Certamly a better pitutary inhibitor is needed. A few observa-
tions have been made on ACTH in this connection, but the results
are equivocal,

Halsted years ago at Johns Hopkins showed that removal of a
large part of a dog’s thyroid is followed by hyperplasia of the
fragment left in situ. This, we would now infer, must be due to
increased thyrotropic activity of the pitutary. The gving of
thyroid, or even of radide, will prevent the development of hyper-
plasia of the thyrord remnant. Rienhoff,? also at Jobns Hopkins,
has made use of this prnciple to prevent the regrowth of toxic
goiters after subtotal thyroidectomy. More recently Cope in our
clinic has made use of thyroid therapy 1n a related manner. Ob-
serving that m hyperfunctioning adenomata of the thyroid the
extranodular thyroid tissuc tends to atrophy, he exhibited thyrod
in cases of nontoxic goiter 1 order to bring any nedules that
might be present into sharper relief by the expedient of causing
atrophy of the extranodular thyroid tissue, so that the nature of
the entire gland under study could be determined more ac-

curately.
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First, there is the widespxead and intense interest in 1t which has

resulted from the newly dis d and ing pt dy-
namic action of cortisone, secretion of which hormone is pro-
moted by ACTH. Second, there are easy quantitative tests for
adrenocorticotropic action, such as the eosinopenic response,
which are not available in the case of thyrotropic activity. Be-
cause of these circumstances 1t will be useful to bear the pitui-
tary-cortical axis m mind as we consider the pituitary-thyroid.

When one wishes to bring about a remission in rheumatoid
arthntis, he has a choice of two hormones, ACTH or cortisone.
The effects of these on the patient as a whole are similar. In
either case they are the result of increased supply of cortisone
to the tissues. In one case the cortisone is given directly; in the
other the patient’s adrenal cortices are stimulated to put it out in
increased quantity, It is a question of extrinsic supply of corti-
sone versus imtrinsic. Although the effect on the patient’s joint
lesions may be identical m the two cases, that on his adrenal
cortices is diametrically opposite. With ACTH hus cortices are
mtensely stimulated, with cortisone they are put at rest.

Similar relations occur b thyroid h and thyro-
tropin I have discussed the use of thyroid, and now the question
becomes: do we ever need to use thyrotropin therapeutically or
in diagnosis?

In primary myxedema substitution therapy with thyroid 1s as
near perfection as any therapy I know, There would be no pomt
in using thyrotropin 1n this condition because the atrophic thy-
roid probably could not respond to it. In a case of panantenor
hypopitutanism, however, one might expect to restore thyroid
function by means of thyrotropin, and secure as good a total effect
as with thyroid But there 1s no reason to suppose it would be
better In panhypopituitansm there is also hypofunction of the
peripheral targets of other tropic hormones. The patient funda-
mentally needs a new anteror lobe. In the absence of this one
can provide substitution therapy either by giving peripheral hor-
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If, while being treated for definite hypothyroidism with thyroid,
the patient went into Addi: crisis, the diagnosis of hypothy-
roidism due to primary hypopituitarism would be established.

Thyroid, like the glamour hormones of today, has been tried
in many diseases. Good results from such trials have been few
and far between. There is, however, one that is rather stnking,
namely, the relief of certain cases of sterility and of habitual
abortion in women by thyroid therapy.

So far as I am aware, the mechanism of the relief of sterility
by thyroid is obscure. One is tempted to think that it may be &
matter of acceleration of the energy transformation of the gemm
cells. On the relief of habitual abortion there is some evidence;
Heinemann, Johnson, and Man,* for example, find that serum-
precipitable jodine rises during pregnancy, and that this rise
antedates the customary rise in basal metabolic rate. In women
whose serum-precipitable jodine did not make the expected rise,
abortion was Iikely. When such women received thyroid during
pregnancy their SPI curve followed a normal course.

Goldsmith, Sturgis, Stanbury, and Lerman,® have made en-
dometrial biopsies on women with untreated myxedema. Some
of these had excessive bleeding and 2 few had no bleeding at all
Those with excessive menstrual flow were found to be bleeding
from a prolferative, or gen- lated, endometrium The
others had atrophic endometria, In other words, these patients
were not ovulating. In the cases of two men with untreated myxe-
dema, testicular biopsies showed striking absence of Leydig cells.
These findings suggest that m the myxedematous state the leu-
tinizing hormone is not formed, and if the deficiency of thyrord
is of sufficiently long standing, there may also be a failure of
formation of the follicle-stimulating hormone by the anterior
pituitary.

Thyrotropin. Although thyrotropin has been known longer
than adrencorticotropm, more is now known about the latter
than about the former. The reason for this is probably twofold.
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lating evidence that these b exert some dep action
on the activity of the pituitary-thyroid axs, Whether this is
exerted at the pitmtary level or at the thyroid lovel s not entirely
clear, but the evidence favors the Iatter site of action, Depression
of thyroid function in man following the administration of bath
ACTH and cortisone has been observed by several groups of
workers. We observed six patients believed to have no thyroid
disease during periods when they were receiving ACTH for
other diseases, Four of these showed significant depression of
I8¢ uptake and PBI, hut none of the six showed any change in
basal metabohc rate, The formula of decrease in 114 uptake and
pratem-bound sodine, but no change in basal metabolie rate, is
an interesting one, A possible explanstion would be that ACTH
causes an mereased sensitivity of somatic targets to thyzoid hor-
mone. Another is that these agents increased the renal clearance
of jodide. Still another 13 that the glycocorticoids of themselves
rase the BR, which otherwise would be depressed But there
may be other explanations, although they do not ecour to me at
the moment, Another anexpected observation has been the wsual,
but not regular, faidure of cortisone and ACTH to lower the in-
diges of thyroid function in patients with Graves’s discase. What
does ths imply ing the pathological physiclogy of the
clisical entity? 1 do not know.”

The use of cortical hormones in the tovie crises of Graves's dis-
ease (thyind storm) antedates the introduction of cortisone. The
nature of storm s sull obscure, and as the condition; is hardly
ever met with in humans nowadays, and cannot be produced in
animals, the ¢hance of solving the problem is not bright, We still
hold to the hypothesis that storm represents what may be called
devompensated thyrotoxicosis It seems likely that the adrenal
cortex is hyperactive in hyperthyroidism and rwhat better
evidence exists that it is hypoactive in hypothyroidism The thy-
roid and the cortex seem to rise and fall together with respect to
their functional activity, We have seen no Iiterature on the sosm-
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mones, thyroid, cortisone, estrogens, etc., or by giving tropic
hormones, thyrotropin, adrenocorticotropin, gonadotropins, etc.
Whether one course is better than the other in biological terms
I do not believe we know today. However the prtuitary hormones
presently available have the disadvantage that they may provoke
antibody production. Moreaver, for more than experimental use,
thyrotropin is at present unavailable.

The only diagnostic use of thyrotropin that I can at present
visualize is in cases in which jt is desirable to know whether or
not the patient’s thyroid gland is capable of being stmulated.
Such use would constitute one method of distingwishing between
prumary thyroidal myxedema and myxedema of pituitary origin.
There are other methods of accomplishing this purpose. Quendo
and Stanbury® have made observations of this character in our
clinie, They employed basal metabolic rate, protein-bound fodine,
and radiwactive-iodine uptake as cnteria of thyrotropic effect. In
five out of six cases of primary myxedema there was no evidence
of response to thyrotropin as judged by any of these criteria. In
a sixth there was an increase in protein-bound iodine and radio-
active-iodine uptake following thyrotropmn, but none in basal
metabolic rate. In two cases judged to be of hypopituitarism on
other grounds, there was marked increase in radioactive-fodme
uptake and 1n protein-bound jodine after thyrotropin and in one
a sigmficant rise in basal metabolic rate also. Similar findings
have been obtamed by Perloff, Levy, and Despopoulas #

The hypothesis has been raised that the so-called nonmyxe-
dematous hypometabolic rate cases represent a condition of end-
organ insensitivity, that is, insensitwity of their thyrod glands
to the action of thyrotropm. Quendo and Stanbury had one such
case in therr series. This patient made a good response to thyro-
tropin, which would be evidence against end-organ insensitivity,
but of course much more is needed before any conclusion can

be drawn.
Adrenocorticotropin (ACTH) and Cortisone. There is accumu-
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lating evidence that these hormones exert some depressant action
on the achvity of the pitmtary-thyroid axis. Whether this &5
exorted at the patuitary level or at the thyroid level is not entirely
clear, but the evidence favoss the latter site of action, Depression
of thyroid A in man following the administration of both
ACTH and cortisone has been abserved by several groups of
workers, We observed six patients beheved to have no thyroid
disease during periods when they were receiving ACTH for
ather diseases, Four of these showed signifieant depression of
123 uptake and PBI, but none of the six showed any change in
basal metabohe rate. The formula of decrease in I3 uptake and
protein-hound fodine, but vo change in basal metabole rate, s
an interesting one. A possible explanation would be that ACTH
causes an wmerensed sensitviaty of somatic targets to thyvoid hor-
mone. Another is that these agents increased the renal clearance
of jodide Stll another is that the glycocorticoids of themselves
raise the BMR, which otherwise would be depressed. But there
may be other explanations, although they do not occur to me at
the moment. Another unexpected ohservation has been the usual,
but not regular, failure of cortisone and ACTH to lower the in-
dices of thyroid function in patients with Graves's disease, What
does thts imply concerning the pathological physiology of the
climacal entity? I do vot know.”

The use of cortical hormones m the toxie erises of Graves's dis-
ease {thyroid storm) antedates the mtroduction of cortisone. The
nature of storm 15 still obscure, and as the condition is hardly
ever met with in humans nowadays, and cannot be produced in
animals, the chance of solving the problem is not bright. We stit

hold to the hypothesis that storm rep what may be called
decompensated thyrotowcosis. It seems bikely that the adrenal
cortex 15 hyp ive m k thyroidism. and hat better

evidence exists that 1t is hypoachve m hypothyrmdssm, The thy-
roid and the cortex seem to rise and fall together with respect to
their functional activity, We have seen vo literature on the eostn.
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ophile counts in storm, nor of autopsy material on the cortex
either. Hyperthyroidism imposes a stress. The body responds to
all stresses with adrenocortical hyperfunction. It could be that
in thyroid storm the cortex becomes exhausted, and if this were
true, it would be reasonable to administer cortical extract or
cortisone,

DRUGS

The drugs I wish to consider are, on the one hand, iodine, and
on the other, the growing group of so-called antithyroid or thy-
zoinhibitor drugs. There are, of coutse, other drugs that are some-
times useful in the treatment of patients with diseases involving
the thyroid gland—digitalis, quinidine, iron, vitamins, ete.— but
the use of them s really not germane to the present discussion.

Todine. It might be argued that jodine is not a drug at all, but
a food, as are also iron and the other essential minerals, Certainly
in the vertebrates from fish up, as shown by Marine, who started
his career at Johns Hopkins, 2 mmimal intake of rodine is essen-
tial to the preservation of health. The organism, whether 8sh or
man, becomes goiterous when its iodme intake falls below a cer-
tain minmmum, just as it becomes anemic with an inadequacy of
iron, or asthenic durmg deprivation of salt, or osteomalacic when
starved of caleium. The prophylaxis of goiter in regions where
environmental iodine 1s scarce, by feeding jodine, could be said
to fall within the field of dietetics rather than of pharmacology.
1t is only 1n high areas or postglacsal regions of the
earth that an external fodibe shortage exists, In other parts there
is invariably a superfluity of jodine so far as the needs of a normal
organism are concerned; at Jeast this is true unless there are
present in the envi tmul ly, positive gorter-p
ducing factors.

It was undoubtedly Chesney and hus collaborators (1928)% at
Johns Hopkins who first clearly identified food factors as pro-
ductive of goiter. Certain lots of cabbage were found to be the
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cause of an epidemic of goiter in his rabbit colony. Four years
later Marne and his coworkers? showed that the food goitrogens
were of the nature of cyamdes, and all this recalled that back in
1905 Rerd Hunt?® bad di d the same ph in re-
verse, namely, that feeding thyroid protected animals against the
toxic action of methylcyanide.

Twenty-three years elapsed between Hunt’s discovery and
Chesney’s, and then it was another fourteen years before the
great group of antithyroid drugs were added to our therapeutic
equipment. Man learns slowly, but fortunately occasionally he
learns. He might have argued in 1903, if thyroid protects against
cyanide, perhaps cyanide will protect against thyroid, but he
didnt.

I will not pursue further the dietetic use of iodine. Let us
rather seek to identify its uses mn the treatment of established
disease.

First, there is the matter of established endemic goiter. If this
is etiologically a pure iodine-want affair, will giving iodine cause
it to regress? As is well known, usually 1t will not. Why? I be-
lieve the reason 1s something like this, Under long-continued
iodme starvation, the thyroid, dnven by the pitutary, becomes
hyperplastic, and continues to make an abundance of thyroid
protem, of thyroglobulin, even though it is unable to fodinate
1t. This iodine-poor colloid, being useless as hormone, is stored
away in the follicles, which m consequence get ever larger
and larger. The familiar colloid goter is produced. Structural
changes, cystic degeneration, involution, etc, occur 1 the gland
which ultimately become irreversible. Even when adequate
1odime is finally supphed the swollen gland is incapable of shrnk-
mg to its normal size, What may happen under such circum-
stances xf iodine is given, 1s that the md.me-poor colloid is rapidly

d d, and thyrodne 15 produced and discharged to the body
n excess. The patient b ly th ic. This is
what Kocher long ago called “Iod- Basedow It is rarely if ever
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seen in the United States, but only in the highly goiterous areas
of the world, (For further discussion of Jod-Basedow, see Lecture
5, pp- 96 and 97.)

‘The sporadic colloid goiters which one may encounter in noa-
endemic areas, and which differ anatomically from the endemic
variety in no discernible way, may be due, as in the case of Stan-
bury and Hedge’s cretins, mentioned in the preceding lecture,
to some intrinsic functional defect — inability to iodinate tyrosice
or to couple difodotyrosine to form thyroxine, or perhaps in cer-
tain cases to collect iodine at all. Giving fodine to such persons
will have no beneficial effect. It will not overcome the block to
hormone synthesis, Oply the administration of thyrofd can be
expected to accomplish any useful purpose, When the gland
caonot make hormone it must be given from without.

However, in certain cases of goiter due to ingestion of a goitro-
gemic agent, either as food, such as cabbage, or in the form of
medicine, the exhibition of lodine may be curative.

For a time there was 2 vogue of treating hypertensives with
thiocyanate 1t is, I am sure, on the way out, as is sympathectomy,
and probably soon the rice diet. This is just 2 prediction. The
point 15 that patients treated with thiocyanate sometimes grew
goiters, and when they did, the goiters could be made to go away,
and also the hypothyroidism which panied them, by merely

dministering fodide. Thiocy seems to compete with jodide
in the fodide-trapping mechanism, and an excess of fodide will
prevent the uptake of thiocyanate, just as an excess of thiccyanate
will prevent the uptake of jodide. Of course a still simpler pro-
gram would be to stop giving the patient thiocyanate. If, on the
other hand, a goiter were due to a drug of the thiouracal type,
then giving iodide would be weffectual hecause the primary diffi-
culty under such circumstances would be m the iodmation of
tyrosme, not of collecting jodide.

The most important therapeutic use of iodine in thyroid dis-
ease, aside from that in the prevention or correction of jodine-
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want goiter, is in Graves's disease, The well-known response to
iodine of the thyrotoxicosis in that mafady vemains, so far as
canse and mechanism go, pretty much a mystery. This response
and its mechanism have interested me for many years, ever since
1993 in fact, when Plummer brought it to the attention of the
profession. n 1938 Lerman and 11t analyzed the curve described
by the basal metabolic rate of patients with thyrotote Gravey's
disease during the administration of fodine We compared it with
the so-called thyroxine decay curve of Boothby and others, and
found it to be altogether similar. From this we concluded that the
action of fodine in Graves's disease is to stop, at least temporarily,
the release of thyraid barmone fram the thyroid gland, How this
effect is exerted, or why it ceeurs jn thyrotoxic patients but not in
nermal persons, remains entirely obscure, In 1945 several of us
made the observation that even when the thyroids of patients
with Graves’s disease are blocked with thuouracil, they still un-
dergo involution when iodine i admmistered, In other words, it
appeared that the odinatmg action of jodme had been divorced
from an mvoluting acton. Agawn the explanation is not cleat, but
some later work of Rawson's, done winle he was with us, may
illuminate 1t somewhat. Rawson found 1n the first place that when
thyrotropa acts upon the thyrord, it becomes physiologically in-
actovated, Later he showed that fodine mterferes with the inac-
tivation of thym(xopm by shces of thyroid, und that it ishibsts
the action of t pint in Bypophy ized rats Finally he
found that potients with untreated Gravess disease exereted no
active thyrotropin in their wrine, but that after treatment with
mdme they did excrete some, It was o8 though the untreated
gland was pm energetically, but
that fodwme mterfered with thls pzoczss and active thyrotropin
spiiled out in the unne
Gomg back now to the nature of the jodine response in
Graves's disease in the light of Rawson's last-mentioned work, 1t
may be that the divorce of jodmating and tuvoluting action may
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be explained by the theory that jodine blocks the action of thy-
rotropin in thyroid cells, thus stopping thyroxine f

but the thyroid cells go on manufacturing protein which piles up
m the follicles and is not withdrawn therefrom, having oo hor-
monic value. This theory does not explain why iodine does not
have a similar action in normals, but concerning that anothes
finding of Rawson’s was that thyroids from patients with thyro-
toxic Graves’s disease inactivate more thyrotropin than normals,
A change in end-organ sensitivity to thyrotropin may be at the
battom of the matter.

So specific to Graves’s disease is the fodine response that in
earlier days we used it as a diagnostic test. Now with the newer
diagnostic measures available, this seldom fs necessary.

In of th fcosi days we seldom use jodine
alone, but we do use it in bi with an aotithyroid drug.
in the preparation of thyrotoxic patients for operation,

Antithyroid Drugs. As 1 have already indicated, these fall into
at least two categories, those which black the iodine-trapping
mechanism, and those which block the synthetic process. The
former are the thiocyanate jons and perchlorate, and the latter
thiourea and its analogues, and some other substances with sim-
ilar action,

Diagnostically these drugs may be used, as in the case of the
cretins cited previously, to determine the location of a defect in
the assembly line of hormone biosynthesis,

‘When 1t comes to therapeutics it may be said that, thus far,
sulfocyanate does not appear to be of great importance. It might,
to be sure, be used m controlling thyratoxicosis, as suggested by
Chapman before the advent of the thioureas, but it is inferior to
the latter for that purpose. However, perchlorate has been suc-
cessfully used in controlling Graves's disease, thus far without
untoward effects, and with an eficiency comparable to the thiou-
rea derivatives.’?

The thiourea analogues, of course, have made a great stir in




HOBMONES, DRUGS, AND RADIATIONS 55

the treatment of thyrotoxicosis, especfally that of Graves's dmease.
“They have also been used to produce hypothroidism as
for certain forms of cardiae insufficiency. A huge amount of phar
macologic work has been done on these drugs wath a view to
improveraent in the molecule with respect to greater antithyroid
action and at the same time lessened tendency to produce toxic
side effects. Tt hay been, one might say, & process of phammace-
logie streamlining, It is not my intention here to discuss the rela-
tive merits of the several drugs that have been tried. Y am at
present only concemed with the question, what have these drugs
in general to offer in the treatment of thyroid diseases? In actual
thyroid diseases, besides for thyrotowicosis, they have been tried,
so far as ¥ know, oxly in the trentment of thyroiditis, and it is my
belief that for the latter purpose they really offer nothing. They
also are used to produce hypo!hytmdxsm when it is thought that
hypothyreidism may be benef

They are wsed wxde]y as deBnitive therapy in Graves's disease,
and ta a lesser estent in toxic adenomatous goiter, For the latter
they ase certainly inferior to surgical thyroidectomy, As definitive
treatment in Graves’s disease 1 personally do not ke them as
well as either radicactive fodine or surgical thyroidectomy, To
getp ion of thyrototicosis in CGraves's disease one
must ssuzlly continue the admuistration of these drugs without
interruption for at Jeast a yeas, and even then one often fails
one’s ebective. Surgical thyroid tissue
and ratheactive joduwie destroys it 1w sy, but the antithyvoid
drugs merely hold it in Functionsl abeyance, To be sure, if such
cantsol 15 exerted Jong enough, the disease may go into spontans-
ous remission daring the period of treatment,

RADIATIONS

Radhiations are used in cases of thyroid disease, both in diag-
nosis and m treztment. In treatment they are used, both x-ray and
radivactive isotopes, for the purpose of destraymg thyroid tissue
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either hyperplastic or neoplastic. Radium itself has been so used,
but very infrequently, and hardly at all at present, so U will not
say more about it. X-ray in treatment is hardly ever used nowa-
days in thyrotosicosis, and in cancer it is only used in those cases
in which ail the malignant tissue cannot be removed and will not
take up jodine.

In dxagnosxs x-ray is used to delineate goiters and d

This use is farmbar enough, and needs no further

Radioactive isotopes, chiefly of fodine, are used as

tracers to see where they go and the extent of their uptake. In

addition to iodine, other isotopes may be used as tracers, Rawson
has labeled thyrotropin with sulfur.

Rodicactive Iodine. Radioactive jodine, chiefly I8, has been
extensively used in experimental work, notably by Hertz, Raw-
son, Chaikoff, LeBlond, Keating, Skanse, Dobyns, Stanbury, and
others. T have touched upon some of this in the preceding Jecture.
1 will not go further with 1t at present, instead let us consider the
diagnostic situation.

Briefly the tracer situation can be said to resolve itself as fol-
Jows: (1) the determination by direct ing of uptake by the
thyroid gland itself or by distant thyroid tissue; (2) excretion —
caleulation of thyroid uptake by duference; (3) concentration
and partition in the blood; (4) cytologic localization of fodine in
the thyroid gland, or autoradiography.

The determination of total aptake of radioiodine by the thyroid
is useful diagnostically, chiefly in ruling hyper- or hypothyroidism
in or out. It is highly instructive to compare 1t with simultaneous
determinations of the level of pratem-bound {odmne in the blood

and basal bohe rate. In sg icosis all three
values are elevated, In thyrotoxicosis factitia the basal metabole
rate and protein-bound 10dme are el d. Uptake of radioac-
tive iodine is depressed Tbe reasons for this were discussed in
the preceding lecture, In p ) Y the basal boli

1 ‘-‘bu!,,"‘* d jodine and radioacti

rate may be
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iodme uptake would not be. The explanahon here is that the
tabolism is due to ndrenalin, not to tk

ln vivo, localized regional ing is particularly valuable in
determining the functional activity of Lh)'rmd nodules as compared
with the remaming extranodular znd thyroid tissue, Some nodules
can be shown to collect more radioactivity than istranodular tis-
sue, some less. In some cases there is litle difference between
them. We have dropped into the habit of calling those nodules
which take up jodme briskly, “hot nodules”; those which do not
we call “cold nodules” There are, to be sure, a cerfain number
of lukewarm nodules, Information of this character is diaguos-
tieally wseful becavse there is a relatively high percentage of
cancer 1 single nodules {18 percent of all sigle nodules in our
series}, Smgle nodules are the easiest to scan duwectionally. Cas-
cers take up less 1odine than extranodular tissue. If a hot nodule
is found, one can assume that the chance of its beng malignant
is neghgible. On the other hand, the fiading that a nodule is
cold raises an imp bility of maligs . With such
knowledge w advance the suxgeon is better prepared to deal with
malignancy if he finds it. He starts his operation ready to do a
radical resection if mdicated.

In older patients with heart dusease the finding of a hot nodule
suggests @ hyperthyroid etiolagy, and raises the possibility of very
marked relxef by thymx&ectomy

graphy locates function and correlates it with struc-
ture Weare ge\t;ng new concepts of the sxgmﬁcance of eytologic
pictures. For ple, certain hyperpl are func-

tionless whle others with minmmal hyperplasia may function ac-
tively Many tumors which are forming colleid ate not necessanly
turmng over wdme. Just because collord 1s seen does not mesn
that the tumor can take up fodine. In this connection one is re-
minded of the divorce of jodinating action of iodme and its
involuting action 1 Graves’s disease which 1 mentioned earher.

Treatment of Graves's dwerse by means of radivactive iodine
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has been under study in our clinic for ten years, In Hertz's orig-
inal series there were 29 cases. Naturally in the beginning con-
servative dosage of radiation was employed with the result that
in some of the cases control of thyrotoxicosis was incomplete and
surgical thyraidectomy was performed later. Since 1943 Earle M.
Chap has had the assig and under his observations 815
patients with Graves's disease and 10 with toxic nedular goiter
have been treated, OF these only four have subsequently required
surgery. Fifteen have been overtreated and required thyroid ther-
apy. In three of them hypothyroidism was purposely produced
because of accompanying heart disease.

Of the four patients that were operated on, the case of one was
particularly instructive. This patient had Graves's disease, but
with two incidental nodules. One of these was biopsted and found
to be benign. Therefore the patient was treated with radioactive
iodine, which relieved her thyrotoxicosis. However, the remaining
nodule, Jeft in situ, persisted and caused some worry, It was
accordingly removed and turned out to be carcinomatous. There
was no way of knowing whether the irradiation had anything to
do with1its b g malignant, It is believed that the surgical
resection removed all the mahignant tissue.

This case caused us to establish the policy of not treating nodu-
lar goiters with radioactive jodme,

Another worry was over the case of a patient from New Bruns-
wick. She was treated with radioactive iodine for Graves's disease
five years ago. Very recently we were informed that she had died
of malignant disease believed primary in her thyroid and with
multiple bone metastases. Some sections of both thyroid and
bone lesions were sent to us, and our pathologists were quite
certain that the case was one of multiple myeloma — not of thy-
rogenic cancer. i

A third patient treated for Graves’s disease with radioactive
sodine died of widespread bronchogenic cancer with one small
metastasis in the thyroid, but no patient m the whole series, so
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far as we know, has developed primary cancer of the thyroid.
The Iate biopsies which have been performed show fibrosis and
regenerative hyperplasia. In some areas bizame nuclear changes
were seen but no unequivocal evidence or malig

Stall we are worried about the possibility of producing eancer,
and only untd more years elapse and more patients are treated
shall we feel that this ghost has been laid permanently.

A t g th ic use of radisactive jodume
is in the treatment of certain cancers of the thyreid. Of course in
any type of thyroid cancer, as with any other cancer, the jodica-
tion is to remove alf malignant tissue swgically if that is possible.
When it is not possible, radioactive iodme can be used if the
tumor will take up, or can be induced to take up, iodine. When
no fodme uptake can be developed, then x-ray therapy £s all that
semains. Destruction of malignaut thyvoid tissue by radiviodine
is to be preferred to x-ry, being more selective.

Oue would ke to think that the I3 effect can be pin-poiated
an the target to a far greater extent than with x-ray, The destruc-
tion to tumor would therefore be maamal, and injury to other
tssues minimal, At present we fall far short of our wishes, be-
cause there are wide variations m the concentration density of the
wolope even within the same Mmetastasis, leaving gaps of tumor
tissue which cannot be bridged by the beta ray of the Y13,

The plan of attack developed by Cope and Dobyns of ovr
clinic is as follows: A tracer dose of madioactive jodine is always
gven preoperatively, If cancer js d, its sod lect:
g capacity s determined by autoradiography of the excised tis-
sue ot by digeshion of this and counting thereafter If cancer
tssue eannot be completely removed, then all pormal thyroid
Ussue 1s removed, A gamma-ray counter can be used at the op-
eration fn the search for thyroid tissue. AR tissue showing an
uptake 15 removed The veason for this tache 13 to place the bux-
den of thyroid-hormone production entixely on the remaining
cancer. Such a maneuver may induee it to take up iodine, That
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is to say, a nonfunctioning cancer may be converted into a func-
tioning onc. If this can be accomplished, radioiodine therapy may
be employed with some hope of success. An example of this
is shown in Fig. 8.

Our best results have been obtained in cases of the follicular
type of adenocarcinoma, particularly distant metastatic lesions.
In only 2 minority of papillary carcinomas can an iodine uptake
be developed. Undifferentiated cancers seldom develop an iodie
uptake, or at Jeast kill the patient before an uptake can be de-
veloped.

Since 1946 we have studied about 120 thyroid cancers with
1132, A handful of these with well-differentiated tumors have
shown sufficient concentrating capacity for the isotope to give
any promise of benefit. The most impressive effects are in the
bone lesions, and one patient, Mrs. D., has shown complete clear-
ing of multiple pulmonary metastases The bone lesions may re-
main, but stop growing, and the patients may become asympto-
matic.

I will mention three other cases very briefly and then have
done.

Mrs. M., with follicular adenocarcinoma of the thyroid, had 2
metatastasis to the humerus, with a pathologic fracture, and an-
other in her ilium with limitation of motion in her leg After
radioactive-iodine treatment the arm has healed, and she has
regained good function of her leg.

Mr. B had a total thyroidectomy for cancer i 1946, He had
metastatic disease in his spine with collapsed vertebrae and much
pain. He is asymptomatic today with his cancer held in abeyance
by radioactive jodine and his spine splinted by a successful bone

aft.
ngrs. S.’s presenting symptomatology was pain in her right hip
and buttock which caused 2 significant impediment to walking.
By x-ray a destructive lesion of the bony pelvis was found and by
biopsy it proved to be of thyroid origin. A parent lesion was
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In conclusion I may say that what I have outlined are the chief
measures we have today for controlling or modifying the activity
of the thyroid gland within the body. Always it should be under-
stood that such control is exercised exclusively for the good of the
patient as a whole. Neither the thyroid nor any other organ is a
therapeutic objective in itself. We may expect, as in any field,
that if we engage in research, our methods of control will con-

t be modified and improved.




4 Clues to the etiology
of Graves’s disease

Though hyperthyroxdism is usually present at some stage of
Graves's disease this 1s not to be regarded as a relatively simple
endacrinopathy Iike primary athyreosis or Gull’s disease; it is a
widespread and complex constitutional disorder involving, be-
sides the thyroid, other endocrine glands, the tissues of the orbit,
the spleen, the thymus, and the lymphatic, reticuloendothelial,
hemopoietic, muscular, niervous, and very likely other bodily sys-
tems,

The etiology of Graves's disease is a challenging subject for
inquiry, and, particularly as regards its ocular mamfestations, its
treatment presents an urgent problem for the clmician. 1 cannot
offer any solutions, I can merely make surmises and indicate ap-
proaches already being used and clues which it may be profitable
to follow in the future,

In Gull's disease the primacy of the thyroid gland, f we may
use that term in a negative sense, is indisputable The gland has
undergone atrophy or been destroyed, and all the mamifestations
of the disease may be interpreted as the result, dwrect or indirect,
of lack of thyroid hormone throughout the body. One cannot with
equal confidence assert that Graves’s disease is essentially the op-
posite. The pnmacy of the thyroid gland in Graves’s disease has
never been conclusively established.

If we wish to see simple hyperthyroidism we can feed thyroid
gland to normal people, or we can find 1t occurring naturally in
cases of ing thyroid ad As a background to our
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inquiry into the nature of Graves's disease, it may be well to ex-
amine this seemingly simpler disturbance.

TOXIC ADENOMA OF THE THYROID

The late Henry S. Plummer,! of the Mayo Clinic, was chiefly
responsible for distinguishing between toxic adenoma of the thy-
roid and Graves’s disease, or exophthalmic goiter, as he preferred
to call it, and for regarding them as of different origin. For masy
years I doubted the validity of this distinction, I never denied the
existence of toxic adenoma; indeed, I admitted that, since there
were plenty of instances of oversecreting tumors in other e
docrine glands, it was reasonable to expect them in the thyroid.
However, I failed to discover, in my clinic, cases which on clin-
ical grounds I could confidently call Plummer's disease rather
than Graves's disease. The thyrotoxic patients with nodules in
their thyraid glands T took to be cases of Graves’s disease with
goiters which happened to be nodular.

The advent of radioactive jodine has entirely changed this in-
terpretation We have proved with this agent that true oversecret-
ing tumors may oceur i the thyroid, and that the hyperthyroid-
ism they produce is etiologically distinct from that of Graves's
disease. The tumor alone oversecretes in Plummer's disease, the
whole gland in Graves’s disease

It is highly probable that the activities of all tissues, except
true neoplasms, are under either nervous or humoral control, or
both, Neoplasms are almost certainly not under nervous control,
and it seems likely that they have also largely escaped from
humoral control.

Investigation of Function The function of thyroid adenomata
can be studied by giving the patient tracer doses of radioactive
iodine, It is well estabhished now by extensive investigations on
animals that the uptake of labeled iodine by the thyroid gland
is a dependable index of the rate of secretory activity of the thy-
roid cells. Uptake after administration of tracer doses can be
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determined in at least three ways: scanning over the region of the
thyroid with an externally applied gamma-ray detector is the most
direct way; excision of thyroid tissue and the making of auto-
radiograms with tissue slices is another; and a third, indirect,
method is to determine what proportion of the admmnistered dose
of radioactivity is excreted in the urine, and then to assume that
the remainder has been retained for the most part by the thyroid
gland. Still another method is that of Seed, who determines the
“conversion ratio,” or the rate at which the gland can remove a
tracer of radioactive iodide from the blood and return it to the
blood in protein-bound form.

When one applies these methods to the study of thyroid tu-
mors, the results range from that in which a tumor takes up no
iodine, and hence is to be regarded as totally inactive, to one in
which a tumor takes up iodine with great avidity and the re-
mainder of the thyroid takes up little or none.

Malignaney. In the thyroid gland, as in most other tissues, both
benign and malignant tumors may be found. Whether the malig-
pant tumors only originate in the benign or may arise de novo
from previously normal tissue is unknown. There is plenty of
evidence that benign thyroid tumors may ultimately become
malignant, But it is also apparent that malignant tumors usually
secrete only slightly, if at 2ll, whereas benign ones may secrete
enough to produce hyperthyroidism, and when they have done
so the possibihity of their becoming also malignant is remote,
Indeed, 1t 15 extremely rare to find cancer in the thyroid gland of
any thyrotoxic persops, whether the source of their hyperthyroid-
ism is a tumor or the diffuse hyperplasia of Graves's disease, For
many years we idered hyperthyroidism a good
agawnst thyroid cancer Recently we have found histologically
malignant nodules buried 1n the hyperplastic thyroids in several
cases of Graves's disease; none of them formed metastases, and
what might have happened to them had they remamed in situ
canuot be said. In spite of this experience we still beheve that,
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Tig. 4. Lafe history of secreting thyroid adenoma (“hot” nodule). The
upper Tow of cicles represents the anteror lobe of the putuitary glond,
lnl:]anstlyty of stippling and width of arrows indicate the degree of thyrotropic
actvity,

The lower row of circles, enlarging from left to right, denotes the growth
of the tumor m the thyroid gland, intensity of stppling denotes functional
activity disclosed by uptake of radioactive 1odine, Arrows, by their thick-
ness, indicate contnibution of thyroid hormone by both the tumor and the
semaindes of the thyrod gland. A

to a large extent, hyperplasia and malig plasia are mutu-

ally exclusive. The significance of this relation is not yet apparent,
but 1t may later become so. It is worth bearing in mind.

Life History of Adenoma The life history of the oversecreting
thyroid nodule has been well worked out in our clinic with radio-
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active iodine. The mmportant phases are shown diagrammatically
in Fig 4. Here is portrayed an adenoma which produces thyroid
hormone from its birth onward. In the beginning it is very small
and its contnibution of hormone is wsignificant compared with
that of the rest of the gland, The thyroid gland, as the diagram
shows, is under pitwitary control, making just enough total hor-
mone to maintain the patient mn a euthyroid state. However, the
tumor grows out of control and, as 1t does so, contributes more
and more hormone in simple relation to the total volume of its
parenchyma, The pitwitary gland, we suspect (it has not been
proved), in these circumstances restricts its output of thyroid-
stmulating hormone so that as the tumor produces more and
more hormone, the remainder of the thyroid, in compensation,
makes less and less, Finally, as the tumor grows, the time comes
when 1t alone makes enough thyroid hormone to keep the patient
in a enthyroid state. At this pownt, we suspect, on the basis of
what is actually known of pitwtary-thyroid balance, that the
pituitary gland ceases altogether to produce thyroid-stimulating
hormone, and the normal thyroid parenchyma consequently be-
comes atrophic and functionless However, the process does not
stop here. The tumor, being ont of control, contmues to grow and
make even greater quantities of thyroid hormone The patient
therefore at last becomes thyrotoxic and enters a stage in which
he can be truly said to have a toxic adenoma of the thyroid.

This diagrammatic simplification (Fig. 4) is based not only on
collections of radioiodine by the thyroid and basal metabolic rates
but also on measurements of the mean acinar cell height of the
thyroid parenchyma. The extensive studies of Rawson and Starr?
have demonstrated a close relation between the height of thyroid
cells and thewr functional activity. Dobyns and Lennon® have
shown that the same holds true, usually but not always, for the
epithelium of thyroid tumors, In Fig 4 I have therefore mdicated
cell heights as well as function estimated from jodine collections.
The height of the tumor cells, 1t will be seen, is above that of the
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normal cells from the beginning and remains fixed at this high
level, whereas that of the normal cells steadily declines as the
tumor takes over and the pituitary gland restricts its output of
thyrotropic hormone.

The situation in Graves's disease is altogether different. Here
we have no evidence that the thyroid parenchyma escapes from
hormonic cortrol. Unless, perchance, the sensitivity of thyroid
cells as end-organs is altered, which is possible but not proved,
we may assume that the thyroid abnormality in Graves's disease
lies in the control of the thyroid gland rather than in the gland
itself,

Pituitary-thyroid Axis. Salter* referred to the pituitary-thyroid
relation as the pitmtary-thyroid axis, and this is a convenient term
to use. The pituitary gland makes a hormone that stimulates the
thyroid gland to make its hormone, which in turn inhibits the
pmumry glnnd It may be regarded as, within limits, an auto-
matic p ism, As [ ive the situation in toxic
adenoma of the thyroid, it is one in which the axis functions ably
to preserve the eutbyroid state of the patient until the limit of
its ability to effect an adjustment is reached. Ounly at tlns pomt
does the patient become t} ic. In the tk of
Graves's disease, on the other hand, I regard the axis as out of
kilter from the begimning or as receiving a morbid signal from
the hypothalamus,

In Fig. 5 Thave indicated these relations, Here we have paral-
Iel increases in iodine uptake, thyroid size, cell height, and basal
metabolic rate, All these may be due to increased thyrotropic
activity of the pituitary gland, or possibly to increased sensitivity
of the thyroid target to its pitwtary stmulator. If the latter were
the case one would expect compensation for a time until it
reached its lmmit. Whether such compensation occurs needs de-
termining. An approach seems to be to discover what really is
the normal lus to the tk ic function of the pituitary
gland. Is it the absolute level of thyrmd hormone in the blood,
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the basal metabolic rate of the patient, or what? The answer to
this question may provide a clue to the etiology of Graves's ds-
ease,

Results Obtained with Radioiodine. In Fig. 5 I have also
indicated one of the reasons for my skepticism, before the days
of radiojodine, about the existence of toxic thyroid adenoma.
Graves's disease may oceur in persons with nonsecretmg nodules
in their thyroids; this condition would be correctly called, de-
scriptively, toxic nodular goiter, but it is really Graves’s disease
with incidental thyroid nodule or nodules, neoplastic or other.
Before radioiodine came along, such situations made for con-
fusion; now by its use we can very easily separate secreting from
nonsecreting nodules and thus understand the morbid process
more accurately. In our clinic we call secreting nodules “hot” and
nosecretmg podules “cold,” and for convenience I shall use that
terminology from here on.

The sort of thing one finds on scanning the neck with the direc-
tional gamma-ray detector after a tracer dose of radwiodine, in
the several conditions I have been talking about, is shown in Fig.
6. The curcles indicate the location of the aperture of the counter,
and the numerals indicate the number of detected nuclear disin-
tegrations per minute observed in those areas. When the normal
value is 200400 counts per minute, the value in Graves’s disease
may be 10-20 times as high. The number of counts partly de-
pends on the thickness of thyroid tissue just beneath the counter.
Therefore in mnterpreting results one must give some weight to
anatomy.

The upper left-hand diagram shows what one might find over
2 normal thyroid gland, and the diagram nest to 1t the sort of
result found with the diffusely hyperplastic gland in Graves’s dis-
ease. The third diagram shows the thyroid gland in Graves's dis-
ease with an incidental nodule. The nodule here, the masses of
tissue involved being taken into consideration, does not take up
2 significantly greater amaunt of iodime than does the rest of the
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parenchyma. It is a relatively cold nodule, or certainly not more
than a lukewarm one. The fourth and fifth diagrams show typical
examples of hot and cold nodules in otherwise normal thyraids.
The hot nodule, though located at an upper pole where counts
tend normally to be low, gives a significantly higher value than
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NORMAL GRAVES™ GRAVES' WITH
INCIDENTAL  NODULE
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Fig 6. Results of scanmng of the neck with a directional gamma-ray
counter afterjn :ﬂcer dose of xadloxodme) ‘The numbers mdicate counts per
ot upuiGE 25 < S R R MK TP SR Y SR

does the remaining parenchyma, whereas the cold nodule, though
a large mass of tissue, gives a lower value than any area except
the night upper pole, where a low value would be expected.
Dobyns, Skanse, and Maloof® have used the ratio of iodine
collection by nodules to collection by extranodular thyroid tissue
to distinguish betw ing and ing lesions, Any
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value for this ratio abave 2 they regard as denoting an oversecret:
ing nodule.

Relation of Iodine Collection to P hymal Cell Height. This
is of interest both in plastic and in neoplastic tissue, As
I mentioned earlier, we had concluded, on the work of Rawson
and Starr,? that cell height is a good index of thyroid activity.
Increase in cell height denoted cellular hypertrophy, and hyper:
trophy was an pani of ov jon. This conclusi
is probably justified so far as lastic tissue is

E ]

but Dobyns, Skanse, and Maloof 8 ha:e measured the heights of

q

NUMBER OF CELLS

Op tog 208

Fig. 7. Frequency curves of thyroidcell heigbts in (a) normals, (b)
Graves's disease, (¢} oversecreting adenoma (“hot” nodule), (d) under-
secreting adepoma {“cold” nodule), and (e) adenocarcmoma. (After
Dobyns.}

the epithelial cells of thyroid tumors and find some departures
from the rule governing nonneoplastic tissue. In brief, they find
in some tumors cells which are high but inactive, In an effort to
solve this riddle they studied not only mean cell height but also
distribution curves of cell height. The gist of their findings,
smoothed a bit, is shown in Fig 7. Here we have frequency
curves of thyroid acinar cell height similar to those of Price Jones
on erythrocyte diameter: (a) in normal thyroids, (b) in Graves's
disease, (c) in an ing thyroid ad (hot nodule},
(d) in an d ing or ing ad and (e) in
an adenocarcinoma of the thyroid.
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1t appears from these curves that relative uniformity m cell
height is characteristic of normal and of nonneoplastic hyperplas-
tic tissue. Increasing variability in cell height marks the transition
from normal or simple hyperplastic tissue to neoplastic tissue, and
the cells of secreting neoplastic tissue vary less in height than
those of nonsecreting neoplastic tissue.

CRAVES'S DISEASE

Ophthalmopathy. One of the most amazing mamfestations of
Graves’s disease 15 the ophthalmopathy, what on earth can it have
to do with the thyroid? There are syndromes due to oversecretion
by other nonneaplastic endocrme glands — adrenal cortex, para-
thyroid, gonad, etc, — but none of these, so far as I know, in-
cludes anything as bizarre or app lated to the £
of the primanly involved endocrine gland as is the ophthalmo-
pathy of Graves’s disease. I always react vigorously when the eye
signs are enumerated among the signs of thyrotoxicosis. They are
not signs of thyrotoxicosis, because they may progress when the
patient is m a hypothyroid phase. I think the most reasonable
position to take is that ophthalmopathy and tk are
both manifestations of Gravess disease, but that one is in no
sense the result of the other. Either may be lacking at some stage
of the disease in any given case.

Since exophthal was first produced by injections of an-
terior-pituitary extracts, it has generally been believed that an
excessive production of thyrotropic hormone plays some mmpor-
tant roIe in its pathogenes:s But, if this is true, how is it that

t thy and thy is in Graves’s disease can vary
mdependently, or at least in nonparallel fashion? This dilemma
brings to mind the question of end-organ sensitivity, and perhaps
also of chalones which might antagonize the action of thyrotropic
hommone. The only proved end-organ of thyrotropic hormone, so
far as I know, is the thyroid parenchyma. If the tissues of the
orbit are also speaific end- -organs for this hormone, it seems a
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remarkable relation, The growth hormone, and perhaps the
diabetogenic hormone and fat-mobilizing hormone, act on non-
endocrine targets, but otherwise the tropic hormones of the
pituitary gland act, seemingly, only on other endocrine glands.

The work of Rawson and Starr? on thyrotropic hormone in-
dicates that its first action on the thyroid gland is to accelerate
the release of thyroid hormone. In serving this function it be-
comes physiologically inactivated, but by treatment with mild
reducing agents its actinity can be restored. As regards the in-
actwvation of thyrotropic hormone, Rawson and Starr also made
two other discoveries which may be of deep significance: (1) the
thyroid glands of patients with Graves’s disease can inactivate
more thyrotropic hormone than can those of normal people, and
(2) besides the thyroid gland, lymph-node tissue and thymus
gland can likewise inactivate thyrotroptc hormone.

Warthin® attached great importance to the involvement of
lymphoid tissue in Graves’s disease. He claimed that it consti-
tuted the most striking feature of the histopathology of the dis-
ease, and he looked on it as an expression of a constitutional state
of the thymicolymphatic type which he called the “Graves’s con-
stitution.” Unless one were born with this, so Warthn claimed,
one would never get exophthalmic gojter. I am not prepared to
accept Warthin's contentions unreservedly, but I am to some de-
gree in sympathy with them. There can be small doubt that
inheritance plays some role in Graves's disease; also it is rmpres-
sive that lymphoid high lights keep appearing, first in one place
and then in another, in the over-all prcture

When Rawson and Starr found that Jymph-node tissue, as well
as thyroid and thymus tissue, would inactivate thyrotropic bor-
mone, I at once thought of Warthin’s old theory I also recalled
that in the ophthalmopathy of Graves’s disease the ocular muscles
are invaded by lymphocytes — indeed, actual lymphorrhages may
be found in them All these facts concerning lymphatic tissue in
Graves's disease must be related and must have some significance,
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but what it may be I cannot tell. Perhaps, however, ‘Warthin was
right, and here may lie one clue, at least, to the enigma of
Graves’s disease. Certainly the lymphatic component deserves fur-
ther and vigorous study, and so does the muscular component.
It is well known that some patients present a myopathy not
merely in the orbit but also throughout the entire skeletal muscu-
lar system, Instead of the orbits being selectively involved, it is
possible that the state of affairs there is merely a local exaggera-
tion of a widespread process, conditioned by local peculiarities.

In any event, in my own thinking, [ keep returning to the orbit.
I cannot escape a strang conviction that the solution to the prob-
lem it presents may solve that of the whole disease The produc-
tion of exophthalmos in animals with pituitary extracts seems a
very important clue, but 1t is disconcerting (1) that none of the
preparations of thyrotropic hormone thus far used are completely
pure, whlcb fact ]eaves open the possibulity of their containing an

ather than th pic hor-
mone, and (2) that, so far as I can discover, Graves’s disease
does not occur in animals, which fact leaves open the possibility
that the exophthalmos produced in them duffers in pathogenesis
from that of Graves's disease in man,

In human Graves's disease there are two categones of eye
signs: (1) wide palpebral fissures, Iid retraction, and lid lag, due
to levator spasm, and (2) swelling of the orbital tissues, which
pushes the eyeballs forward and exudes round the globes, causing
swelling of the eyelids (Rundle and Pochin?). The characteristic
Imitation in the movement of the eyeballs 15 mterpreted as a re-
sult of weakness of the extrinsic muscles, which are the seat of a
myopathy, itself an essential part of the total Graves’s syndrome.
The morbid anatomy, in its gross features, is farly well known
"There is, as Rundle and Pochin clearly showed, an increase mn the
total fat in the orbit, There is also, at least in the severer stages,
an increase in orbital water content. The muscles dxsplay, in '.he

1is £ N ey
more malignant types, a p d and pathy.




76 LECTURES oN THE THYROID
They are invaded both by fat and by Iymphoxd elements What

we need now is some b 1 cy in-
formation about this amazing lesion.

It has seemed to me for some years that quantitative data on
intraorbital pressure and records of how it is affected by treat-
ment might be particularly illuminating, I was therefore delighted
to receive a monograph on clinical orbitonometry with the de-
scription of a successful orbitonometer from Dr. A. C. Copper® of
Leiden. I have since visited his Inbomtory Coppers instrument
permits the of the backward t of the
eyeball when any desired pressure is apphed to its antenor sur-
face. Such measurements, I am sure, can be accepted as indices
of intraorbital p Copper’s orbi is at the same
time an excellent exophthalmometer, that is, it can be used to
measure the exact position of the eyeball in relation to the line
connecting the outer bony angles of the two orbits. One measures
simultaneously the intraorbital pressure and the degree of prop-
tosis. The proptosis can be assumed to be the result of balance
between the forces which tend to push the eyeball out — that is,
increased orbital pressure due to swelling — and the forces which
tend to pull it back — that is, the tug exerted by the muscles.
Whatever the actual strength of these opposing forces, jt must
be assumed that, when the position of the eyeball, proptotic or
otherwise, is unchangng, these forces must be equal.

Copper reports orbitonometric data on nomnal people, and in
Graves’s disease and acromegaly. I quote from his conclusions as
follows:

“In thyrotoxicosis and classic Graves’s disease orbital tension
was either normal or increased An increase was more evident in
eight postoperative cases. The curves most likely suggest a state
of mild edema of the orbital tissues.

“In the hyperophthalmopathic type orbital tension was mark-
edly increased, hke in diffuse infiltration. One of the cases showed
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a progress to normal in the course of treatment with thyroid
extract,

“Both our clinical observations and the orbitonometry results

are in accord with Means's concept of a ‘spectrum of types or

phases within the clinical entity,” Orbitonometry assists in dif-

ferentiating the types and in diagnosing a possible prog to
hyperophthalmopathy.”

Copper here refers to my expressed belief that there is no such
thing as a type of mali hthal iologically distinet

g P
from Graves's disease. I was glad to find that he agreed with me.
1 believe Pochin does also,

Concentration of Thyrotropic Hormone. For the solution of the
eye problem of Graves’s disease and the larger one of the entire
morbid state, d of the jon of thy
hormones in body Buids is obviously indispensable.

Rawson and Starr? devised a fairly satisfactory method for
urine, making use of the effect of injected material on the height
of the thyroid cells in chicks. The very limited data which they
have obtained indicate that in thyrotoxic Graves’s disease there
is an i d jon of th pic m the inacti-
vated form,

De Robertis™ 1 observed the rapid accumulation of colloid
droplets in the apices of thyroid cells after the injection of thy-
Totropic hormone, and used this as 2 test for thyrotropic hormone,
finding a relation between the number of droplets and the
amount of hormone given. In the blood of four out of eight pa-
tents with Graves's disease they found an excess of thyrotropin.
Two of these exhibited the acular signs of the hyperophthalmo-
pathic type. Del Conte, using the same cytologic method, also
found normal levels of thyrotropin in hyperthyroidism, but in
two patients with malignant exophthalmos and hyperthyroidism
he found increased concentrations.

D'Angelo and Gordont* bave revived and improved the well-

P
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known amphibian-metamorphosis test, and believe that with it
they can estimate the concentration of both the thyrotropic and
the thyroid hormones in the serum. They get their tadpoles into 2
nonmetamorphosing state by starvation, and then inject them
intraperitoneally with the test fluid for example. Two observations
are then made: the effect on metamorphosis (growth of the ex-
tremities) and the effect on the tadpole’s thyroid gland. Thy-
rotropic hormone causes metamorphosis and hypertrophy of the
thyriod epithelium, thyroid hormone also causes metamorphosis
but it leads to atrophy of the thyroid epithelium. D'Angelo and
Gordon also found normal concentrations of thyrotropin in the
blood of patients with ordinary Graves's disease. In two out of
eight patients with prominent eye signs there was a modest in-
crease in the blood concentration, but, oddly enough, this increased
shghtly when desiceated thyroid was administered. Only a few
observations have been made, and it is at present daffcult to re-
solve the inconsistencies Much more spade work and perhaps
an easier and simpler method for blood thyrotropin needs to be
devised before the complex pattern of pituitary-thyroid relations
will emerge.

End-organ Sensitivity, Even though the evidence is scanty, we
may still be permitted to speculate on 1ts possible signift i3
the thyroid gland and the orbit were targets to the same tropic
hormone they would have to respond in parallel to the lovel of
tropic hormone in the blood, unless one or other undenwent a
change in end-organ sensitwity. One of the two might develop
a resistance to tropic hormone not displayed by the other. Thus
the thyroid gland could become inactive while the ophthal-
mopathy was becoming aggravated. But perhaps thyroid gland
and orbit are responding to different tropic hormones, the rates
of secretion of which may vary independently. To settle these
questions we need more information not only on blood titers of
hormones but also on sensitivity of end-organs. Rawson and Starr?
have contributed some information on the sensitivity of thyroid
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to thyrotzopic hormone; as 1 said before, they fnd that, in acting
on the thyroid ccll, thyrotrapic hormone becomes imactivated.
Further, the cells of thyroids remaved from patients with Graves's
disease inactivate more 1 pic 1 than do those of
notmal persons. No observations of this kind bave been made an
patients in the hyperophthalmopathic phase, because in such
cases we carefully refrain from thyroidectomy. However, what is
seally vitolly needed s information on the sensitivity of end-
argans to the thyroid bormone, and what agents determine it
Abnost na facts on these important matters have yet been ob-
tained, How actually does thyrod hotmone act on cells, and what
potentiates or inhibits such action? To these questions we hadly
need answers,

Thymus Gland, 1€ now we hold that Graves's discase is & wide-
spread and complicated jonal disordes, we may next in-
quire what other endocrine glands besides the pituitary and the
thyroid are importantly involved in its morbid mechanism, The
thymus is, btedly, but is that an endacrine gland? We know
natlung very defintte ahout the role of the thymus save that it 15
often somewhat enlarged in Graves's disease. Selwyn Taylor tells
me he has fed five patients with Graves's disease on fresh calves’
thymus and noted 2 falf in basal bolic rate and
fa symptoms, but the data are not sufficient to be conclusive,
Then there are the ancient claims of such surgeons as von Har-
berer and Halsted that thymectomy contributes some benofit. In
passing we may note that the thymus plays 2 part m the alarm
reachion of Selye; so tao does the adrenal cortex, which, moreover,
is a perfectly respectable endocrine gland. Therefore its rale in
Graves's disease may propesly next contern us

Adronal Corter. There s rapidly accumulating evidence of a
vitally smportant balonce between the thyroid glond and the
adrensl cartex The hormanes of each appear 1o protect agajnst
Wt effects of ovarproduction of the other. Thus Koelsche and
Ketdall 1? found that adrenocortical hormones exert a spating
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action against the negative nitrogen balance induced by thyrox-
ine, and G. W, Thom (persenal communication) has found that
rats made thy ic with thyroid h lose less body weight
and show less increase i heart weight if given adrenocostical
extract than do controls given thyroid hormone alone. Conversely,
Zondek? states that thyroidectomized animals survive total adren-
alectomy Jonger than do those possessing thyroids, and it is well
known clinically that p with hypofunction of the adrenal
cortex are far more sensitive to thyroid hormone than are normal
persons.

The opportunities nowadays for studying the interrelations of
the thyroid gland and the adrenal cortex are abundant, because
we have many tests for the functional activity of both these
organs, The thyroid gland can be tested, for example, by its
response to thyrotropic hormone, to iodine, and to antithyroid
drugs, and the effect of thyroid hormone on targets as expressed
by the basal metabolic rate. We can also measure the avidity of
the thyroid gland for 1odine by observing its uptake of radioactive
iodine. On the adrenal side, among other things, we can observe
the resp to the ad ticotropic hormone, and we can
identify steroids of adrenal origin m the urine.

1 have Jong been curious about the function of the adrenal
cortex in Graves's disease, and when, in 1945, the late Edwin J.
Kepler spent six months in my clmic, I induced him to apply his
water test of cortical function to patients with the thyrotoxicosis
of Graves’s disease He did this m a few cases, but the results
were equivocal. More recently the eosinophil bas made its entry
upon the adrenal stage as an index of cortical function. The
eosinophilic population of normal bloed is 160-300 per cubic
millimeter. When cortical function increases through the impact
of adrenocorticotropic hormone, there s a sharp fall in the eosig-
ophil count, One can give the hormone directly to man o animal,
or one can stimulate the pituitary to increase its output of the
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by giving adrenalin (epinephrine), If after the adminis-
tration of either adrenalin or ad ti pic hormone there
is no fall in the eosinophl count, the Tusion is that the cor-
tex is incapable of being stimulated.

Studies have been under way for some time on cortical function
in thyrotoxicosis and myxedema, and of the effect of treatment
m each, making use of the several methods of testing which I
have mentioned The results have for the most part been disap-
pomnting because the abnormalties disclosed have not been very
mpressive, Thus in a group of nine thyrotoxic patients the initial
eosinophil counts were normal. Three of these failed to show the
requisite 50-percent fall after epinephrine, but one of these was
49 percent. The daily excretion of 17 keto-steroids was lower than
normal on the average, but these failed to rise appreciably when
the euthyroid state was resumed. One patient had a positive
Wilder test before therapy and a normal test after. In short, no
entirely convmeing evidence of altered adrenal function or re-
sponsiveness ‘was obtained. This type of abservation, hawever,
does not necessanly show how the adrenal cortex is working,
because the altered metabolism, changing the rate of disposal of
adrenal-cortical secretion, may mask altered production rates or
effects of the hormone as measured by our present-day tech-
nigues.

Somewhat better evidence of altered cortical function was
found in a large group of myxedematous patients studied by
Statland and Lerman There was guite commonly a considerable
lowerng of the 17 keto-steroid excretion, These values tended
torise as the euthyroid state was restored. Although initial eosmo-
phl counts were higher than normal, the response to epinephrine
Was quite normal.

One 15 tempted to generalize that, when either adrenal cortex
or thyroid gland increases or decreases its functional achwity, the

other does Likewise in p ion The Add ian ch

h
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tically bas a low basal metabolic rate, and Thorn tells me that
he also has a slow uptake of radioactive jodine — another mani-
festation of lowered thyroid function. When Kendall's Compound
E is given to the Addisonian, his uptake of radioactive jodine
becomes normal ana his basal metabolic rate rises.

Avother jtem of Thorn's T regard as of extreme interest. In his
large series of Addisonians he finds a past history of Graves's
disease significantly more often than in any random series of
patients. I shall have to leave both thymus gland and adrenal
cortex at that, Certainly they deserve intensive study in refation
to Graves's disease from every possible angle.

Thyrotoxic Crisis. The thyrotoxic crisis, or thyroid stomn, also
deserves intensive study, This remarkable event in the course of
Graves's disease was formerly far mmmoner than it is today and
may be the “Open Sesame” to the conttndrum of Graves's disease.
The best guess that I can make about its significance js that it
may represent what we may call decompensated Graves's disease,
There is an acute fadure in the ability of the body to adjust to
the thyrotoxicosis; a breakdown occurs, with the fulminating
development of hyperthermia. I can see some analogy between it
and the hyperthermia of sunstroke. The opportunity to study
thyrotosic erisis but rarely presents itself, and when it does Is
apt to be lost, because so urgent is the patient’s sttuation that all
efforts are di d toward and i igation goes by
the board. I urge any of those who encounter such cases ta mo-
bilize all aid possible and obtain all the facts possible about the
levels of hormones and electrolytes in body fluids For example,
there is hardly any information about the vanations in the pro-
tein-bound iodine in the serum in the course of thyrotodcosis.
We would expect that this might rise sharply and concomitantly
with the crisis, but this is not pecessarily so, and many of the
features of th icosis might be explicable in terms of hypo-
adrepocortism, or perhaps in some other way.

Thyroidectomy. As regards primacy, or lack of primacy, of the
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thyroid gland in Graves's disease, the usual effectiveness of abla-
tion of that organ, whether by surgery, drug, or radtion, is in-
triguing Many years ago J. de J. Pemberton, of the Mayo Clinic,
remarked to me that the results of subtotal thyroxdectomy were
better than theoretically they should be. If the morbid cause is
left behind, why does not the disease invanably recur after opera-
tion? Sometumes it does, but more often 1t does not. Pemberton
suggested that a hormonic vicious circle has been set up in some
way in Graves’s disease and is broken by thyroidectomy, permit-
ting restoration of normal hormonic balance,

Heredity. The role of heredity is a high-prionty question, To
assess its importance we need the help of the geneticist, and 2
geneticist is already at work on the problem at University Col-
lege Hospital, Linnell and Greene, at the London County Coun-
@l Thyroid Clinic, have emphasized the importance of the genetic
approach to the etiology of thyrotoxicosis, and Bartels'® favors
the hypothes:s that Gravey's disease is a disturbance of balance in
the relations between the thyroid, the vegetative nervous system,
and the pituitary, which, if I understand him aright, is essentually
the theory that I hold, He further believes that in many cases the
disease must develop on the basis of an inhented defect, which
Be thinks may easonably be focated in the thyroid. Indeed, in
his opinion Graves's disease is “always due to a genotypic disposi-
tion™

Epidemiology. Another clue may lie, I believe, in the fact that
Graves's disease, at times, is epidemic. In his last paper on the
Danish epidemic Menlengracht!® indicates that the spot map of
cases bears a striking bl to that of an infectious disease.
He does not £0 50 far as 1o conclude that Graves’s disease is in-
fectious, but he does submit that here is a resemblance which
Tequires explanation T agree on this last point, but I cannot yet
bring myself to behieve that infection is a causal factor m Graves's
disease. Tt has o other characters that I am aware of that suggest
an infections origin,
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CONCLUSION

I surmise that Gravess disease is somewhat analogous to the
adaptation syndrome of Selye'? except that it is pathological
Perhaps tentatively we might call it a “maladaptation syndrome”
and look on it as a type of response that persons of certain con-
stitutional pattern make when they encounter certain adverse
circumstances in living.



5 The need for iodine

It may be stated as absolute truth that neither man nor any of
his fellow creatures who possess thyroid glands, nor perhaps
others, for all I know, are able to live out their normal Iife span
in the total absence of iodine. This element they must receive
from their environments, but the amount they need is amazingly
small, This small quantity is needed by the body for just one
purpose, the completion of the biosynthesis of thyroid hormone.
Without jodine no physiologically active thyroid hormone can
be buit, and without thyroid hormone a normal life cannot be
Lived, When faced with a shortage of iodine, however, the body
can effect certain adaptations which permit great economy in
the use of this essential substance.

Let us start with cases, The portrait shown in Fig. 8 was kindly
given me by my friend, Dr. Elwood Sharp, Director of Research
of Parke, Davis & Company. It was taken by one of their people
in a field study in the Peruvian Andes. The subject of the portrait
15 2 denizen of that region, let us call him Francisco. He appears
to have something unusual in his neck, but since he has his hat
and shirt on, we may conclude that it does not prevent his getting
about a bit, nor judging by his facies is Tus general health or
equanimity disturbed in any way.

We need not belabor the question of what this mass is Ob-
viously it is an enormously enlarged thyroid, or, in common par-
Iance, a goiter, 1 can think of nothing that could even remotely
Tesemble 1t except Hodgkin's disease, and this lesion really bears
only a very superficial resemblance to Hodgkin's. The anatomic
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parts of the thyroid, though grossly swollen, are preserved and
easily discernible, The right Jateral lobe is the larger and is
divided in two, giving it a dumbbell shape. The left Jobe is more
nearly in one mass, and the so-called isthmus connecting the two
is plainly visible. In the picture I cannot detect the pyramidal
lobe, but that is hardly to be expected. Over the surface of the
mass there is easily to be seen a tracery of large veins, which sug-
gests that a great quantity of blood must be emerging from this
monstrous organ. One of the criteria by which one judges whether
any mass in the neck is thyroid, is that if so, it should rise durisg
the act of swallowing. But if Francisco could raise his by swallow-
ing, ¥ could only say, he is some swallower] Since so far as we
know he is still contentedly carrying it about with bim, we cas
but guess as to its weight. My guess would be 2 kilograms o
more — the weight of the normal thyroid gland being a mere 20~
80 grams. Surely it is as big as some newbom babies, and it
fooks as much like 2 baby as some modern sculptures look like
humas beings.

With that shut mouth of his, Francisco does not appear to be
having any difficulty in breathing, nor did the original colored
photograph indicate any degree of cyanosis. Yet because the
thyroid is attached to the trachea, one nught wonder why &
lesion of this character does not prod jon. The answer
is that it hangs downward and “outward in froat of the chest,
actually pulling away from the trachea instead of pressing upon
it and occluding it.

We can speculate with some confid about the
this goiter, because many like it have been examined. It is un-
doubtedly made up chiefly of salid nodules and cysts, both vary-
ing in size from the microscopic up to golf- or tennis-ball size.
The solid nodules will be of any (or all) of the common types of
beagn thyroid adenomata, Frobably there is no malignant tissue
in it. The cysts will contain material which in consistency may
run from thuck jelly or cheesey matersal to clear liquid, and may

of
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Fig 8 “Francisco”, endemic goiter from the Pornnsan Andes

(Courtesy of Dr Elwood A Sharp of Parke, Davis & Company,
Detrott, Michigan.)
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vary in color from pale watery to dark brown or black— the
tesult of old hemorrhage. Some of the cysts may be very thin
walled. There will be much coarse trabeculation with thick fibrous
tissue, and scattered throughout there will be islands of paren-
chymal tissue, micro- or macrofollicular, some with high columnar
epithelium resembling the hyperplastic thyroid tissue of Graves's
disease, The epithelium of the larger follicles and cysts will be
very low,

And so we come to the question of just what a goiter of this
type rep ‘What is its pathogenesis? We cannot answer this
Question without taking geography into consideration, This sub-
Ject of ours, Francisco — I cannot call him patient because he
has sought no medical advice — merely posed for a picture.
Actually he accosted our friend and asked for a match to light
his cigarette. The match was supplied in exchange for a snapst
Very likely the last thing Francisco would want to do would be
to part with his goiter. Many people are reluctant to part with
such features, They may be their chief or only claim to distine-
tion The point is, however, that where he comes from many
people have goiters. The condition is, in fact, as we say, endemic.

There are various endemic goiter regions in the world, and
their approximate location is shown in Fig. 9. A very low con-

tration of envi 1 jodine is ct istic of all of them,
and 1t i now very generally believed that therein lies the cause
of endemic goiter. It is the thyroid gland’s response to iodme
want. Other theories of the cause of endemic goiter have been
advanced, but it is noteworthy that at an international conference
on endemic goiter throughout the world, held at Mill Hill near
London under the auspices of the World Health Organization in
December 1952, no serious objection to the jodme-want theory
Wwas raised, My colleague, Dr. ], B. Stanbury, participated m this
conference and has given me a first-hand account of it.

The map shown in Fag. 9 was produced by the Chilean Jodine
Educational Bureau, Chile, being the source of much of the
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world's fodine, is eager to find markets for its product, whether
the purpose be goiter prophylaxis, rain-making, or other. The
black areas in this map are for the most part either mountainous
regions or old glaciated areas, these being the types of terrain
from which most of the iodine has been washed out and carried
through the rivers to the sea. The map, of course, although the
best available, is but a first approximation. For one thing it does
not indicate the severity of the endemic in any area, whether
severe, moderate, or mild, For another it does not indicate the
accuracy of data, For certain areas, for example, Switzerland, the
United States, Scandinavia, or New Zealand, there is very exact
information, while for certain remote regions the blackened areas
represent httle more than guesswork. Furthermore, the map is
not up to date, because in certain areas the endemics have been
largely eliminated by goiter prophylaxis, as in Switzerland and the
United States, for example.

The prevention of endemic goiter as far as the biological aspect
of the matter goes is very simple. In regions where the natural
iodine supply is below the needed minimum, artificial supply of
an adequate amount of jodine to all persons will in course of
time ensure a goiter-free community, I say in course of time,
because no amount of added iodine would make go away such
a goiter as Francisco’s, Although such a lesion is directly due
to sodine lack, the fact remams that when it attains a size and ap-
Pearance anywhere near approaching this one, 1t has long since
become an meversxble affair. Therefore the inauguration of a

b only p new gojters from being
formed in children and adclescents The only way by which the
pretwsting well-established goiters can be got rid of is by the
knife of the surgeon or the death of their possessors. I will specu-
late as to what determines irreversibility a little later when 1
descnibe the anatomical development of such lesions.

Various methods of admi g iodme m a goit hyl

P N
program so that everyone will recewe his proper quota hnve been
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tried. I think it fair to say that the use of jodized table salt is
now generally conceded to be the most effective. The quantity
of jodine {1:100,000 minimum) that need be added to table salt
is very small. I will return to that matter after 1 have considered
the metabolism of the element.

If endemic goiter is purely a difficiency disease — difficiency
of jodine — and I believe that to be the case, then it should be
possible to eliminate it throughout the whole world. It was i
the belief that this can be done that the World Health Organiza-
tion called the Mill Hill Conference, There are, however, great
difficulties, and they lie in the realm of education as to need, and
of distribution in backward or remote communities. It is not 3
simple problem, for example, to get iodized salt into all the in-
habitants of the ull country of Tibet, the jungles of Africs, of
the plateaus of central China.

Why should jodine lack produce a goiter of the size and char-
acter of Francisco’s? To answer this question we must first take
notice of how the body uses jodine in health. The metabolic cycle
is now fairly well known. In delineating 1t, both chemical methods
and the use of radioactive 1sotopes of iodne have been necessary.

Todme enters the body chiefly via the alimentary canal in food,
drink, or perchance as medicine, although small amounts may be
inspired and absorbed by the lungs. In the event that tincture of
iodine is painted on the skin, some iodme may be absorbed by
that route also. We need, however, concern ourselves with in-
gested iodine only, which is, under the circumstances of normal
Lving, the only channel of any importance.

Todine may enter orally as iodide, 10date, or fodinated amino
acids, in various stages of linkage. Pure thyroxine might be given
orally by a doctor, although there is little sense in that, or an
jodinated protein of some sort might enter as food.

Following digestion, iodine fs absorbed largely from the intes-
tines and reaches the plasma, regardless of its original state, as
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iodide. By diffusion iodide reaches all fluids of the body and
comes into equilibrium with the plasma.

There are several organs which continually rerove jodide from
the plasma, one which withdraws it for manufacturing purposes,
the thyroid gland, and several, chiefly the kidneys, which with-
draw it for excretory purposes. Besides the kidney, the salivary
and sweat glands excrete jodide. A small amount of hormonal
indine gets into the liver and is excreted in the bile and lost in
the feces, and a very small amount may appear in the urine. The
renal excretion is by far the most important of the excretory
pathways, and it may be correctly said that after jodide reaches
the plasma, the kidney and the thyroid gland come into compe-
titon for it. The thyroid must collect what it needs before the
ladney has thrown it out with the body’s other waste products.
In simple terms, then, such is the fate of inorganic iodine in the
body, either to be excreted by the kidney or collected by the thy-
roid. What leaves the kidney has left the body permanently, and
what is collected by the thyroid is synthesized into organic forms
of jodine, and leaves the thyroid only in amino acid combination.

The utihzation of jodine by the thyroid cells to make thyroid
hormone has been discussed in the second of this collection of
lectures. Suffice it to say here that the gland appears specifically
to trap such quantity of jodide from the blood which passes
through it, to make such quantity of hormone, as the body re-
Quires for its total metabolic economy. The steps in the process
briefly are, first, oxidation of iodide to fadine, next, jodination of
tyrosine to diiod ine, and finally, coupling of two diiodoty
rosmes to form a single molecule of thyroxine, Thus begins what
may be called the organic cycle of jodine in the body. Entering
the thyroid gland as fodide, fodine leaves the thyroid Iargely as
thyroxine. However, there is an inner cycle in the organic jodine
pathway Unique among endocrine glands, the thyroid is not only
a factory making its hormone, but also a warehouse which can
store the hormone.
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Let us now trace the rest of the organic cycle. Thyroxine when
fabricated by the thyroid cells is delivered to the follicular lumena
of the gland and stored there as thyroglobulin, As thyrosine is
needed, thyroglobulin is broken down and delivered to the blood
stream, ju which it probably travels bound to plasma proteins,
finally to reach its target cells, namely, all tissue cells of the body.

What happens when thyroxine reaches its target cell is not yet
Inown. It gains entry to the cell somehow, and presumably enters
into, or conditions in some way, the oxidative reactions or energy-
storing reactions of the cell. It now appears likely that in order to
accomplish this result it must first be converted to triisdothyro-
nine, and that it accomplishes its hormonal action in that form.
Further researches by cytochemists will be necessary to solve
these mysteries. It may be said in passing that recently a patient
at the Massachusetts General Hospital with complete myxedema
was given 100 micrograms of triiodothyronine daily for 14 days,
and made a calorigenic response quite like those commonly ob-
tained with 500 micrograms daily of thyrocine.

The hormone having served its purpose, its remuants become

bolites, calling for fon The iodine they contain is re-
duced to inorgame iodide, and is added to the general fodide
pool avaslable to the thyroid. Thus the thyroid has two possible
sources of iodide, that derived from the metabolism of thyroxine
and that newly received from external sources.

The body has learned to deal with fodine very economically.
‘The amount of thyroxine jodine which must be produced by the
thyroid to keep the average human in a euthyroid state is in the
neighborhood of 50 to 100 micrograms of hormonal jodine per
day (thyroxine is 60 percent 10dine) Because of the body's abulity
to reuse fodine, however, perfect health can be maintamed on
iodine intakes lower than that.

In most nongoiterous regions the daily ingestion of jodine is
far in excess of the minimum requirement. The average excretion
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of iodine, which may be assumed to approximate the intake, may
be, without 2dded jodide, in such places 85 the eastern seaboard
of the United States, between 100 and 200 milligrams Per day,
and when fodine is given 88 medicine, 2s it ysedtobetod greater
extent thon now, quite fantastically bigh excretions may be en
countered.

An intake of jodine, however, over and above the thyroid
gands proper peeds, has no effect o0 thyrotd functiod in the
normal subject. At any {evel of fodine supply above the minimum
requirement, the gland merely traps what it needs and lets the
rest go to the kidney for excretion, No increased output of thy-
roxine is caused, except in jodine starvation, Yy raising the intake
of iodine. The only effect of 2 large intake of jodine is that some-
tues i certain subjects jodine causes toxie reactions, generically
Yoown as lodism, Probably 2 allergic factor i concerned in the
production of these manifestations.

As iodine intake falls, no inconvenjente t0 the thymid gland
results untit a point I Jeached considerably below the rate of
output from the gland of thyrosine jodine, 4Q micrograms Per
haps. Below this point certain cOMPeNsatory adaptations have to
be made in order that the state of enthysoidism may be preserved.
And that brings us back to Francisco. In the segion he comes
from, fodine is a scatce element, and, judging by what has been
found in persons sesembling him, and similasly situated, we may
guess that his urinary output of fodine is not above 5 to 10 micro-
grams per day. It may e even less than that. He 15 suffennng from
a high degree of iodine starvation, but he isnt Jetting 1t bother
him much.

Why, however, does jodine starvation make Francisco's thyroid
swell up o something ke the size of 2 newbom baby? It was to
theow sore added light on this question (hat the Thyrosd Clime
of the Massachusetts General Hospital sentan expediton t0 study
the goiter endemic in the Andes of Argentina. T had for many
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years dreamed of making a goiter tour of the world, but a suff-
cient detonating stimulus did not arrive until a day in the fall of
1950, when a visitor to the clinic from Argentina, Dr. Hector
Perinetti, Professor of Surgery at Mendoza, pulled out of bis
pocket a sheaf of photographs showing a Jot of people closely
resembling Francisco. “We should send an expedition to Mendoza
to study these patients by modern methods,” said L. “God, whea
do we start,” said my young colleagues.

The upshot of this rencontre was that in the summer of 1951
Stanbury, Riggs, and B 1l — clinician, phar logist, and
Pphysicist — p ded to Mendoza, armed with Geiger counters,
radioiodine, and various other necessary gadgets, and joined
forces with Perinetti, Del Castillo, and Itofz to stady patients with
endemic goiter.

A preliminary veport of their findings has already been pub-
lished,? both in English and in Spanush, and the full and detailed
account is now in press? From the point of view of the
present discussion, one of the most important findings was that
the avidity of the thyrowd for fodine bears au inverse ratio to the
supply of iodme available to it. For example, the thyroid of 2
normal human in a nonendemic-gorter area will, when a standard
tracer dose of radioactive jodme is administered, pick up about
20-50 percent of it. In suck an area if more than 50 percent of
the tracer dose is collected by the thyroid, such a high rate of
collection would be interpreted as strong evidence that the sub-
jeet is thyrotoxie. However, 1t was found by the Andean goiter
expedition that in jodine-poor Mendoza persons with goiters re-
sembling Francisco’s would collect more than 50 percent of the
tracer dose and still show no evidence whatever of being thy-
rotoxic. They were euthyroid or occasionally even hypathymid.
1o other words, as the thyroid gland is progressively starved of
iodine, its ability to collect iodine progressively increases. And in
that fact lies part of the explanation of why, in an endemic-goiter
the size of the thyroid gland increases.

region,
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The total fodine content of the 20~30 milligram thyroid of a
normsl human subject living in an environment with adequate
supply of iodine is in the neighborhood of 5-20 milligrams. This
may be regarded as the iodme-storing cap of such a normal
gland. Should a great excess of jodine be administered to such a
subject, the iodme content of the thyroid would not rise. The total
iodine content of a goiter Jike Franciseo's, on the other hand,
despite its colossal size, is smaller than that of the 20-gram gland.
1t might be no more than 1 milligram, If one presents such a
goiterous gland with an abundanee of indine, 3t will collect it
furfously up to a total content of as much as 50 miltigrams or
more. Stringency of iodine has greatly enhanced its avidity for
fodine, and this adaptation is obviously related in some fashion
fo the greatly increased size of the gland,

The total mass of the thyroid gland, if we exclude stroma and
blaod and Hular flusd, is sep d into p h and
colloid — factory and warehouse, In a gland such a5 Franciseo's
there is a great increase m both t}xese camponents.

In deseribing the probabl f of Francisoo'
gaiter T predmted that one would find a considersble increase in
thyrod parenchyma, that is to say, hypertvophy of thyroid cells
and hyperplasa of the parenchymal tissue. It was shown many
yeats ago by Manne® that such is the first anatomical response
of the thyroid gland to iodine want, and, after all, when one
staps to think, it is gmite what might have been expected.

I like to draw au analogy to a smelting plant. The operator
of this plant is under contract to deliver refined metal at a certain
zate, He has a supply of high-grade ore, sufficiently large so that
his plant working to full capacity can produce the required metal,
Now let us suppose he s suddenly no longer able to abtain high-
grade ore, Under the new cixrcumstances only low-grade ore is
available to bim. What does he do? Either he fails to meet his
cantract or he takes steps to accomplish his objective despite the
declne i the quality of ore. One way to do this would be to
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increase the size of his plant, That seems to be what the thyroid
does when faced with a decline in its fodine resources. When an
adequate fodine supply is restored to such a hyperplastic glaod,
the thyroid cells th Ives may be exp ? to recede to a
normal status, and i with such exp ion is the clinical
fact that under jodine therapy early stages of endemic goiter are
indeed reversible.

Goiters such as Francisco’s, however, are not at all reversible,
and that is because included in their huge size is not only an in-
creased volume of parenchyma, but also a huge increase in the
amount of colloid material and the products of its degeneration
stored in the follicles. There 15 a warehouse problem as well as a
factory problem in goiters of this type.

The explanation of the colloid storage excess is not as evident,
to me, at least, as that of parenchymal hyperplasia, Under the
drive to extend the parenchyma when faced with 1odine want,
which no doubt is exerted through increased thyrotropic action
of the pituitary, the thyroid c¢lls presumably increase their out-
put of thyroid protein even when they cannot properly fodinate
it That results in a progressive stuffing of the follicular lumina
with colloid, and their getting bigger and ever bigger so long as
the individual remains in a state of iodine want. Such colloid,
because of its poverty of iodine, 15 useless as a source of hormone.
Apparently it stays permanently in the follicles, and, so to speak,
rots there. So far as I am aware, no agent has yet been found
that will mobilize it once it has piled up in this fashion. Proteo-
Iytic enzymes have been found in the thyroud, but they do not

TV an Tean

io(.iinc would ‘be that his extensive and jodme-hungry thyroid
parenchyma would seize upon 1t and convert 1t to thyroxine at
a rate far in excess of his body’s requirement of hormone, and thus
he would go into a state of hyperthyrosdism. This sort of seq
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of events, never seen in nonendemic-goiter regions, is what years
ago the Swiss called Tod-Basedow,

In order to obtain a somewhat more vivid impression of these
various relations and of jodine bolism I would
like now to make use of some diagrams which Riggs® has pre-
pared on the basis of observations made at Mendaza, and from
other sources. For his own purposes of mathematical analysis,
Riggs simphfied the iodine situation (I have still further sumpli-
fled it for my own purposes) by assuming that all the jodine in
the body falls into one of three compartments, namely, inorganic
iodide (the fodide pool), organic jodise in the thyroid gland,
and organic jodine in the blood and extratbyroidal tissues, He

P them diag ically by cubes, the volume of each
cube being proportional to the quantity of iodine within the

t which it ‘The pathways from one com-

partment to another are indicated by arrows, and the width of
each arrow is proportional to the quantity of iodine traversing it
per unit time, In this way the impression i given a g; i
flavor, Tt must be remembered, however, that it is also a simplified
one— we will hope not oversimphfied.

Figure 10 mdicates the state of affairs i a euthyroid person
living in an {odine-suficient area. As thus represented, the quan-
tity of organtc iodme in the thyroid is about 90 times that in the
iodide pool, and 18 tunes that of organic iodine elsewhere, The
diagram also indicates that there are two main currents of jodioe
flow in such a system. There is the in-and-ont one of mouth-pool-
urine, and the circular one of pool-thyroid-tissues-paol. Under
the circumstances of Fig 10, the mass movement of iodine along
the former is about double that around the Iatter. Xf a dose of
iodine were fed the subject, the in-and-out flow would be in-
creased, but not the circular,

In Fig. 13 are rep 3 the rek in an jodine-starved
person The in-and-out current has shrunk to a mere trickle, So
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has the jodide pool, but through reutilization of jodide of metab-
olism, and the development by the gland of the ability to collect
iodide from very low fhicient output of h

is maintained to keep blood and tissue organic jodine (that is
to say, hormone jodine) at a normal Jevel, and thus keep the
subject in a euthyroid state. If the time ever came when the thy-
roid gland sucked the jodide pool dry, so to speak, then at last
the subject would pass into a hypothyroid state,

If the body were iodine-tight in the way it is iron-tight, then,
having once been charged with a sufficient store of iodine, it
could carry on with no renewal, merely using the same iodine
over and over. But the body is not so constructed, It loses some
iodine, and therefore, though it can economize, it cannot do
without,

There are a couple of other considerations brought up by a
goiter like Francisco’s: first, the question of whether any factor
other than iodine want play a role in the production of such 2
goiter as his, and second, whether there is any such thing as
acclimatization to iodine want.

When I was young there was a theory that endemic goiter was
due to drinking water from melting snow. There was some truth
in this, but it was merely that water from melting snow contains
little or no fodine (at least from the snow of the high mountains).
There have also been theories that calcium played some part, but
it is my belef that the only factors other than absolute jodine
want that enter mto the genesis of endemic goiter are substances
of the cyanide or thiourea groups which act in an indirect way.
The point about such substances is that they place an impediment
to the thyroids collecting, or utilizing, jodine to make bormone.
If such agents occur widely i an endemic-goiter zegion, they
will tend to intensify the process, though I doubt if they often are
the primary cause, In the presence of such goitrogenic agents it
takes a larger dose of prophylactic iodine to prevent the develop-
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ment of goiter than were they not present, They act as adjuvants
to the morbid process, not as primary cause.

As to acclimatization, there is but scant evidence. There are
some accounts of a higher degree of gaiterousness in new arsivals
to an endemic-goiter region than there is among the natives. It
is not difficult to believe that a greater pawer to consume iodine
might be develaped by the thyroids of persons long exposed to
iodine want than among new arrivals, Such adaptations would be
analogous to the high red-cell counts one fnds in the dwellers at
high altitudes, and their greater ability to withstand the effects
of anoxemia. To what extent there is such a thing as acquired
resistance to aniodemia, 1 do not believe {s known.

And now Bnally 1 have to make a few points collateral to our
main topic.

‘The first is the highly puzzling finding that goiters anatomically
indistinguishable from Francisco's may occur sporadically in non-
gm!emus areas, and iu the absence of any excess of external goi-

b What they is by no means ob-

P
Vlb\\s.

Undoubtedly there is such a thing as intrinsic fodine want, a
black to the use of iodme ‘here along the hiosynthetic path-
way. Examples of this were mentioned in Lecture 2 {see page
28), Under such circumstances the sub)ect ultumately m\ches
some degree of bypothyroidi
we may call it Such a situation is exphmble Huwever, when one
finds gorters like Francisco’s in nongoiterous regions, and with no
evidence aof an wadeguacy of \hymid function, then indeed there
i accasion for mystification What the large goiter in the presence
of abundant iodine supply, and with complete euthyroidisnm in
the subject, represents, I do not believe is known. Jt presents a
fine subject for research.

The nature of the pecubas ae\mn of jodine in Graves’s disease
is also a sixty-four dollar gy in thyroidology. If one gives
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iodine to a person Iike Francisco, he is likely to become thyro-
toxic, but if one gives it to a patient with Gravess disease who
is already thyrotoxic, his thyrotoxicosis is relieved. In both persons
there is hyperplasia of the thyroid parenchyma, and in both the
giving of jodine causes anatomic involutions, but in one case
thyroid-hormone secretion is raised, in the other it is lowered,
through the administration of jodine. In other words, giving an
excess of fodine, which has no effect on the functioning of the
normal thyroid gland, has 2 very striking effect on the gland in
Graves’s disease. The thyroid in Graves's disease is under some
pathologic urge to overfunction. An excess of iodine allays this,
but how or why remains a problem,

In conclusion I will revert to endemic goiter, and raise the
question, do such lesions inflict upon their owners any injury? If
the people in an area like Francisco’s do not ohject to having
goiters, is thete any justification for forcing a goiter-prophylaxis
program upon them? Sir Charles Hercus of Dunedin, New Zea-
land, where they have a considerable endemic area, told me that
some difficulties were encountered when the government first
tried to enforce the sale of iodized salt. The independent New
Zealander felt his rights were being invaded if he were forced
to use fodized salt even for his own good. They got around that
difficulty by providing both iodized and noniodized salt. If a
customer does not expressly ask for the noniodized, he gets io-
dized salt, and, under those circumstances, very few ask for non-
iodized. Thus a fairly effective prophylaxis program is under way
in that country and everyone is happy about it,

The point is, however, that there are more weighty reasons
than the cosmetic for the eradication of endemic goiter. As an
endemic persists aud runs through successive generations, there
is a cumulative factor of thyroid insuficzency which produces
increasing numbers of persons in whom the economy of fodmne
usage oo longer suffices to maintain the euthyroid state. When



THE NEED FOR IODINE 103

infants are born to hypothyroid mothers, they themselves are
hypothyroid from birth or earlier. Thus in all the severe endemic
regions of the world, not only are there euthyroid persons with
large goiters such as Francisco, but also many stunted and im-
beceilic goil dwarfs resulting from i ine iodme lack,
the so-called cretins, well known for centuries in such places as
Switzerland. Not only are there classic cretins in these endemic
areas, but many partially hypothyroid people, all of whom suffer
somewhat in their health and energy because of inadequate
thyroid function.

For these several reasons, then, as a public-health measure,
goiter prophylaxis is fully justified. A worldwide deficiency disease
can now be fully eradcated. To further this purpose the World
Health Organization did well to call the London Conference.
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