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‘This book summarlzes recent achievements In the study of
the blochemistry of the thyroid gland hormones during the
last 10-15 years. It gives an extenslve survey of the scienti~
{fic literature on the metabollsm of fodine, and on the forma-~
tion and metabollem of the thyrold hormones under normal
and under pathological conditions of the thyrotd gland, The
work presents problema of the regulation of hormone produc-
tion, the effect of varlous physical, chemical, and pharma-
cologlcal factors on the processes of the absorption and meta~
bolism of lodine. The action of radioactive lodine is examined
in detall from the blochemical polnt of view,

The book also presenta the results of research, obtained in
the laboratory directed by the author, on the formation of
thyroxin, the metabolism of lodine and thyroid hormones,
in several forms of thyrold pathology.

This book is intended for sclentific workers and
endocrinologlsts who are Interested (n the physlology and the
pathology of glands of internal secretlon, especially in the
thyroid hormones under normal conditions and fn the presence
of diseases of the thyroid gland,
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FOREWORD

During the last 20 years, our ideas the p and biocher
isiry of the thyroid gland have and have been
rroborated by & series of

‘The discovery of thyrostatic substances, which have found extensive thera-
peutlc and experimental applications, was an Important achivement leadlng to the
clarification of the nature of the secretion of the thyrold gland, its interrelations
with the anterior lobe of the pliultary, and also the direction of thyroid activity.
Further discoveries in the flne of hormone in the thyroid
gland, the of thyroid inthe organism, and the effect of various
internal and external factors on many aspects of thyroid functions are related to the
use of the radioactive {sotope of lodine~[13! ag a tracer atom in clinfcal and blo-
chemical research, The use of the method of paper chromatography and especially
the of the graphic method with that of tracer atoms played no
less a role tn the of the y level of our In the fleld
of biochemistry of the thyroid hormones. Thunks to the success!\d use of these two
important methods, new

amino acids with hormonal acuvny, and in so]ving the prob]em of the nature of the
iodinated components of the thyrold gland and of the circulating blood. This diacov~
ery has been the most Lmportant event in this field since the isolation of crystallized
thyroxin by Kendall in 1815, its ldentification by Harington {n 1926 and the synthe-
sis of this hormone by Harington and Barger In 1927,

The results obtalned in the study of the nature, the biosynthes!s and the tigsue
of the thyrotd , starting from 1948, when monoiodotyrosine was

among the of the thyrold gland, are the most out~

standing pages in the history of the study of the blochemistry of hormones, Thelr
Lmportance permits thelr comparison with the period which began immediately after

the discovery of thyroxin, opening a new era in the physlology of the thyroid gland,

Interest in the study of the biochemlstry of hormones, and especlany in the
brochemistry of those of the thyrold gland, has
Iiterature in relation to the important achievements In the study of mse prohlems.
But sclentific lterature existing on this subject In Russlan s far from sufficient in
arder to meet the demands of wide circles of doctors and blologlsts, The list of
books on the and ¥ o edited {n the postwar years,
i limlted to only a few names /73, 96, 109/ while there are no monographs dedi-
cated especlally to the thyroid gland or to the biochemistry of its hormones,

This situation led us to summarize, to the best of our ability, the contem-
porary achievements of sclence in the study of the metabolism of iodine and of the
formatlon and metabolism of the thyroid hormones. In this monograph, apart from
a survey of the scientufic literature, we present the results obtained in our labora-
tory on the metabolism of fodine and the thyrold hormones, under geveral forms of
pathological conditions of the thyroid gland in humans; we also present material
concerning several aspects of the during an

of the function of the thyrold gland in animala,




While compiling this monograph, we realized that one person could not hope
10 cope with the enormous amount of acientific literature on the thyrold gland,
Thousands of hew reports on the morphology, physiology and pathology of the thyroid
gland appear annually, This is why we Limited ourselves to presenting only basic
works, most of which appeared during the last 8 to 10 years,on the biochemistry
of the thyroid gland hormones, As to the clinical aspects of the above-mentioned
problem, we reviewed only scientific literature on this aspect as much as was
absolutely imperative for comparison with results of research performed in our
laboratory.

The author leaves to the judgement of the scientific public the decision ae to
the extent to which all the basic 1n the
have been successfully summarized, and will be grateful for all the criuca! remarks
that will follow about this work.

Ya, Turakulov



INTRODUCTION

The thyrold glandiscne of the leading elementa in the system of the glands of
internal secretion, It holds an important position in the general hormonal balance
of the organism and has a powerful regulating effect on its basic functions—growth,

and 1 the of the living organism
are, doubuessly. under the general control of the higher part of the nervous system
and the endocrine glands are the major Intermediate link in the realization of ner-
vous action and effect 1t at the cellular level and inthe intracellular structures, by
way of emitiing specific chemical agents—hormones, The activity of the thyroid
gland Uself is directly regulated by a hormone of the anterior lobe of the hypophysis
cerebri—the pituitary, to whose directing control other glands of internal secretion
are algo to a conaids extent, The hypophysis cerebri effects its re~
gulating infiuence on the whole course of metabolism through the basic endocrine
glands—by the secretion of various trophic harmones Into the circulation—as well as
through the direct action of {ts specific hormone—somatotropin—on the other organs
and tissues, Thus, as an unknown author has 80 apily put it, it may be sald that,
if the pituitary 15 considered as being the conductor 1n the endocrine orchestra, the
role of first vialin rightfully belongs to the thyroid gland.

The thyroid gland, as a basic organ for the metabolism of lodine, appears at
a certain stage of the evolutionary development of the ammal world. It exists in
all vertebrates and in some chordates. It is possible that concentration of iodine
also takes place In and tn a very primitive form,

The position of the thyroid gland varies {n different antmals. In humans, it
has been elassically described as a flattened bilobed pink structure weighing 25-30 g,
situated on a level with the thyroid cartilage, at the sides of the larynx, The mac~
roscopic aspect and the microscopic picture of the gland change considerably ac-
cording to the age of the subject.

The thyroud gland has several functions in the metabollsm of iodine in the or~
ganism. 1) it very actively concentrates iodide from the circulating blood and con-
verts it into organically bound fodine, and Into physiologically active specific hor-
mones, 2) it serves as a reservoir for the thyroid hormones, which It fixes in the
form of thyroglobulin and retalns in Its follicles, 3) 1t regulates the liberation of
this reserved hormone under the constant and r control of the

hormone of the pituitary, 4) it absorbs with conslderable effectlvity the radine which
is emitted during the of the thyroid hormones and retains it when the
exogenous supply ls insufficient,

The hormones of the thyroid glandhave amaximal stimulating effect on intra-
cellular oxidation of the whole organism,

Accordmg " comemporary opinion, the thyrotd gland produces a series of
the maln one belng thyroxin, The ba-
sic physnologlcal l'unchons of the organism, as for instance heat production, 1,e.
the Tate growth and 4 of the whole organism, the
metabolism of proteins, !ats, carbohydrates, vitamins, many salts, and water are




under its contral, The normal functioning of all the systems of the orgamsm, its
response to toxic ts f depend on the state of

of the thyrold hormones. The effect of thyroxin on metabolism lies un-
doubtedly at the root of all these reactions of the organism to the thyroid hormones.
But,in the actual state of our knowledge on the mechanism of action of the thyrold
hormones, we are still far from understanding the direct causes for the change of
phystological functions of the organtsm, in response to the introduction of specific
products of the thyrold gland,

.

Many questions of tissue metabolism and the pertpheral action of the hormones
of the thyrotd gland still remaln unclear, but considerable progress has already
been achieved in the field of the basic problems of the biochemistry of this gland,
Thanks to the successful use of the radicactive 1isotope ofiodine— 1131, and the use
of chromatographic analysis, we today have detailed information on the chemical
interaction of {odine and the proteins of the glaand in the formation of the lodinated
amino acids ~ mono- and d yrosine - and derivatives of thy whichare active
trom the hormonal pownt of view. We know the composition of the thyrord hormones
circulating in the blood, the tissue metabolism of thyroxin and other i0dinated com=
pounds, which are active from the hormonal point of view ‘There are some assump-~
tlons, which are partly supported by experiments, on the nature of the active form
of the thyroid hormanes, having an immediate effect on the oxygen consumption at
the cellular level. The scope of our knowledge of the mechantsm of action of thy-
roxin has derably widened, particularly during the last years. But there are
still contradictory opiniors on these Important problems, which are intensively
atudied today.

The of synth  led to the acquirement of many
structural analogues of thyroxin and to the clearing up of the question of the struct-
ural minimum for the appearance of a thyroxin-like actlon, The study of the chem-
istry and of thyroid has the of inhi-
bition of the action of thyroid substances by antimetabolites, which are structurally
related to them; these last evidently compete with the thyrold substances in their
peripheral effect.

Particular importance i8 givento the problem of the mechamsm of action of
numerous pharmocological agents related to various classes of chemical compounds,
having the capacity of blocking individual links In the intrathyroid metabolism of
todine. These agents, called yrold or thy are capable of
limiting the production of thyroid hormones; they have been extensively used in
laboratory practice and in clinics for controlling hyperfunction of the gland.

Considerable disorders of iodine and the pr of b
formation are observed in various forms of pathology of the thyroid gland.

The study of iodine and the thyrold hormone metabolism In varlous forms of
thyrold pathology as well as In other diseases expanded very much since the first
works applying radioactive iodine—~[131, in 1933-1340, indicating great prospects
in the use of this isotope for functional rescarch of the thyroid gland. In this
case, as in other pr of endocrinology, ¢linical P experi-
mentai research.

It the reports of cliniclans on the role of the thyroid gland, the causes of
Basedow’e dlsease and myxedemas, pushed chemlsts to take up the study of the
composition of the thyroid gland which led to the Isclation from it of blo:g;cauy-

active compounds, if the use of prega: in the yper-
thyroldism put before the experimenters the problem of clearing up the me{t!:hlnl!m
of thefr action, the use of by for the of the

functional state of the thyroid gland and for the study of the metaboligm of lodlne In



the organism opened wide vistas to and other rep~
resentatives of experimental science for cnmprehenllve research into the for~
mation, the trans{ormation, and the metabolism of the thyrold hormones.

The experiraenters britliantly used this magnificent tool and obtalned remark-
able results In the diacovery of many hidden aspects of the blochemistry of the thy-
rold hormones. The use of radioactive fodine In conjunction with the methods of
chromatographlc and electrophoretic analysis, which were elaborated somewhat
later, led to the establishment of such new facts, which could not have been dia~
covered by the methods of classical chemical anulysis, We must particularly men-
tion in this that r reh in {es, on animals, was
made simultaneously with clintcal obeervations on humans and results obtatned by
the experimenters were often and rmed by the Suchclose
cooperation was found to be extremely fruitful; it led to the speedy clearing up of
many unsolved problems of the of lodive, e8P in the p
diseases of the thyrold gland, The final target of the experlments in this field {s h)
correct disorders of the organism arising as the result of a pathological process or
provoked by the researcher himself, taking into account the consistencyandthe mech=
antema of development of the process, Conslderable work has already been done by
blochemists, but a further advance will depend on schievements in deciphering the
mechanism of action of the thyrold hormones and the regulation of the function of the
thyroid gland,

on the rhtion by the thyroid gland, on the speed
of the decomaminnlan of plasma from 1131 by the gland and the kidneys, on the
emission of organically bound hormonal {odine, on the form of the binding of the
fodinated compounds to blood proteins and melr transportation In the organism, as
well as the amino acids in blood and
urine serve as clinical as well as laboratnry tests for the functional state of the thy-
rold gland and constitute an {mportant stage in the study of various forms of thy-
roid pathology.

and pathology of the thyrotd gland, the number of wurka in'Russtan Thteratute on the
y of the thyroid is y scanty.,

While further developing thia subject, we will examine the biochemistry of the
hormones of the thyrold gland under normal condit(ons and in the presence of some
forms of thyrold pathology., A accepted Ln sclentific literature, we shall examine
consecutlvely the individuat stages of iodine metaballsm~the prethyrofd, the intra-
thyrold and postthyroid stages. A series of questions having a physiological and
pathophyslological nature, as for example the regulation of the thyrotd hormone for-
matlon and secretion, the effect of thyroid gland hormones on various physiological
functions and on the activity ol lhe whole organism, the Interrelation with other
Elands of Internal of actlon of
80 closely related to the biuchemis!ry of the thyroid hormones that it is not pussﬂ:le
to evade them when discussing the blochematry of the thyroid gland. It is also diffi-
cult to between the of the action and the transformation of

the thyroid hormones in intact animals and healthy humans and between their effect in
experimentat thyrotd pathology.

Our own materlal which includes nrnhtame of fammntion o5 )
fodinated compounds { . . .
during hypo- and hype . .

the proteins of the org



animals (mice and rabbits). Results on the metabolism of lodine in the thyroid
gland 1n thyrotd pathology are related to patients sulfering from various forms of
goiter, Results of research performed by co-workers in the laboratory of biocher. -
Istry and endemic goiter of the Institute of Regional Medicine of the AS Uzbek SSR,
which we directed, are also included in this book.



Chapter 1

TODINE IN THE EXTERNAL ENVIRONMENT AND IN THE ORGANISM OF
ANIMALS AND MAN

{lod v okruzhayushche! srede { v organizme zhivotnykh § cheloveka)

1} The Distribution of Todine in Nature and Inalde the Organtam

Our notiona concerning the close tes between the thyroid gland and the meta-
bollsm of lodine in the organism obtained a firm foundation after successful re-
scarch into the active principle of the thyrold gland. taken up in 1895/96 by the
Freiburg chemlst, Baumann {cit, from Trendelenburg, /142f), who discovered a
very high content of this halogen in the composition of the gland,

Baumann became convinced that the ladine in the thyroid giand is firmly bound
10 the protetn molecule, and he tried to isalate {odine-contatning compounds by way
of hydrolysing the proteins secreted by the tissue of this organ. But the merit of se-
parating the todinated protein which possesses hormonal activity goes to Oswald

(eltfrom T g, [142)), who in isolating this protein, which he
called thyroglobulln, by way of its precipitation from extracts of the thyroid gland
with a semi solution of sulfate,

Thus, research into the hormonal principle of the thyroid gland confirmed
previous guesses on the importance of lodine to the activity of the thyrold gland and
gave a scientific explanation to the empirical methods of treating golter by the ad-

o From that time on, aitempts o sepa-

of the gland have been going
on continuously At the same time, a great number of investigations have becn made
on the quantity of iodine in the gland of humans and various types of animals, depend-

ing on the age, the type of diet, the physiclogical state of the organlsm, the geo-
graphic conditions, etc

r f
rate the most active preparations from the

It was determined that the quantity of (odine ln the thyroid gland of healthy per-
sons and animals varies withln considerable limuts, depending on s content in the
external environment: in the ground, air, and in alimentary products,

The daily demand of 1odine of man and amimals 1s. inall, 24 & gperone kgof
weight, an average of 200y g for an adult human /75, 106/. In places where there

45 no jodine deficiency in the ground, thia demand 18 easily met with by the usual
mixed diet.

Research on the quantity of lodine in water, ground, and alimeniary products

is extremely important, because of the role of Lodlne deficiency in the development
of endemic goiter.

A great number of studies showed the existence of an inverse relationship be-
tween the quantity of iodine in the ground, water, and alimentary products and the



frequency of golter amang the population, According to contemparary notiens, in-
sufflcient shsorpiion of ledine into the organiam has & leading rele 1n the etiology of
goiter, But the exugenour deficiency of todine (s not the anly cause for endemic
golter. There are evidently slso other g and end factora Yeading to
the development of goter i endemie centers, but they have not been precisely
cieared up until now,

Problems of the etlology and pathogenesia of goiler are the center of ailention
of a greal number of researchers, for the complete atudy of thia problem has con-
sigerable theoretical Interest and an lmportant practical significance, The taking
of prophytacti for the total of goiter in endemic
centere 18 also closely related to a correct understanding of the causes of the B8p~
pearance and development of this disease,

The wctual state of the question of the etlology and pathogenesis of golter was
brought t light in the monographs of O,V, Nikolaev /105/, B.V. Aleshin J8f,
S.A. Masumov /93, 84/ snd In & serles of surveys J45/.

‘The global quantity of 1odine in the human organlsm g, sccording 10 many
authors, 20-30 mg, of which only 1/3 18 found In the thyrold gland and the remain~
Ing quantity in all the other organa and tagues, without any particularly sharp dif-
erences in distributon per unit of body weight, The ubsolule guantity of fodine in
the human thyroid gland reaches 10 my, The endocrine glands contain pelatively
more lodine than other argans, Counting by parcentages of lodune content, the thy-
roid gland is followen by the ovariee and the adrensl glandg, but the ovariés ageu~
mulate iodine 70-100 timea less than the thyrold gland and the adrenal glands even
lees than that. A copalderable accumulation of fodine alse takes place in some liv
guids of the organism. Thus, for example, the concentralion of fodine in the saliv-
ary glands, 1n the gastric julces and in mill, 15 40-50 times higher than it concen~
tration fn the plasmz, Out of the total quantity of 1odine n the organism, the great~
est pari 18 contained in the muscles, the skin and tlood coming next, which s ex~
plained by their masxges in the total weight of the organism, Thus, about one
half of the lotal quantity of jodine is contained in the muecles, 3 mginthe shin and
8.5 £3.5 ng% in the plasma of henithy peogle,

Our notions concerning the distribution of iodine in the various tasves and
organs of man are mostly based on the resulta of the quantitative determination of
{odine In the organism of animals. There are only a few determinations of the dis~
tribution of lodine in the tiseues and organs of man. In table [ we show (for com~
patigon) the distribution of lodine in the organtem of man and rabhite. The resuits
related to man are from the work of S, A. Masumov 83/, and thoge related (orat~
bits from the work of 1.5. lzmadlov 51/,

As maybe geen from Table I, there are consldereble differences betwesn the
resuits of the two authors, who have determined todine by different methods, Theae
diffevences cancern firat the Hyver, the kidneys, and the skin, in which 1.5, jzmalloy
finds relatively small guantities of fodine. A aerles of other works show & hlgh cans
tent of iodine [n these organs and we tand 1o conatder the results of the disiribution
51 fodine in the human organism (Tatle [)8 Being in contormity with the truth, There
is no basls for nctepting sny differences In fodine content In these organs of mus
and snimals, though in experiments with radisiodine, onfy 6.0037 % of the admlinta~
tered tracer dose of 1131 wers found Alter eight hours in Whe Hver of a rabbit /370f.
“The existing Aifferences may be caused by errors of meihod, especially if the diffi-
culty of determining small quantities of lodine (n organs and Hssues ts taken into
aceount,

The work of A2, Telasman and M, M, Petrova [163/, which shows the



distribution of [ul in the organs and tissues of u patient whodiedof Basedow's din-
ease, has been published recently. Flve days before her death, this patient was
given 1,0 mC of radlolodine as a therapeutic, The results of the distribution of
radlolodine In some organs of the patient are of certain interest (Table I}

Table I

The distribution of lodine (n organs and tissues (in micrograme per entire organ}

R £2 g 3| 33
| g% :f | 2%
Orgmamd T | Fg. | Cmea | E o |3i:
Tzs | 33 235 |35
2% £83 =238 {2583
Thyrold gland | 9.760 2651 | Lungs 820 689
Blood - 402 | Brain 200 .
Spleen 560 436 | Kidneys 1.053 0
Ovarles a3 - Small intestine] 119 -
Uterus 600 - Pancreas a ~
Testicles 500 1.065 | Stomach 0.9 -
Adrenal Glands| 638 6 | Heart - 102
Liver 1224 66 Prostate 689 -
Skin 818 - Adipose Tiasue o -
Nalls 800 - Eyes - 869
Lymph Gland 600 . Hatr 844 -
Table 1
Content of I”l in var{ous organs
Name of the organ | 1'2? in percentages
of the
dose administered
Thyrotd gland 16.3
Liver 041
Lungs 0.18
Kidneys 0.15
Heart 0.14
Brain 0,05
Under normal there must also be difty in the dis~

tribution of fodwne n the organiem and tissues of a rabbit and a man. In the above
case, this difference {n the distribution of fodine is aggravated by Basedow's dis~
eaze, by cardiac and clrrhosts, which caused a




considerable disorder in the metabolism of jodine, Nevertheless, the high content
of radiolodine 1n the liver (0 4¥% of the administered dose), which is very close
to the results of Table I, attract our attention .

2. lodine Content of the Thyroid Gland

A considerable number of studies on the amount of 10dine n the thyroid gland
of various animals and of man were made since the works of Baumann, These de-
terminations show, even In healthy or considerabl of the lo-
dine content in the thyroid gland depending on the type of anumal, 1ts age, the qua-
lity of the diet, and the geographic environment. A considerable number of works
have also accumulated on the research of {odine in the thyroid gland of humans
which has undergone pathological changes, in which results of basically the same
order may be found, the of some
1n the obtained values.

Upon analyzing the results on the quantity of iodine, especially in other or-
gans (ather than the thyroid gland) where the 10chne content iz very small, the de~
termination difficulties should be taken into account. There were a number of
mistakes in the former methods in connection with that, A technigue which was
found to be reliable was that proposed by Fellenberg, based on the jodostarch
reaction after alkaline hydrolysis, burmng, agueous and alcohol extractions, and
oxidation with chlorine. As a result of the use of this method, proposed in 1926,
many previcus results on the iodine content of the thyroid gland were revised. But
for the determination of hundredths of p g of iodine, 1.e,, a quantity contained 1n
1-2 ml of serum, the sensitivity of Fellenberg's method was found-to be insufficient
and thia led to the use of a technique based on the catalytic action of jodine during
oxidation of arsenous acid by certain salts (cerium-arsemc method). Many va-
riants of this method are known at present, but they are all quite complicated and
their execution demands great care and precision,

Therefore,the differences between the results obtained on the quantity of io~
dine 1n the thyroid gland, and especially in other organs and the blood, depend part-
ly on the technique used. The results shown inTableI on the content of lodine in
organs and In tissues were obtained by the old methods and are only tentative,

Yodine appears in the thyrold gland of animals at a very early age. The re-

sults of early research, using the methods of analysts, as well
as the new deter ploying r lodine /102/, show that it appears
at an early stage of embry A well nti strue-

ture develops in the human fetus by the 14th week and, at this time, the gland starts
to concentrate iodine. Studies of cow embryos showed that thelr thyrold gland con-
centrates seven times more lodine than that of the mother, while the level of fodine
in the blood of the fetus 16 lower than that of the mother’s. A Ilxatlon of 1odlne on
the tenth day was noted in chick ryos; the form of active i

ing components already takes place during the second half of embryonie life during
incubation. It is true that the embryonic thyroid gland and the gland of newborns
alwaye contalns a markedly smaller quantity of lodine than the gland of adults.
These results are shown Ln Table ITl.

According to the results of Baumann and others, the thyroid gland of children
also contalns less iodine than that of adults, A speedy increase of the quantity of
fodine takes place later on, untll the beginning of puberty; after this the rate of
fodine increase {n the thyrold gland decreases progressively. Results vary as to
the content of lodine in the thyroid gland in advanced old age, Some authors point
to a higher lodine content in old people; much information exists at the same time
on the decrease of iodine in the thyroid gland in advanced old age.



Comprehensive research on the lodine content {n the human thyro!d gland was
also made by Teunts (cit. {rom Trendelenburg, /142/). According to his deter-
minatlons, from 0.023 to 0.068% {an average of 0,056%) of lodine {s contalned In
fresh glands of adults and an average of 0,226% with fluctuationa from 0.119 to
0.285% In dessicated glands. According to these results, the lodine content of the
whole gland fluctuated from 4,21 to 44,5 mg, with an average of 15 7 mg; these
values are considerably higher than those obtained by other authors,

Table 1M1

Changes of the [odine content of the thyrold gland of &
human fetus and of children (from Trendelenburg, [142/)

Total quantity of {mg% of lodine per wet
Age iodine {n the
thyrold gland, mg| welght of the gland
Human fetus aged
510 9 months i-19 0.15-1.2
average 0.56
Newborn child 0.4-53 0,04-0.13
average 0,43
u 0.34 -
n - 0,08-1.4
average 0.3
n 10.6-11,3 -
Stillborn 16-48 0.8-1.45
aversge 1.11
Newborn chlld - 2.,244-7,373
{according to Mayat and
others, /95/)

b have on the lodine content of the
thyrold gland of humans ss well as of antmals, It was thus noted that the thyrotd
gland of Icelanders has a very high content {up to 0.083% of the fresh tissue) and
this can probably be explained by the consumption of a great quantity of fodine In

the food, An enormous quantity of lodine (up to 1.0% of the welght of the gland) was
found In the thyroid gland of sheep grazing by the seaside.

Attention was also pald to perceptible seasonal fluctuations in the lodine con-
tent of the thyroid gland of some farm animals in various locallties. The minimal
fodine content of the gland was often found to be present during the spring months
and the maximal one during the summer and autumn months. We have no definite
knowledge of the causes of these seasonal fluctuations of {odine, but it can be as-

sumed that they depend on changes in the Iodine content of the animal’s food in the
different seasons of the year.

The average amount of jodine in the whole gland of an adult man is 6-9 mg,
exclude extreme values the content, as percentage of the weight of fresh
'8, {8 0.056, that of the welght of the desslcated gland {s 0.1-1.1 f484/.

The reflect, apart from the Influence of
P and diet, blg , which are by

I we
gland;




many factora pertaining to the internal and externsl environments of the organlsm,
‘When analyzing the lodine content of the thyrold gland of peaple living In localities
where golter s frequent and those of others living tn areas where golter does not oc-
cur, it was not possible to determine any clear cut consistency, although a number
of authors note perceptibly lower values of lodine content of the glands of peopte
living (n endemic centers of goiter.

In the thyrold gland lodine e found In the collold &5 well as inside the cells.
Without entering upon the problem of the forms of jodine in the varlous morphologi=
csl structures of the gland, and of the dynamica of iodine entry Into the separate
parts of the parenchyma, we note that, according to the results of many researchers,
the main amount of fodine 1s present in the collold, The coefficient of lodine in the
cells as compared to the quantlty of lodine in the colloid fluctuates considerably, and
its average, In man, I8 0.22 {cit. from Trendelenburg, /142/).

The Lodine content of the thyrold gland during morphological changes was
studled many times. Results obtalned show important fluctuations of the lodine con-
tent, depending on the character of the golter and the presence of degenerative or
hyperplastic processes. But in vlew of the great {ndividual fluctuations in the quat~
tity of Lodine which alsa occur in normal thyroid glands, it (s only posalble to spesk
of the direction of the change {n lodine content tn pathologically changed glanda,
During colloid golter the increase in the quantity of colloid I8 accompanied by an
Increase of lodine content only during the first stages of the development of the gol-
ter, As callold accurnulates in the goiter there is a cessation in the accumulation
of fodine andits relative quantity becomes reduced, Andinthe presence of parenchymal
golters, which are poor in collold, & conslderable lowering of the lodine content 1a
al80 noted. According to the early results of Marin and his co-workers (cit, from
Trendelenburg, f142/), I the hyperplasia ls more severe then the lodine content of
the thyrold gland is lower.

Research work was made in our laboratory on the general lodine content of
normal glands (of cadavers) and of pathologically changed glands, removed by opera=
tions /146/. In the presence of various forms of goiter lodine was determined se-
parately on the tissues of the gland and on the collold of the nodule. We foundthe
todine content of normal glands to be 14.7 to 70.5 mg% of the wet weight. The abso~
lute quantity of lodine varied from 0.26 mg In & year-old child with a gland weighing
1.71 g, to 24.53 mg in an adult man with a gland weightng 34.8 g. In a gland modi-
fled by goiter the percentage of lodine was constderably lower (1.5-15.7 mg %),
although 1t total quantity resched high values {n view of conslderable dimensions of
the nodule or of the gland, which reached several hundreds of grams ln & number
of cases.

Problems of the metaboliam of {odine under pathologtcal conditions of the thy~
roid gland will be examined {n greater detsll in Chapter IX of this book.



Chapter Il

THE PRETHYROIDAL METABOLISM OF IODINE
(Pretireoidny! obmen foda)

1. The Absorption of lodine from the Gastrolntestinal Tract
mnd 1te Distribution in the Organism

‘The source of jodine for the thyroid gland 1a the lodine of the blood, which is
continuously replentshed, malnly due to lts entry with food through the gaatrointes~
tinal tract and also, to a lenser degree, due 10 metabolic degradat{on in the tissues
of the organic lodine of hor which are d in the gland.

The main part of the fodine entering the ofganlsm 18 In the form of lodide,
which I8 very caslly absorbed Into the blood from the intestine, Other forms of lo-
dine entering the (ntestine are converted Into todides before absorption, This pro-
cegs evidently takes place all along the gastr tract, contaln-
Ing organic {odine, as for example fatty acids, end thyrexin,
are also absorbed from the [} {odl; druge may also
serve s a source for the general iodine pool. Even painting the skin with {odine
tincture leads to ita absorption by the thyrotd gland,

The speed of lodide ption from the g tract {s an exponen-
tal function of its quantity, The fodine compounds (todinated fatty aclds) are the
most easily absorbed from the (ntestine, next come the Inorganic salts {Nal, KI and
otiers); organic iodine~contalning substances such as thyroxin, dllodotyrosine, are
also absorbed rather speedily In the intestine. [t was established that about 5% of
the lodine concentration present 18 absorbed by the blood every minute from the
gastrointestinal tract. Yodine entering the blood through the portal vein may remain
for & certain time in the llver, which has the faculty of regulating the passage of
fodine Into the blood clrculation, preventing 100 sharp an Increase of its quantity,

In case iodine Is contalned in excessive amounts in the food.

Iodine entering the blood speedily disappears from it, the concentration of fo-
dide in the blood at the moment of administration determlines the speed of its absorp-

tion by the thyroid gland, ite excretlon in the urine, and its utilizatlon by the various
peripheral tissues.

The extent of distribution of fodides in man fs about 40% of the body weight,
but it takes at least flve houra for total equllibrium to be established. The lodine
ionisfoundinthe plasmainverylow concentrations—from0.1ng t00.58g in100mi~

and I8 distributed in a very specific manner between the plasma and the erythro-
cytes, approximately in the same manner as chlorides,

e Even before the uae of the radicactive I5ctope of fodine, the metabolism of
: :i :n smdl of the {odine-contalning compounds of the thyrold gland was widely stu-
led in anlmals a3 well as in man, But early research could only be made upon



ing le of thyroxin and dilodotyrosine, as it was then
'y to perform the dets of lodine by the classlcal methods of cheml-
cal analysis. But these studies always left in doubt the degree to which the re-
sults, abtained by means of considerable quantities of these compounds, reflect the
endogenous metabolism of lodine under physiologlcal conditions. The same study
was repeated many times with the use of r lodine, The ag-
sumption n this directfon was that the distribution and metabolism of 1131 reflect
in full the real metabolism of 21l the lodine and consequently also that of the stable
{odine in the organism.

One of the first studies in which Il'" was employed was the research made
by Perlman, Chaikoff and Morton /453/, These authors determined the dlstribu-
tion of lodine in all the organs of a rabb{t {except the thyroid gland} at various in-
tervals after the admlnistration of tracer doses of radlolodine. The results of this
research show that after thefirst interval after the admlnistration of lodine, apart
from the thyroid gland, the greatest quantity of lodine I8 to be found in the kidneys,
through which the excretlon of a considerable amount of fodine takes place, During
the first 197 hours after the injection of lodlne, its distribution in the organs under-
goes considerable change; this is caused by the inclusion of a basic amount of
1131 into the composition of the hormones of the thyrold gland, as well as by the char-
acteristics of the distributlon of organically bound iodine In the organism. The
greatest loss of the initlally absorbed iodine in the liver and muscles takes place
during this period.

Thorough research on the distribution and metabollem of I'3! In rats by the
use of pl f radl {odine, 34 and thyroxin,
was performed by Johnson and Albert /370/. The rat received one ml of &
solution containing 0.1 mg of sodium chloride with 0.55C of 1131, It was deter-
mined that the basic mass of the ad ed ¢ lized or
excreted during the flrst 48 hours, This may be established by determining the
actuvity in vivo. But 1t is known from the previous works of Albert and Keating
/178/ that in the above interval of time the inorganic fodine becomes distributed
and excreted in the same manner as lodide, without transformation Into an organle
compound, except for the processes taking place In the thyrold gland.

Upon administering todine, its main part ts excreted durlng the first 48 hours
in the urine (75 8%), the excretion In fecea was very small, and constituted less
than 3%, Study of the distribution of fodine in the tissues showed that after admin-

ration of only its in the thyroid gland and in the gastro-
tntestinal tract was higher than In the blood, 113! is found In pereeptible quantities
also (n the testicles, spleen, pancreas, thyroid gland, cardiac muscle, striated
muscles, adrenal glands and in the brain, But lodine appears {n these organs only
sporadically and in small quantities of no considerable importance. No accu-
mulation of iodine was noticed in other organs.

P e s -
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towly than fodlde.
When feeding organic todine 1t is absorbed much more s

Apart from this, the excretion of lodine In the feces (11-60% of the adminlstered
dose) rises considerably,
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A short time after adminlstration, & conslderable part of the organic lodine
{iodotyrosine, thyroglobulin) 1 converted into jodide. Soluble compounds like
thyroxin are well absorbed, without delodinatlon. But soon gfter the absorption of
the organic from the g tract a progr transformation
of the bound lodLne into lodide is obgerved n the blood.

There (s neverthelesa a considerable difference between the fate of diiodoty-
rosine and thyroxin, It was shown by the research of Johnson and Albert 1310/,
that upon administering physlological doses of labeled dilodotyrosine 1t {5 excreted
{from the orpnlum snd is distributed {n the tissues similarly to the excretion and

stri! 14 speedily and 1131, ene
tering into m molecule, sppears ln , the form of radioactive fodide mainly (n the
urine. After administering radloactive l-thyroxin It remains in the organism for
a conaiderably longer time and during 48 hours only 0% of the fodine of thyroxin
s excreted In the urine and 40% {n the fecea, The radiolodine remalning tn the or-
ganiam [8 retalned In the composaition of the hormone,

Table IV

Distr{bution of l”l in varlous tissues and organs

Percentage of the dose per one gram of tlssue
Tissues and Organs Labeled fodide | Labeled dilodo- |Labeled thyroxin
tyrosine
hours hours hours
3 6 | 2 3] & |24 3] 6| 24
Blood 29) 25| 04 15| 13|o0s] 12f 08| 03
Thyroid gland 76.9{ 73.0 [163.9 [17.7 [ 20.2 (852 =~ | - N
| Stomach 204|193 15| 7.0 53| 15| 14| 08 04
Contents of stomach |102.3 [156.3 | 4.1 |358{ 958 [ 59} 60]164 [ 3.5
Small intestine 1.7] or| oz| os] o6|oz| 38| o8 |o2
Contents of amall
intestine 120 92| o7 35| 33] 1.0|1458]207 | 1.0
Large inteatine 15| 07| 03[ 03| 04]|02| 08| 09|03
Contents of large
intestine 15{ 11| 06| 10| 20| 05]| 40]|s00 | 23
Liver 17| 10| oalos| o6|oz| 46} 4224
Pancreas 18 17| o6| 06| o8]|os| 07| 03| -
Salivary glands 18| 15 o5f 06| 05]03] 08| 03] -

The distribution of radicactivity in the organism of rats after the administra-~

tion of phy of lodide yr and thyroxin is
11 sive, show;
Table IV, reproduced from the article by Johnson and Albert /3)"1‘;1/ nin

After administration of most organic compounds of lodine n
organic as wel
as organic iodine appear in the blood, Organically bound fodine alssnappears h:l



the urlne after admintstering thyroglobulin and considerable quantities of thyroxin
(5-15% of all the fodine of urine). The organlcfraction dimintshes relatively with
time and after 4 days It can no longer be discovered.

Keating and Albert /378/ studied the distribution and metabolism of thyroxin
in patients suffering from thyrold pathology, alter administering radioactlve
1131 fabeled thyroxin  Upon adminlatering 100 g of 1-thyroxin to hypothyrold
patients, the authors could determine only 10% of the activity in the neck region.
Even upon administering dally doses of 0.5 mg thyroxln, all the lodine was found by
the third day to be protein-bound. But, when the patients became euthyroid, the
whole tracer dose was In the form of todide and its absorption in the neck was not
noted. Urinary excretion rose from 69 % before treatment to 78 % after treatment,
Upon administering 1131-thyroxin to healthy people It does not become taken up In
the region of the neck, of the pr {odine can be
soon after administration, and the excretlon of {odlde in the urlne and feces {5 noted
only considerably later.

2. Decontamlnation of Plasma from Iodine

In the first studies employing the r 1sotope of 4 1314y was
already shown /341/ that,upon its administration to the human organtsm in physlo-
logleal doses, the main part of the fodine Is excreted in the urine within the first

24 hours, about 80% of iodine are extreted by healthy people during the firat 48
hours, and its excretion falls off sharply during the following days, The remaval

of lodide from the lodine poal depends almost exclusively on ita excretlon in the
urine and on 1ts being organically bound in the thyroid gland, The speed of excretion
and of binding are qulte aptly determined as being kidney and thyrold gland clearance
of lodide from the plasma, This notlon was first Introduced by Myant and his co~
workers /435/, who, using tracer doses of 1131, expressed In the following form,
that clearance is the ratlo between the quantitles of {odine removed by the thyrold
gland from the plasma per unit of time,

accumulation of Lodine by the organ per unlt of time

concentration of lodide in the plasma

In healthy people, the decontamination of plasma from lodides by the thyrold
gland went on at an average of 17 ml per minute, with fluctuations of 3-45 ml. In
patlents suffering from Basedow's disease the purification of the plasma took place
considerably faster and fluctuated from 70 ml per minute to 1,000 ml and more.
Research on the clearance of lodide from the plasma by the thyrold gland, made by
A.Z. Tafasman /161/, also ghowed 5-13 ml per min in normal cases, The rate
of kidney clearance In healthy people was twice as high and averaged 35 ml,

In contrast to the clearance by the thyrold gland, which ia very sensltive to
fluctuations of the concentration of lodine (n the blood, the kidney fodine clearance
rematned constant in all studies on the tmportance of lodine 241/,

A.Z. Tsfasman 162/ also determined the function of the thyrold gland after
ng 1-2pC of 1odine, by measuring the excretion of 1131
with the urine during 48 hours. Healthy people excreted 34-64 % of the administered
dose within 48 hours.

In this manner, the decontamination of the {odine pool I8 effected by the thy~
rold gland as well a8 by the kidneys and reaches in healthy people 50 ml of plasma
per min, f.e., about 31 per hour, from which the kidneya effect 2/3 and the thy-
roid gland 1/3.



Todine clearance ls subjected 1o conslderable changes under pathotogical con-
ditions, Hypophysectomy in rats conslderably lowers the lodine clearance, A de-
crease of decontamination of plasma from lodides wanalsoobserved in people with
myzedema and kidney disesses, ‘The minute excretion of iodide through perspiration
and exhalation has 1o perceptible effect on the decontamlnation of plasma from lo-
dine contained {n the blood,

Upon giving small doses of lodine about 80 % is excreted in the urine and a
very small doge with the feces. When adminlstering considerable amounts the ex-
tent of the urinary excretion Increases correspondingly. Thus, for instance, upon
administration of 145 mg of lodine per day the urine contained 116 mg (75%),
perapiration—24 mg and feces—5 mg.

A healthy person excretes in one hour 5% of the lodine reserve of his body;
the rate of decontamination of the blood from lodine by the kidneys changes very
little In the preaence of various concentrations of (t in the plasma. This leads to
the assumption that lodine {8 usually passively absorbed by the renal tubules.

‘Thus, upon administering todides their main mass leaves the organism with-
in the first 24 hours, The remalning part of the iodldes becomes matnly concentra~
ted in the thyroid gland, but some other organs elso have the faculty of accumulating
iodine in perceptible quantities. Thus, for example, iodides are concentrated by
the sallvary glands, the stomach and the mammary glands. Thelr secretion was
recently studied In detail on people by means of [131, The fcllowing relationships
of the concentration of {odine in these secretione to the lodine of the plasma were
determined:

Lof saltva _ o I of gastric yuice , oo
Tof plasma of plasma
Lofmik o0

of aema

We may nevertheless state that the thyrold gland holds a particular position
as to the trapplng and storing of iodine, and that the quantity of lodine in the other
organs, after the establishment of an equilibrium in the lodine pool, 1s instgnlficant
compared to that in the thyrold gland.



Chapter IIL

THE METABOLISM OF IODINE IN THE THYROID GLAND
{mobmen fodavnutri ghchitrovidnoi zhelezy)

The {odine cycle of the thyroid gland includes the following stages which occur
consecutlvely fixation of 10dine of the blood by the thyrold gland, its oxidation into
elementary lodine, blosynthes:s of thyrold hormones and thelr accumulation in the
form of thyroglobulln, enzymatic hydrolysis of the proteln with liberation of lodin-
ated amino acids from the molecule of thyroglobulin, and finally, secretion of the
prepared hormone into the blood circulation

We can only develop here the basic results of a great number of studies on
each of the above-mentioned stages. But before we begin the examination of the
intrathyrotdal metabolism of lodlne, It is expedient to bring forth the basic data
on the chemical companents of the thyrotd gland.

1. The Chemical Components of the Thyrold Gland

The thyrold gland, as any other argnn, Is composed of proteins, fats, lipolds,
hydrates, mineral ‘The hormonal secretion of the
gland is related 10 the protein substance present in It, the particularity of which 18
the of lodine in its composition,

Our first knowledge of this protein was obtalned by Baumann in 1845-1896.when
studylng the active prineiple of the thyroid gland. His extremely Important discov-
ery on the constant extstence of a firmly bound fodine compound Ln the gland laid
the basis for further study, which has been going on until our day, on the chemistry
and by, Y of the {od: of the thyrotd gland, Soon after the
first works of Baumann the protelnic nature of this lodinated compound and its
classlfication as a globulin was determined. Preparations of thyroidin or (odothyrin.
cbtalned by Baumann by acid hydrolysis of the tissues of the thyrold gland, contained
from 2.9 to 14.5% of fodine In thelr composition and were found to be, as he had

dodi Pr 5 of the protein disgociation

The active lodoproteinic substance of the gland was isolated by Oswald by
way of sulfate pre n of extracts of the thyrold gland
and was named by him thyroglobulln or iodothyroglobulln, The quantity of this
protein in the lands is very variable and amounts to 10-50% of the welgnt of the

Further research was directed o the separation of an active preparation of
the hormone from thyroglobulln,

A great number of studies were begun with the use of varlous methods of



hydroly lin and of the activity of the preparations obtained
until at llst K:nd:dl succeeded, In 1915, after many unsuccessful trials, in isolat-
ing a single chemlcal substance possessing the hormonal activity of the thyrofd gland.

‘The chemical stracture and composition of the obtalned crystals were studled
by Kendall and Osterberg {cited from Trendelenburg, [142/), who named this sub~-
stance thyroxin, and gave the formula of Its Btructure, But the correctness of the
structeral formula proposed by Kendall was questioned, The English researcher
Harington later successfully solved thia question and he has the honor of having
established the correct formula of thyroxin in 1926, 2s well as its synthesis, which
he realized together with Barger in 1927,

In this manner it was made clear that the veritable hormone of the thyrold
gland 48 thyroxin and that thyroglobulin (& 2 form of accurmulation of lodine—the
potentlal source of thyroxin,

The Lsolation of fodinated proteins with hormonal activity from the thyrold
gland, and the discovery and separation of the active hormone from these proteinic
prepamluns, in the form of an Indvidual chemical compound, served as a powerful

for further r rch on the y of thyroxin and thyroglobulin.
This also gave great scope 10 the experirental and elinical research on the biochemlc-
al and of the form L, and action of the thyrold

hormones.

In order to obtain new results on the composition and characteristics of thyro-
globultn, it was necessary to improve the technique of its peparation and of the
analysis of the products obtained {rom {ts hydrolyeis. The researchers had a basic
aim (n elaborating the various methoda of isolation of the iodinated proteins from
the gland. on the one hand, to obtain homogeneous products which could be consid -
ered #8 pure substances, and on the other hand, to find out{f the thyroid gland contains
a mixture of lodoproteins corresponding to the various stages of halogenation and, if
B0, to Separate them.

In order to obtaln pure nondenatured proteinic preparations, it was proposed
1o use extractlon, ata temperature of 0°, from the frozen microscopic sections
of the organ, by means of an fsotonic solution of sodium chloride and precipitation
of the lodoprotein by ammonium sulfate at 35 to 45% saturation, The homogeneity
of the preparations obtained in this manner could be proved, by the sedimentation
rate during ultracentrifugation and by the method of electrophoretic separation /349,
350, 399/. The question whether there are several thyroglobulina in the thyrotd
gland remained unsolved,

A number of authors /264/, having obtained thytoglobullm! 1n various stages
of todlnation from extracts of the gland, of h

protelns in the thyrotd gland It 18 very probatle um the degree of todimation of
thyroglobulin may be subjected to considerable change depending on various factors.

Derrien /264/, Stanley /544, Easty and others /282/, recently subjected
these problems to new study. They made experiments using & new method of separ-
ating which was by Derrien /264/ ‘This method, which

of the thyrotd gland by this method They showed a constant solubility 1n the prea-

ence of certainneutral salts and, under equal conditions of pH and temperature, they
were from the and

ph point of view, These



fracttons were found ta be very sensitive ta changes of pil, An Incresse in acidity
{pH<5.0) led to a d n of thelr blity, The made
by the authocs of the present work of the preparations obtained by the early mathods
of Dawald, Hetdelberger and Palmer (cited from Derrten, 264/} showed the pres-
ence of considerable quantities of nonjodate admixtures {n them, and in some cases
also of denaturation & of thyrogtobul The of the pure, nondera~
tured preparanons of thyroglobulin did not depend on fheir containing todine and
indinated amintacids Desides thig, his protein showed under certain condisions
an identical compoaition in all 2 fractlons, which were separated by consecutive
precipitation in increasing concentrations of neutrel valts, Thuz, It follows that
the todine content of thyroglobulin is very variable and cannot be the ertterlon far
the degree of purity of the preparation

Thyroglobulin {8 thus, very probably, @ protein with a practically stable
structure Namodinated amino acidy, whose degree of todination varies enter intp
g » but under 1 d All three
of thyroglobultn, from extracta of the thyrold gland as well as from purifled prepars
atlons, contain equal amounta of lodine  and probably correspond to varlous degrees
of aasaciation of thyrogiobulin,

Studies made tn our lahoratory by V. M. Sorgkin show thst the ratic percent
of the various fractions of thyroglobulln separated by the metnod of Derrien changes
from one case to enothey

The question of poasible differences In the properties of thyrogiobultn under
narmsl conditions and in pathology of the thyrold gland was subjected to a series
of studies. The resulty whick have been published 2o not give the basig for con-
cinslon abaut any kiand of difference inthe amino acid compositionof the preparations
of $he lodinated pratein obtated from & normal thyrotd gland and those obtained
from an or an c golter. D were cbserved ony 28
to ratioa between the gquanitty and the relasionships of the lodinated gmino aclds.

The d By el phoresls and ¢ of the
purity of thyroglopulin, secreted by the same patient from normal and carcinomalous
ttasue of the thyroid gland, showed that the proteln fractions in both cases changed
28 identiead compounds, but their mobility differed. Three or four antigenic
companenta were discovered la evary thyroglobulin,

Dersien and othera  also studied the thyrogiobulin of four types of mammels
{ox, harse, dog, mnd hagl in drder to answer more specifically the following ques~
tion: do they have any specific particularities, as was for example determined in
the cuse of tnsulln, hemoglobin, ete? But snalysls could not bring to light any
differenced between the thyragivbuling of the anlmais studted.

The iodine content of thyroglobulin determines 112 quantity in the collold and in
the whole thyrold gland, 88 $0-85% of e lodine in the gland are bound in the com-
position of the speclfic proteln in the torm of lodinated amine selds. Asa result
af alksline or of thy » aerfes af {odinated derivats
tves of tyrosine and thyronine, chararter{siic onfy of the specific protein of the
thyrotd gland, are wléc separated together witts the basic aaiino aelds, According
10 the rasults of Berstn (rited from Jende, /351/), the amlno acid compoaition of
thyrogiobulln is the following {grams of amina acida per 100 g protein):




Thyroxin 0.21 Tryptophan 2.1
Trilodothyronine 0.0% Cystine 36
Ditodotyrosine 0.5 Tyrosine 3.2
Monolodotyrosine 0.6 Methionine 13
Monolodehistidine 0.02 Alantne 7.4
Tistidine 22 Glyclne 3.7
Arglnlne 127 Valtne 1.45
Lysine 3.4 Leuctne 128
Phenylalanine 67 Serine 108

Ac has been previcusly noted, the quantity of iedlnated amino acida in the
motecule of thyroglobullnmey also vary conaiderably In a normal thyrold gland,
on a geries of But more considerable fluctuations of thelr
quantlties are observed In various forms of pathology of the glahd, These problems
will be examlned later {n greater detall,

Thyroglabulln {s not very scluble In water and in acids, but [s very soluble
in golutions of alkaline and neutral salts, It Is precipitated from alkallne solutions
by acids. The molecular welght of thyroglobulln (s 675,000, It has a characteristic
absorption spectrum of ultraviolet ug;hz with two absorption maxima: one at
2.800 A, on the p amino acids and of tryptophan in the
molecule, and the second at 3,200-3 soa A, which Ls determined by the presence of
chromophoric groups of thyrox(n and slne, and s more
specific for thyroglobulin.

Another protein, contalning phosphorus, was also tsolated from the thyroid
gland by Oswald, This protein is a nuclecprotein, found in all cells. W has no spe~
clfic property characterlstic of the thyroid gland.

atudy of the of thyroid , results
on the and tne of the gland (tself are rather scanty.
In the compositlan of the gland, apart from thyroglobulln and nucleoprotelns, there
are algo fats and lipoids, p . and a whole

anic 8. .,
serles of enzymes. The water contert of the gland resches 75%.

Ribonucletc acld (RNA) and desoxyribonucleic acid (DNA) in the cytoplasm,
nucteus, and rmcleolus were atuded 1n hyper- and hypothyrold snlmals. An inerease

e =,

- .
under the iniluence of propylthiouracil, The use of myroxln Lugol's solution, and
hypophysectomy, lead to the reduction of DNA in the nucleus. On the basis of the
basophilic staining of the colloid, it 1s assumed that the colloid contains a consider~
able amount of RNA  This is confirmed by the fact that upon digestion of the collod
by ribonuclease, the basophilic stalning reaction disappears progressively.

The of ea of hydrolysable hexosamlne was
determined {n the thyrotd gland 0:\ the basis of histochernical reactions, Gresch
{cited from' The Hormones , /358/) expressed the opnion that the polysaccharids,
and to some extent hyaturonic acid, are found in the collowd Ln the form of gluco-
protein  The presence of glycogen In the thyroid was not determined

A considerable quantlty of fats and }polds is found In the tissue of the thyraid

gland A series of works were recently published, examining the various aspects of
the metaboliam of phosphorus i the thyrold gland, and especially the metabolism of
phusphollpxds Morton and Schwarts 430/ reported on the selective absorption of

2 by phospholipids of the thyroid gland of cows, under the influence of the thyrotro-
pxc hormone, and Ingbar and Freinkel /311/, while studying the synthesls of the



thyrotd hormone, determined on sections of the thyrold gland that the first Stage
of which 15 the 3 of 1 by the gland, depends on the supply of
energy from oxidative phosphorylation, In hls recent work, Freinkel /310/ studied
the incorporation of Pu, glycerin, and labeled C“k Into the composltion of the
phospholiplds of {regh sectlons of the thyrold gland, After incubation the phoge
pholiptds were geparated by chromatographic method. The presence of phosphoglycerides

was proved in the lipid extract. The absorption of P32 by various fractions of the
phospholiplds varied, and also depended on the state of the thyratd gland. This
work showed that it 18 not possible to consider phosphollpids as one fraction and
that it Is posalble to separate them in the gland into several fractlons, each of which
has Its metabolic particularliles,

Together with V.M. Sorckin /148/ we recently studied the distribution of

Paz in the phosphorus fractions of the tissues and organs of rats under various
functlonal states of the thyroid gland The method of determination of the phospho-~
rus fractions in one portion of tissue elaborated by Sarokin and loffe f134/ was
found to be extremely convenient for this research, Twenty-four hours alter ad-

ministering to the rats one i of KH, P 20, per one gram of body welght the ani-
oF Oy P

mals were killed and small pleces of the organ were rubbed into the pores of &
clircle of filter paper, The tisgue was then extracted from the clrcle of paper by &
muxture of ether, alcohol and acetone {lipold phosphorus), cold trichloroacetic acld
(inorganic phosphate) hot trichloroacetic acld (nucleic phosphorus}, and then the
residue (proteintc phosphosus) was determined ~After each extraction 4 reading of
the actlvity on the circle was made The resulta on the distribution of FO2 In tae
phosphorus fractions of the tissue of the thyrotd gland of healthy rats, obtsined by
V M Sorckinand K G Ioffe, showed approximately the same actlvity for the
thyroid gland, kidneys, eplphysis,and spleen. The adrenal glands, and particularly
the liver, sbsorbed considerably more, and the pituitary and bratn had » markedly

low absorption of P:'2 1n 8 pormal thyroid gland, 24 hours after the admintstration
ot KHZPSZO<, Almost half of the actlvity was In the Inorganic phosphate, 20-24%

of the total activity in the lipold phosphorus, 18-20% (n the nucleic phosphorus,

and only 6~8% in the protefnic phosphorus. In rats treated with thyrotdine for one
month we noted & certain rise in the absorption of phosphorvs and a marked change
of its distribution among the fractions. the percentage of inorganic phosphate
dropped to 36-41, nuclefc phosphorus alsodecreaged, the activity of the 1lpoid frac-
tlon rose constderably, and that of the protein rose even more (14-20%). This
evidently points to an of the processes In the thyreld gland
under the action of the thyroid hormone

~#4t- weoman thyrold gland, a rather high
tologischen und pathalogi~
min C was slso studied, It
« " the eplthellal cells of the
gland.

The thyrold gland was also atudled from the histochemlcal polnt of view. The

presence of a whole gerles of enzymes ln the gland waa shown by the use of a histo-
1 Thus, Dempsey j261/ discovered peroxidase granules. The
e of pri nd oxtdase were also determined in the gland

7283/, The g study of these was made at varlous physiologieal
states of the gland. Reeearch made n the Laboratory of Pathobistology of the
Tngtitute of Reglonal Medicine of the AS Uszbek SR _conflrmed the presence of actd
and alkallne phosphatases and peroxtdase in the gland,




Among inorganic substances the gland waa shown 10 contaln, gpart from iodine,
Q, Br, F, Ma. Mg, S, Zn, Ti, Sn, Pb, Al, U, Ag, Fe, Hg, S, Rb, LL, As, Cr,
Co, Ni. In the thyroid gland the accumulation of elements from group V11 of
Mendeleev's tahle occurs to various extents, but only lodine enters into the organic
bond, and this permits it to become concentrated In comparatively large quantitles
Other elements of group VII do not rematn in the thyrold gland and therefore they
leave the organism speedily when administered In conslderable doses. Thus,for
example, Rhentum, adminatered in the form of labeled HRe' 50, was concentrated
{n the gland {rom 25 to 100 times more than (n the blood, but as a result of {ta speed
of excretion in the urine the activity of Rhenfum in the organism is lost after two
days Mn (s slso absorbed and speedily lost, Itwaa determined, however, that all
these elements displace lodine to 2 certain extent from the thyrotd gland, and they
all provoke golter when present In sufficient quantlty. Information also exists on

the sugmentation of the goiterogenic action of thlourea by bromides, chlorides, and
fluorldes,

A large number of studies exist on fluorine and bromine, especially In relation
1o efforts to determine the posaible role of fluorine In the etlology of goiter and the
antagonistic relationships between lodine on one side, bromine and fluorine on the
other In the human thyrold gland there are 0.9- 1.4 mg% of bromine and in the
gland of dogs 0 84-1.45 mg % (F.Ya. Berenshtein /20/}.

E 5 Turetskaya /150/ studied the ratio of fodine and bromine In the thyroid
gland of persons tnhabiting the western reglons of the USSR whodledin acctdents
According to her results, the ratio for pecple living in the above regions, where an
todine deficlency in the surrounding environment i8 noted, ls less than 8 6 percent

and the absolute value is 6 6, while in persons who are not local Inhsbitants both
values were 7,2,

I.N Verkhovskaya /28, 29/ brings results on the antagonistic relationship
between iodine and bromine In the thyroid gland  Together with Tsofina /30/ she
observed augmentation of bromine in the thyroid gland during thyrotoxicosis,
Normally at 0 77 g %, thyrotoxic patlents took up about 1.70 mg % of bromine
After administration of preparations of {odine the bromine content is reduced The
adm:nistration of preparations from the thyrotd gland also provokes a reduction
of the bromine in the blood

‘The content of astatine {ecalodine) in the thyroid gland of guinea pigs, rats,
monkeys, and humans was from one tenth to one fourth of the content of iodine This

element may assume therapeutic importance, as it liberates o -particles during
its disintegration.

It was also that the of
Is greater than that in any other organ

in the thyroid gland

Sulfur in the farm of S°° appears in the collatd after 48 hours in quantities
sufficient for sutoradiography Qur research 147/ also showed an Intensive
inclusion of $°° methionine In the proteins of the thyrold gland of normal and byper-
thyrod rats. Sulfur, sdministered in the form of thiourea, appears and becomes
localized In the thyrold gland, where 1t 13 Speedily oxidized Into sulfates.

+ ., An has already been noted, our results on the chemical anatomy and metaboliem

LLothenuLit anu cytochemical methods



In view of the fact that the absorption of lodine, {ts metabolism in the gland,
and the of fodl h are the essence of the biochemical
processes of hormone formation in the thyrold gland, each of these questiong shall
later be examined separately,

2 The Flxatlon of the Iodides of the Blood by the Thyrold Gland

The first and Indi d for the of metab-
ollsm of {odine is the trapping of lodides from the blood stream by the thyrold gland,
The capacity of concentrating lodides from the blood is actually the moat (mportant
particularity of the thyrold gland

The trapping of iodine from the blood by the thyrold gland occurs very quickly.
About 2.5% of the inorganic lodine of the plasma accumulates hourly in a normal
gland This P to the of the plasma from jodine by the thy-
roid gland which is equal to about 10 mlper minute, in hyperthyroidism the accumula-
tion rises to 20 % per hour, constituting 130 ml of plasma per minute. All the other
tissues, except the kidneys and thyrold gland, use only 2% of the {odides of the
plasma, and their general activity is only 12% of the {odlne pool.

The iodine {ons are found in blood plasma in very low concentratlons, of
about 0.1-0 5ug per 100 ml, and a very sctive concentration mechaniam ensuring
constant aceumulation of 1odides In the cells Is necessary, so that such a minute
quantity of {odine could be {ncluded (nto the metabollc cycle. Such a mechanism
exists in the thyroid gland, The fixation of the lodides of the blrod by the thyroid
gland consists of two consecutive stages: the actual accumulation of todine in the
real sense of the word, and its oxidation Into elementary lodine - Iz

Iodine can react with thyroglobulin in order to be included nto the organic
only In its el -y form Butalsoin the absence of organic binding

of jodine the thyroid gland can accumulate it at least to the same extent aa the
sallvary glands or the gastric juice, { € , up to a level of 40-50 times higher than
the quantity of lodine in the plasma It i impossible to draw & line between thia
part of the fixation of {odine and the following stage, when the oxidation of (odide
into elementary lodine takes place with its immediate Inclusion Into the proteln
molecule. Under normal conditions the organle binding of lodine in the gland takes
iodine of the thyroid gland

iodifie of the plasma
1 reached and the quantity of free 10dine in the gland does not constitute important
quantities in the general 1odine pool of the organism

place so fast that no r gradient -

The process of concentration of lodine-1' In the thyroid could be studied with
precision only by the use of labeled fodides and entithyrold substances, capable
of bresking the chaln of the transformation of lodine Lnto lte different links. It must
be remembered that results, which would be valuable from the physiclogleal point
of view, can be obtalned only by using such quantities of lodine which do not perceptib=
1y rise above the level of indemla.

Jodides administered to a rat in doses from 100jg to one mg penetrate into the
thyrotd gland 1o a very emall extent and donotremafn in t, for at that stage they donot
yet participate in the farmation of fodinated amino acids. lodides are excreted by the
Xidneys, the digestive tract, bile, and saliva and the metabolism of the T fona
becomes normal when the level of lodemla returns to [ts Initial value. It is only
possible to follow the fatc of lodides after adminlstering 1-2ug of labeled lodine
o rat, This concentration Is already perceptible a few minutes after Injection,

a8 may be shawn by aphlc study of sections of the gland




Une hour after ing p 1 of 5 dine the concentra-
tton of 13! 1 the organ e 500 times higher than that of the blood and all the

1351
adminigtered iodine may be fixed by the gland within 8-12 hours, 1 can be al+
ready found In the collold less than 30 seconds after Its adminietration. Our re-

131
search /149/, with the of ot 1" (one uC
per gram of live welght) to rabbits, enabled us to discover the accumulation of
radloactive lodine (n the thyroid gland already 10-15 seconds after an intravenous
Injection Analogous results were also obtained by other authors /98, 614/. The
penetration of fodine Into the cells of the thyrold gland may be ahown by the follow-
ing diagram {Flgure 1},

. j

L ffe— —— -+ cottota
tegue fiutd || free T I
T

membrane poand fodine

Figure 1, Schematlc repregentation of the state of lodine
in the thyrold gland

Pree todine s in equilibrium with the lodlne of the blood stream. On the other
hand, free iodine {g also In equillbrium with bound lodine, which forms an unstable
combination with the colloidal system and may pass through the membrane,

The autonomous nature of thia first phase of the intrathyroidal metabolism of
lodine was clearly demonstrated in research by means of blocking the oxidatlon
reaction of the lodides Into 1, In the gland, which is effected by sulfonamides and

preparations of thiourea, Such research was Initially conducted by the workers

of Chalkeff's group /308, 518/ and by others, who observed that although the capa-
city to bind fodine fn an organic form s weakened in eections of the thyroid gland
in the p o and they malntaln thelr capacity to

concentrate lodine. The same thing happens when propylthiouractl 18 admintstered
to the animals.

Thus, a thyrold gland blocked by thiouracil may capture lodine and contarn It
In concentrationa several hundreds of times higher than the concentration of lodine
in the plasma Under these conditlons, lodine is accumulated in the gland in the
form of thyroglobulln salts, instead of belng Included Into the iodinated amino acids,
As can be seen from the above dlagram, this is a "weskly combined todine”, When
blockade Is total, the lodine entering the thyroid gland I6 {n an tnverse ratlo to the
iodsdes of the plasma and, in contrast to lodine accumulated and bound In an organic

form in the unblocked gland, may be easlly forced out by thlocyanate, perchlorate,
and some other anions /545, 591, 597/,

The capacity of the thyrold gland to M ey efther
by the relation of the lodine concentration of the thyroid gland ta the {odine of the
plasma, or by the thyrotd fodine volume in lters, equivalent to the lodme of the
plasma  The iodine volume of the thyrold gland depends on lts size, as well as on
the lodine ratios, In persons the concentration gradient
may be 500- 1; the thyrold lodine volume may contain a quantity of fodine equvalent
to that of 30--35 liters of plasma f214, 215/ A blocked normal thyroid

gland has @ thyroid-iodine volume of very rarely more than 400—500 ml of




plasma, but a rise of the concentration gradient was observed within 8+9 hours,
under the Influence of thyrotropic hormone,

Physiologically {odine i3 integrated into organic compounds immediately after
entering the gland. At the same time, only a minute quantity of jodine, not more
than 2% of its total quantity ln the thyrold gland, is found wn the form of lodides,
and may return as such to the plasma  This s In accord w.th the known resulls,
that already after 1-2 minutes of accumulation by the unblocked thyrold gland, [ 3
i8 not forced out by thiocyanate. A part of the todides in the glandis formed by deha~
logenation of the {odotyrosines liberated from thyroglobulin during the process of
proteolysis

fnsufficient organtc binding of fodine In the thyroid gland may also take place
without the use of specific antithyroid substances, for example in some cases of
thyrotd cretin{sm.

The mechanism of the capture of iodine from the plasma by the thyrold gland
was studied by many authors, but it 1s still Insufficiently clear today. In order to
explain the process of the accumulation of {odine inthe thyroid gland againgt the con-
centration gradlient, a number of authors directed their attention to the energetic
aspect of the functioning of the gland, /311/. The indispensability of aeroble condl-
tions for the concentratlon of lodine by the thyroid gland was snown In studies with
sections of the thyrold gland of animals In a Warburg apparatus, The accumulation
of fodine by the sectlons was lowered at temperatures and values of pH which were
too high, Optlmum conditions for the capture of lodine by the glands were pH =
7.5-8 0, end a temperature of 35-4¢  Studies of the capture of {odine by sections
of the thyroid gland with simultaneous measuring of the absorption of oxygen showed
that the minimat port of lodine of energy
supplied by the aerobic cellular metabolism. There is a definite direct relation
between these two processes The results of Freinkel andIngbar /311/ gshow thatan
active, metabolically-bound oxidation process {s an indispensable condition for the
transport of inorganic lodine Into the thyrold gland agalnst the concentration gradient,

The transport of lodine into the thyroid gland ceases when Inhibltors of aeroblc
respiration {cyanide, azlde, sulfide, argenite, phlorfzin, fluoroacetate, etc) are
added to the incubation medium; thls also occurs by the additlon of many compounds
reacting with the sulfhydryl groups (Hg, Zn, Cu, lodoacetate, bromoacetate, quinone,
p 2, 3-dimer ). These

\ly also supp: of the tissues.

The absorption of lodine is also lowered by the action of sulfonamides, inhi-
bitors of oxidative phosphorylation (2,4-dlnitrophencl, 2,4, 6-trinitrophenol etc)
of todtde, y . perchlorate, etc.

While studying the absorption of {odine by the thyrold gland In patlents suffering
from myxedema, N.A. Gabelova /37/ discovered that the absorption of fodine by
these patlents corresponds to the capture of lodine during blockade of hormone
formatlon Ln the gland under the action of thiouracil, In this condition the quantity
of radlolodine in the thyrold gland during the (nitial absorption period rises In pro-
portion to the square root of the time that has elapsed slnce the admintstration of
radioiedine. Thus, Gabelova 2 1ike absorption of r
by the thyrold gland, emphasizing that this process is not a purely physical one, but
18 under the regulating Influence of the nervous syatem, She explaing the high
concentration gradient in the thyroid gland by the high "solubllity” of iodine in the
gland, and this {s why, according to her opinlon, the absorption of todine by the
thyroid gland against the gradient of concentration goes on quite caslly, without loay
of energy ln order to overcome osmotlc forces. Most of the energy used in the
process of the vital actlvity of the thyrold tissue is expended In order to maintaln




the functional and consequently also the structural organization of the tisaue, As
ig supposed by Gabelova, the excretion of jodine from the organism also takes place
by diffuston, corresponding to the formula that she elaborated, which 15 analogous
to that of absorption by the thyroid gland,

However, according to the opinion of most researchers, the clearance of
jodine by the thyroid gland and the kidneys follows two analogous exponential curves,
This opinion i# firmly based on a great number of experimental and clinical
cobservations,

N.A. Gabelova's opinions are based on the mathematical treatment of only a
few cases, and the arguments put forth are insufficient. Besides, the assert{on of
a better "solubility" of fodine in the gland than in blood, which ensures the direction
of diffusion against the gradient of is d, As was
shown previously, the process of iodine capture demands simultaneous oxidative
metabolism, and this is why Gabelova's opinlon on the "drifting" of iodine from the
blood into the gland, without 1055 of energy, is also speculative,

It 1s posaible that the inftial capture mechanism of jodine by the thyroid gland
does not differ in principle from the same mechan{sm In other tissues, But, if we
consider the later fate of thyrold iodine and the extremely high gradients of con-
centration,which the thyroid gland ia capable of holding against the plasma, capture
of iodine by the thyroid gland stands in a position by f1gelf,

It was previously thought that the fixation of jodine by the thyroxd gland is only
possible in the presence of an intact cellular atructure, Although sections of the
thyrold gland actively absorb fodine from the surrounding medium, raising the
concentration gradienl_%{‘i,lo high values, 1t was not poseible to show absorption

Tediu]
of {odine by homogenates of the tissue.

The capacity of gland tissue homogenates to concentrate {odine from the

surrounding medium has been shown in recent years by a series of studies,

Myngarden and Stanhury /436/ studied the absorption of 113! from the surrounding

medium by gland homogenates which were kept {n small dlalyzing bags, It was

discovered that after 24 hre of incubation the activity ratio homogenate reaches
imey

um
6, but in the majority of cases 1t was equal to 3, The greater part of I'! captured
by the gland was found to be in the form of 12' which {s extractable by carbondisulfide
only toasmallextent; {twas thenredialyzed. Only 20-30% of the fodide was fncluded

in the protein molecule and gave after hydrolysis monoiodotyrosine and small quan-
titier of dilodotyrosine

3, The Oxidation of lodide in the Thyroid Gland into Elementary lodine

During the concentration process in the thyroid gland the fodides do not under-
go any transformation. Ths is shown by the speedy falling off of radicactivity in
the thyroid gland of animals to which preparations having the capacity of forcing
out unbound jodine from the gland, as for example thiocyanate (rhodamde), or
P , were ad

The indispensable condition for the organic binding of iodine 18 the oxidation

of jodide with the formation of elementary iodine, together with its accumulation
in the thyroud glandz

21~Iz +2e



plasma, but a rise of the concentration gradient was observed within 8-9 hours,
under the influence of thyrotroplc hormone,

11y iodine 1a grated into organic after
entering the gland. At the same time, only a minute quantlty of lodine, not more
than 2% of 1ts total quantlty in the thyrold gland, 1s found in the form of fodides,
and may return as such to the plasma. Thig i8 in accord w.th the known x'es\.utsI
that already after 1-2 minutes of accumalation by the unblocked thyrold glang, 1131
18 not forced out by thiocyanate. A part of the iodides in the glandis formed by deha-
logenation of the iodotyrosines liberated from thyroglobulin during the process of
proteolysis.

Insufficient organie binding of {odine in the thyrold gland may also take place
without the use of specific antithyroid substances, for example in some cases of
thyrotd cretinism.

The mechanlsm of the capture of {odine from the plasma by the thyroid gland
was studled by many authors, but it is stlll (nsufficiently clear today. In order to
explain the procesa of the accumulation of iodine in the thyroid gland agafnst the con-
centration gradient, a number of authors directed their attention to the energetic
aspect of the functloning of the gland, /311/. The indispensabiliy of aeroblc condi-
tlons for the concentration of fodine by the thyroid gland was shown In studies with
sections of the thyroid gland of anlmals {n a Warburg apparatus. The accumulation
of iodine by the sections was lowered at temperatures and values of pH which were
too high, Optimum conditions for the capture of lodine by the glands were pH =
7.5-8 0, snd a temperature of 35-40°  Studies of the capture of iodine by sections
of the thyroid gland with simultaneous measuring of the absorption of oxygen showed
that the mlnimal transport of iodine e of energy
supplied by the aerobic cellular metabolism. There ls a definite direct relation
between these two processea The results of Freinkel andIngbar /311/ ghow thatan
active, metabolically-bound oxidation process s an indlspensable condltion for the
transport of inorganic fodine Into the thyroid gland against the concentration gradient.

The transport of {odine into the thyroid gland ceases when nhibitors of aeroble
respiration {cyantde, azlde, sulfide, arsenite, phlorizin, fluoroacetate, etc) are
added to the incubation medium; thls also occurs by the additlon of many compounds
reacting with the sulfhydryl groups {Hg, Zn, Cu, fcdoacetate, bromoacetate, quinone,

2,3 } These do not

{ly also supp: pir of the tisgues.

‘The absorption of lodine is also lowered by the action of sulfonamides, inhi~
bitors of oxldative phosphorylation {2,4-dinitrophenol, 2,4, 6-trinitrophencl etc}
considerable of todide, per ete.

While studylng the sbsorption of iodine by the thyrold gland in patlents suffering
fram myxedema, N.A. Gabelava /37/ discovered that the ’bsorption of {odine by
these patients corresponds o the capture of lodine during blockade of hormone
formation in the gland under the actlon of thiouractl. In this condition the quantity
of radiolodine In the thyrold gland during the initial absorption period rises in pro~
portion to the square root of the time that has elapsed since the admlnlstratlon of
radiolodine. Thus, Gabelova 8 diffy Yike absorption of
by the thysold gland, emphasizing that this process ia not & purely physical one, but
15 under the regulating Irfluence of the nervous system She explaing the high
concentration gradient in the thyroid gland by the high "solubllity” of lodine In the
gland, and this ls why, according to her opinton, the absorption of lodine by the
thyrald gland agatnet the gradient of concentration goes on quite easily, without loss
of energy in order to overcome osmotle forces, Most of the energy used in the
1tal activity of the thyrowd Hesue s expended ln order to malntain

process of the vi



Later worka of Wollman and Wodinaky 814/ showed that, after infection of
radioactive jodine to normal mice, radioautograma appear after 11-16 sec, In rats
they appesred after 30 sec and only {n the collold, not in the cells, The problem
nev remalins d: does the protein form in the cells and s
then, very shortly after, secreted in the collofd, or does it form in the colloid, at
the surface of the cella? In any event the fact remains that {odine bound to the protein
appears in the colloid as early aa 10 gec after the injection of radicactive fodine into
the blood stream, If we take into account that, before inclusion into the tyrosine
molecule, the inorganic fodide has a very long way to ga 1n the blood stream, that
it passes through a series o! membranes and undergoes at least one chemlcal traps-
foninto etomtc fodine, the astounding speed of the
whole proce!! of hormone formation becomes evﬂdent The discovery of absorbed
fodine {nnide the follicular llll'nen I458/‘ and the evident indigpensability of intact
cells for the effect! lobulin concur with the hypotheais that the
cells ccrete, independently, lhyrcglobuun and fodine in the follicles. But cellular
activity in the apleal region 18 Indispensable for the axidation of lodine in the process
of of the It should 8180 be taken into account
that, if the oxidation of fodide takes place inside the cells, the proteins of the cells
themselves may successfully compete with thyroglobulin for the possession of
elementarylodine. Anyhow, the basic mass of iodine is found in the form of thyroglobu-
Un and a relatively small quantity of the jodinsted amino acids are formed by intra-
[ of thyr

The anatomical localization of the process of hormone formation in the thyrold
gland was studied by M,F, Merkulov /87, 98/ in recent yeara by the autoradiographic
method, His study on rats, ¢n the localization of radiciodine in sections of the
thyroid gland 10 sec, 20 min, and other longer time intervals after the administra~
tion of radiolodine, make it posaible for the author to affirm that the lodination of
thyroglobulin takes place in the colloid of the lhyrold gland in view of the fact that,
10 sec after the protein {s found only in
the colloid, Further on, tnklng into account the d.(nribuﬁon znd {ntensity of the
immediate initial absorption of radicactive fodine, the author supposes that, at
least In regard to the capacity of concentrating fodine, only 5% of the total quantity
of follicles function simultaneously, The distribution of labeled thyroglobulin,

20 min after intravenous tnjection of 1131, shows a different degree of secretion of
radiofodine in the collofd by the follicular cells, The labeled protein is found in the
follicular cells after longer lapses of time and, as is pointed out by the author, this

Pprobably reflects the secretion process of the iodinated compounds {oto the blood
Etream,

Analogous results were obtained in our laboratory by lslanbekov /148/, from
autoradiographic study of the thyroid glands of rats and rabbits, We admimstered
intravenously to rabbits large doses (one 4C per gram of body welght) of radioactive
fodine and studied the localization of activity, after various time intervale,by the

method on sectione of the gland; at the same time,
we performed of the jod compo=
nents of the hiond and sland, A= easly -~ ffaas Cebpm o3 btk
- . - - . v
- e - . LR .
. - ' . . e

#uown by the fact that 10 gec after the ldmhd!’!rlllon of rnd!oiﬂdlne the activity
in the collowd is discovered not in the central parts of the follicle, but in a rather
narrow band very close to the apical region of the follicular cells,

Another lmportant question which {s worth examining 18 that of ‘he role of the
cellular structures, or of the ind y of the intact




It 15 still not clear whether this process takes place with the participation of o
special enzyme, or whether oxidation can take place in a non-enzymatic manner,
This reaction may be experimentally reproduced in vitro by means of various oxidi-
zers, under the inf] of such Y a8 pi an oxdase,
whose presence in the thyroid gland is well known, But, no one has yet succeeded
in {solating free elementary iodine from the thyroid gland, though 1n recent studies
by Fawcett and Kirkwood /288/, who studied the formation of organically bound
dodine {n homogenates of the thyroid gland, upon adding copper and tyrosine to the
incubating medium, the appearance of spote corresponding to iodine atoms was
shown on chromatograms As these authors note, copper in this reaction prob-
ably enhances the oxidation of fodide to iodine, Evidently the oxidation of fodide
takes place very speedily, and the free jodine which is formed is immediately
incorporated into the thyroglobulin molecule or into the free aminoacids, taking on
an organically bound form,

As may be seen {rom the above -mentioned work, Fawcett and Kirkwood
asgumed the oxidation of lodide &s also taking place in a non-enzymatic manner,
‘The presence of copper 1ous and tyrosine, which later is the acceptor of elementary
lodine, suffices for this, Copper may be replaced by iron and by hydrogen peroxide.

But the suppreseion of the process of organic binding of lodine in the thyroid
gland by and the of lodides in the thyroid gland
as a Tesult, prompts us to assume the participation of oxidative enzymes in this
process, as there are proofs /261 that thiouracil and agents that are analogous to

1t suppress the activity of peroxidase and of cytochrome oxidase, It was proved,
for example, that there i8 a strong of activity of p dase by 1
and of cytochrome oxidase by cyadine and thiourea. In addition, the antithyrold
substances are also restoring agents, and they lower the oxidation~reduction potential
of the epithelial cells,

All that has been said on this problem convinces us of the fact that the trans-
formation of iodide into 1, deserves further , as its

has not yet been definitely cleared up, although the transformation rate e 12—~
organically bound fodine rather points to an enzymatic pathway than fo any other,

4, The Incorporation of lodine inta the Organic Compounds of the Thyrold Gland

The elementary jodine which is formed during the oxidation process 18
immediately included into the protein or the free amina acid molecules.

One of the d p of the b phy is the
problem of the anatomie localization of this process, Wheve does the organic
binding of jodine take place? A series of carefylly performed studiea with radio-
autographs did not give a definite anawer to thie question, In order to determine "
the role of the epithelial cells and of the colloid in the formation process of jodinates
thyroglobulln, studles were made on the distribution of radioactivity in the various
structural elemente of the gland st different time intervals after the administration
of radioactive lodine. Leblond and Gross [394/ observed that after administering

13t rlest localization of radioactivity
1'%! to animals with a blocked thyrold gland the ea!
bound ta protein appears in the apical part of the epithelial cells, which is a;f,‘um
10 the follicular colloid, The dlatribution in the follicles is ring Ampeld.u e
autogram of the ring later moves to the center of the follicle, In animals Hv! gu .
a poor jodine diet and, having & d thyrotd gland, the earlies
radioactivity was found {n the colloid,




The role of tyrosiniodinase in the salivary glands may be that of defodination
of mono- and dliodotyrosine.

The most recent works touching upon the defodination of dilodotyrosine and the
y eystem of of /542, 521/, showedthe presence
of two systems the of sine in the cells
of the thyrold glands, the salivary glands, and several other tissues, One system
probably represents the enzyme described by Fawcett and Kirkwood; it is soluble,
andforms free sine after ddition of tyrosine and copper fons, The
gecond system first discovered {n the thyrold gland /587/, and later also in the tissue
of sallvary and mammary glands of rate /568/, was found to be related to the
of the The hondrial system does not need any additions,

and forms monolodotyrosine bound to the protein, A close tie between these two
systems was later found 1o exist,

The soluble enzymatic system which synthesizes monofodotyrosine needs a
supply of malecular oxygen for it8 function. It also needs the presence of hydrogen
peroxide. Copper, in all probability, takes part in the process of peroxide oxidation
of 10dine or in the substitution reaction in the molecule of tyrosine, after the forma-
tion of Hzoz.

The research by Wetss /604f showed that anaercbic conditlons, which almost
completely stopped the conversion of 1131 by sections, have no noticeable effect on
the that the enzymes participating in the forma-
tion of dilodotyrosine and thyroxin are localized in the nuclet and mitochondria, and
that in the latter they are more active,

On the other hand, as a result of \he research made by Taurog /587, 569 with
noncellular preparations of thyroid gland tissue, it follows that, for the formation
of organie fodine by or by small of the thyroid gland, the
addition of tyrosine or of copper is dispensable, but during this process there {8 a
formation of monofodotyrosine bound to the protein, which is secreted only after
hydrolysia of the proteln by the thyroid gland,

The ig of sine by the diluted of a hyper-
plastic thyroid gland was shown in the work of Myng and
Stanbury 7436/, But,upon incubation of the homogenates in small dialyzing bags, the
main part of the included 1131 was not in the form of todinated aminoacids, butwag
tound in the form of a compound which was slightly extractable by carbon disulfide,
and was then discovered in the form of elementary lodine, The utihzation of iodine
d1d not depend on additfon of tyrosine,but copper had a strengthening effect, Thio-
cyanate and totally the incorporation of 1odine into the
homogenate, The homogenate, freed of the cells and nuclei by centrifugation, had
the same activity as the noncentrifuged one. Heated as well as unheated

could utilize 'y iodine, but aRer boiling the homogenate
copper had no promoting effect on 1t as to the capture of fodine, Even in the presence
of copper heated homogenates cannot utilize fodide and, consequently, this means
that the inclusion of jodide takes place after 118 vxidation inta a neutral lodine atom,
These results convince us again of the h of the of the
fodine fon—a process which is promoted by copper and evidently depends on the
presence of peroxidase, The fodine included 1n the homogenate is mostly found 1n
two formaz 50-7T0% in that of 1, slightly extracted by CS,, 20-30% in the form of

monolodatyrosine, and a very small quantity in the form of diiodotyrosine.

It follows from the above experiments that neither the absorption of fodine by
the thyroid gland nor the formation of organically bound fodine demand the presence
of an intaet cellular structure of l!}e gland, and that they are effected by different
roncellular preparations of the glind  The presence of enzyme systems, localized



cells 1 order to ensure the synthesia of the organically bound form of jodine, It

18 known that sections of the thyroid gland of sheep, man, dogs, or rats, form la-
beled orgamic compounds from 1131, It was thought earlier that Intact cells of the
thyrold gland are ndispensable for this synthesis, But, organic binding of lodine
by noncellular preparations of the thyroid gland was shown by the worka of Fawcett
and Kirkwood /288/, and Weiss [604/. Fawcett and Kirkwood showed by the radio-
chromatographic method that the organic compounds are formed from added Inorganic
fodide and tyrosine only in the presence of copper salts, As has been noted, the
opinion of these authors is that, if the oxidation of 10dide into clementary iodine does
not need a speclal enzyme, then the reaction of the jodination of tyrosine is on the
contrary an enzymatic process and is effected by a spectal enzyme which they named
tyrosintodinase.

Figure 2, Autoradiograms of the thyrotd gland of rabbits, at various time intervals
after adminiatration of 1131

- —20 min, c~2 hours, d—24 hours, 280-fold magnification
w30 sec, b2 " fonly appr 200-fold in this reproductica)

'his
sinfodinase was studied in detail by the same authors /289/, T!
enzym-x;y::s aleo discovered in salivary glands, and its highest mxvuyd-.l. r;und
in the submaxillary gland, next comes the parotid gland, and the (hyr’o(ih slan et
posseses about half the activity of the submaxillarygland, The n:uml: of u;uc"o); .: t.
reversible and the direction of the reaction depends on the oxidation- ate

of the cell,



The p of three fod 1n the thyroid gland:
dilodotyrostne, thyroxin,and thyroglobulin was thus knownbefore 1948  Events took
on 1 further speedy turn with the use of radiochromatographic methods for the study
of the of the fod of the thyroid gland hydroly=-
sates,

In 1948 K. Fink and R. Fink determined, in thyroid gland hydrolysates, the
P of another of the am! d tyrosine 3 1od
tyrosine /207/, and fn 1852 Roche, Michel and Lissitzky discovered also fodinated
histidine in the hydrolysates [484[:

oy ovgrn
=

3—monolodotyrosine
| ]

]
$loggran
wy
2-monotodohistidine
The year 1952 was 2 historical landmark in the study of the biochemistry of
the thyrold gland hormones, for ancther reason as well, Inthis year, the discovery
was made of a very {mportant fodinated compound of the thyrold gland, 8, §, 3'-tri-
, almost by two groups of researchers; Gross and

Pitt-Rivers /332/ in England and Roche, Michel,and Lissitzky 484/ in France.

The next {mportant events were the of 3, 8¢, 5
in thyroglobulin, effected in 1954 by Roche, Michel,and Wulf /497/ and finally, the
discovery of 3, 3t-dliodothyronine by Roche, Michel, Wulf, and Nunez /499/.

The of3, 3 onine and 3, 37, 5% in the
composition of thyroglobulin was doubted for a certain time, ag a number of authors
did not gucceed in reproducing the results obtained by Roche, Michel,and their
group, The opinion prevailed that these compounds are products of the dissociation
of lodothyronines as a result of irradiation by large doses-of radicactive iodine
used in the experiments. But a long neries of works made by the group of Roche

and Michel /490, 492, 500] followed. Later they provedthe p;
the above two new fodothy in the of thy
The of the of tyrosine in the thyrotd
gland 18 accepted today: § 3,5-d , and very small
of 2-or 4 having no hormonal activity, Four jodinated

components, derivatives of one and the same structure, are related to the hormones
of the thyroid gland: of or f-4(4

1-aminopropionic actd,
g D00 D-otromn
"y

thyronine

The iodinated derlvatives of thyronine correspond to the formulas of 3, 3'~di-
iodothyronine (Roche, Michel, Wulf, Nunez, 1955) and 3, 5, $'-triiodothyromne
(Gross, Pitt-Rivers; Roche, Lismitzky, Michel, 1852), 3, 3!, 5'-triiodothyronine
(Roche, Michel, and Wul?, 1954) and of thyroxin or 3, 5, 3', 5' tetralodothyronine
(Kendall, 1815, Harington, 1826).

These of are the
secreted into the blood stream,

products of the thyroid gland



in the mitochondria and microsomes is absolutely necessary to ensure these functions
of the thyroud gland,

5. Iodinated Amino Acidein the Thyroid Gland

‘The oxidation of iodides into elementary fodine and its inclusion into the
thyroglobulin molecule {s the first stage in the biosynthesis of the hormonaily active
compounds 1n the thyroid gland, Further stages of hormone formation include the

of the d of of mono- and dijodotyrosines
with the formation of thyroxiu, the b of i ids, and
the secretion of the completed hormones into the blood,

After having determined the structure of thyroxin, Har{ngton assumed that
thyroxin is formed by way of of two sine~the
only fodinated aminoactd then known, The fth di d
formed in the thyroid gland and emitted into the blood stream is at present gufficiently
studied due to the use of radicactive jodine and of chromatographic separatfon of the
{odinated compounds of the thyrold gland.

Diiodotyrosine is the first the presence of which in the
gland was determined almost simultaneously with the studies on the chemical
composition of the thyroid gland made by Baumann at the end of the last century
This d in 1896 by Drecksel (cit, from Roche,
Michel, and Jouan,/Au/)

1
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tyrosine 8,5 — diifodotyrosine

The of difod sine fn the thyroid gland
was conflrmed m 1931 by Harington and Randall /348/by ita secretion from the gland.

But this component had no hormonal activity,

A series of active preparations was obtained as a result of hydrolysis of
Iodoihytoglobuun, but they were found to be insufficiently pure products of the
of the 1o0di protein, studies led at
lasl to the of a pure pr gical action of the
thyroid gland. As is known, this was accomplished by Kendall who separated
erystalline thyroxin from the hydrolysate of thyroglobulin, in 1915, The next stages
1n the study of the hormones of the thyroid gland were: the determination of the
formula of thyroxin by Harington in 1926 and the synthesis of this compound by
Harington and Barger in 1827 {cit, from Trendelenburg, [142/). After this, methods
were elaborated for biological evaluation of the hormonal activity of thyrold prepara~
tions, by the rise of basal metabolism of rodents or by the speeding up of
tadpole phosis, During the forties of our century, iodinated
proteins possessing thyroid activity were successfully obtained from casein and
other proteins, Although the obtaining ortcheu pr:l;m; e n:::'u::i:g u le;;gxy
stion was definitivel
e e A O P e Fmaran 17311 aueceoded In




Reaults obtained by us /149/ also showed the appearance of free thyroxin, first in
the composition of the gland, only later in the blood stream.

The pr of free t {ds ls thus an
for the entry of the hormone Into the blood atream. In any case, free hormones
do not accutmnulate in the gland itaelf

‘The of the in the thyr
was studied by many reacarchera, using radioactive jodine,after administration
in vivo, as well as after in vitro Incubation of eections and homogenates of the
thyrofd gland /143, 544, 436, 568/,

It follows from these works that the of the d
tn the hydrolysate of the thyroid gland, 24 hra after the adminiatration of radio~
active {odine, remains more or lesa conatant in alt cases. About 60% of the
radioaetivity 18 accounted for by the mono- and dijodotyrosines. The thyroxin
and trilodothyronine fodine amounts to 25-30%. In chromatography of gland hydro-
lyeates of animals having received radiofodine a certain part of the radloactivity
remains in the place of application and anather part epreads on the chromategram
The relationship between the iodinated amino acids changed {n tests made at various

intervals after the of r and 1t also on the method
of hydrolysis Some discrepancies in the results of different authors may probably
be by the

In our laboratory we studied by the graphic method the

of iodinated compounds of thyrold gland hydrolysates 15,30 sec, 20 min, 2,24,and
72 hrs after the administration of large doses of radiciodine to rabbits. We com-
pared the results obtained on the distribution of activity in the fodinated components
on chromatograma with the reaults of the autoradiograms of the gland 149/, The
radiochromatograma of the butano! extracts of the gland hydrolysates show that
after 15 sec it in already possible to determine a considerable activity corres-
ponding to monojodotyrosine and an almost tmperceptible activity in the spot of
difodotyrosine. The basic activity is found In the form of fodide, After 30 sec

the game activity is centered in y as in

activity 1n the thyroxin fraction appears later, it

ly and reaches 25-30% of the total activity, 24 hrs after the administration of radio~
10dine. The radiochromatograms of the butanol extracts of the hydrolysates of
thyrold glande of rabbits after various intervals of time are shown in Figure 3.

1t was shown in a great number of studies that about 3/4 of the thyroid hor-
manes in the gland are found In the state of thyroxin L-thyroxin is isolated in a
pure gtate from the enzymatic or bariwm hydrolysate of the gland, Ita presence
ig proved on radiochromatograms of the butanol extracts of the thyrold gland

after administration of labeled iodine, Notwithstanding the discovery of other
10dinated thyronines

activity, thyroxin remains the basic
hormone of the {hyroid gland and contsine most of the hormonal lodine of the gland
ag well ag of the plasma.

As was already noted, the p of 1-3, 5, B v 1n thyro-
globulin was determined almost simultaneously by Gross and Pitt-Rivers in London
and by the group of Roche In Paris. But Gross and others /331/ showed even before

sy Lty i UL 1ald afteT aomimstration of radiolodine. Ita quantity is subjectedto
considerable fluctuations and does not rise above 1/5 of the quantity of thyroxin.



1 L
W@O""ﬂm w0 ovgrom
1 M,

3, 3*-duodothyronine 3, 5, 3'-trnodothyronine
1 1 1 1
Do org-omm w0l oy
1 1 *y
3, 8", §'-trilodothyromne 3, 5, 3, 5'-tetralodothyronine
thyroxin)

All the natural jodinated amino acids, secreted from the thyroid gland, are
derivatives of the 1-isomers of tyrosine and thyronine, and they algo possess
the 1-configuration and optical activity, The hormonal activity of the d-isomers of
thyroxin and triiodothyronine {s incomparably lower, as will be shown, than that of
their natural antipodes.,

The following abbrevuuons which we shall also use are accepted in scientific
literature, a8 praposed by Harington, Pitt-Rivers and others /347/, for the 1odinated
amino acids from the thyroid gland and their derivatives thyronine-T, monciodo~

T, di Ty tr TS' thyroxin-’x‘4, monolodo~
tyrosine -MIT, dilodotyrosine~DIT, The position of iodine in the first and second
benzene rings is shown by numbers: for example, for the trijodothyronines, 3, 5,
8‘-1'a and 3, 3', 5'-‘1‘3.

The main mass of the fodinated aminoacids in the thyroid gland is found 1n 3
bound state in the of thy and is from 3t during
hydrolysis. The quantity of free dsisr y low,

In the thyroid gland of man and of most vertebrates hormonal 10dine is
about one third of the total quantity of lodine Ahout 2% of the lodine is found in

the form of low pr Yand the r 18
included jn the )} ‘The 1 importance of this specific
glucoprotein ja that it comaina all four iedlnated parts of the hormone as structural
parts of its Besides 1y active 1od: , consid-
erable titites of and sine, which are the direct pre~

deceggors of thyroxin, are included fn the composition of thyroglobulin

Until the end of the forties, the general opinfon was that fodine in the thyroid
gland is found bound to the thyroglobulin molecule or in a free state in the form of
10dide. The presence of free thyroxin in the nonhydrolyzed extract of the thyroid
gland, was shown in 1949 by Leblond and Groas /330, 331/

Free yrosime and were also found in the gland /579/,
All these amino acads are in the th, n a peptide bond
and, as was shown by De Robert{s /263/, free amino ac{ds are formzd from thyro=
globulin during its proteolytic dissociation

The low content of {odine in the nonprot
not at all signify that the fraction of {odinated aminoacids in the thyrotd gland Tacks
physiological importance, ‘These aminoacids are in reality the source of thyroxin
of the plasma, 1.e,, completed hormones, which are on their way to the blood
stream, Gross and Leblond /331/ brought further proof to sustain thig opinion by
way of studying the appearance of labeled amino acids of the thyroid gland and the
plasma, at various intervalg of time after the admimstration of radicactive lodine



differy from thyroxin in that it contalns ethylamine {n the lateral bond instead of
an alanine residue, Thia compound was already earlier, on the basis of pharma-
cological tents, preaumed to be s hormone acting at the cellular level, But this
oplnjon of Thibault was not confirmed and thls is why it i# at present difflcult to
Judge the phyalological {importance as well as the manner of formation of this com=

1 1
D+
‘Thyroxamine

Besides, repartahave alsobeen published on the discovery of a series of unidenti-
fied mpots on the chromatograma of thyrold gland hy .
1253, 2347 have recently reported the discovery of a new, not yet precisely deter~
wined, lodinated compound in the thyroid gland, atter sdminiatration of K131,
According to preliminary results, this compound, called substance 3, containa
bound acetic acld and hax the faculty of stimulaiing reapiration directly. -

Thus, the extent of our knowledge on the hormanal secretion of the thyrotd gland
leadstothe thought, that, like the sexual and the adrenal glands, this gland secretes
several biologically-active products havinga gualitativelyhomogenecus action

6, The Blosynthesis of Hormones in the Thyrold Gland

‘The atoms of elementary iodine, formed in the thyrold gland during the
oxldation of jodides captured from the blood stream, immediately unite with thyro-
globulin, In the first atage, fodotyroaines are synthesized in the gland and they
appear already after 15 mec, not only in the composition of thyroglobulin, but also
in the form of free amino acids. lodotyroaines account for the basic part of activity
of the gland hydrolysate, & very short time after the adminiatration of radiofodine.

The iodoty s which torm d after the ption of ¢

ferve later on in their torm In thy well aa in the form of
free amino acids, for the syuthes!s of iodinated thyronines, which appear in the
blood only after 18-24 hra. As the activity of the lodinated thyronines 1n the gland
Tises, the quantity of 1od gradually, , their
genetic relationship cannot be doubted.

According to ry opinlons, the of thyr includes
Bt1east two processes onthe onchand, the synthesis of indotyrosines which includes
the fodination of hiatidine, and on the other hand, conaensation of two molecules of
{odatyrostnes, with the formation of thyroxin and trilodathyronines. Proceases of

sine and dilodoty also take place in the thyrold
land; these are probably formed In excess and are niot used at a given moment for
the pynthesia of fodinated thyronines,

Formation of fodotyrosines

ma In the presence of an todine molecule solutions of tyrosine and histidine
h y become very speedily by r of a hydrogen atom by an
odine atom in the ring: RH + L —RI+HI,




In the pure thyroglobulin

In the pure ¢ gmygo.osx olfisf‘a.on (ett. !rom..unge. 1387/) discovered o.z}qn sr
found among the free amino acids extracted by hut‘lm;l from the homo;e‘:n:s o;c:h
gland and is more or less regularly contained in the Plasma. The importance ofe
this trifodinated compound s determined by 1ts blological activity, which ig 3-5
times stronger than the actlivity of the tetralodinated analogue. ' ~
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Figure 3. Radiochromatograms of butanol extracts of collofd
and stroma hydrolysates of the thyrold gland of
ubl;;tlu at various time intervals after adminiatration
of I

Collold- a-15 sec, b-30 sec, c-2 hrs, d-24 hrs. Stroma:

©~30 min, f-24 hrs. Butanol extract of the non-hydrolyzed

thyrofd gland. g-2 hrs, h-24 hra

The question of the poasible p of other d identical
to other compoundg at least on the radioc! , arose rally in rela-
tion to the separation of 3, 5, 3 ne. Two of this nature,
namely 1-3, 3', 5' nine and 3, 3 . were b

the group of Roche and Michel. The firet is an isomer, according to its place,
of the previoualy known 1-3, 5, 3'-trifodothyronine, and the other hag two atoms
of fodine In two phenol rings of thyroxin and {s 1-3, 3'-dijodothyronine. L-3, 3', 8"
trilodothyronine was found to be almost totally lacking In antigoltrogenic activity,
and 1-3, 3'-dilodothyronine hax about §0% of the activity of thyroxin. The tdentifi-
cation of these jodinated amino actds was med by comparing their proper
with those of the fodothyronines prepared synthetically.

Hillman, Keil and Taslimi /352/ very recently brought convincing proof of the
presence, in the thyrold gland and in the plasma, of thyroxamine—a compound which




1 I
.onrr.umu.QO, 100t
¥ v'm.' T

1 1
d Do org
1 LS
S il

o«,.: mm\
:Qm,-mwu.u,

uring this reaction, the alanine chain becomes separated in the form of
dehydroahnine CH, = G—COOH, which 1a then hydrolyzed into serine or pyruvic
N

2
acid and ammonia,

In order to explain the condensation process of two dilodotyrosine molecules

intoone of thyroxin, Johnsonand Te ¥ (cit. from: The Horm /358/)
proposed a hypothesis baged on the theory of free radicals. According to this hypo-
thesia, the of thyroxin f tion 18 an of two

molecules of difodotyrosine through lablle intermediate compounds, with loss of
one side group /18/. The first Stage of the supposed reaction ia the oxidatlen of the
difodophenol ion by removal of one electron from the oxygen atom, with formation
of a free radical (). The second tyrosine molecule becomes oxidized by the loss
of one electron in the para-position to the dilodophenol group, and thus a second
free radical forma (II}. According to the proposed hypothesis, these free radicals
form in the biclogical system and then unite into a phenoxydienone (I}
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protein shovld be distributed 8o that they can react smong themselves  Hut in
reality not all the tyrosine residues tn the protein molecule are so digtributed and
this 15 why the quantity of thyroxin in thyroglobulin i2 always smaller than that Which
should be evpected from the number of remaining tyrosine residues,

The formation of thyroxin 1n the procese of the oxidative condensation of two
1 also by the of T A, Kol /80/,
who shuwed 2n Increase 1n the synthesis of thyrouin ‘from dhedotyrogine 1n a medium
containing H,0,, upon adding horse-radish or milk peroxidage.

The syntheais of thyroxin from tmolecules of duodotyrosine was also ghown
m vitro by a series of other works, and the presence of aerobic conditions was
always indigpensable for the realization of the reaction.

The process of with the formation of
biologically active hormonea 18 more effect)ve than the gimple reaction of the



The process of iodotyrosine formation in the presence of sufficient quantities
of iodine takes place in such an order that monofodotyrosine 1g the first to be ayn-
thesized, and then comes the synthesis of ditodotyrosine /484/,

Thus, as was shown by Roche, Michel, and Lissitzky, diiodotyrosine
appears as 2 result of the of ine. The r between
these 10dotyrosines is determined by the quantity of iodine in the medium: the more
baloid present, the more diledotyrosine is formed The content of the lesg-lodinated
derivative changes in inverse ratio. Iodinated histidine ig formed only in the pres-
ence of excess lodine and the appearance of other jodinated acids is hardly pro-
bable. In the thyroid gland tyrosine s 10dinated inalde the protein molecule and
the process of 10dine binding {n the gland consista of the inclusion of an ator of
haloid in the molecule of thyroglobulin. As was noted in the preceding chapter, this
process occurs very quickly and is very pi ly of an Y h ter.

Upon hydrolysis of thy by ap ytic enzyme, quantitie:
of mono-and difodotyrosine are hiberated, together with hormonally active sodo-
thyronines. According to the general opinion, they are not used in a free state

for the synthesis of thyroxin and of trilodothyronines, but speedily liberate the

1odine from their molecule in an enzymatic process. The 10dine which is hiberated
again enters into the metabolic cycle and 18 uged by the gland for the formation

of hormones.

It should be pointed out that mono- and dijodotyrosine are easily dejodinated
upon administration to healthy people. Thig process takes place under the action of
a microgomal eénzyme present in the thyroid gland, liver, and kidneys and requiring

T d leotide an yme }299,511] .

In relation to the presence in the galivary glands of a microsomal as well
as & matochondrial enzyme system, participating quite actively in the 1odination
of tyrosine, the quegtion of the role of thege glands in the metabolism of iodine wag

10 special research, According to the opinion of some scientists, in-

tensive defodmation of fodotyrosines takes place in the salivary glands. But there
18 al8o another hypothesia, according to which the formation of monofodotyrosine
takes place fn thege glands twice as intensively as in the thyroid gland, and the
halogenated aminoacid enters the blood stream and {s then incorporated into the
thyroglobulin.

Formation of I~ thyroxin

Since the first aynthesia of thyroxm, made by Harington and Barger, 1-3,

y W nsidered as being ita pr in the thyro:d gland. If
we accept the existing oplnion on the formation of thyroxin inside the thyroglobulin
molecule, this process, in the course of the iodination of the protein, may be ex-
Plained in two ways 1) by the lodination of the tyrogine residue and the partial

of {nto thyroxin, and 2) by the presence
of thyronine in a completed form in the protein and its fodination, with direct forma~
tion of thyroxin, The first explanation is the most probable one, as the presence
of thyronine in the protein hag not yet been proved, but, on the other hand, the

y of the reaidues of tyrosine, which are ina
bound state inside the proteln molecule, raige some doubts. The general acheme
of the jon of two may be rep: in the

following manner



hydrolysates we find it {n the composition of mono- and dilodotyrosine, At this
time, the Inclusion of dodine into the thyroxin molecule cannot be demonatrated.,
‘The process of enzy of thyr lberates

of di- and , they penetrate into the cell and partict-
pate In the thyroxin and trilodothyronine synthents.

‘The hormones formed start entering the blood stream; their surplus is in-
cluded in new of thy the ey of which algo takes place
continuously in the epithellal cells. Free mono- and dliocdotyrosines, which are
not used in the synthesis of thyroxin, are again included in the protein moleculea.

‘Thus, according to our opinion, the of two of
aminoacidsdoesnottake place on the thyroglobulin, but from free mono- and di-
iodotyrosines, the thyroxin and tr formed enter the

collofd, in the of thy y
hormone and will be liberated aceording to phyaiological needs.

r
blood tream, and thelr gurplus accumulates {n combination with the protein in the
the; a v

The pracess of hormone synthegis thus takes place inside the epi-
ithellal cells and 18 controlled by the thyrotropic function of the pitultary

The formation of the hormones of the thyroid gland by condengation of two
molecules of {odinated tyrosine {8 a much more precise and reliable process and
this reaction demands apecial mechaniems. These conditions, in our opinion,
do not exist in the amorphous mass of the colloid, but are tn the special structures
of the follicular epithelium, The process of hormone gyntheais in the cells 18 accom-
panied by the appearance of radioactivity in the folllcular epithelium, It iz observed
23 800n ag two hours after the administration of radicactive {odine, and from then
on it is possible to prove the appearance of small quantitles of thyroxin in the
gland hydroly by the graphie method.

In our regearch with adminiatration of radiofodine to rabbits it was determin=
ed by the autoradiographic method that activity appeared in the colloid after
15-30 gec and its Intensity increased from 20 min to 2 hrs after the moment of
adminlstration. During this period the radiochromatograms of the thyroid gland
hydrolysates show the presence of only mono- and dliodotyrosine. Thyroxin is
2bsent from the blood and 1g found in traces In the gland hydrolysates. Well de-
tlned activity in the cells appeara only after 4-6 hrs and, at thig time, it {8
already possible to ne the presence of free as well as
considerable quantities of thyroxin in the thyrotd gland hydrolysate After 24 hrs
the process of hormone formation goes on ot full speed. Autoradiograms of the
gland ahow an almost identical distribution of activity inside the cells and In the
colloid. At the game time, we also discover thyroxin in the plazma.

Thus, the appearance of activity fn the cells after administration of radio-
active fodine doea not only point to a secretion of hormones into the circulation, but
2le0 10 an int proceas of yronin

tion of and

The question of the formation of di- and of thy
most digputed one in the biochemiatry of the hormones of the thyroid gland.

18 the

According to Har
action of {odine on 3, 5
10 the synthests of thyroxin,
takes place in the gland

ington and Barger, triodothyronine appears during the

. ita iz a r ntage
1t s difficult fo believe that this is precisely what
For actually, on the one hand, the condensation of




of the protein . and it {g probably by the thyrotropic
hormone Thig is shown by the resulta of atudies on the syntheais of the thyroid
hormones {n hypophysectomized rate. Morton et al, 429/ reported that after
hypophysectomy, together with a gharp reduction of the aceumulation of indine in
the thyrold gland, the coupling process of lodotyrosine molecules into thyroxin
also d . Ther of the process of jodide into
elementary lodine and the formation of diiodotyroaine in the thyroid gland are not
diminighed, but the aynthesis of thyroxin ig found to be strongly limited, which

1z shown by the considerable reduction of its quantity in the plasma,

Thua, the views generally pted today on the of thyroxin and
trifodothyronines are based on the prerequisite of the realization of this process
ingide the protein molecule. Consequently, fodide, upon pagsing through the
epithelial cells of the follicles, ig oxidized into elementary lodine and included in
the thyrogiobulin molecule, forming mono- and diiodotyrosines. The following
procens ghould be the pynthesis of lodinated thyronines, which ia guppoged to occur
through the of two fodoty 1 which are already in a
peptide bond in the compoaition of the protein, or the preaence of a thyronine gtruc-
ture in the molecule of thyroglobulin=-and in this case it is e{mply lodinated. Both
these possibllities are not directly confirmed by experitments, but are accepted by
scientistg, possibly hecause no other more 'y el ion exista.

But, in our opinion, both of these possibilities seem too hypothetical,

For the first proposed reaction to occur it 18 andizpensable to accept an
interaction between the lodinated tyroaine residues, which are In a stable chemical
bond in the peptide chain of the protein molecule. The difficulty of Buch a reaction
is evident. The above interaction would probably be unique, even in the awkward
cane of the ofar ly » which ghould then be liberated
from the big proteinic particle by enzymatic disruption of the peptide chain.

The of the second ds , 88 an ble con=
dition, the presence of a completed thyronine atructure in thyroglobulin, which it
was not posaible to eonfirm even with the most perfect methods of chemical
analysis. There are no thy in the of thyro~
globulin, From the point of logical cansiderations, there ia yet another considerable

tinn in tha shvrac

and they must then become defodinated or again included in the thyroglobulin mole-
cule. We thus obtain a completely useless iodine cycle inside the thyrold gland, as
the fodotyrosines do not have hormonal actlvity and do not penetrate into the bload
and in a free State they are not used for the syntheain of thyrold hormones, It
seems to us that such unproductive achvity does not colncide with the activity of
blological aystema.

{ew on
We recently took up the study of this questfon and another point of v!

the general d i of e In the thyrold gland arose on the
basis of some experimental results we obtained /144, 149/,

In our opinion, this process takes place in the following manner, The lodide
which is abgorbed bythe thyroid gland, after oxtd: d the of
fodine, te immediately included into the composgition of thyroglobulin in the form
of mono- and difodotyrosine. In this form It accumulates and is retained in the
collofd, constituting the {odine regerve of the gland. Both appearing fodatyrosines
re thus the predecessors of the thyrotd hormones. During this perlod, we dligcuver
iodine {n the callold on ; onr matog: of thyrofd gland




7. The Secretion of Hormones by the Thyrold Gland

As follows trom the abon it may be that the hormones
of the thyroid gland are formed in the cells, as condensatlon producta of {odotyroaines,
as well an In the collald of the follicles, where 1t occurs in the process of thyro-
globulin p Thy . 4 in the Ual cellg, a
lates in the follicles and remains there temporarily as a regserve product containing
fodinated thyronines in a bound state, According to the extent of demand for the
hormone by the organiam, thy becomes di d and the
aminoacids enter the blood or lymphatic circulation. Thus, the biological importance
of thyToglobulin s that it contains all four jodinated derivatives of thyronine, which
constltute the hormonal secretion of the thyrold gland, In some cases, as for
example during the ©f horn retion under the action of the
thyrotropic B of the pi ¥, the of the proteln globules
alao takea place intracellularly, Colloid may keep on forming even if the admin~
stration of fodine is blocked by goftrogenic agente, When fodinated thyronines form
In the cella, the product {s secreted into the lumen of the folliclea only after hor-
mone formation is completed.

As was proved by Dougherty et al, /273/, hormone formation in the thyrotd
gland §g a continuous process, the entrance of Inorganic todine into the gland and
it lberation in the form of hormonal jodine occurs at the same rate
Consequently, only completed hormones enter the circulation and jodinated
tyrosines do not enter it,

Notwithatanding the gequence and the logical nature of this explanation, the
problem of the secretion of thyrold hormones from the gland into the blood stream
has a number of unclarified aapects, In what manner do the hormonally active
fodinated amino acids enter the blood atream, Wwhy do mono- and dilodatyrosine
not enter the circulation, how, during increased functioning of the gland, do drop-
lete of into the cells and how does ita proteclysis
take place ynder theae cond!tions, and finally, does the gecretion of the hormone
take place through the cellgof the follicular epithelium or through the intercetlular
spacen? All these questions still remain open for the time being

A proteolytic enzyme, discovered by De Robertis, capable of likerating
fodinated amine acida from thyroglobulin, was recently iaclated from the thyrold
gland and puritied [479f,

‘The absence of eny perceptible quantities of ditodotyrosine and monoiodo~
tyrosine in the plagma of healthy and thyrotoxic people ia caused, in our opinion,
mainly by their being utilized in the gynthesia of fodinated thyronines, but depends
also on the of these in new of thyr syn-
thesized by the cella, and on their partial destruction tn the tigsue of the thyrold
gland No proof has yet been brought that they do not pasa into the circulation through
the cellular wall an easily a3 hormonally active lodothyronines.

It 18 unlikely that the absence of iodinated tyrasines in the blood stream is
caused by their low penetrating properties, It should be gooner accepted that they

do not accumulate in the free state in perceptible quantities as & result of thei
speedy utiljzation in the epithelial cells. of their

The discovery of a dejodinating enzyme ensuring the separation of {odine
from the molecules of mono- and dilodotyrosine speaks for the possibility of &
delodination process in the tissue of the thyroid gland. This enzyme also removes
the atoms of the haloid from bramide dertvatives of tyrosine, but does not act on
thyroxin and triiodothyronine.



1I- tyrosine with 1- 3, 5-dilodatyrosine ig unlikely, and on the other hand, recent

regearch on the of and its mono- and di{odinated
raigsed the of another method of the halogenation of this
amino acid
The r nine and 3, 3'-d yronine in the thyrold
gland may be the resul( of the of two of , or

of a partial deiodination of products more rich in fodine, thyroxin being among
these. The firgt of thege reactions could take place according to ene of the fol.low-
ing schemes and would lead to the f of all three

this also takes place during the synthesis of thyroxin from two molecules of dl'
1odotyrosine.

2y omdase + m@o«,&m
tyrosine (bound to globulim)

W,
nu cn—cnw CH;CH-CO0H
wpansed by
a.monolodotyroaine ev-r m"V 3,5- duodo(yrosine

m -@ -@:ﬁ,mnmﬂ

3,3 -dxiodolhyromne 5,5,3,5 -!etramdo!hyrnnme
(thyroxin)

I 1
10¢D> 0 ¢ s

3, 5, 3'—tritodothyronine

In these r s the for n of thyr 18 not at all lnked
to any deiodination process. And actually, it has not been possible up to now to
show the dejodination of thyroxin or of its legs halogenated homologuea, which
might lead to the formation of other ly active . Such a delodin
tlon process in the thyroid gland has been proved for 1- monolodotyrosine and
1-difodotyrosine, it is known that thug process takes place with the partielpation of
a special enzyme, which was found to be ineffective in the deiodination of thyroxin
or trijodothyronine. But there is a considerable number of reports in the sclenti-
fic Uterature on the delodination of thyroxin in other organs and tizgues of the
organism, This leads to the ¢ 18 not the of tri- and
nines at the expense of the free 1- thyroxin in the receptive cells an even more im~
portant process in the physiological sense? This I already related to the field of
the metabolism of the thyroid gland hormones and will be dealt with in Chapter .,

Thus, the blosynthesis of all the hormonal producta secreted by the thyrotd

gland into the circulaﬂc'n should be cnng(dered today as the regult of the con—
of twi of all the

. the
derivatives of t.hyronin& 1in the thyroid ghnd 18 effected by one common mechaniam.




halflife of radioactive jodine Ln the gland, which is composed of the physical hatf~
life as well as the rate of the metabolic cycle of lodine In the organ, Rosenberg
1503/determined thia vatue after administering S04C of I131, by measuring absorp-
tion after 24 hours 1 the region of the neck and then measuring the drop of radio-
actlvity on the hip until equillbrium with the background set In. The calculation for-
mula was as follows:

biological half-lfe perlod =
= {reading on the neck = background or reading on the hip) X factor of
physlcal decay

admlnistered dose

‘The biological halflife of the metabolic transformation of radioactlve lodine
in » normal human thyrold gland 1s equal to about 10 days, accord(ng o the results
of various authors, but it undergoes conalderable fluctuations. Thus, Rosenberg,
upon studylng $8 healthy men aged {rom 22 to 83 years, found the range of the biolo-
gical halflife to be from 21 to 200 days.

All the stages of (otr transformatlion of lodine are
thus summed up {n the fact that the {norganic lodln! ‘which enters the thyroid gland
returns to the In the form of hormenally active compounds,

which are later metabolized in the organs and tisaues in the process of thelr
physiological action,



But,under phy the procesy of delodination of monolodo-
tyrosire and dilodotyrosine cannot reach conslderable extents, and thus does not
playa considerable role {n the fodine metabolism of the thyrotd gland {tself or that of
other tissues, Apart from this, if we accept the existing concept on the im-
portant role of the deiodination processes in the epithelial cells and {n the fortma-
tton of lodinated compounds inside the protein molecule, the thyroxin content of thy-
roglobulin should be constderably larger than that shown by precise chemical anaty-
sls, and inorganic lodine should be tn greater in the
cells than in the collold, in view of the pr which oc-
cur In the cella,

The hormonal secretion of the thyrold gland Is under the regulating (nfluence
of the pitultary, Sterllng and his group /549 showed that by blocking thyroldal

reutlitzation of I'*! with 1-methyl -2-mer the of the

rate of loss of thyroidal 1131, after the of thyrotroplc e, may
be caused by the augmented hormonal gecretion rate, independent of any influence
on the accumulation process of lodine or on the rynthests of the hormone. In & re~

cent research by Dobyns and Hirsch /267/, tn experiments on dogs with the use of

1131' it was shown that there s an increase in total radioactivity, as well as in the
content of protein-bound {odine in the lymph of the lymphatlc vessel situated near
the thyrold gland, after the ation of thy ol But radioch
matographic of the {odl showed a bastc activity
in one unchanging compound, which is in all probability thyroglobulln, Thyroxin
and fodide were not found {n the lymph. ‘The thyrotropic hormone increased the

passage of 1131 compounds {nto the vein of the thyrold gland. On the basis of tenta-
tive caleulations, the authors expressed the opinion that, during thyrotropic stimu-

lation, the lymph is a more (mportant passage for the extt of 113} from the thyrold
gland than blood,

The problem of the thyrotropic regulation of the functlons of the thyrold gland
was studied in detal from the morphologlcal and physiological aspects by Russian
scholars and a light 18 thrown on It in a serles of experimental communicatlons and
surveys {Aleshin, /6/; Eskin, {173]; Tonkikh, [140, 141/; Genes, [39]). The
question will be examined in a more detafled manner in Chapter VII.

‘The rate of thyroid gland hormone secretion was studled by various methods,
on several types of animals and on man. 1t was established that the rates of entry
and exit of hormonal lodine are constant and equal. The rate of 1131 gecretion by
the thyrold gland was measured by the loss of this lsotope from the gland, after

13
admintstration of topazole which prevents reabsorption of '}, and also by the
Kinetles of thyroldal I'> giatribution In the extr pool, before
tion of topazole. Both methods gave identical values, reaching about 107% of the
total dally thyroldal lotdine tn thyratoxic subjects, It was establlshed by varlous
methods that euthyroldal subjects secrete dally 115-120 kg of organicall y bound
todine.

Analogous research was made in the laboratory of Ya. M, Kabak by
A.E. Rabkina /115/, who totally suppressed hormone formatlon in the thyrold gland
of rats by admintstering methylthiouracll, and determined the necessarydose of thy-
roxin which prevents the development of the goiter reaction. This quantity,
which equals 6-7 g g in winter and 4ug in summer, corresponds to the dally
hermone production by the rata.

The secretion rate of the thyrold gland is also represented by the blological



with the degradluon of lbt side chaln of the molecules, from the defodinated
8. ard an lodine fon.

An has been noted before, the capacity of delodinating fodotyrosines is reduced
tnpersons suffering from = particular form of congenital defect of the fodine metabolism
7299/ °This uncommon disorder of {odine metabolism is cbserved in cases of a com-
bination of sporadic cretinism and goiter

The of the thyrold has general aspects, concerning
their dlstribution and degradation in the whole organism; these questions can also
be examined from the aspect of metabolie particulanties in the various tissues,
in relation to ations. The first aspect includes
of thyroid h their L 1 degradation, and the
excretion of the metabolic end products The second complex of questions touches
upon the metaboliam of the thyroid gland hormones {n different tissues, mostly in the
hepatic cells and {n the tigsues of the brain

1 Distribution and Rate of Total Degradation of the Thyrold Hormones

The metabolism of the thyrotd gland hormones was studied either by the adrai-
nistration of exogenously 1131-labeled thyroxin and trilodothyronine, or by observing
the and of labeled after admi-
nistration of radivactive fodine It should be taken into account that,during exogenous
1abeling, thyroxin and trilodothyrenine usually contain 1131 tn the positions 3¢ ,5¢,
which are more labile than labeling in the positions 3,5/494/. This 1a why compari-
son of the results of made with or with labeled hor-
mones should not be made. Thus, for example, Myant and Pochin (¢it from

14/) noted & from the plasma of synthetic I-or
d-thyroxin (labeled in positions 3¢, 57) than the excretion of plasma hormone, labeled
tavivo This was also observed by Sterling and hfs co-workers [549/

Upon injecting amall of di-thy , its
in the plasma 18 lowered relatively slowly This reduction depends on the establish-
ment of an equilibrrym with the peripheral tisgues  The volume of thyroxin distri-
bution, relative to ita content in the plasma, may be defined by determining the
concentration of I131-thyroxin remaining 1n the plasma when equilibrium is eatablished
It was seen by thia way that, ineuthyroldal subjects weighing T0 kg, thyroxinbecomes
distributed in a volume o{ 23 liters, which constimcu 32 6% of the body weight/1768/
After total from the blood stream
at a rate of about 11% daﬂy. 'rniodnmymnme digappears more swiltly from the
blood, at an average rate of 27.4% da.uy The disappearance of the labile hormene
in pat.ents suff faater than 1n
ones, and constitutes 22% daily, while in hrpomyroidal patients it 12 only 9 8%/216/

The biosynthetic hormone becomes metabolized somewhat faster than the
hormone, in withthe fact that it contains, beatdes
thyroxin, a certamn quantity of Upon
doses (i1 g ) of labeled thyroxin or trilodothyronice to rats, some organs become
richer than others in radicactive subatances, but the greater part of activity is
!peed;ly excreted 1n urine in the form of fodides, which points to the degradation
of th jodine The aspects of this

are very important for pathology snd for experiments, as they permit the evaluation
of the daily demand of the orgamsm for thyroxine or hormonal fodine

The metabolic rate is also by the trom the sms g
labeled b /216/ through ph st

during this, urinary excretion of 1131 was taken into nccou.nt, after hlucking repea!ed

utilization of it in the thyroid gland by antithyroidal substances ‘The rate of




Chapter IV

THE POSTTHYROIDAL METABOLISM OF HORMONAL IODINE
{Posttireoidnyl Metabolizm Gormonal'nogo Ioda)

The 1 b of fodine {odine after its
secretion from the thyroid gland  The thyroid hormones which enter the circulation
are carried by the blood stream to all parts of the organiam and are d:stributed in its
tissues, where they are subjected to various and recon-
versions These proceases take place before or after partial or total deiodination
of the halogenated thyronines If, up to recent times, our knowliedge on this question
touched only upon thyroxin, the last years have seen the appearance of an especially
great interest in other thyroid hormones, their natural presence in the blood and 1n
varjous organs, and their tissue metabolism The second most important hormone
of the thyroid gland—3, 5, 3' -triiodothyronine—was especially studied

We have rather detailed information on the metabolism of these two basic thy—=
rold hormones, yet even in this case not all the problems created by the metabolism
of the hormonal amine aclds have been solved

As to ather 1odothyronines, as for example 3, 3' —dilodothyronine and 3,3',5'

tr recently d the study of their metabolism, which has
been made very recently, put in doubt their ph role in the org: d

Aa was shown by Stanbury and Morrie/541/, and Dunn and Stanbury/279/, ¥ho
injecfed 1131 ]abeled ditodothyronine and 3,3t , 5 ~trilodothyronine intravenously to
euthyroid persons, these components become go speedily deiodmmated and excreted
from the organiam, that their role among the natural hormones of the thyro:d gland
seems improbable According to the opinion of the above authora, if both these sub-
stances form in the same manner a8 iodotyrosines, they become degraded in the
gland or are used as predecessors for hormone production

The 8 were also studied
after administration of 1131 labeled iodotymsme to the organism The distri-
bution and of the {odine correspa almost fully to the

behavior of the todide to the organism, Experiments with
1 amounts of /370/revealed its quick degradation and
excretion from the orgarusm in the form of 10dides L—munoindntyrosine and di-
10dotyrosine are speedily into the “This
process is related to the activity of the microsomal enzymatic eystem, which
exists in the Hver, kidneys, and thyroid gland, and demands triphosphopyridine
nucleotide as a cofactor. Aa was in studies by and Chodos
/511/, the greatest concentration of this enzyme 18 noted in the liver and kidneys
There was no synergism noted between the thyroid gland and the salivary glanda
in the delodination of iodotyrosines /510/ According to lhe resum of Roche,

Assf d Benevent [480/, hiver sectlons sine than
].i'u!.::i;f;?ﬂne and during this process yet another serles °or products 18 formed,




patients suffering from hypertension or from cancer of the thyroid gland after having
given them radioactive iodine.

Reporta have been on the of
in the blood, or of the exit of thyroglobulin from the gland, {n some diseases of the
thyroid gland These cases will be examined tn chapter IX.

Thus, there is no longer any doubt about the fact that thyroxin 1s the basic

peripheral hormone of the thyrold gland. The appearance of 3,5,3' ~trilodothyronine

in the blood is also not disputed But the preaence of 3, 3' -dliodothyronine and

3,3,50 -tr in the at lenst in man, is not generally accepted.
18 related to 1 1

The of the
processes in the tizaues of the gland.

It was recently shown that thyroxin enters into the composition of erythrocytes,
but 118 concentration there is only 25% of the concentration {n the plasma

It hag been known for some time that thyroxin in the blood is found bound to
the protein It does not separate during dialysis and precipitates together with the
plasma proteins, under the action of varioua protein precipitators. Some of these
reagents, aa for example trichloroacetic acid, denature the proteins in an acidd
medium, in which thyroxin liberated from the proteln s practically tnsoluble
Other reagents, ss for example the hydroxides of metals, adsorb proteinic com-
pounds of thyroxin Normal butyl alcohol extracts almost all the iodine from the
flasma The iodine extracted from the plasma constitutes the iodine of thyroxin and
of small quantities of trilodothyronine, the latter closely resemblee thyroxin by ite
sclubility in butancl. During the treatment of plasma by butyl slcohol, disruption
of the weak bond between jodine and protein takes place in such a way that all the
iodine bound to the protein, aa well as small quantities of the free iodine of thyroxin
and trilodothyronine pass into the extract,

Whereas odide is equally distributed between the plasma and erythrocytes,
protein-bound iodine is found chly in the plasma. This 18 why some authors/256/
propose the use of the {odine ratio '—5@%5 ®s an indicator of hormone
formation piasma

The quantity of protein-bound sodine (PBI of the blood), in a normal man, is
4-8 pgper 100mlofblood Ita presence is a rather reliable indicator of the thyrold
hormones circulating in the blood Although the fact of the binding of thyroxin to
protein of the plasma is not doubted, the nature of the thyroxin-binding protein
(TBP) has not yet been definitively cleared up

During the 1ast years, the guestion of the form of thyroxin transportation in
the blood was intensively studied Older studiea atterpting to clarify the nature
of the TBP by way of saline p; or b
the distribution of fodine between albuming and a- and f ~globuling
paper electrophoresis of the plasma of patients recelving iodine, has recently been
uged with great success The research of Gordon and others /324/ using this
method, made it possible to localize at pH 8 6, the 1131 of the plasma together
with & protein having a mobility analogous to that of an a-globulin Labeled thyroxin
added to the plasma also moved mostly to this position But a small part of the
radicactivity was also found in the albumin fractions

showed
‘The method of

Later works in this £161/258/ showed that the TBP moves at pH =8 6 to a

position between the @, - and & y-globuling, a similar mobility was discovered for
the TBP also at pH = 7 6-6

Notions thus arose about a special protein fraction of the serum which



metabolism {s also. evaluated in the absence of such a block, by urinary excretion
and the 1181 thyroid gland
urine

Upon determining the metabolic rate of the thyroid hormones, the general
metabolism should also be taken Into account; this 18 why the biological halflife of
the thyroid hormones cannot be examined without paying attention to the level of

Riggs/472/: the daily rate of the h {rom the
results of protein-b. iodine at various levels, and showed
that, with the of the of the plasma hormone, the speed of

its utilization also rises. His results, as well Bs those obtained by Berson and
Yalow/216/, made it possible to propose a formula by which it 18 possible to evalu-
ate the quantity of hormonal fodine utilized by man This formula is as follows.

D = 2 9 (PBI)?, where D = ug of hormonal fodine degraded daily and PBI = ug of
lodine bound to the protein, in 100 ml of plasma It followa that the metabolic rate of
the hormones is proportional to the protein-bound iodine of the plasma The demand
for hormones of the thyroid gland was found to be somewhat lower than the total quan-
tity of thyroxin secreted by the gland, for thyroidectomized rats were found to have

& normal basal metabolism upon recelving only 0 6 g of 1- thyroxin per 100 g of
body weight, while Albert and Keating/17B/evaluated the daily secretion of thyrold
hormones in a normal rat to be 3-8 g

2 The Fate of the Thyrotd Gland Hormones in the Blood Stream

Many yeara passed after the discovery of thyroxinbefore it became possible to
study In great detafl the nature of the thyroid hormones circulating in the blood
Thyroxin itself is consldered to be the main hormonal product, but the prolonged
latent period between the time of its and the app of signs of
ita action, and also the difference between the activity of thyroxin and the effect
obtamed by administration of the total substance of the thyroid gland, raised doubts
a8 to the fact that it is the veritable peripheral hormone of the thyroid gland

Some thought that may algo be a circulating form
of thehormone, butLerman (cit from- The Hormones /358/) showedin 1940 bythe
immunochemical method that it ie absent from the blood

Most convincing proofs of the fact that thyroxin itself is the hormone circulating
in the blood, were obtained by Taurog and Chatkotf/565/.

The use of chromatographic analysis, together with adminiatration of '3,
opened new possibilittes for the study of the of the fod
compounds in the blood On the basia of contemporary results, it should be thought
that, from the physiological point of view, the hormone of the thyroid gland is a
mixture of 1-thyroxin, 1- 3,5, 3! -trifodothyronine, 1-3,3',5' -trilodothyronine and
1-3,3¢ ‘These contain at least 90% of the total lodine in
the plasma. In this mixture, thyroxin prevails, constituting ¥4, snd sometimes
even more of the total quantity of organic fodine of the plasma 1-3,5,3' and
1-3,3',5' triiodothyronines are found in traces, and the quantity of 1-3,3' -
difodothyronine, aceording to the results of Roche and Michel, may reach 25%/500/.

Under normal and do not enter
the blood, but they were discovered in some pathological states Bath of these
compounds are inert from the physiological point of view

Thyroglobulin was found in the blood, only 25 a result of traumatic changea
of the thyrold gland This protein appears in the blood in minimal quantities after
urgical traumas, Robbins and others/476/found thyroglobulin in the serum of



highly active protein, moving within the alpha zone.

1n previous were made g to which
the TBP, st pH 4, has an behavior in moblity, isoelec-
trie point,and constant of in the

tfuge with the a ,-gluco-
proteins of Schmidt /520, 521/, or is identical to the M-2 glucoprotein {mucoprotein).
But Peterman's group/476/ assumed that the TBP cannot be a mucoprotein,

view of its electrophoretic activity at pH = 4 5 and of the fact that the mucoproteins
of human serum have & high level in hyperthyroidism and a low one in myxedema

But no differences were discovered in the binding of thyroxin by the serum of eu-
thyroidal and hyperthyroldal patients, snd Ingbar/362/ noted that mucoproteins pre-
pared by the method of Meil and others do not have the property of binding thyroxin

Study of the thyroxin-binding protein showed that its molecular weight ia about
50,000, if it has a digsociation similar to that of albumins Its electrophoretic mo-
bility, at pH = 4 5, is of special interest, at this pH value the albumin ig at the
isoelectric point and only emall of globulin are neg: charged

Summarizing all that has been said on the nature of the TAP, it may be said
that it ig an a ~globulin which is found in very small quantities in the serum Its
{soeleciric point 18 lower than 4.5, and it may be  glucoprateln  Under phyeiolo-

gical concentrations of thyroxin, it binds the grester part of this hormone found in
the serum

The problem of the chemical nature of the point of binding of thyroxin to the
protein remains a8 yet unsolved, Some results on this problem were obtained upon
studying the relative binding force, after effecting changes in the thyroxin molecule
1t 1a possible to approach the question of the binding of thyroxin analogues also by
the analysis of the excretion of 1131-1abeled hormones, after administering them to
the blood in c This will possibly show the gatu-
Tation of the TBP by thyroxin  Various types of animals exhibit & great variety of
Teactions of the TBP with thyroxin

The Limits of binding thyroxin with the TBP in the serum change during preg-
nancy and in & series of pathological states For example, the binding capactty s
lower than normal in higher in and pregnancy, and
does not change in hypothyroidism

Another ughly active thyroxin-binding protein was recently discovered in the
course of isolation of proteln fractions of the human serum, gradually enriched by
the TBP It could be discovered by a characteristic mobility during electrophoresis
in a veronal buffer at pH = 8 6, it moves in the direction of the anode, about 20%
faster than serum albumm This prealbumin was also isolated, apparentlyinsa pure
form, and was found to have an especially high affinity for thyroxin

The binding of thyroxin by proteins, moving in front of alburmn in the course
of electrophoreels i a veronal buffer, was already reported for the cerebrospinal
fluid and serum of normal and nephritic patients/497/, but its importance was nat
perceived When serum containing lsbeled thyroxin and complemented by an an-
creasing quantity of stable thyroxin 3s subjected to electrophoresis, it is noted that
the quantity of hormone associated to the prealbumin s very high when the latter is
1n low concentration and capable of being bound to the TBP. Saturation of the

TBP s completed when 25 g of thyroxin are bound tothe protetn of 100 ml normal serum.
while at the game time prealbumin has the capacity of binding about 100 ug thyroxin
per 1,000 ml of normal perum  Trilodothyrenine, in contrast to thyroxin, is almost
not bound at all to the prealbumin when added to the serum A series of proofs and

considerations were brought on the fact that the prealbumin is really an in
fraction, having the of i verem

b g with thyroxin 11 veronal

o



binds formed or & thyroxin
But it was soon deterrained that,although the greater part of the concentration of the
labeled thyroxin indicator became associated with the TBP, greater quantities of 1t
became bound to the albumin as the concentration of thyroxin grew This led to the
assumption that TBP and albumin are,respectively, the fnitlal and the secondary
carrier of thyroxin, The distribution of labeled thyroxin between the TBF
and the albumin of the serum, in the fractions of which the quantity of stable
thyroxin existing in the blood wag contalned, was used ag a means for determiniag
the relative capacity for thyroxin binding by the TBP under normal and abnormal
conditions /274/ .

In euthyroid persons, the capacity of the TBP to combine with thyroxin is
limited to about 0.4 ug of thyroxin per ml of blood Other authors observed the
continued increase of thyroxin bound to the « -globulin fraction, This quantity does
not remain constant, and changes depending on time and dose  According to Horst,
Freinkel,and othera (cit. from Pitt-Rivers/457/}, the free thyroxin of the serum
remains in a labile form in inverse ratio to the TBP and albumin. The pagaage of
thyroxin from albumin to the TBP may take place during a decrease of the thyroxin

or during an In the binding capacity of the protein Robbins

and Rall /478/ showed that the quantity of thyroxin bound to the protein rises as a
linear function ujon adding thyroxin to the serum, until it reaches a concentration
of about 0 1 uM  Further addition of thyroxin leads to a curved line, which is

as being the of the TBP and the transfer of the hormone to
other protein fractions The authors found that such saturation takes place when
the concentration of thyroxin in the blood is 2-3 times above {ts normal level The
binding of thyroxin with these proteins is stable to a certain extent, although the
bond iz not strong and probably has an adsorptional character. This association is
destroyed by the action of various denaturing reagents, which dialyze thyroxin
while it 15 not dialyzed in the plasma i vitro

The of the thyroid h leads to the question of which of the
thyroid gland hormones become bound to the blood The TBP moatly binds thyroxin
of the serum It 1s as if this protein can separate thyroxin in a mixture from other
todinated amino aclds

‘Trijodothyronine is also bound to the protems of the blood, although ita bond
18 somewhat weaker Its behavior in the blood 18 in gharp contrast to that of
1- thyroxin. The compounds of 1~ triiodothyronine with the blood proteins are mamly
with globulin glucoproteins and they are considerably weaker than the }-thyroxin
compounds in the same fractions in vivo/457/ This phenomenon 1s of great phys:o-
logical importance, it explains the very small triiodothyromne content of the blood,

its from the thyroid gland The 1odine of

P 0 10-15% of the 1— thyroxin iodne of the
gland, while under the same conditions, it ts never higher thant a few hundredths of
a percent of the total iodine of the plasma. In rats the plasma sometimes totally
lacks this as the diffuse more easily than
1~ thyroxin, and it may be that it disappears sooner from the plasma, In order to
test this assumption research was made on the rate of reduction of the concentra-
tion of these compounds in the blood after the administration of physiological
doses of both hormones to rats  The binding of triiodsthyronme with various pro-
telnic fractions of the serum in vitro was studied by Dingledine, Pitt-Rivers, and
Stanbury/266/. The basic carrier of triiodothyronine was the TBP, but it was
also associated with albumin and with the globulin fractions, although the concentra-

tion in them waa low—1 2 ugh.

Much effort was made in order to clear up the physical, chemical, and

he TBP. Very recently, Ingbar/362/succeeded in
B B ropharests and sedimentation, & pecpasation of a




during proteolysis of the protein Inside the thyroid gland. But ia this their only
arigin? 1a it not pomaible to think that one of theae fractions fs formed by partial
in the of richer In iodine? Asto1-3,5,3'tri-
and 1-3,3,5° this question is disputable  Various
opinions exiat in adenl“lc literature Some authors believe in the formation of
trijodothyronines in the tiswues during the degradation of lhyroan others refate
this belief. The of 1-8,3 may be
certain Iis origin is in the cells and it i produced nt the expense of I~ thyroxin
and 1-3,5,3 -trilodothyronine, but it is hardly probable that it passee from the
tissues into the plasma, for, 28 {s shown by a serfes of atudles, I- 3,3'-ailodo~
thyronine is speedily destroyed during the process of this formation

Thus, aceording to the actual state of our knowledge, it should be thought
that the hormones found in the blood stream are In most cases transported from the
gland to the ceua But there are facts showing that under some pathological and
a series of pa: are in the
and farmaﬂnn of lodothyron!n!l in t.he tissuea. Thus, for exsmple, it is known that
enter the blood during bile duct occlusion.
Besides, there are npon- on the presence of an unknown lodinated product {sub-
stance C) of an analogous nsture after the injection of physiological doses of
and

thy to rats, But no further reports
have appeared on this compenent C.

3. The Metabolism of Hormonal lodine

The rate of secretion or, degradation of the thyroid gland hormanes are studied
by means of the secretion of IHL in many cases labeled thyroxin, trifodothyronine,
and other = and these indicators
are studied under various e!‘perlmentzl condniunl, Stmilar obaemuons were also
made on healthy people and on patients from
ism. These results give us an idea of several general propertiea of '.he metabolism
not only of the exogenoualy admunistered hormone of the thyroid gland, but also of
the endogenously produced hormene. The administration of 1- thyroxin or 1-3,5,3'~
trizodothyromme in physiological doses (ug) to rats is
by the excretion of the greater part of the hormonal fodine in the urine end a smaller
part in the feces Beglnning with a dose of 10 ug of 1- thyroxin 20-30% of the ad-
mimstered dose 18 found in the urine snd 15-20% in the feces within 48 houra. When
the administered dose is increaged the part of the hormonal jodne excreted in the
feces also The of the in feces upon administering
of the 18 created by the fact that during this

become more than the tissue metabolism of
the hormone  Upon administering large doses of thyroxin to the organism, the
detoxicating mechanisms of the Iiver come into play. In &ny case, urine containa

mainly fodides and feces mainly the hormonal icdine contained in thyroxin and tri-
iodothyromine

After the infection of @ small quantity of thyroxin Its concentration in the
plasma iz Blowly reduced during the first 8-12 hours  and then ite Speed of disap-
pearance becomes even slower. D-thyroxin disappears from the blood considerably
faster than )- thyroxin Meti:uxmm research made by Johnson and Albert/370/ on
ruts, upon iodine, 1131~
labeled thyroxin,and duodo(yroaine showed that mer me injection of radiothyroxin
the activity 1n the animal is slowly reduced; 30% of the fotal dose 18 excreted in
unne and 40% mn the feces within 48 hours  After administration of diiodotyrosine
only 12% of activity was excreted with the feces during the first 8 hours and almost
all further excretion occurred in the urine, 75 8% of the total activity was excreted
in the urine within 48 hours, which points to the apeedy deiodination of diiodotyrosine




buffer the presence of prealbumin is pupressed either by itg cumbination to other
{fractions or by the interaction with proteins,_

Thus, together with the TBP-the basic carrier of the serum thyroxin—
another new component of the protein fraction ia found, which also has a high
attraction for this hormone  But the nature of both of these components and their
precise physiological importance gtill demand further research

The level of the protein-bound iodine of the serum is used to characterize the
functional state of the thyroid gland Most authors consider the normal level of
PBI to be from 4 to 8 ug per 100 m! of blood, more than 8 ug in hyperthyroidism,
and less than 4 pg in But there is of these values, especially
around the upper limit of the normal range and the lower limit of hyperthyroidism
This {s why it {s thought that the of PBI is for
order to differentiate between the normal and hypothyroid states but is not always
justified 1n the between and hyperthyraid groups.

Some authors try to use the binding of {odfne with the globulin fraction for
diagnosis, when the results of the PBIdo not concur with the clinical plcture Thua,
according to the results of Winikoff/611/, the globulin fraction obtained by saline
precipitation containa a small part of the PBI  In view of the fact that the distri-
bution of thyroxin between the varlous fractions of protein depend on its content i
the blood, the quantity of globulin~bound iodine may characterize the total quantity
of orgamic fodine in the blood According to this author, the level of globulin-bound
lodune 15 the best tndex differentlating between the hyper- and euthyroid groups
{respectively higher than 2 Dug% and lower than 1.7ug%). The quantity of the
lodine bound to albumin wag found to be useless as an index for diagnosis of the
functional state of the thyroid gland

Vannotti and Beraud/593/, atudying the binding of thyroxin by blood proteins
during diseases of the liver, came to the conclusion that the capacity of the TBP
fraction to fix the hormone may also change under such conditions Discrepancies
in the chimical picture of the PBIlevelindlsorders of thyroid function are explained,
in their opinion, by the different relation between thyroxin bound to the proteln and
free thyroxin, for the metabolic effect of the thyroid gland hormones iz a function
of free thyroxin penetrating into the cell and the level of {ree hormone in the
serum ia subjected to change, under the influence of various extrathyroidal mecha-
msms. Consequently, the level of PBI may in a number of cases rise without
an angwering reaction by the organiem, as is seen for example during pregnancy
In hyperthyrofdism the quantity of free thyroxin in the serum rises considerably
with the augmentation of the PBI

It 1s supposed that in enthyroid and hyperthyroid patients at least the quantity
of matabolized thyroxin is also a function of the free thyroxin In relation to the
fact that the concentration of free thyroxin i blood in very low, structures which
are subject to the action of thyroxin should be extremely sensitive to the action of
the hormone, or should possess & special mechanism of concentration, or should
have both particularities.

We have no reason to doubt the exclusive thyroldal origin of the thyroxin
circulating in the blood of man and higher vertebrates, cxcept for possibly its
minute formation in ext rathyroidal glandtisgue In gny case, thyroxin is not a meta~
bolic product of the thyroid hormanes and it is not elaborated by other tisoues
of the organism.

The orlgin of the other iodothyronines in the blood stresm is not always in-

bolism. These amino
disputable and raises the question of extrathyroidal metal
acida are undoubtedly an Integral part of thyroglobulin and are liberated as such



General degradation of the hormonal products in the entire organism ia ac~
companied by the return of lodine into the circulation in the form of lodides, which
are then Bgain included into the extrathyroidal pocl end the general todine cycle,
Part of them 18 fixed by the thyrotd gland and is used again for the halogenation of
thyroglobulin, while the main quantity {s excreted in the urine.

Thus, it 1s possible to obaerve the degradation rate-of iodothyronines accord-
ing to the excretion of lodides after the absarption or injections of radioiodine, In
man the rate of 1-thyroxin iodine excretion 1 small, as the half-life
period of the hormone after administration of therapeutic doses {8 7-12 days /178,
467/. As the Initial rate of disappearance of I13L1labeled thyroxin and trifodothyro=
nine from the blood stream 15 conslderably higher than their disappearancefromthe
serum proteins, 1t seems evident that hormonesnotbound to blood proteins pass
into the tissue through the eapillaries The rate of the appearance of the
hormone action on cells in vivo ghould be a1 least limited by the dissoclation canstant
of the thyroxin-protein complex in the plasma and tissue:

K « {thyroxin} {protetn)
thyroxin-protein)

‘The passage of triiodothyronine from the blood into the tissues and {ts met=
abolic transformation in the orgsnism oceur faster than those of thyroxin 549/,
This in the 1 of the in vivo may be
partly explained by the fact that it forma rather weak, easily dierupted bonds with
the plagma proteins and the tissues, But there {s also another opinion, according
to which thyroxin {s not itself hormonally active and is transformed into an active
form only in the tissuen, This opinion is held by Gross and Pitt-Rivers /333/. It
was tested by Albright, Larson, and Tust /180/, who showed the in vitro defodin-
ation of thyroxin into by kidney sectt

The posalbility of the formation of 1-3,5,3' ~trliodothyronine in the organtsm,
in tissues otherthanthe thyrotd gland, 1s of great {nterest, as it {3 of major import-
ance for olving the problem of the peripheral form of the thyroid hormones acting
at the ceflular level, a question which has not been clarified Therefore it 15 not
surprising that the study of the transformation of thyroxin into trifodothyronine has
been taken up by many leading scholass, but au sbsolutely definite anawer io this
question cannot be given yet.

After the reports of Albright and others on the transformation of thyroxin
intotriiodothyronineby sectlions of rat kidneys, Sprott and Maclagan /537/ demon-
strated the delodination of thyroxin by issue homogenates  Although they measured

only the Uberation of {ree todine, they assummied that tritodothyronine could be formed

wiuse uyroia glands did not function

Anslogoas observations were made by Grose and Pitt-Ruvers even earlier,
when they noticed the appearance of an unknown {odionated component in the blood
Chich wae 1atam o wf sm S smis dedbon & £t ab a1 - os .

. . x cae

Luie formation from thyroxia /3917, )
But Maclagan and Sprott, showing the defodination by homogenates of various

tissueg /408/, reported that the Bystem thyroxin and tri

romne ig very res{stant to temperature and becomes totally inactive only after two
hours of bofling at 1000, It {e pogsible that twa different detodinating Bystems are
involved,

Nakano and Shimizu /437/, studying the transformation of thyroxin in tifeue
sections,cauld observe the formatlon of trijodothyronine only in the Kdneys, In
other tfsgues, and even in the liver, it was not posalble 10 observe this traneforma=-
ton

Previous 1t th: of

from thyroxin were very

55



in the organis: After of thyroxin the greatest activity was ob-
served in the stomach; a lesser one, although higher than that of the bload,was
found in the kidneys and iver Thyroxin was not fixed in the thyroid gland, but after
admuniatration of this hormone it was always possible to find a small activity in
the brain  Activity after admimistration of labeled thyroxin was mainly found in

the composition of the hormone.

After adminiatration of diiodotyroaine, apart form the thyroid gland and the
gastrointestinal tract, a higher activity than that of blood was also found in the
kidneys, but radioactivity appeared in the form of fodide,

Experiments with physiological doses of thyroid hormones show a great simi-
Iarty {n the behavior of various tissues in relation to the four thyroid hormones
In all tissues, 3,5,3' -trilodothyronine becomes more speedily fixed than 1-thyraxin
or 3,3¢,5¢ - 3,3 very speedily from
the blood Only traces of it remain an hour after injection to healthy perscns,
as well as to patients suffering from a disturbance of thyroid gland function, the
greatest part is excreted in urine in the form of inorganic 10dine during the first
24 hours Inall cases the liver and.to a lesser extent, the gastrointestinal
tract and the kidneys are organs in which the main Jocalization of radicactivity
takes place For example, in rats recelving 5 ug of 3,5, 3! -triiodothyronine or
1-thyroxin one hour after injection 16% of the triiodinated hormone and 12% of
the thyroxin are found in the Liver, respectively 32 and 1 2% In the kxdneys,
and 1.1 and 2 1% in the plagma This of the thyrold
organism underlines the egpecially important role of the Liver in their mztaboﬂ!m
In all caseg the liver has the leading role in the excretion of hormonal lodme
and 16 day: a.fter admimstration of labeled thyroxln it contains about 50% of the

ctivity The 1 the p b and of the role
of biliary excre(lon will be examlned later

The thyroid gland does not fix the injected hormones and they are very
possibly equally distributed in all the tissues, except the liver and the gastroin-
testinal tract

Hormonal icaine inside the cells forms cellular jodine bound to the protein
Extensive studies on the PBI of tissues were performed by Carr and Riggs /238/
on dogs These studies showed that the quantity of PBI 1s amaller in the skeletal
muscles than in the plasma and considerably higher in the liver and kidneys, in
other tissues PBI is found approximately on the same level as m the plasma
Carr and Riggs further note that the quantity of PBI bound in the tigsues and the
metabolic activity of the hormones are not in ful.l nccnrd. thus for example,

aections of brain, spleen,and testes of rats did
not show in oxygen to other tissues, although
they contain a considerable quanllty of PBI. There i8 no PBI tn erythrocytes/473/
and PBI {s not found in in brospi fluid, which is
explained rather by the low protein content than by barrier hindrances

The of the in the cells has not yet been deter-
mained. ‘The study of the PBI in the of the cells

d been removed
in liver homogenates of Tats from which the thyraid gland ha
three davs uﬂger administration of labeled thyroxin could not stow any perceptible
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acid, The enzymes participating in this process may be transferred from the
rmitochondria into the solution, During the laet 2-3 years, further confirmation

of the excretion of acetic acid dersvauvu in bile and urine has been obtained The
formation of acetic and prop! during the transformation of thy-
roxin and lruodoqhymnine, llbeled by 1131 4 3%, 5'and 3'r

in sections and homogenates of the brain of chicks,was showninthe work of Tata,Ralland
Raweon /563/, Although they did not succeed in ly identifying the

formed, their studles confirm the of of the thyroid
hormones in the tissues, One of the thyroacetic acids was discovered by Roche and
others f4B85/ in the kddneys of rats and in muscle, after administration of 3,5, 3 -
trilodothyronine.

On the basts of the sbove results, it is appropriate to ask the following question
to what degree are iodothyroacetic acids products of the metabolism of iodothyronines
and to what degree can they ensurethe activity of ? If this
were 8o, degr by way of decar acids

whose presence in the urine and bile {8 proved 1496/ could be the main pathway of
iodothyronine metabolism,

In view of the fact that the tetra- and ic acids are
considered by some authors to be normal products of the intracellular metabolism
of thyrold hormones, a considerable number of works have been published on the
metabolism of these after the 31-labeled acetic acrd
derivatives of thyronine.  Studies made by Larson and Mbngm 1389/, aswellasby
Roche and others /485/ on humans with the intention of comparing the metabolism
of 3,5,3" ~triladothyroacetic acid with that of 3,5, 3'-trliodothyronine and thyroxin
showed that the acetic acid does not in such organs as the heart,

Kdneys,and skeletal muscles and ia speedily excreted from the organism, particul«
arly through the inteatine.

10 the ah 1 results matnly obtatned by the
group of Roche and Michel, the latter authors proposed the hypothesis of two metabe
olic pathways for the thyroid hormones 1n the tigaues /484/. The first paihwsy, due
to the metabolic acnvﬂy. leads through

of and, through decarbaxylathm of the
ll(ter, 10 the fodothyroacetic acids, This fa the bastc meiabolie pathway of thyroxin
and

+ ensuring the of active forms of thyroid hormones.

The second pathway, which 1s general for all tissues,although relatively less
{mportant, included only the d of hormone

enteringth ptors.



recently examined by Lassiter and Stanbury /393/ on six patlents who did not exhibit
abgorption of radioactive fodine by the thyrold gland, after administration of chroms
pure labeled th in a dose of 20 to 100 p g. Using descending
paperchromatography in a system of solvents P of
thyroxin from triicdothyronine, the authors could not confirm previous works from
the same laboratory, which showed that trifodothyronine appears in the blood as
a resolt of extrathyroldal thyroxin degradation, The authors neverthelege do nat
reject the possibility of guch a degradation in general and emphasize that their
results only point to the fact that triiodothyronine, which normally exista in the
plasma, is not a delodination product of the circulating thyroxin.

The research of Lagsiter and Stanbury established that the system uged for
of the fod| amino actds ~— butanof-dfoxane-ammonia—

was very unsat{ 'y for the between close spots of thyroxin and
trilodothyronine. It {8 pogsible that previous results obtained by Pitt-Rivers and
others were the consequence of artifacts arising from the relatively unreliable system
of golvents. It aeems that such a report permits us to decide definitively that the
only source the nin lating In the blood 18 inthe thyrold
gland, The group of Roche and Michel had criticized from the very beginning the
possibility of the formation of any large quantities of trilodothyronine by way of
deiodination of thyroxin,

At the same time, the formation of 3,3' dilothyronine i the tissues during
deiodination of hormones ricker in fodine has been proved for a number of tissues,
Thua, Tata /561/, Roche, Michel,and others /485/ ehowed the pregence of 3,3'-
diiodothyronine in the muscles and Indneys of thyroidectomized rats, after the
administration of 1131triiodothyronine,

The y of a less In the tisgues, after Injection of
tetra-and tritodinated componenta, raises the question of the delodlnation process
a8 & normal metabolic pathway of the thyroid hormones The normsl process of
metaboliam of the thyroid hormones in the tisaues should lead to the formation of
an active form of the hormone at the cellular level, having the c-pacity‘o! .c)ung

are considered today from the aspect of the formation of euch active compounud.

From this peint of view the questlon of a8 being a step
inthe metabolic transformations of thyroxin in the tissues does not find any conlirm=~
ation, If trilodothyronine is considered as being the active form of the thyroid hor
mones, it should exhibit its effect without any latentperiod, or ehould at least act
fagter than the tetrafodinated analogue. But,in fact, the latent periods of triiodothy-
ronine and thyroxin were found to be identical, Together with thie a thyroxinantagonist,
nebutyl-4-hydroxy- 3, 5-dilodobenzoate,was found /410, 610/ which did not exhibit
such properties in relation to trifodothyronine. It is possible to deduct from this,
a8 was noted by E. A, Kolli }82/, that this benzoic acid derivative inhibits the trans=
formation of thyroxin into trilodothyronine, posaibly by way of inactivating a certain
enzymatic system which defodinatea thyroxin,

But, recently, more and more results accumulated on the possibility of another

metabolic pathway for thyroxin and trilodothyronine, a procesa during which the
thyronine ring remains intact, but where a change takes place in the alamne chain.

3,5,3-trliodo= and 3,5,3',5 = tetr acids, y Pitt:
had an fate action on respiratory 1574]. ‘Thim led to the question
of the of oxy of thyroxinand triiodethyronine in the tissues,

in the procega of the metabolism of the hormonal precursors.
In 2 recent work Tomita, Lardy, Larson and Albright /582/ shawed that
kidney homogenates of rats and mitochondria transform thyroxin into



numerous studies, Albert and Keating 178/, Myant and Pochin (cit. from Berson,

/214/) found that thyroxin administered to the hlood 18 speedily absorbed by the

liver; 36 hours after administration of labeled thyroxin, there is more hormone

1n the Hver than in the whole organiem, Thia served as a basis for the study of the
of the thyrold in the liver, The perfusion of the liver by a

flud containing thyroglobulin leads to its degradation, with the liberation of jodide,

Bile contains theee salts after administration of the hormone; the liver effects their

phystological destruction, but it 1a dUfficult to assume that the metabolism of the

hormones in the liver is the same a# in other orgsns, for the function of the liver

in regard to i P of y may be = special form of

of
of the thyroid

Thie function of the liver waa studied in dogs sdter the admintatration of 1131
1abeled thyroxin and trilodothyronine to intact and hepatectomized animals /302/, In
the control dogs all the fodine of the blood and urine was found in the form of 1131
thyrexin, iodide, In dogs the progress~
tvely disappeared from the blood, but slower than in the control animals, the quantity
of {odides wae small. Glucurorides of thyroxin or trifodathyronine and alao tetra-

or trilodothyroacetic acids were found in the blood and urine, A considerable partof the
radjcactivity was found in a compound of unknown nature,

©On the basis of the existing publihed results it is poasible to accept a double
role of the liver in the metabolism of the thyroid hormones: onthe one hand, the liver
effecta the degradation of surpluses of plasma hormones, on the other hand, it

regulates the quantity of blood hormones, by means of the intrahepatic circulation
of their derjvatives

The disaociation of the hormones of the thyrold gland in the ltver is related

to processes of deiod{nation, after which further degradation of the structure of
thyronine takea place and in this manner the hormone completely leaves the meta-
boliem. Theliveralsoexcretes into the bile free thyroxin inthe presence of consider-
able surpluges and in this manner eliminates toxic quantities of thyroid hormones,
Apart from this, the liver forms paired of free b wit!
acid and, to @ small degree, with sulfuric acid, thua blocking active hormonal
compounda, This process is also directed to their excretion, for glucuronic com=

pounds of iodothyroninea are not found in the blood stream, except in cases of oc-
cluaion of the bile ducts,

The p of of the thyroid hormones could be
studied in detail upon administration of physiclogical doses of various iodinated
thyronines, with labeled 1131 in the thyronine ring, or C14 in the carboxyl The hep~
atic metaboliam of 1~ thyroxin, 1- 3,5, 3 and 1-3, y

was studied by many . The most imp: were made by
the groups of Chalkoff, Beraud,and Vannotti 213/, Myant [433,434/, and especially
by the school of Roche and Michel /495,489/. As was determined by these authors,
administration of labeled thyroxin and di- or to thy

rats was accompanied by the excretion of a mixture of radioactive products in bile,
Among the components formed it was possible to find, apart from lodides and the

tree hormone, & series of of the hormone admin-
istered. The most of these were 1t should be
noted that of 3,5,3"- werenot even found in small quantities
in the bile after administration of thyroxin, This constitutes indirect but important
evidence against the formation of triiodothyromne in the liver, as a result of thyroxin
derodination

The bigh radioactivity found 1n the liver of a rabbit or a rat having received one
of the 1gomers of thyroxin is only provoked to u very small extent by radioactive
lodine, A gimilar high radioactivity is found after admintatration of I 3,5, 3" ~tri~
iodothyronine or its geometrical isomer, or of 3,3' -difodothyronine



It delodl of tetra~ and tril Y into 3,3-~d. ., which
1n a preliminary condition for the diaruption of the oxygen atom, hinding the benzene
rings in the structure of thyronine, This reaction ia effected by oxidaees, This
hypothesis looks quite harmoniousandisbagedona serles of factors obtained during
the study of cellular degradation of {odothyronines, But all thege facts are only an
indirect support of the above hypothegis; its definite proof evidently demands further
6tudy, with quantitative evaluation of the metaboliam in both directions, and also
more convincing praofs of the b tole of the trit

at the cellular level, During the last two years, 1t seems to us, there have been no
1 f! ifwed g a series of studies touching

the action of on the of tissue
Bectiona. This queat{on ghall be dealt with in detail later,

Thus, although there etill is & number of unclarified aspects of the {ntracellular
degradation and the active form of the thyroid hormones, the general pathway of
their metaboliem in the organism may be shown in the following manner:

thyroxin
(s.5.3-trilodothyronine)
5
H :
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4, The Metabolism of the Thyrold Hormones in the Liver

The liver is, to a certain extent, a target argan for the actlon z;:;:eh:hyroxd
hormones. On the other hand, the liver has an impo
the thyroxin circulating in the .bloud and in the detoxication of hsllurplu:.z;l::!:;l:l.
The liver is, for the moment, the only orgen fn which it i possible to o
of thyrofd while leaving it intact.

liver in the metaboliam of the thyroid

In order to clarify the importance of the thy
hormones, a considerable number of studiea has been made on hepatectomiz

animals, Large dases of thyroxin in thyroidectomized rats hv:d lﬂ!irm:g::‘::::; \nese
on the pulse frequency §f subtotal hepatectomy had been preb m: : hyep:amu cd on the
animals /179/. Small doges of thyrexin, corre:pond:lg to abou!
ous level, had the Bame #ffect on as mised ¢
‘Thepe facts show that the llver spees c‘uve‘ -n:;rl:llogduan
and thus stops the augmentation of the hormone quantity in L

It bas been known since 1919 that the liver fixes citcul:ﬁ:g i:;zgzn;ylnd
that this substance may slso be found in bile, This fact was later

ats.
dily renders ina f thyroxin,



Free jodothyronines are found in fecea, but xlways in much smaller quantities
than {n the bile of snimals having a fistula, to whom identical quantities of the
homunu were adminigtered, These regults permit us to agsume that a consider-

ensure a very precise regulation of the q\nmhy of fodothyranines in the blood.

Apart from excming thyroxin in a free state or In the form of a glucaronide,
the liver 180 he which, In various ways (decarboxy~
lation, deamination) degnde thyroxin, Affer a subcitaneous injection of C14 OOH-
labeled thyroxin rate excreted within 12 houra 31% of the C14 of which20% werein
the bile, 10% In exhaled COg,and only one percent in the urine {probably in the CO
group of ures, /383/).

Atter injection of tetra- and trijodothyronine homologues, theywere alsofound
in the form of 3,5, 3'-trliodothyropyruvic acid and 3,5,3', 5'tetraiodothyropyruvic
actd:

cl cl
Ho- Q -0- Q 0,-C0-Com

175~ tetralodothyropyruvic acid

0 & é‘g —

a7 trifodothyropyruvic acid

The carrespondlng derivatives sreprobably formed from other derivates of

The 3,5,3 product was found in abundant quantities In the
bile of thyroldectomized rats, which received 2ig of its hormonal precursor,
3,5,3'5" “tetraiodothyropyruvic acid was at the first found in urme and later wenti-
fied in the bile of rats subjected to the action of I- thyroxin.

The hepatic metabolism of {odothyronines in relation to the processes of oxi-
dative deamuination i& i all probability similar to the metabolism of the compounds
of the same type, Thia reaction may be based on the directactionof1-amno-oxidase,
or on the participation of transamination, as it occurs during the metabolism of
tyrosine /21/, or during the of 3, hy uvic acid
from diiodotyTosinen liver sections, Evidently, the deamination process is not a
general mode of hormone degradation and it takes place in the hiver to a congiderable
extent, a8 1odothyropyruvic acid is found simultaneously in the uver, bile, and
urine after of the even a trace of
fodothyropyruvic aeid is not found in the blood of rats with hgated bile ducts, while
hormones of hepatic arigin bound to glucuronic acid may be found, it seems probable
that the ladneys metabolize the hormones to the game extent as the liver, and that
the derivatives that they excrete are results of their own metabolism.

The discovery of thyropyruvic acids in the liver andurine attracts our attention



The remaining icdinated compounds found in the bile after administration of
labeled Y could be by ch on paper
or on col Upon chr of the phenol components
of the hormone are found in all cases, These conjugates, separated by elution from
the chromatogram, form lodothyronines by processing with fi - glucuromdase of the
spleen and of E. coll. The removal of the compounds separated from the chromato-
grams 18 not effected by peptidases but by glucuronidase, which is 2180 proof of the
fact that the phenol group of thyroxin is bound to glucuronic acld, This conclualon

is also confirmed by the fact that, upon administration of thyroxin labeled by C14

in the COOH group,all the activity in the bile {s liberated in the form of €Oy, after
developing with ninhydrin, In view of the fact that ninhydrin only removes CO3 from
amuno acids whenboth the carboxyl and amino groups are free, it is possible to
conclude that the thyroxin excreted in bile {s not bound in the form of a peptide /383/,
Experimenta in which organic iodide 133! wag Injected showed that endogenous
thyroxtn, forming from the administered 10dide, alsa appears {n the bile in the form
of glucuronides. Other proofs have been brought, confirming that these conjugatea
are p y g of . Similar alsowere
formed 1n liver sections, but not 1n homogenates, sections of the iver exhibited small
activity, and sections of the heart, the diaphram, the spleen, and the brain were

not capable at all of forming glucuronic conjugates of thyroxin.

Thus, various iodine containing parts are found in the bile of animals receiving
thyroid hormones, glucuronic and sulfuric ethers of the thyroid hormones are also
found in urine. Thus for le, after ation of labeled Yy
to dogs with an occlusion of the bile ducts, Flock, Bollman, and Grindlay /301/
found an ion of in the urine, while they determined
the p of in it, 10dine and the
conjugateof truodothyronine Further studles show the appearance of disulfate
compounds of trilodothyronines /481,489/,

The capacity of the liver to bind thyroxin in the form of glucuronic compounds
Af 1 of 113L1abeled thyroxin, its

18 neverthelesslimited. After ration of
main quantity is excreted with the bile in the form of unchanged thyroxin. The ad-
ministered thyroxin first appears after injection in & bound state and later in a free
state in the liver, Reabsorption of the thyroxin excreted into the bile 1s slight,

In his works Mysnt /433,434/ gave the results of studfes made with 1131 -
thyroxin on the excretion of the hormone in the bile and in the intestine of healthy
people, According to his results glucuronic derivatives appear in the bile after the
admintstration of radioactive thyroxin, they enter into the {ntestine and are mostly
loat with feces. Reabsorption from the intestine constitutes only 30% of the thyroxin
excreted in the bile,

Gross and Leblond /329/ found that 24 hours after intravenous injection of 800
1 g of 11311abeled thyroxin to rats 70% of the adminigtered activity are found in the
feces, After administration of 1,300 ¢ g of thyroxin, 85% of the 1131 contained 1n 1t
were excreted in feces within & days, Whereas a part of the hormones returns to
the blood stream after the hydrolysis of their g their

from the eycle. Upon a ;
u g to 8 rat weighing 200 g, up to 70% of the administered 3,5, 3 .
A . - e -t Seme—ae mde a4 -ing

them
iral dose of one
. -




The importance of the sallvary glands in the metabollsm of jodine was at one
time emphasized. A number of authors /290, SUII thought that the malivary zh.m’ll
play an important role in the of th
the thyrold hormenes and participate in ngulntlng the absorption of lodlne by the
thyroid gland, But this opinion did not find any confirmation in later research and
it was shown that the removal of the salivary glands does not change the distribution,
the rate of ption, and the of the thyroid hormone [432/,

Ruegamer {510/ atudled the role of the salivary glanda in the metabolism of
fodine In the process of delodination, by administering to rats and dogs with and

without salivary glands + thyroxin, d fodide, He
came to the conclugion that the salivary glands do not participate in the metabolism
of and in the of its level in the blood,

Thus, at the present time, most authors do not credit the sallvary glands with

any spectal role in the of lodine in the although some of them
still suppose that they pmtcipa«e in the procen! of defodination, and even in the
mono- and di hich 1o their opinion, later fol-

low the blood stream, enter the thyrold gland, nnd serve for the production of thy-
roid harmanee,

It s abaeolutely necessary to say a few words about the metabolism of the thy-
roid hormones in the brain and the pituitary, especially in view of the fact that there
exist close interrelations between the action of the thyroid gland and that of the pitu=~
ftary and of the thyrofd hormones on the central nervous system, The metaboliam
of the thyrold hormones in the pituitary and in the brain was studied by way of ad-

labeled to animals in vivo, as well as by adding
labeled hormones to preparations of bratn tigaue in vitro,

Sturm and Wernitz {554/, iodine
rate and guinea pige, made after 2 hours an autoradiographic study of the iodine dra-
tribution in the anterior and posterior lobes of the pituitary, in the tuber cinereum,
in the hypothalamus, in the lobes of the brain, in the cortex of the bran, and in the
par were by them aa to the distribution of io-

dine. These regions of the brain contained considerably leas fodine than the lver,
At the second atage of the study, 24 and 48 hours after the injection, & considerable
accumulation of lodine was noted in the anterior and posterior lobes of the pituitary,
in the hypothalamus, and in the tuber cinereum. Even the frontal Jobe was, sur-

found to contain activity, During their study the authors did
not determine the iodine fraction, but they showed that the fodine accumulated after
24, 48 hours is hormonal {odine, This led the suthora to conclude that the incretion
elaborated peripherally has an affinity for certain regions of the brain, while the
diencephalon and the cortex occupy a particular position in this respect,

Wide research on the metaboliam of the thyroid gland hormones in the pltuitary
and in the brain were made by Ford and Gross /306/ by adminigtering 1131-labeled
thyroxin and trilodothyronine to rabbits After intravenous injectionof relative-

1y small doses of the labeled hormone actlvity was observed to accumulate to vari-
ous extents in the different parta of the brain and of the pltuitary,

As has been shown in previous research, the lodine tgelf 15 not concentrated
in the pituitary or the brain, neither after 2 hours /252/, nor after 4 hours /368/,
Radioactivity is later found, but its total disappearance was noted after thyroldectomy.
Analogous results were obtained for rats and gulnea pigs, Sloviter and Morel /533/
recently threw light upon the further study of the metabolie process, showing that
upon administration of radloiodine to rabbits kept on a diet with low fodine content
it accumulates after 48 hours in the anterior and posterior lobes of the pitwmtary,
a considerably higher activity was observed during this time in the posterior lobe,



from another point of view: their oxidatlve decarboxylation may lead to the formation
of acetic acid d of thy , ch, to f Thibaultet
al, {574/, have an {mmediate effect on the rate of metaboliem, without a latent
period. Thyropyruvic acids may really be the precursurs of thyroacetic acids
and,if this {a 80, the formation of thyropyruvic derivatives in the cells shouldbe the
first stage in the metabolism of iodothyronines

1f the metabolism of the thyrold hormones In the liver is considered as & definite
transformation, in view of their action on the metaboliam in the liver {as n other
tissues), then the participation of the liver in the metabolism of {odothyronines is
expressed by two processes of extreme importance {n the regulating mechanism of
the level of circulating active compounds, In the finalanalysis the role of the hver
in the metaboliatm of the thyrold is that it P surpluses
in order to destroy one part of them and to Include the other into the mechamsm
regulating the hormonal level of the blood by a mechaniam based on the intrahepatic
circulation,

The kdneys also play an important role in the metabolism of thyroid hormones,
After administration of various labeled {odinated aminoacids totheorganiam, the
greatest activity i8 observed in the liver and kidneys, It has been noted already that,
if the transformation of thyroxin into 3,5,3' -trilodothyronine occurs in the organism,
this procees takes place in the kidneys only. The kidneys, like the liver, actively
degrade the thyrotd hormones into deiodinated thyropyruvic and acetic acid derivatives,
which are later excreted in urine in the form of glucuronic conjugates, It has been
shownbyRoche, Miche), andothers /482, 488/ thatafter the administrationof3, 5, 3'-
tr to rats, a part of it is excreted in urine, while smal

of the g of thyronine also appear in the urine. The

formation in the kidneys of 3,3'-diiodothyroacetic actd, after administering 3,3'~
~dilodothyronine labeled in the position 3V, was demonstrated by Roche, Michel,
Nunez, and Jacquemin /401/ by the radfochromatographic method. The reqults
obtained show that the ditodinated analogue of thyroxin is subjected to deamination
in the tissues, with of 3,31 -dif yropyr acid, which, L
decar , is transformed into 3,3' y actd,

§. The Metabolism of the Thyrotd Hormones in Other Organs

Qur knowledge of the metabolism of the thyroid gland hormones in other organs
18 still insufficient. This is explained on the one hand by the small concentration
of hormonal iodine in them which renders their study difficult, even by such sensi-
tive methods as those of labeled atome and chromatography. On the other hand, stu*
dies made up to now have not brought to light anything new on the metabolism of the
thyrold hormones in the other organs, compared to their metaboliem in the liver or
kidneys.

After administration of labeled thyroxin and triiodothyronine, the appearance
of inorganic {odine was noted In skeletal muscles, diaphragm, and tissues of several
other organs, which points to a process of defodination occurringinthem But the
question of the formation of other products of thyroxtn and triicdothyronine metabo-
lism in the above organs and tissues is still casputed, Roche and others /493/, after

113 1abeted to rats found a8 well as
3, 5, 3'-trilodothyroacetic acid in the butanol extract of the akeletal muscles and
diaphragm, At the same time, Tata /561/, working with muscle homogenates, de-
sermined a speedy degradation of thyroxin and trilodothyronine, but fodide was {n
? - . . Sh .
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pituitary hormone secretion, It is well known that the hypothalamic centers regu-
Jate the activity of the thyroid gland. It 1s an accepted thought that the concentration
of the thyroid gland hormones in the hypothalamus regulatea the level of the thyrold
hormaones in the portal vessels of the pituitary, They may in turn change the hor=

mone contents of the thyroid gland, to which the adenohypophyseal cells are senei-
tive /228/.

But the results of Ford and Gross dB not concur with this hypothesis, It is
difficult to suppose that the in the
may have a considerable influence on the rugh capacity of the adenohypophysis to
concentrate trilodothyronine, It is more likely to assume that the concentration of
the thyroid in the hypothal is d with the or Mibera-
tion of several neurosecretory agents, which stimulate the secretion of the thyro=
tropic hormone {TSH). In thia relatfon it may be thought that the hypothalamic con~
centration of triiodothyrenine is a factor with the help of which trifodothyronine acts
in a stimulating manner on the p (ACTH)
1281/ But there are results showing that the lnjection of thyroxin into the hypo=
thalamus does nothave an effect on the hormone, while injec-

tion of thyroxin tnto the adenchypophysis really lowers the function of the thyrold
gland.

The concentration of the thyroid gland hormones in the neurchypophysis mey
be related to the influence of this hormone on water metaboliem. This assumption
1s acceptable in view of the fact that the concentration of thyroxin in the posterior
lobe of the gland is parallel to the antidiuretic activity of the pituitary This

also concurs with the fact of the augmented absorption of thyroxin by the neurchy-
pophysls during hypothyroidism and reduced ption during hyper

The concentration of trilodothyronine in the grey matter the brainisalso of
a certain interest, Its distribution there parallels the distribution of radioactive
methionine, which was used as an Ind{cator for the Intensity of protein syntheais in
the brain, It 15 posaible that this shows the extent of the myelinization of the brain
under the action of thyroxin. Such concur between the of tri-
lodothyrontne and the rate of anabolic activity, discovered in other tissues, has a
prising to its

The study of the i of the thyroid ¥ means of tissue pre-
parations of rat brains, made by Tats, Rall, and Rawson {563/, show that, in the
brain a8 well as in the ltver and kidneys, processes of lodine separation from 1-
thyroxin and 1- 3, 5, 3’-trhodotyronine take place, a8 well as procesees of deamina-
ton, T and(or) acetic acidsareformedasa
result of these Thel. was found to be impossible,
for, even upon ueing two-dimensional chmmalngraphy, they had identical Rf values,
Studies confirm that thig process has an enzymatic character, for the effect disap-
pears upon heating to 100°, although it takes place also in anaerobic conditions and
upon adding cyamides. The deiodination process 18 proved by the discovery of iodine
ions, According to the results of these authors, they succeeded in finding, upon in-

cubating thyroxin, the appearance in some cases of small quantities of triodothyro-
ne,

All that has been said showa that the intracellular metabolism of the thyroid
gland hormones has general traits for a pumber of tissues of the organiam, which
are exp in the e! and Together with this,
there are some pa the of the thyroid in the liver,
Xidneys, brain, and pitultary, n may be consldered as proved that thyroxin and the
trisodinated analogues transform into acetic acid derivatwves,
in the bile, urine, and feces in the form of

deiodination undoubtedly also take place, Experimental research, made up to this

which tater appear
of



organ
Thus, the ratio of activity pJagmy for the anterior lobe was 0,8 (from 0.5 to 1 4),
and for the posterior lobe 3,2 {from 1.3 to 6.2).  This led to the conclusion that the

thyroid h in the Iobe of the pituitary and ia there de-
lodinated.

It may be accepted that the aame picture that is obgerved in relation to endo-
genously formed hormone {5 obtained after injection of radicactive thyroxin,
Courrier and others /252/ obtained a ratfo of 0.4 and 3,2 for the anterior and pos-
terior lobes of the pitultary 120 minutes after admuniatering about 1, 3pug  of labeled
thyroxin/kg.

Dufferences in the rate of the d after of
exogenous thyroxin and after inclusion of endogenous hormones give the basis to
the affirmation that part of the endogenous hormone fn the plasma 1s found in the
form of triiodothyronine. This is more probable, notwithstanding the fact that the
main mars of orgameally bound iodine in the pituitary exists in the form of thyroxin
in the metabolic process of the endogenous hormone,

Autoradlograms, made by Jensen and Clark /368/, showed that after admim-
stration of radioactive thyroxin the activity in the adenchypophysis is also distribu-
ted in a diffuse manner on the parenchyma of the whole gland, The level of thyroxiz

is, generally epeaking, proporticnal to the level of thyroxin in the plas-
ma. It may be thought that, notwithstanding the relatively small quantity of thyroxin
in this organ, it {a important from the biological point of view, for the interrelation=
ship between the of the thy p and the level of thyroxun In
the blood stream are well known.

Tritodothyronine concentratea in the brain as well as in the pituitary; in the
latter it 1s found in both lobes. The possibility of its formation fram thyroxin in the
anterior lobe of the pituitary ia based on observations of Sloviter and Morel /533/.
But, it 1a more probable that the source of trilodothyronine in the pituitary is the
trilodinated hormone of the blood stream, although this hag not been proved chromat*
ographically.

The presence of iodine in both lobes of the gland after administration of radio~
active hormones may point to processes of de!odinnuon. It was found by chromato~

graphic separation, with the use of as
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and adding labeled hormone,

Ta mmmbunnt 4n dha maas Ta Ahtainad hy Tata and athasa ot o 1~ -

Upon comparing the dtstribution of equal dosea of thyroxin snd tniodo(hyrenlne.

an almost identical ratio between the Ines and thyroxin
was fouad to prevail in almost all the tissues nudled Al:tordlng 1o the 1od!ne cnn-
tent it is equal t0 2.5 and to the of

tive Blological activity of the
ese relations are of the same order as the comparal Ly .
2::0 components and may possibly reflect a quantitative difference tn thelr action,
of the of the
= the aspect of the p e
an\e s of in the pltultary, in the paraventricular
nuclei, maybe related to the mech of hyp Pt 4 of the




Chapter V
THE ACTION OF THE THYROID GLAND HORMONES

(Deistvie gormonov shchitovidnoi zhelezy)

The thyraid gland has a very strong influence on the vital activity of the whole
organism  Upon elimination of the function of the gland serious disorders begin {a
the chemical and morphological structures, which are manifested in the form of
various somatic and peychic defects

The mamfold action of the thyroid gland on

on the rate of the metabolic processes, on the activity of various enzymatic eystems,
on the organism as a whole, as well as on tiaaue preparations, has alresdy been
kmown for a long time, Our knowledge on the role of the thyroid gland hormones 18
based on experiments with the administration of thyroid hormone to healthy and
athyroid animals, on wide elinical observationa on patlents with hyper— and hypo—
thyroidal'states.

The influence of the thyrold hormones on the organism is expressed In the
form of & reaction by whole systems of organs as well as by separate physiological
functions and morphological structures. The influence of the thyroid gland secre—
tions leads to changes in growth and metamorphosis, in oxygen consumption by the
whole organism or by tissue preparations in vitro, and in various aspects of the
metabolism and activity of various enzymatic syatems, The great variety of the
effects observed after administration of the thyroid hormone may reflect the initfal
action of this hormonal substance on one link which lies at the bage of the bioche—
mical procesaes in the cell, or on one morphological structure which 15 responsible
for the correct integration of the processes at the cellular level These questions
shall be later examined in detall. It should be noted here that, when we epeak of the
action of the thyroid hormone, this term is not only used in relation to compounds
produced in the thyrod gland, but has a group significance, 1mplying any substance
having a favorable effect upon administration in a proper manner to a patient suffer~
ingfrom C doesnotdemand that the substance
beattributed toa given group, or fulfillany speclal requirement astoits originorstruc-
ture, Numerous studies have shown,however, that all the compounds possessing

the hological activaty of the thyroid hormones are related to the chemcal group of
thyronine, in whose aromatic rings atoms of odine are contained.

1 the present time, we know of various forms af thyroid gland hormones,
including thyroglobulin, various products of its degradation, thyroxin from thyro~
globulin {or other ¥ . various crystalline
products from hydrolysates of 10dinated protein, and circulating forms of the thyroid
hormones  All these substances possess greater or lesser physiological activity,
but 1t 15 a certain fact that the thyrold hormones produced in the thyrold gland have
the strongest bialogical effect per mole.

Upon examining the question of the action of the thyroid gland hormones in the
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time, does not permit definite determination of the importance of each of theae pro-
cesses in the metabolism of hormonal iodine, nor a solution of the question of the
general metabolic pathways and specific tranaformations In various organs, It is
difficult to state that in all organs except the liver, kidneys, brain, and pituitary

has no P! 1 role in the process of regulating the rate
of the cellular metabolism of the thyroid hormones. These questions demand fur
ther research, But the importance of clarifying the intermediate and the end pro-
ducts of the thyroid hormone metaboliam in the tizssuea should not be glighted, for it
18 posmble that in this way it will be possible to discover the hormone actually acting
at the cellular level.




Studies made during the last years by V.G, Baranov, E,N, Speranskays,and
D.S. Tendler /18], also show clearly the action of the lhymld hormones on the

higher nervous activity, The of of the cortex
of the brain are weakened under the action of small doses o{ thyroidine, having no
on the oxygen

R, P, Olnyanskaya [108] made an important contribution to the study of the
role of the thyroid gland in the reflex regulation of the metabolism of the higher
nervous system. It was shown by studies made {n her laboratory that the thyroid
gland g the only transmitting link of the cortical which augment

Experiments in which the thyrotd gh.nd of rabbits was blocked by antithyrotdal
showed the conslder of the thyrold gland in uncondi—
tioned~reflex changes of gaseous metsboliam in relation to changes of external tem=
perature. It was shown in the same hbonwry that, upon blocking hormone forma=—
tion in the thyrold gland by ad n of acll, the 'y phase
of the augmentation of gaseous metaboliem after taking food is inhibited. These ex—
periments, made on dogs, Prove the participation of the thyroid gland in the realiza=
tion of the specitic dynamic effect of food, in the reflex regulation of the metabolic
processeu related to feeding. This 15 also shown by the studies of N, A, Isichenko
{83}, who inr ling the of the changes of the functional atate
of the brain cortex on the rise of blood pressure under the action of thyroidine, All
thege experimental results, as well as numerous clinical observations, proved
beyond doubt the participation of the thyrold gland in the cortical regulation of the
actvity of the internal organa. It follows that the influence of the thyroid hormone
on the central nervous aystem plays a role in the of its
actlon on the various in the

g as a whole,

Yu Rosner 118/, studylng the mechanism of the action of thyroxin in dogs
and eats, by stumulating the receptora of the vessels of an isolated intestine loop,
observed the direct action of thyroxin on the functional state of the receptors and
on the central part of the reflex arch in acute and chronic experiments. If, after

y creation of 2 of reflectory 0 and
potassium chioride, thyroxin ia added o the perfusion fluld which passes through
the vessels of an isolated intestine loop, a sharp rise of the atimulation of the reflex
is observed, which is expressed by the augmentation of the reflex responaes to re~
peated and chloride During this, the
author notes the effect on the nervous system after administration of thyroxin after
a very short latent period. AS to the mechanism of the thyroxin action on the ner—
vous system, according to the author's opinion, changes of the receptors as well as
reconstruction of the nervous centers with participation of receptive systems take
place in this case.

A report by Benetato and co~authors [19f, very recently published, brings
convincing enough support for the opinion on the action of thyroxin on the central
nervous system, Itwas shownby experimentson dogs, whose circulation of blood be-
tween head and body was isolated for several hours while malntaining the cerebro—
spinal tract, that the action of thyroxin administered to the animal donating the
blood 18 first manifested centrally and that from there thyroxin enters the head
of the recipient and arise of and temperature in the body of
the recipient. Peripheral administration af thytoxin during this period {3—6 hrs)

did not have any effect, According to the authorst® opinion, the encephalic centers

have a special sensitivity and exhibit a fast effect, while peripheral influence starts
later.

The above results differ considerably from the results found in the scientific
Literature on the problem of the immediate action of thyroxin on other tissues an
on the change of the metabolic indicators.



organiam as a whole, we meet two opposed opmniona, Some authors adopt the 'opxman
that a nervous mechanism is involved in the action of the thyroid hormones and
affirm that the hormone has esther a reflex or direct influence on the state of the
cells of the central nervous system and effects jts peripheral action through them.
The other group of scholars helds for the humoral mode of entry of hormones into
the tissues of the arganism and their direct effect at the cellular level, This ques~
tion hag been examined in detail in & recent survey by 8, G, Genes / 40/, There is

of course no doubt about the action of the thyroid hormones on the cells of the central
nervous system, especially on the region of the diencephalen, including the poster=~
ior and anterfor lobes of the pituitary This is shown by a series of studies /306,
showing the lon of a y high tion of thyroxin and triiodo~
thyronine 1in the brain after administering hormones labeled with radiocactive
iodine to the organism. Consequently, the thyroid hormones change the metabolic
procesges in the nerve tissue and in this manner they act on the central nervous
system At the same time, 2 great number of reports have accumulated in scienti~
fic iterature on the direct action of thyrexin and other active forms of the hormone
on the oxygen consumption of tissue sections and homogenates, on the uncoupling

of oxidative phosphorylation by thyroxin acting on the cellular mitochondria, on the
effect on enzyme activity, on the metabolic processes of isolated tinsues, ete.

1s this the place to doubt the direct peripheral effect of the hormone, apart
from the participation of the central nervous gystem? The action of thyroxin on the
nervous elements of the brain is also an expression of its peripheral effect and it
13 precisely by changing the metabolism of the nerve cells that thyroxin may demon~
strate itg action through the central nervous gystem. This is why it seems to us
that it 13 not necessary to regard the two modes of action of the thyroid hormones
as opposed the humoral one, with direct action on the tissues and organs, and the
nervous one, through the central nervous System, The change of metabolic proces—
ses of the cells as a result of the direct effect of thyroxin lies at the root of both,
It is logical to accept that the nervous and the humoral modes of action of the thyroid
hormanes on the peripheral tissues and organs complement each other and that
they are both under the general control of the higher nervous system,

1 The Influence of the Thyroid Hormones on the Various Organ Systems

Cluucal symptoms observed 1n patients suffering from hyperthyroidism or
hypothyroldal states expreas the specific influence of the thyrold hormones on some
systema of body organs. The influence of the thyrofd gland hormones on some or—
gans has recently been Studied very thoroughly on sick people as well as on experi—
mental animals,

Influence on the nervous system

The influence of the thyroid hormenes on the function of the central nervous
yatem has been, and i3 still belng very thoroughly studied at the present time by
Russlan scholars., The first works in'(h!s direction were begun in the laborn,!nri’ of
P, Pavlov Inle24 AV, Valt - ot
puppies alimentary conditioned ' ¥ .
J112/, from the same laboratory, .

fortifies the . '
raade by B. M. Zavadovski and his fellow—workers 58/, They determined the {n~
fluence of small repeated doses of a ihyroid gland preparation on conditioned re:l::‘(—
es. Upon giving A . . . : .o
ening of the laten* - . L 2
were observed. .- -
and others.




Studies made during the last years by V. G. Baranov, E,N. Speranskaya,and
D.S. Tendler /18, also show clearly the action of the (hyrold hormones on the
higher nervous activity, The p. of of the coriex
of the brain are weakened under the action of amall doses ol thyroidine, having no
influence on the oxygen consumption,

R.P. Ol'nyanskaya [108] made an important contribution to the study of the
role of the thyrold gland in the reflex regulation of the metabollam of the higher
nervous system. It was shown by studies made in her laboratory that the thyrotd
gland is the only transmitting link of the cortical impulses which eugment metabolism,
Experiments in which the thyrotd gland of rabbits was blocked by antithyroidal
substances showed the consideralile participation of the thyroid gland in uncondi—
tioned-reflex changes of gaseous metabolism in relation to changes of external tem—
perature. It was shown in the same laboratory that, upon blocking hormone forma—
tion in the thyroid gland by ad. tlon of e r y phase
of the of gaseous slter taking food 18 inhibited, These ex—
periments, made on dogs, prove the participation of the thyroid gland in the realiza—
tion of the specific dynamic effect of food, in the reflex regulation of the metabolic
processea related to feeding. Thls ls alzo shown by the studies of N. A, Isichenko
183}, who in of the changes of the functional state
of the brain cortex on the riae of hlood pressure under the action of thyroidine. All
these experimental results, as well as numerous clinical observations, proved
beyond doubt the participation of the thyrofd gland in the cortical regulation of the
activity of the tnternal organs It follows that the influence of the thyrold hormone
on the central nervous system plays a considerable role in the mechanism of its
action on the various physiological functions in the organism as a whole,

Yu, Rosner [118f, studying the mechanism of the action of thyroxin in doge
and cats, by stumulating the receptors of the vessels of an isolated intestine Joop,
b Pt i fare iy e e

is observed, which is exp: by the of the reflex responses o re—
peated of and chloride. During this, the
author notes the effect on the nervous system after administration of thyroxin after
a very short latent perfod  As 1o the mechanism of the thyroxin action on the ner—
vous Bystem, according to the author's opinion, changes of the receptors as weil as

reconatruction of the nervous centers with participation of receptive syatems take
place in this case,

A report by Benetato and co—authors f19f, very recently published, brings
convincing enough support for the opimon on the action of thyroxin on the central
nervous system. Itwas shown by experimenta on dogs, whose circulation of blood be-
tween head and body was 1solated for several hours while maintaining the cerebro—
spinal tract, that the action of thyroxin admimistered to the anmal donating the

blood is first manifested centrally and that from there thyroxin enters the head
of the and arise of an, in the body of
the of thyroxin during this period {3~6 hrs)

&id not have any effect, According to the authorst opinion, the encephalic centers

;nave a special sensitivity and exhibat a fast effect, while peripheral influence starts
ater,

The above results duffer considerably from the results found in the scientific
literature on the problem of the immediate action of thyroxin on other tissues an
on the change of the metabolic indicators.



Clear-cut changes in the activity of the higher regions of the brain are ob=
served in pathological states of the thyroid gland. Their appearance ia nccompanied
by & series of ph; and . In T example,
an increase of the blood circulation rate was observed in the brain, It was shown
in a series of studies with tissue sections that the oxygen and glucose uptake
by brain tigsue §s reduced in myxedema,

‘There are no results on a metabolic change of the thyroid hormones in the
brain during hyperthyroidisam and thyroidectomy. But, according to the results of
G.V, Tutaev and N, A. Isichenko /152f, the lodine content in the brain was sharply
lowered after removal of the thyrotd gland, especially in the cortex and cerebellum.
After hypophysectomy the average fodine content of the brain was 61.7 ug% andin
normal people 265.6 yug%, It remained low during the first period,as well ag a long
time after hypophysectomy. A reduction of the iodine content of the pituitary occur-
red sfter thyrordectomy, but its relative quantity in the brain rose The authorscame
to the conclusion that, in the absence of the thyraid gland, the pituitary regulates
the distribution of 10dine, concentrating it in itself and that,in general, the basic
role in the metabolism of jodine in the central nervous sysiem is posaibly played
not by the thyroid gland,but by the pituftary,

it seems to ug that such an affirmation 15 not supported by the necessary ex~
perimental material, showing the character of the iodine~containing components and
the quantitative relation between them— facts which it {s necessary to know inorder
to discuss {odine metaboliam, Apart from this it is important to determine the
following fact where and {n what form does the actlvity first appear upon adminis—
tering labeled thyroid hormones to the organism? It is known that the function of
the pituitary itself, including the absorption of 10dine, is controlled by the hypotha—
lamus. As has been mentioned, studies of the jodine digiribulion 1n the various re=
glons of the brain by the autoradiographic method, after administration of

1**L1abeled tritodo-l- thyronine and I'>1-1-thyroxin, gave @ clear picture

of the selective localization of hormonal iodine 1n the bottom of the third ventricle,
in the hypothalamie region,and i the pituitary—particularily in its posterior lobe—
and this is undoubtedly related to the effect of the hormone on these structures.

Action on the cardiovascular system

The action of the hormonea of the thyroid gland on the cardiovascular system
is clearly expressed during severe disorders of the heart in the presence of
Basedow's disease, It was assumed that the hormones of the thyroid gland have a
specic action, pend of their t effect. Other authors
believe that in thyr the heart 10 vagal
Besldes this, a complementary atress on the heart is created by the speeding up of
the metabolic processes in the whole organism, which is observed in hyperthyroid-

ism.

Action on the liver and gastrointestinal tract

"The liver is ane of the fmportant organs in which the action of thyroxia
Ak gL o

sppears. A N X
thyroldisms  + . - E .
of the vartou v e - .
and pathomo . e .

f the lver are often OLSELVELU s sypve vy .
:ultzho! infections, poisons, and other factors takes an especially grave course in

{he simnltaneous presence of hyperihyroldism.



According to the results of studies, the ation of the hor—
mones of the thyrold gland conatderably increases the rate of the metabolic pro—
cesmesintheliver. The living liver tissue of mice, dogs, Tabbits, and guinca pigs.
which were fed for & long time with preparations of the thyroid gland, absorbed more
axygen than the tisaue of healthy control animals, In people suffering from hyper=

the oxygen of the liver is sharply augmented, The in~
crease in respiration provoked by thyroxin 18 more perceptible in the tissue of the
Nver than in other tissues. In the liver tissue of rats which recefved thyroxin for
four days the augmentation of the oxygen consumption was 60 % and 40% in kidney
tissue, while similar doses of thyroxin led to & rel
tion of the oxygen consumptionin the muscleund heart, the brain, ovaries, and
spleen did not exhibit any {325/ The contrary
1s observed upon blocking the thyroid gl:md by ndminlslrauon of thyrostatic sub-
stances, which leads to a deficiency in the orgamsm of thyroid hormones,

According te the results by Milcu /421, in dogs with a bile fistula, upon ob—
structing the bile duct, an injection of (hyroxu'l provokes a reduction of the quantity
of blle and a of the dinit. According to the author's
oplnion, this Ia effected by the inhibition of bile formation in the liver and by a
change in the water balance. But there are also contradictory experlmemzl results,
‘The augmented energy metabolism of the liver leads to growth in volume and weight
of the liver in experimental hyperthyroidism. Such changes were also observed on
2 great number of hyperthyroid patients.

During hyperthyroidism, the capacity of the liver 1o synthesize glycogen from
glucose is lowered, the tolerance to glucose is reduced, After feeding with prepar-
ations of the thyroid gland the glycogen of the liver 1s reduced and may disappear
completely. The glycogen of the liver is not preserved even alter a car
diet, other hexoses also have no proper effect. The disappearance of glycogen
from the liver, provoked by thyroxin, may be stopped by a combined admimstration
of fructose and msulin, The glycogen disappears only from the liver and the cardiac
muscle. The glycogen of the striated muscles 1s not subjected to the influence of
the thyroid bormones and changes to a small extent. On the other hand, thyroid
tnsufficiency also leads to a reduction i the glycogen content. It was shown that
in thyroidectomized sheep and guinea pigs the glycogen content was only 40~50%
of its quantity in normal animals, while the glycogen of the musclea remamed un~
changed. 1t may be concluded that normal quantities of thyroid gland hormones are
optimal for the mawntenance of the liver glycogen Jevel, Loading wath galactose 1n
hypenhyroidlsm often g\ves abnormal results and this is probably related to the
from the intestine, peculiar to hyperthyroidism,
When choline 15 s!.multaneuusly given thyroxin provokes a reduction of the fata
and cholesterol content of the liver [ 205}

Varifous functional tests, characterizing the extent and the sequence of dis—
order of the metaholic processes in the hepatic tissue, are used to determine the
functional state of the liver in thyrotoxicosis.

S.F. Mandl' /92] used 1n thyrotoxicosis ten different tests simultaneously,
the protein, car lipord, pigment, and other metabolisms, re—

flecting the antitoxic function of the iver, The author concludes that the first to

suffer during thyrotoxicos:s is the protein and then the

metabolism becomes disordered and the antitoxic function of the liver is reduced.

The lipoid and pigment metabolisms become disordered in the presence of severe

forms of thyrotoxicosis.

A. P, Stepanenko [135/, studying the antitoxic function of the liver invar-
10us forms of goiter, also notes the severest disorders of the barrier function in
the presence of hyperthyroid goster,



i

The results of I, A, Drazheviskaya {cit. from B.V, Aleshin,{3{} also show
that during thy the protein and d i are
the first to sutfer, while disorders of the lipoid and pigment metaboliams are added
during severe forms of the disease.

The disorders of the metabolic processes of the liver influence in their turn
the perfpheral regulation of the thyroid gland hormones by the liver.
M, A, Alekperov /5] also notes a reduction of the antitoxic synthesizing function
of the liver in patients suffering from thyrotoxicosis.

Affection of the liver parenchyma tmay bring about important changes in the
metabolism of the thyroid hormone and augment in some cases the quantity of the
hormone in the This can be lai by the of the
thyroid hormones and their glucuronic compounds in the blood, and by a change in
the structure of the protein fractions in the serum, which is related to the affection
of the lver, Experimental research made by St. Milew, L Vaisler, and
E. Kostiner [100{ on dogs suffering from toxic hepatitis provoked by carbon te-
tr showed a reduction in the capacity of the ltver to inactivate thyroxin,
The accumulation of radioactive iodine 1n the liver §5 also reduced in these animals,
The above results point to the role of the liver 1n the regulation of the hormone con=
tent of the thyroid gland and of the plasma and bile iodine,

Actlon on the endocrine glands

The relation of the thyroid gland to other glands of Internal secretion has
been known for a long tume, but the interrelations between endocrine glands in the
regul of phys1o} as well as the possible
interactions of the various hormones, are still most insufficiently studied,

We will dwell here only on the action of the thyroid gland on the gonads and
the adrenal glands, leaving the examination of 1ts relationship with the other glands
of internal secretion to a special section on the regulation of the thyroid gland
function,

It ig known that a disorder of the whole endocrine apparatus sets in after
thyroildectomy the development of the gonads is retarded, atrophy of the
thyrold gland sets 1n, and the anterlor lobe of the pituitary and the adrenal cortex
grow

‘There are experimenta! results showing that athyroid rabbits are capable of
developing ovarian follicles, but they have no ovulation, But it is neceasary to
note that, according to published results, thyroxin does not change the gonado—
tropic activity of the piturtary. It was shown in experiments that hypothyroldism
lowers the sensitivity of mice to estrone and thal hyperthyroidism has an inverse
effect, while the reaction to estradiol remains unchanged.

The following changes are noted 1n the adrenal glands, Adrenal hyperplasia
was provoked in experimental ammals after of thyroid hormon
The adrenal glands of those suffering from Basedow's disease were found to be rel-
atively insensitive 1o the action of ACTH. Prolonged action of thyroxin led to the
reduction of the adrenal glands and the rata showed smaller resistance upon ex—
posure to cold. The reduction of the amumals! capacity to maintain their temperature
also points to a reduction in the production of corticosteroids.

Mikulaj and Nemeth /420/ determined the potential capacity of the adrenal cor~

f patients suffering from y obs g the levelof 17-hydroxy
:}E:n?d::xe: the ad.mu\igu(rnuon of ACTH. The authore came to the conclusion that




the secretory capacity of the adrenal cortex in patients suffering from thyrotoxi~
cosis is generally adequate during maximum stimulation by ACTH. But during pro—
longed stimulation with submaximal doses of ACTH this adequate response is
replaced by a phase of reduced secretion. C tly, during 1

under phy 1 of 1 the adrenal cortex can=
not use it potential reserves in toto. A paper by V. Komissarenko and T. Valueva
[84{ has recently appeared, reporting that Hungarian scientists determined qualita~
tive changes of the adrenal cortex secretion during byperihyroidism and that new
substancea appeared which are not found in healthy persons. No more detalled de—
velopments of these interesting studies have been printed,

The role of the thyrold gland in the reaction of the
organtsm to the action of poisons and toxine

Numerous studies have been made on the action of various poisons and bac—
terfaafter it and in hype: . Some results ghow that during
thyroidectomy, rabbita and muce are more sensitive to morphine, but other results
show that the narcotic effect of morphine does not change 1n relation 1o the state of
the thyroid gland. Works on the relation of the thyroid gland to morphine are frag—
mentary and do not give a basis for definite conclusions,

Feeding thyroid gland raises the resistance of rats fo the action of aeveral
drugs, as for example pentobarbital, thyroldectomy, on the other hand, Jowers
their resistance, Yet, thyroxin makes animals more sensitive to such preparations
as phenobarbital in heavy doses  its toxic effect grows upon administering thyroxin.

‘There is a series of studies on the increased Bensitivity of hyperthyroid per~
sons to hormones of the adrenal medulla

Thyroxin prebably has an influence on the development and course of a series
of Thyroid pr 10 tuberculosis. This was shown
experimentally on animals and was by clinical ations, It was thus
determined, for example, that thiouracil shortens the life span of guinea pigs during
tubercular infection. There are reports on the synergistic effect of thyroxin with
sulfonamides 1n the treatment of pneumococcus wnfections of mice. Thicuracil

ralses the mortality of mice from y and thyr the 1neu-
bation period of this disease. Results differ as to the action of thyroxin and corti-
sone on o . Hyp limits general fatal infections
after of to local nonfatal inflammations /96/,
[ yoerthy gthens the reaction of the argan—
ism against bactersal toxins.

As was shown by the worka of A, A, Voitkevich and his co-workers [32, 124)
experimental increase of the concentration of the thyToid gland hormone enhances
the of the general r of the organism to various morbid states.
They studied the system of the org by its capacity to pha-
gocytize and by other after and action.
Under the action of thyroldine the regenerationof t185ues was speeded up, fhe sur-
vival of infected animals was and the frequency of tumors p by
carcinogenic substances was reduced, antithyro:d substances had an opposite effect.
Studies performed by Rumaman sclentists under the direction of academician
Parchon ] 452} showed a {: effect of the of small doses of

the thyroid gland hormone during chronic tuberculst infection of gwinea pigs. Ace

cording to the authors? opinion, thyroxmn has a stunulating effect on the cartex of
the brain and leads to the of the

for fighting the infection.

of the org



No definite results were obtained by studying the direct influence of the hor —
mones of the thyroid gland on microorganisms, There are reports on the inhibiting
as well &g the stimulating action of the thyrold hormones on various bacteria,

A relatively large number of works touch upon the importance of the thyroid
gland in the anaphylactic reaction, Most results obtained on guinea pigs enable us
{0 affirm that thyroidectomy leads ta the loss of the capacity of the orgamiam to be
sensitized by a foreign protein. Contradicting results were obtained on other gn-
imale (rabbits), It is nevertheless believed that a normally functioning thyroid
gland ia y for the r of the tissue, which creates the
r to and allergic r -

The influence of the thyroid hormones on the action of carcinogenic substances
in the organism has been shown during the last years, Research in this direction
showed that thyroxin lowers the frequency of tumor appearance after the action of

-acene and ene, while thiouracil augments the carcinogenic
effect, Similar results were also obtained in the works of Voitkevich and his co=
workers [32, 48/ . Such an effect is by the sctivity
of the thyroid gland on the state of the tissue, During
thyroid msulficiency a rise of receptivity to malignant growths 1s observed. It was
shown by recent studies that many malignant growths of the thyroid gland could have
been created as a response of the organism to a demand in thyroid gland hormones,
the reaction of a normal gland to such a demand could be the strengthening of its
function, as a result of which some undefined changes set in, concerning not only
the function but also the morphology of the gland, This may also be explained by
a disorder in the sy of RNA, by th 1as well as by the anti-
metabolites of uracil. The development of cancer was observed in rats and mice
after prolonged action of thiouracil. Thus, in rata receiving allyl thiourea and

ene tumors ped /220, 221/, In mice propyl—
thiouraci] provoked the development of cancer. The development of benign tumors
under the action of thlouracil was discovered in other works.

The above studies show that prolonged stimulation of the growth of the thyroid
gland, possibly through the mediation of the pituitary, leads to the development of
tumors of the thyroid gland. The malignant or benign nature of the growth depends
on the genetic background and on the exposure to the carcinogen.

2. The Influence of the Thyroid Gland on Growth and Metamorphosis

Inhibition of growth and of the org: m sets in upon
the thyroid gland from experimental animals and in hypothyroidism of people.

f e bltana and kg

" s
a very sensitive test and is widely used as a metnod for determining e acuvity of
the thyrold horm ' ! . .
metamorphosis, . .

thyroxin in thias 1
similar action.

The clinical manifestations of the arrest of growth and development differ in
young and s:uh animals, ]'.nuyoun: ones nrre_ut ﬁ«?f"'%.he":" developmer::hl::gzl::l
o rganism is an invariable symptom of the ellmination of the thyrord
changes were confirmed in experiments by many authors, by way
blocking the thyroid gland or destroying it with radio—
ought about by the above methods,

t
maturity of the o
function. These e
of thyroidectomy as well as by
active fodine /69, 71f. In an athyroid state, br



considerable changes of the external aspect of the experimental antmal set in, be~
sides a sharp underdevelopmem nl the whole body. The growth arrest of the animals
after y of a disorder in the Inter-
relationehip between the pituitary and the thyrold gland, for the growth hormone of
the piturtary has no effect on these animals, The effect of the thyroid gland on
growth is also shown in nonmetamorphosing animals

Thus, normal growth s imposaible without a thyrold gland. In adult animals,
lller removil of the thyrotd gland, the main symptoms of athyroldism are the change
and prog ‘Although theae animals exhibit less
lymptoms of myxedema, a muceus inf{itration of the skin may nevertheless be ob=~
served In them too. 1t was earlier thought that thyroldectomy does not have any
perceptible effect on adult monkeys, but recent studies making use of thyroidectomy

and 13! showed that myxedema very similar o that of man sppears in monkeys.
Undoubtedly the action of the thyroid hormone on growth is a sum of its effects on a
large number of biochemical processes, the acceleration of which is neceasary for
the pugmentation of the size of the organiam,

Overdosing by thyroxin leads to a considerable loss of weight and to the death
of most animals The growth of cartilage, which was studied by the inclusion of

, 8 at least partly controlled by hormones of the thyroid gland,being acceler
ated under the action of thyroxin and slowed down by blocking the function of the
gland with thiouracil /280 ‘Teething s noticeably accelerated by the action of
thyroxin, in thyroidectem(zed rats thyroxin considerably speeds up skeletal ma~
turation Hypophysectomized animalaneed the growth hormone as well as thyroxin
for optimum growth of the skeleton In tadpoles thyroxin stimulates the ossifica-
tion of the long bones

3 The Action of the Thyroid Gland on Metabolism

Influence on the oxygen consumption

A clear expressson of the action of the thyroid gland on various aspects of
metabolism is given by its effect on the rate of the metabolic processes, which 1g
expressed by an increase in the oxygen consumption

The surprising action of the thyroid hormones on the oxygen consumption, onthe
gaseous and on the in the orgamsm was noted al-
ready many years ago and thoroughly studied on humans as well as on various
snimals, the studies were made on the whole organism, on living organs,and on

tizsue made by M, M, Pavlov [109{ showed
that the elimmnation of the thyroid function leads to a sharp reduction of the gaseous
metabolism  The study of the basal asa of the

state of the thyroid gland is a generally accepted teat and up to this day 1t was the

only possible method of making this examination ‘The action of the thyroid hor-

Inone was quantitatively evaluated in healthy persone and in patients suffering from

:\(yper- and hypothyrotdism on the basis of the determination of the basal metabo-
s

In all experiments considerable reduction of exhaled carbon dioxide as well
a8 of inhaled oxygen takes place in absolute and relative quantities after the removal
of the thyroid gland

One of the important effects of the thyroid hormones on the organism as a
#hole 18 their action on cal After there 15 &

the body drops,on the contrary, a considerable rise
During

c{ temperature occurs after of thyroid




P! of the in the organiam by various drugs the extract
of the thyroid gland has no mfluence on body temperature These observations
show that the rise in temperature under the action of the thyroid hormones is con~
ditioned by the of the within the organism This

is algo shown by the changes in the gaseous composition of the blood in thyrotoxi-
cosis, which is also pubjected to seasonal fluctuations, as has been shown by

P.1 Fedorova 156/, In relation to the discovery of a new, speedier, and stronger
acting hormone of the thyroid gland—trijodothyronine—a great number of studies
have been made on people as well as on experimental animals, in order to compare
its effectivenesa with that of thyroxin on the oxygen consumption

It was shown that 3,5, 39—trilodothyronine has, roughly speaking, an effect
3-4 times stronger than thyroxin on the increase of oxygen consumption The peak
of the action on basal metabolism of one aingle thyroxin dose administered intra-~
venously appears on about the 10th day After this the oxygen consumption is
reduced, following an exponential curve with a half-life period of about 15 days It
was recently reported that it is possible to observe an increaee of the oxygen con-
sumption of guinea pigs 4 days after of thyroxin, T:

adminmstered intravenously in a single dose reaches the peak of {ts action within
24 to 36 hours and is then reduced, following an exponential curve with a half-life
period of about 8 days The thorough study of the comparative action of various

tr Y and thyroxan as the ratio of the general in-
T,A0,
crease inthe oxygen consumption w70, gave values of 4 to 5 when small doses
150%
were given and less than 1 with large doses,
There are reports that the y of female rats
to the calorigenic action of thyroxin T amimals

more easily, they demand less oxygenand exhale less carbon dioxide This fact
was used as a test for the thyroid hormones, it served to study the life span of
ammals placed in a closed vessel Thyroxin and triodothyronine considerably
shortened this span /580

Many works have been made on the of tissue pr ob-
tained from normal animals, thyroidectomized animals, and animals receiving thyroxin
The central nervous system [418f, the muscles, the kidneys, the liver,and the car-
diac muscle /585, 201/ showed increased utilization of oxygen after the action of
thyroxin and reduced consumption after thyroldectomy.

‘There are some n fopinion onthe oxygen response
of Hssues to the action of thyroxin— but most tissues, except the brain, the spleenand
the gonads, have a definite of oxygen after the ad-

ministration of thyroxin.

1t has been shown that the absence of the thyroid gland leads 1o a considerable
r inoxygen by the brain in humans, although hyperthyroidism
has no perceptible effect

Influence on water and mineral metabolism

1t has been supposed for a long time that the thyroid gland takes part in the
water metabollsm of the organism  This 18 seen from the well-known polyuria in
hyperthyroid patients and oliguria in hypothyroid ones It i8 also known that ad.
mintstration of TSH augments the excretion of water from the organism, but this
pheromenon is not found after thyroidectomy Other glands of internal secretion
Which mediate the control of the central nervous system of the water-electrolyte



sm rticipate in the regulation of the water balance, It was already
l:;s::ﬂi:l the ‘:alrly :‘crku of Eppinger (cit. from M.N, Fateeva,/154/) that thy-
roldine provokes increased diuresis and that after thyroidectomy the excretion of
water from the organism is retarded Thus,for example, after administering
300 ml of water into the stomach of a thyroldectomized dog, the quantity of urine
excreted after 3 hrg constituted only 30% of the liquid administered, while in nor-
mal dogs it was equal to 61% Normal rabbits excreted 100 ml of water during
80 min, rabbits receiving thyrotdine excreted the same amount in 40 min, and
thyroidectomized ratbits in 102 minutes.

Clinical cbservations gave & similar picture Emaciation, abundant perspi-
ratlon, diarrhea, and the absence of ekin Infiltration are observed during
Basedow's disease, and contrary phenomena during myxedema

The subcutaneous tissue containg 10-85% of water, after thyroidectomy the
water content of the skin increases 75/,

5.G. Genes and N.G. Lesnol /40, 41/studied in detail the capacity of & dog's
organism to excrete excess quantities of water, which were administered every
15 min during 4 hrs through a stomach fistula  The increase of the hormone quantity
of the thyroid gland by feeding & dog with fresh thyrold tissue led to & considerable
augmentation of the water excreted Thus, {f normal doga excreted §9-74% of
the administered water in 4 hrs, after feeding with thyroid gland this capacity rose
by 20-36%, and after total removal of the thyroid gland it was reduced by 33-37%.
The same authors showed an Increase in the water evacuation {rom the stomach in
7-19% of the dogs receiving 50 g of fresh thyroid gland daily Total removal of the
thyroid gland led to a decrease of the evacuating function by an average of 24%

The of the of wats in hyper ism has
not yet been completely clarified Results exist which confirm the presence of a
central mechantsm for the evacuation of excess of water from the organism.

But in this process, disorders of the rate of metabollc processes and local changes
of various metabolic aspects, mainly those of the protein and mineral metabollsms,
also have a great importance.,

The study of the mechanism of the regulating effect of the thyroid gland on the
evacuation of an excess of water from the stomach showed that this action of the thy-
ro1d hormones 15 controlled by the central nervous system, as during medullarynar-
cosis the effect of the thyroid gland on the evacuating function of the atomach was
constderably weakened

Thus, according to the results of S.G, Genes and N.G, Lesnot {41{, the e-
vacuating function of the stomach depends on the influence of the nervous system as
well as on the effect of the thyroid gland hormones, this dependence is much more
expressed in the first case than in the second  But,upon prolenged lack of thyroid
gland hormonea 1n the organiam, the evacuating function of the stomach is weakened
almoat 10 the same extent as during inhibition of the central nervous system 1n
normal amimata

1t s& known that the poaterior lobe of the pituitary, secreting an antiduretic
harmone, has an important role in regulating the water metabolism of the organism
But the experiments of Swann and Johnston /556 on rats with diabetes insipidus,
caused by the removal of the posterior lobe of the pituitary and augmented by ad-
ministration of a saline solution, showed that under these conditions the function-
ing of the thyroid gland was normal ~Thyroidectomy before reroval of the poster-
for lobe of the pituitary caused only a weak development of diabetes insipidus

The admuistration of thyrod gland preparations did not have any effect on the me-
tabollsm of fluids of these rats.



of the in the organiem by various drugs the extract
of the thyroid gland has no influence on body temperature These observations
show that the rise i1 temperature under the action of the thyroid hormones 18 con-

ditioned by the of the within the organism This
i8 also shown by the changes in the gaseous composition of the blood In thyrotoxi-
cosis, which 1s also subj to a8 has been shown by

P.L Fedorova [lSG/ In relation to the discovery of a new, apeedier, and stronger
acting hormone of the thyroid gland~trilodothyronine —a great number of studies
have been made on people as well as on experimental animals, 1n order to compare
ita effectivenesa with that of thyroxin on the oxygen consumption.

It was shown that 3,5, 3%~triiodothyronine has, roughly speaking, an effect
3-4 times stronger than thyroxin on the increase of oxygen consumption. The peak
of the action on bagal metabolism of one aingle thyroxin dose administered intra-
venously appears on about the 10th day After this the oxygen consumption is
reduced, following an exponential curve with & half-life period of about 15 days It
was recently reported that it ig possible to observe an increase of the oxygen con-
sumption of guineapigs 4 days after administration of thyroxin Triiodothyronine
administered intravenously in a single dose reaches the peak of its action within
24 to 36 hours and 18 then reduced, following an exponential curve with a half-life
period of about 8 days  The thorough study of the comparative action of various
trifodothyromne and thyroxin quantities, expressed as the ratio of the general in-

0
crease inthe oxygen consumption ﬁTz, gave values of 4 to 5 when small doses
489
were given and less than 1 with large doses,

There are reports that the of female rats
to the calorigenic action of thyroxin  T! animals d anoxia
more easily, they demand less oxygenand exhale less carbon dioxide. This fact
was used as a test for the thyroid hormones, it served to gtudy the life span of
ammals placed in a closed vessel Thyroxin and tritodothyromne considerably
shortened this span /580

Many works have been made on the of tissue p ob-~
tained from normal animals, thyroidectormzed ammals, and animals receiving thyroxin.
The central nervous system [418/, the muscles, the kudneys, the liver,and the car-
diac muscle /585, 201/ showed increased utilization of oxygen after the action of
thyraxin and reduced consumption after thyroidectomy

There are some differences of opinion on the oxygen consumption—the response
of tigsues to the action of thyroxin— but most tissues, except the brain, the spleenand
the gonads, have a definite of d oxygen after the ad-
ministration of thyroxin

It has been shown that the absence of the thyroid gland leads to a considerable
reduction in oxygen consumptionby the brain in humans, although hyperthyroidism
has no perceptible effect

Influence on water and mineral metabolism

he thyroid gland takes part in the
t has been supposed for a long time that 1
'n!erlme(abolism of the organism. This is seen from the well-known polyuria {n
hyperthyroid patients and oliguria in hypothyroid ones 1t is also known hat ad-
of TSH the of water from the organism, but this
lands of {nternal secretion
on 15 not found after thyroidectomy Other g
:l:::u::diale the control of the central nervous system of the water-electrolyte




in hyperthyrold patients Simllar results were later obtalned in experiments on
rats, upon giving them dessicated thyroid gland A series of reacarchers showed
that if hyperthyroid patients are maintained on a diet with & low calcium content
they excrete it to a larger extent than healthy people and that, in general, hypo-
thyroid persons show a tendency to excrete less calcium than healthy ones

New studies makinguse of thyroxin and trilodothyronine also could not deter-
mine a conatant and homogeneous effectof thyroxin and trilodothyronine on the cal~
cinm metabolism /189], and during experimental changes of the thyrold gland ac-
tivity no definite fluctuation of the calcium blood level was noted A series of
studies has recently been made onthe relationship between thyroxin and magnesium
in the metabolic processes It has been shown that the demand of the organism for

is thyr In rats its level in the
serum is Jowered [318] The augmentation of the demand of the organism for this
element during the action of the thyroid hormone is possibly related to the inter-
action of magnesium and thyroxin in their action on oxidative phosphorylation It
16 known that the of ylation by thyroxin 1§ prevented
by adding magnesium [319] Reports have been published on the increased binding
of the serum magnestum in hyperthyroidism and on the reduction of its level in

265] But, to the results of other authors, patients suffering
from hypo- and hyperthyrotdism do nat exhibit any considerable differences in the
content of general, as well as of ulirafiltered magnesium of the serum, as com-
pared to healthy people 243/,

The metabolism of phosphorus is probably more influenced by the thyrofd hor-
mones  Thyroxin and triiodothyronine provoke a 1oss of phosphorus in the urine
and feces [189] The source of this phosphorus 15 unknown, but the thyroid gland
has no influence on the level of phosphorus in the blood Grinberg and his co-
workers {cit from Kheveshi, [158]) notedthat hyperfunction of the thyrofd gland in-
fluences the rate of the P32 cycle, while there are no noticeable changea in the

total of the phosphorus fractions The content of PO2 in the actd-soluble inorganic
or labile fractions of the liver or kidney of rats in hyper

10-100 min after the adminiatration of radioactive phosphorus, was 25-30% lowers
In the muscles it was more than 100% higher than in starved control rats It was
also found that in hype the of P32 in the blood, liver,and
kidneys is increased, and that in the muscles it is reduced During this time the
liver had the strongest activity in relation to blood and the muscles had the lowest
On the other hand, the ratio of specific activty is considerably higher in the mus-
cles of hyperthyroid animals and this {a probably related to a speedier absorption
ot %2 The increase of the rate of P°2 in 1y
its relatively low content in the blood, liver,and kidneys

The determination of the spectfic activity of the P ratlo in the composition

of organic muscle compounds to the specific activity of the fnorganic P2 of the
Blood of thyrotamc rats who received 500 4G of Nall,P'20, showed hgher values

than the contral animals 372/, which points to & higher rate of the P°2 incorpora-
ton in the muscles during thyrotoxicosis But the analysis of the organic phospho-
rus ratio of the muscles 10 the tnorganic phosphorus wnside the cells revealed a
slawing down of the of organic i the

may explain

animals The ratio of the P’ , included 1n an organic compound,to the 02 con-

sumed was also found to be lower in rats with thyrotoxicosis than in normal cnes
The ratios determined in these experiments show that the thyrold gland acts on the
Trate of phosphorus tranafer through the cellular membranes

The inclusion of radicactive phosphorus in the various tissues of rats,



In hypothyroidism edemas are more mucous and are related to disorders
of by A d der of the protein metabolism,which takes place

1n thyroid leadsto the struction of the collold etructure of the connective
tissue, not only to the accumulation of the glucoprotein mucin, but alsoto changes
in the hydrophilic nature of the colloids, as a result of continuous water reten-

tion It is possible that a of the Ypoid algo hag a certain im-
portanice  Mucin, having a strong h; g capacity, is the bagic which
retalns water and the of glycogen and minerals the

of water in the tissues

The changes of water metabolism, which set In during functional disorders of
the thyroid gland, are constantly combined with d2sorders of the mineral metabolism
It has been determined by numerous studies that the thyrold gland hormones sre in-
volved in the metabolism of a large number of mmeral elements Eppinger {cit
from M. N, Fateeva, 154/}, already pointed out the role of the thyroid gland hormonea
in the metabolism of sodwum chloride. According to his results, the excretion
of sodium chloride in hyperthyro:d dogs was, after loading with hormone, 47%
higher than in normal ones and 1t occurred very slowly after thyroidectomy.

According to the majority of studies made recently, thyroxin and truodothy-
ronine algo have a constant effect on the excretion of chlorides in urine; but there
are also contradicting results

Preluninary adrenalectomy removes the action of the thyroid gland on the me-
tabolism of gsodjum chloride Consequently, the hormones of the thyreid gland do
not act directly on the mmneral \ but thear 18 by the
adrenal cortex through mineral corhicoids and, probably, also by changing the ac-
tivity of the posterior lobe of the pituitary The latter contans an antidiuretic hor-
mone and a diuretic hormone is contained by the adrenal cortex A weaker or
stronger stimulation of both glands by fodothyronines and a "play” in the extent of
activation of poth alsa gives & direct effect It has been shown that the content of

in the of hyperthy patients 18 lower and in the more
severe forms of hyperthy their in the urine 15 also reduced

According to the research of other authors, the effect of the thyroid hormones
on the excretion of potassium i not constant Thus, Bear (cit from the book The

, [358]) rep that in hypothyroid or in healthy people large doses
of thyroxin provoke the loss of these elements, while the excretion of sodwm by
hypothyroid people was more than that of more sodm is

loet by narmal persons He concludes from this that the liquid accumulated by pa-
tlents suffering from myxedema 18 extracellular In healthy people & strong thy-
roxin effect also p the 1088 of water and salts

In this connection attention should be paid to the paper by §, Ya Kaplanskil
) o ehow e e T e
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fluence on the potassium, caletum, and chlorine contents of tne gkin
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tlesue origin upon admunistering thyroidine

he metaboliam of calclum ia
The influence of the thyroid gland hormenes on 1
not clear enough, An imitial inerease of the calcium excretion In urine was observed



of nitrogen is sccorupanied by 8 surplus diuresis of potassium, while in patients
suffering from myxedema an increased quantity of sodium fs excreted with the
nitrogen in urine, This confirme the view that nitrogen excreted during myxedema
18 of an extracellular source

The thyrold gland hormone enters into the Intimate mechanisms of the creatine
and creatinine metabolism It haa been known for some time that in Basedow' s
digease 1s , a8 well a8 2 of the

excretion, which is related to it. In hyperthyroid patients the tolerance to crea-
tine {s reduced, s compared to healthy persons ‘The same picture is cbserved

in experimental animals  Severe creatinuria is observed after the administration
of thyrold preparations A reduction of creatine and creatine phosphate was noted
in the muscles of a rabbit whichrecelved thyrold glandhormones, and their augmenta-
tion was noted after thyrotdectomy But such an action of thyroxin 18 not consider-
ed 25 being specific, for insulin and adrenalin have an snalogous effect, reducing
the quantity of creatine in the cardiac and gkeletal muscles, But crentinuria pro-
voked by adrenalin does not appear during thyroidectomy.

The source of augmented creatinuria was studied by a number of authors

The exhaustion of glycogen during hyperthyroidism may be a factor which augments crea-
tinuria, as thia was observed during starvation It is known that morghologic and
metabolic changes occur in the muscles during hyperthyroidiam, remimscent of

the picture of progressive muscular dystrophy The observations of Bodansky

[223] show that an injection of thyroxin to rata leads 1o the reduction of muscular

creatine by 20-40%,and of the creatine of cardiac muscleby 40-50%, as compared
o its normal content

1t was found that thyroxin or TSH, administered to Intact antmals, provokes
the 1oss of the accumulated creatine and does not enhance its synthesis The re~
duction of the in vitro creatine synthesis by liver sections, from rats fed with
dessicated thyrold tissue, as well as the erhancement of its excretion, show that

the excretion of creatine really occurs at the expense of the existing reserves of
tissue creatine

thiouracil leads to the reduction of creatine and
in liver tissue
toxicosls 1s

Mongdal and others /427, thathypothy mp by methyl-
1ts

Theae anthors also think that the excretion of creatine in thyro-

of its y There is proof
that during a hyperthyrold atate a reduction of ATP by 25-50% occurs in the heart
The of the creatine does not depend on its increased pro-
duction, but rather depends on defects in its utllization end may be related to the
Teduction of creatinine excretion

According to Lippman /387/ , and the experiments of Borsook and Dubnoft
[227/ , the main method of cheatine metabolism is its transformation, with the par-
ticipation of ATP, Into creatine with y into
creatinine  Consequently, the absence of ATP could be the cause for the loss of
the capacity to convert ereatine into Another of
may be given, following the recent report of Askonas /188/ the enzyme creatine
phosphokinase, catalyzing the transfer of phosghate between ATP and creatine phos-
phate, may be supressed in vivo as well as 1n vitro

Sure and ca-workers /555/ could not confirm published reports stating that 40 mg
ofascorbic actd administered daily supprees creatinuria provoked by thyrotoxicosis
In rata, or that large doses of a vitamin A preparation prevent the loss of creatine
in the myocardium of thyroidectomized rats These authors reported on the
Possible protecting importance of a diet with a high content of fats and the vitamin B
complex against the loaa of muscular creatine in rats treated with thyroxin The



2-24 hrs after administering KHZF”O,‘. was studied by us in normal, hypo-, and
hyperthyrold animals

The above studies [148/, on the distritnition of P2 activity between the lipoid,
acid-soluble, protein, and nuclefc fractions in healthy, hypo-and hyperthyroud rats,
showed that in animals receiving thyroidine for a long perfod a higher activity of the
lipoid and nucleic phosphorus is observed 24 hrs after administering mZPOA' and

the activity in the fraction of iorganic phosphate ia reduced. Rats possessinga

thyroid gland destroyed by radioactive iodine differed little from normal animals

in the distribution of phosphorus in the various fractions Besides, an unequal dis-
of the ph u in the various organs aitracted our attention

during hypo~ and hyperthyroid states Evidently, more detailed research, with the

separation of each component of the acid-soluble and lipoid fractions i the various

organs, 1s necessary in order to judge the action of the thyroid hormone on the dis-
and of in the organiam

Mandel and Revel 413/ also diacovered an augmentation of the P>2 incorpo-
ration into the RNA of the kidneys of rats receiving thyroxin and the rate of its
incorporation was higher than the increase of the nucleic acid content.

Studies were algo made on the influence of prolonged dafly admimstration of
10 ug thyroxin to rats on the quantity of ATP, of creatine phosphate,and of inorganic
phosphate In the cardisc muscle These phosphorus fractions were reduced by the
action of thyroxin, but they rose again almost to nosmal upen administration of
ATP I4l7/ Milcu, Potop,and Ciocerdia found a decrease of the ATP and creatine
phosphate contents and an increase of the inorganic phosphate content in the brain
of rats to which a single dose of one mg thyroxin, or 250 ug had been administered
every two days for 30 days [423/ C q . thyroxin the
of ATP 1n the cells and its th of

g ¢l

During the last years, a large number of gtudies were devoted to the problem
of the effect of the thyroid hormones on oxidative phasphorylation, But this question
18 related to the mechamuism of action of the thyroid gland hormones and will be
examined further on  The thyroid gland also has an effect on the metabolism of iron
T in rabbits pi a rise of the iron level in the serum by 25%.
compared to its content 1n a normal animal, and leads to a certain reductfon of it in
the tissues Thyroxin re-establishes the normal level of the iron content.

¢9%_1abeled iron citratelntra-
that in these animals the level
of iron in the bone marrow and the blood as well as the radioactivity were lower
than in the control rats, while they were higher in the spleen and in the liver  After
administration of a thyroid gland extract, fron metabolism in the bone marrow of
thyroidectomized rats speedily recovered J195/

Austont, Zilliotto, Odeblad {196{admintstered F
o rats and

Action on the metabollsm of mtrogen aubstances

Administration of thyroxin has an influence on the various aspects of nitrogen
metabolism The nitrogen balance is frequently considered as being the only indi-
cator of a disorder of the nitrogen metabolism The change of the rate of rmeta-
bolism,appetite, and absorgtion of nitrogen from the intestine are very evident A
negative nitrogen balance becomes established in healthy people by the action of
thyroxin, and this i8 confirmed by the Increase of nitm‘gm excretion in u:’lne



of nitrogen is accompanled by a surplus diuresis of potassium, while in patients
suffering from myxedema an incressed quantity of sodium is excreted with the
nitrogen in urine This confirms the view that nitrogen excreted during myxedema
is of an extracellular source

The thyroid gland hormone enters into the intimate mechanisms of the creatine
and creatinine metabolism It has been known for some time that in Basedow's
disease creatinuriz is constantly observed, as well as a reduction of the creatinine
excretion, which is related to it In hyperthyroid patients the tolerance 1o crea-
tine 18 reduced, as compared to healthy persons. The same picture is observed

in experimental animels  Severe is ed after the

of thyroid preparations A reduction of creatine and creatine phoaphate waa noted
in the muscles of a rabbit which receivedthyroid gland hormones, andtheir augmenta-
tion was noted after thyroldectomy But such an action of thyroxin is not consider-
ed a8 being specific, for Insulin and edrenalin have an analogous effect, reducing
the quantity of creatine in the cardiac and skeletal muscles. But ereatinuria pro-
voked by adrenalin does not appear during thyroidectomy.

The source of augmented creatinuria was studied by a number of authora
The exhaustion of glycogen during hyperthyroidism maybe a factor which augments crea-
tinura, as this was observed during starvation It 18 known that morghologic and
metabolic changes occur in the muscles during hyperthyroidism, remimscent of
the picture of progressive muscular dystrophy ‘The obaervationa of Bodansky
223/ show that an injection of thyroxin to rate leads to the reduction of muscular
creatine by 20-40%,and of the creatine of cardlac muscleby 40-50%, as compared
1o its normal content

1t was found that thyroxin or TSH, administered to intact animala, provokes
the loss of the accumulated creatine and does not enhance its synthesis The re-
ductlon of the in vitro creatine mynthesis by liver sections, from rats fed with
dessicated thyroid tiasue, us well ae the enhancement of ita excretion, show that

the excretion of creatine really occurs at the expense of the existing reserves of
tissue creatine

Mongdal and others /427/.
leads to the of creatine and
inliver tigsue These authors also think that the excretion of creatine in thyro~
toxicoss 18 by the of fta -y There 15 proof
that during 2 hyperthyrold state a reduction of ATP by 25-50% occurs in the heart
The augmentation of the creatine excretion does not depend on its increased pro-

duction, but rather depends on defects in its utilization and may be related to the
reduction of creatinine excretion

ovokedby methyl-
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According to Lippman /387/ , and the experiments of Borsook and Dubnoft
221/, the main method of creatine metabolism is its transformation, with the par-
ticlpation of ATP, inte creatine with Y nto
creatinine  Consequently, the absence of ATP could be the cause for the loss of
the capacity to convert creatine into nother of
may be given, following the recent report of Askonaa /188/ the enzyme creatine
phospholunase, catalyzing the transfer of phosphate between ATP and creatine phos-
vhate, may be supressed in vivo as well as in vitro

Sure and eo-workers / 555/ could notconfirm published reports stating that 40 mg
ofascorbic acid ad dail;

P! P by thy

inrats, or that large doses of a vitamin A preparation prevent the loss of creatune
in the myocardium of thyroidectomized rats These authors reported on the
Possible protecting tmportance of a diet with a high content of fats and the vitamin B
complex against the loss of muscular creatine in rats treated with thyroxin  The




favorsble effect of such a diet iz related by theae authors to s possible aparing

¢lect of the fats on protein b of glycine led to a
glight of the of d creatine in urine and 0 & con-
of the T v of erestinine.  But alse glysine could not pre-

vent 2 great Joss of creatine from the muscles and the myocardium!

Vitamin B12 weakens the negative balance of nitrogen inhyperthyrotdratsre~
celving thyroxin  There are hypotheses on the fact that vitamin B:z leadstoa

protein econoray in the organism and that this vitemin may interfere in the action
of thyroxin on metsboligm It is known that vitamin B, 2 reduces the growth fnhi-
Dition caused by thyroxin and aleo reduces disorders 14 the utilization of proteins
for growth The augmented demand for vitamin 3‘2 in thyrotoxic anlmals is well

established, and go g the reduction of the vitamin B,, reserven in the tissues of
antmals receiving thyroxin Magnesium i8 also included in these interrelatione
a1ef

it was glsa noted that fol g 1hyr incresses the crea-
tine content of urtne But creatinuria may also be caused by thyroxin in the ab-
sence of a thyrold gland, a thymua gland, or a gonad

Sure and others {555/ also showed the of the thyrofd on
the distribulion of nonproteln nitrogen in tha bloed and the urine, They adminfa-
tared a dally dose of 0 § mg of di~thyroxin to rats for 5 days and then increased
the dose to one mg and cantinued the administration for 12-14 days A disorder of
the nitrogen metabolismn wa# determined, which was proved nat only by the increase
of the excretion of total nitrogen and by cr of
the transformation to crestinine, but Algo by the increase of arumonia and uric
acid and by a noticeable reduction of the allantoln excretion The change of the
pmmonia nitrogen was 81 the same time + 132 2%, that of uric acid +44.7%, that
of transformed creatinine -42 §%, that of aliantoin - 15 8%, and {hat of creatine
+1325% The excretion of allantoin was reduced during the last week of the experi-
ment

In hyterthyroid anumala on a diet of high carbohydrate content, and in thyxoi~
dectormzed animals on 8 mixed diet, a more intensive excretion of nitrogen in urine
wag observed than in control animals. In thyroidectomized animals the level of
urea i the blood was higher than in cantrol ones A considerable accumulation of
urse acid in the blood was found in animals receiving thyroxin  In peaple recewing
thyvoxin there were no changes {n the uric acad blood level, but there may be 8
reduction of tt 1n the urine  No changes in the extretion of purine metaboliam pro-
ducts were observed in thyroidectarnized persons  In & number of other studies aa
inereaged excretion of uTates was discovered Thus, for example, Bertola and
Curzio /217/ determined that thyroxin brings about an incTease of uric acild excre-
tion and especially of allantoln, in rats kept on a nonnitrogenous diet

Fhe increase of amino acids of the plsema, which is vbserved after removsl
of the viacera of rats, is even more noticed upon administering thyroxin, end 18 re-
duced by This role of thyroxin in
nitrogen metabolism i8 more sharply expressed than jts effect on the enhancement
of deamination and an the synthesls of ures

Thorough studses were made by E. A. Dergousova /52, a3fon the change of
nitrogen metabolism dusing blockade of the thyroid gland by 6-methylthiouractt tn
rate sod nuce, 28 well as in hyperthyraldism in persons She determined the reduc~

albumin . o.ificient in the serum mn hyperthyrodism in retation to the

ton of the SoEi>



increase of globuling, According to her report, made together with S, E, Epel’ baum,
an sugmentation of the level of nonprotein nitrogen inthe blood of rats is observed
in hyperthyroldiam /193], The increase of the residual nitrogen is explained by
the enhancement of proteclyais in the tisaues and by the increased activity of the
proteolytic enzymes. Studles made by E, A, Dergousova, as well a3 reports by
Sheves, Epel' baum,and Ryumina [I68], show that in hypothyroidism the rate of
incluaion of methlonine in the tissue proteins 18 reduced.

.M. Smyk and L.Ya Fishchenko 133/ showed a reduction of the urea for-
mation in the liver of rabbits with experimental thyrotoxicosis These animals
excreted an dose of in the form of urea, which
wan 25% less than that in control animals

‘The thyroid hormones act on nitrogen not only by the
rate of dissociative grocesses, as may be seen in relation to carbohydrate and lipid
metaboliama  The influence of thyroxin on growth sleo implies its influence on
synthetic processes, Whether the hormone of the thyroid gland is mainly ana- .
bolic or catabolic depends to a conalderable extent on its dose and on the metabolic
state of the organism at the time of the hormone administration According to the
results of R.1, Salganik {120/, the mode of action of the thyrold gland hormones on
protein metabolism is also determined by the quantity of proteins that enter the
organism  When encugh proteina are included in the food thyroxin reduces the
formation of protein in the organism, possibly enhancing their dissociation Block-
ing of the thyroid gland reduces the proteln syntheais When proteins are normally
included In the food and the eecretion {8 normal thyroxin enhances the synthetic
processes The administrationof thyroidine to ratw kept on a Jow protein diet en-
hanced the grotein and their in the liver Anin-
creased utilization of proteins mdministered to the organism of previously starved
Tate was obaerved In hyperthyroid rats receiving heavy water a higher concen-
tration of deuterfum was observed in the liver than In control animals /375 =and
this alao points to the of the

y pr aes

Hoberman and others {cit from The Hormones , [358]) determined by

means of N'>1abeled glycine that the rate of protein eatabolism 1 thyroldectomized
rats 15 reduced, while the catsbollsm of amina acids reaches such extents that a ne-
gative nitrogen balance ensues. The rate of the protein synthesis in thyroidec-
tomized and control rats is identical  Similar results were obtained in our gtudy
on the rate of the labeled methlonine incorporation tnto the tisaue and blood proteins
of thyroldectomized rats [147]

Liver pections of thyreidectomized ruts liberate leen smino nitrogen from
added amino acids than those of normal vats, A.V, Azyavchik /3], atudying the
activity of liver d-amino-oxidase ofrats,kept on a Jow protein diet, determined that
the reduction of the nctivity of this enzyme 18 speedily restored ipon the addition of
thyroidine to the dlet of the rats.

Changea of the blood proteins are also discoversd in pathology of the thyroid
gland It was noted th-, an increase of the globulin fraction of the blood and a cer-
tain rife of the total gerum proteins occurs during myxedema, at the same time,
administration of thyroxin lowers the blood-protein level, incrersing the globulin

di . During the cer fluid also contains more protein
than the blood, Such changes in the protein content of the blood were also observed
1n various types of experimental animals,

The distribution and quantity of 1'3}-1abeled atbumin was also srudied on eu~
thyrotd persons {508 During the period of adminiatration of the thyroid gland pre-
paration  there occurred a decrease of the genersl concentration of the blood serum
Proteina, with a gimultaneous decrease of the albumin and globulin concentration



But, as an augmentation of the tatal volume of the plasma wa observed at the same
time, the quantity of intravascular albumin was not reduced ALl persons exhibited
an increase of the metabolic dissociation of albumin during this period, and this
was shown by the increase of the I'> excretion fn urine. But, according to the
opinion of Rotachild, Bauman, Yalow, and Berson [508/, this is only compensated
10 2 amall extent by the augmentation of the albumin gynthesis

Proteln nitrogen of the kidneys of rats recelving thyroxin is increased, al-
though these nitrogen substances were also increased by the action of thiouractl It
follows from this that thiouracil elther enha.nces the protein pynthesis or represses
its Thy less protein and more fats in
their organism than control animala /523[ In these animala the liver and kidney
welghts were reduced, and 8o were the total and relative quantity of proteins in
both organs  The liver protein was sugmented in rats under the action of thiouracil,
a8 compared to control animals, on the other hand, thyroxin increased the liver
weight as well as the protemn content {550].

Thyroxin does not lead to & negative nitrogen balance in adrenalectomized
rats  During experimental burns, when there is a high negative nitrogen balance,
thyroidectomy does not restore the normal nitrogen balance in the organism It
is rather the adrenal glands than the thyrotd gland which have a decisive negative
action on the nitrogen balance in the presence of burns 525/

A large number of works have recently been made in order to clarify the role
of the thyrotd gland in the metabolism of nucleic acids It was found that administra-
tion of thyroxin increases the quantity of RNA and DNA in the liver, kidneys,
spleen, and pancreas of rats and that thym!dec(omy reduces them. A thiouracil
dose has an 1 elfect to y effect of this
compound {8 assumed, besldes the capacity of reducxng the formation of thyroid
hormones

Augmentation of the protein and RNA 1n the kidneya of rats recelving thyroxia
was algo noted in the experiments of Mandel and Revel ln:} Upon studying the
P32 incorporation rate into RNA, it was that of phosph
into the composition of nucleic acid is higher in quantity man the absalute increase
of RNA content

Upon nudymg the changes of the RNA contentof the salivary glands of hypophy-
rata, it was found that after hypophysectomy
the RNA comem of the acinary cells is sharply reduced, while administration of

10 ug thyroxin with 200 ug leads to the normalization of its
level, Inhibition of the lhyroid gland function led to a reduction in the RNA content
of the acinary-cellplasma of the submaxillary and sublingual glands, but did not
change its quantity in the parotid gland /222/,

Gugenheim et al. [335]studied the level of RNA, nitrogen, DNA, and piemyl-
glutamic acid in the liver of hypo- and hyperthyroid rats and
of the RNA content in hypothyroldism No perceptible changes were oted tn the
other components. The authors came to the conclusion that the metabolism of RNA
and DNA does not depend on the metaboliem of folic acid.

The of other is also related to the thyrold
4 1m Mwnamthumaid natients  thave {s a decrease of the blood glutathione level,
. of il or
. - -e are studi the of the
" with the

. for example, that upon tncluding thyrotd



hormone in the dlet the oxidation of tyrosine In liver homogenates was inhibited by
75% /398/. 1t was shown by in vitro experiments that the thyrold hormones guppress
the oxidation of tyrosine nof In a competitive manner, but by reducing the rate of

its ination with acid

- The experiments ghow that,as thyroxin, and nin
also have the capacity of inhibiting the tyrosine oxidation, but the action of the fo=
y ia . The reduction of the Intensity of alanine oxidation by
liver and kidney homogenates of rats, which had previously received an injection

of thyroxin, was algo established in the works of Ratliff }468f.

Action on the metabolism of carbohydrates

There are fewer studies on the action of the thyrotd gland hormonea on the
processes of digestion, carbohydrate sbsorption, and glucose utilization in the or-
ganism, than works devoted 1o clinical observations on glycemia in patients suffer-
ing from thyroid pathology

The hortmones of the thyroid gland enhance the processes of carbohydrate cata=
bolism. During thyroid insufficlency the absorption of glucose from the intestine

is reduced, this posaibly explains the high tolerance to glucose of hypothyrotd pa-
tienta and thyroldectomized animala. A decreaged tolerance to sugar ig charac-
teristic of hyperthyrofdism Excretion of sugar in urine 18 noted in patients suffer-
ing from thyrotoxicosiz when {ts level in the blood e higher than 150 mg% [96/.

Thorough studies have shown that besides glucose there is also an increase
of the xyloge and gal gorption from the gastr tract of rats re-
celving desaicated thyrold tissue [184/. The influence of thyroxin on the galactose
mbgorption from the {ntestine of doga was studied at various time intervale after
the administration. Upon giving thyroxin daily the absorption of galactose in-
creased during the firat seven days, after 14 days this capacity wasreduced, and after
20 days it returned to the previous state [326/. During the study attention was algo
Pad to the'fact that stilbestrol, administered together with thyroxin, conaiderably
raises the galactoge absorption rate and causes its accumulation 1n the blood, There
are gtudies showing that the administration of small doses of thyroid hormene leada
1o a better assimilation of galactose, but large doses of thyroxin have a negative
effectonthe assimilation of galactose, whichisingeneral fixedand assimilatedtoa con-
slderably leaser extent by the tisaues. Glucose adminiatered intravenously to a
hyperthyroid man 18 n n a hyperthyroid animal g
with glucose raises the blood sugar and thyroxin itself enhances the hyperglycemle
Teaction of the organism to the administration of adrenalin and to other influences
ralaing the level of the blood sugar {96/, Some proof of the increase of the glucose-
utilization rate by the thyroid gland has also been brought. This was noted in re-
lation to the fact that blood sugar of eviacerated animals falls off faster during hy-
perthyroidism than in similar animals having a normal thyroid gland. There are

2180 reporte on an {ncrease in the absorption of pentose from the blood under the
influence of thyroxin,

‘The influence of thyroxin on the t{zsue decomposition of carbohydrates was
studied on the vrganism ag a whole ag well as on tlssue preparations,
T.1, Larianova { B7/ studied the carbohydr phoapl in the
lver and skeletal muscle during experimental thyrotoxiconis of rata. She deter-
mined the Jowering of serobic as well as anaerobic phosphorylation In the liver
2nd an increase of the O, utilization, She noted a disorder of the formation of la-
bile phosphorus n ghelefal muscle a3 a of the of
transfer from ATP to creatine, There was no disorder of the carbohydrate-phos=
Phor metabolism in the muscles of anumals receiving thyroxin, The accumulation




of fructose diphosphate was increased in relation to itg formation. It was shown
that muscle glycolyslu 18 augmented by the action of thyroxin. Thus,for example,
L1. Kotlyarov /85] d ned an of in extracts of liver
tisgue after the m]ecuon of thyroxin to rabbitg,as well ag upon adding the hormone
an vitro This effect of thyroxin was attributed to its infiuence on the activity of
liver glycogenase, but in view of the fact that thyroxin has no action on pancreatic
amylase, the author explaing the enhancement of amylolyais in the liver by the ac-
tion of the hormone on the phosphorylase.

Upon adding yeasts to a thyroxin medium, or 1o extracta of thyrold gland,
an increase of the sugar fermentation waa noted [96f,

At the same time, observations were made [405] on hypo- and hyperthyroid
patients in whom an increase of the glucose utilization rate waa determined after
thyroidectomy on the basis of the accumulation and elearance coefficlent in hypo-
thyroidism in general and after overdosing with glucgse, in hyperthyroidism the
utilization of glucose was maintained on a normal leyel,

Ag a regult of tner of the lactic acid quan-
tity in the blood is noted in ammal& A{!er !hyroidectomy lactic acid in the blood
was reduced. The lactate content of the hlood roge to a lesser extent after the
action of adrenalin on thyroidectomized animals than in normal ones.

There is also evidence on the increase of the pyruvic acid content of the
blood in experimental hyperthyroidism. Becent worka of Siedek and Hein-Sekula
530/ on the influence of thyroxin on the metabolism of fructose and galactose in
people, showed that overdosing with fructose leads 1o reactive hypoglycemla, which
is accompanied by a lowerlng nl the pyruvic acid content of the blood. Thyroxmn
reduces the by the organiem. After over g with gal-
actoge the quantity of sugar and {ts excretion in the urine remain high for a con-
siderable time under the action of thyroxin.

‘Works have recently been perf on tissue prep: in order to throw
.ight on the glycolytic rate and on the oxidative phase of the carbohydrate meta-
bolism under the action of thyroxin in various organa. The results obtained prove
that {n all cases these procesges are apeeded up by the thyroid hormones. Thus,
the research of Comea {247/ demonstrated the speeding up of the glucose utiliza=
tion by isolated rat diaphragma,

Mscho[404’ determined the glycolytic amvny of the blood by the reduction

£ hap artthant anw additiona  and
yund

. zed
rabbits glycolytic activity is lower; after adding thyroxin it increases
and rises shove the level observed in intact animals.

1. Potop [114 studied the action of thyroxin In a prolonged experiment on
fysiens “
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As 18 known, it hae recently been proved that, togemer with a glycolytic
cycle, there algo exista & transfor=
wmation Into pyruvic acid. This second method of urbohydn!e tranaformation,
discovered in plants and animal organisms, was cailed the phosphoglucanate method
or the hexose monophosphate shunt 104/, Thorough study of the various reactions
and enzymes of this system made It poagible to give & structural gcheme of the oxi-
dation method of monosaccharides, wh]ch begins with glucou 6-phosphate and
1eads to the form: of one ) with the Iiberation of 3
molecules of CO,. The Phouphagluconﬂ(e reaction by which monogacharides are
degraded can be ‘summed up by the following formula*

glacone-6 3c0, +

At the beginning of this reaction glucose-6-phosphate by the actlon of
glucose-6-phosphate ¢ehydrase and the required paruclpatkm of triphogphopyri~
{TPN*") forms gl . and then
6-phosphogluconic acid. Under the action of dehydruse and TPN’* this actd forms
3-keto-6-phosphorgluconic acid which, when the first carbon is removed in the
form of CO,, is transformed into 5-phospho-ribuloge.

Thus, if during the glycolytic degradation of glucose to €O, according to the
eycle of Embden and Meyerhof, the carbon atoms 1 snd 6 become metabolized at the

same rate, then in the phosphogluconate method C- 1 willbe transformedby preference
This difference {s especially noticed if observations are made at short intervals.

Spiro and Ball /536f, comparing the radicactivity of COz,n!tzr injection of
glucose-1-1 C“,!o that of CO after injection of glucoge-6-C 4. found that in hyper-
thyroidism both basic ways o{ glucose metabolism -re en.h:mced This concura
with the results earlier on the

§-phospho-gluconic dehydrage activity in liver exxracts of thyrotoxic rate /320/

Dubovsky and others /535/studied the rate of the hexose monophosphate
transformation of glucose on erythrocytu of thyro!ox‘lc pauenm and on rats re-
celving thyroxin, They aceumu-

latlon, which is & proof of the lncreaue of the glucose me"w“'m by way of the
bexose monophosphate shunt,

There 1a a number of works the glycogen under the
actlon of the thyroid gland hormone, Most researchers think that in hyperthyroid-
lsm there ia & loss of the liver glycogen and this could be baged on an augmented
dissociation and oxidation of gugar, on an of the
Bervous syatem and thus on the to in. Hutit iz that
the glycogen regervea do not diminish when there ia enough gugar in the food. It
wad determined in experiments with anglostomized animals that the quantity of
Bugar leaving the liver increases under the action of the thyrotd hormone.

In recent works Mileu, Potop,and others /424f showed an increase of the

2anatrobic decomposition of glycogen and a reduction of the glycogen content of the
brain, which ta related to 1t

nents on rats B 219 ined the of the Liver
:lgwgen content after admimstering thyroxin for 4 days, in daily doses of 0.3~

™. Upon administering blood gerum of thyroidectomized horses to these
Ammals, the actton of thyroxin on the liver glycogen content was suppressed.

" Many authors note that,togeth with aj of the liver
&lycogen by the action of the thyraid hormunea. there i llso a digorder of the




glycog: Y and ita for from noncarbohydrate predecessors. But
the question of the glycogen synthesis has not yet been fully determined. Reports
exist according to which experimental hyperthyroidism reduces glycogen formation
in the liver of rats fed with glucoae. It has algo been ghown that partial remaoval
of the pancreas of dogs maken them receptive to the action of thyroxin, the adminis
tration of which then has a diabetogenic effect, On the other hand, as Is noted ina
paper recently published by Hedon et al. I:MBI the appearance of diabetes was not
noted in dogs {n which the pancreas was partly removed and who were given dafly
doges of 0,015 or 0.05 my trilodothyronine per kg welght for 14 days, Similar
atudies on diabetic dogs showed that thyr provoked by hag na
influence on the course of diabetes.

‘The question of the products at the expenge of which the disorder of glycogen
formation takes place is also unclear. It was determined in experiments on rats
that thyroxin had no effect on the formation of glycogen from lipids and gtimulated
the transformation of proteina fnto carbohydrates /182/, The study of the diabeto-
genic effect of and of ita with other hormones showa
that, upon giving tri{odothyronine to artificially fed intact rats, it provokes hyper-
glycemia and glucosuria with losa of nitrogen and loss of weight. Ita combination
with growth hormone and cortisone leads to a summation of the effect, but not to
a synergistic action.

It may be concluded from all that has been said that the thyrold horpiones
have considerable influence on all the carbohydrate transformation phases in the
organigm of animala starting from absorption in the gastrointestinal tract and
ending with the decomposition of glucose in the tigsues and the synthesig and for=
mation of glucose in the iver, All these stages In the carhohydrate metabolism
are accelerated by the action of thyroxin. But several questions on the action of
thyrold hormones on the gtages of carbohydrate transformation remaln aa yet un~
clear,

Action on the fat metaboliam

1t has been known for a long time that human hypothyroldism is almost a1~
ways d by an of in the blood. Together with this,
an increase of the neutral fat and of phospholipid contents was also noted, The
interrelations between hormones of the thyroid gland and lipids have been studied
repeatedly with the use of new methods. It may be generally accepted that an in-
verse relationship exista between the activity of the thyrold gland and the blood
content of lipide {89, 419, 420, 454, 455, 303, 304/, But the mechanism of thede
interrelations remains as yet unclear.

‘The action of the thyroid gland hormones on the metabolism of fats begins
from the absorption process. The ptlon of fats in the gastrointestinal tract
18 upon the admi; tion of thyroxin, but too large quantities of the
hormone, speeding up the pagsage of food In the Intestine, do not leave enough time
for absorption, and this 15 why it 1g not possible to note a apeeding up of this
process in thyrotoxic states. Rosenman and Friedman [505/, studylng the lymph
of the thoracic duct after administering 100 mg cholesterol to rata, could not deter=
tmine any considerable changes in its absorption from the intestine of hyper- or
hypothyroid animals.

Hyperthyroldism 18 not always combined with a lowering of the lipida in the
blood. It was algo determined that a diet rich 1n fats protects the animals against
the lethal effect of large thyroxin doges. Moreover, adminiatration of thyroxin
lowera the cholesterol level in the gerum of rats on a diet with a high cholesterol

comtent. The study of the general level of lipids, after remaval of the thyrold



gland of dogs, and the comparison of these results with the changes of the various
Tipid fractions led Chatkoff et al. { 238/ to the concluston that,although thyroldec-
tomy leads to the augmentation of all the fractiona, the content of the general and
the esterified 0l s par 1y & LT seta in at
the end of the first week after thyroldectomy aud reaches 300% of the normal con-
tent, in most cases it was almost doubled, The rise of the general lipid level
usually starts by the end of the firat month after thyroidectomy and reaches values
50-90 % higher than the level of the gerum lipids before rermoval of the thyroid gland,
Generally, the type of the response of the various lipld fractlons to thyroldectomy
varies considerably in respect of its extent, the time of beginning, the duration of
the given level, and the degree of fluctuation.

According to the results of Strigsower et al. /551], the changes {n the blood
lpid composition depend on the time of the thyrold gland hormone administration,
Prolong tion of thyroid gland provoked in humans a reduc-
tion of the lipoproteing of the low density group Sf 0-12 and St 12-20 and also
a reduction of cholesterol in the blood serum during the first weeks after hormone
admunistration, The quantity of lipoproteins of the 5f 0-12 group and of cholesterol
later increased and then returned to their imitlal level after the 24th week. In
another work the game authors [552] obtained analogous results upon prolonged

of 1o patients from psychic digorders.

A series of observations on the action of triiodothyronine and of trilodo-
thyroacetic acid on the level of the serum lpids and lpoproteins also confirm a
decrease of the level of these components [272. Belerwaltes and Ruff [208] noted
a decrease of the choleaterol blood level after adminiatering thyroxin and triodo-
thyronine to euthyrold persona. But, whereas after ceasing administration of
thyroxin the basal metabolism continues to ncrease and the cholesterol level drops,
S S A A A N

level of the serum lipids returned to normal. It was pointed out in the work of
Olver and Boyd {446/ that in euthyroid patients with a myocardial infaretion and
a high bood 1 content acld reduces this content ag
well a8 the ratio between and But this 18 not

maintained for a sufficient length of time after ceasing the administration of this
preparation.

Delmez and Engel [259] tried to uge trifodothyronine for the treatment of

P nemia. In patlents ring fr1
lowering of the blood chalesterol by 21%, the

after ceasing the hormone administration,

om they noted a
indtiallevelwas re-established 7 days

Several works have been devoted to the atudy of the mechamsm of fat meta-
bolism dlgorder under the action of the thyroid gland hormones. In rats the
of the liver 18 reduced by the action of thiouracil and aug-
mented by the action of thyroxin. It was noted that an augmentation of the phos-
pholipid cyele and of nucleic acids occurs in the liver. The excretion of cholesterol
in bile ia partly controlled by thyroxin and has a definite role in the regulation of the
blood ch level. Bile of 1s y reduced In

fhamn dnoboem _oa
5

iesierol and its and in the intestine was shown in
hyperthyroid rats  Thus, the of the ration in the
plasma in hyperthyr 0 is by its . while the
speeding up of 1s mo that even the




gyntheals {s fnsufficient in order to malntain ita normal concentration in the blood,
[ y, it 18 not the speeding up of the ol synt! but the augmen-~
tation of s excretion which i8 more ch of hyperthy o /608, 504].
An inverse picture 1a obaerved In hypothyrotdism.

The atudy of the cholesterol metaboliam under the action of the thyroid gland
hormoneg showed that the procesges of ol By 18 or d are
algo influenced by the thyroid hormones. When the content of choleaterol in the
diet fs 0.65% and when {nsufficient food & given cholesterol 18 gubjected to an

increased d in animala g thyroxin. When the cholesterol con~
tent of the diet {s 0.15% and a sufficlent quantity of food is given the chalesterol
1y s and excretion are feasf,
The pr ges of 1 were studied by means of labeled
acetlc acid. An of the 1 wag digcovered in hyper~

Y
thyroidism and a reduction of its rate in hypothyrofdism /507/.

Fletcher and Myant [300] studied the rate of in vitro cholesterol aynthesie
from lasbeled acetate and mevalonic acid by liver sections and ekin of ratg and
rabbits receiving thyroxin, or having a destroyed thyroid gland. The authors deter-
mined that the choleaterol synthesis is reduced in hypothyroid rats and that thy=
roxin augments the formation of cholesterol from acetate, by gpeeding up its trans-
formatfon into mevalonfc acfd. It waa later noted that thyroxin fncreases the bio-
synthesig of cholesterol when it 18 {n low concentrationd and guppreases it in high
concentrations. The period of the viaceral cholesterol cycle s parallel to fta
synthests.

Together with the above experiments, which point to an augmentation of the
cholesterol biosynthesis under the action of the thyroid hormones, we also find
reports that contradict thig, Thus,for example, Scaif and Migikovaky [517/,
studying the influence of thyroxin and other factors on the cholegterol and fatty ac-
1d sy is by rat Uver » could not changesg in the choles~
terol synthesis by adding thyroxin to the homogenates. Feeding the rats with thiou=
racil 2lsc had no effact on the capacity of the liver homogenates to synthesize
cholesterol.

‘There are some hypotheses that transformation of fats into sugar occurs under
the action of thyroxin, Thyroxin, however, apparently preventsthe inversetransforma-
tlonof sugar into fats, Bertolinl and Guardamagna 218/ studied the influence of
thyroidectomy on the total liver lipid content, upon adminiatering glucose and gu-
cose-1-phosphate. It was found that after administration of glucose, the lpid con-
tent in the liver of these animals , wolle after of glucose-1-
phosphate no augmentation occurs,

Research made by Infante and Turchetto f363/revealed that thyroxin given 10
rats which are ona steatogenoug diet augments the lipotropic actvity of lipocaine
and maintains the acetylizing capacity at it normal level,

The role of the thyrold gland in the development of atherosclerosia in man,
an well ag In experimental animals, has recently been very widely studied. There
0 . . . . vt

dothyroacetic acid. It was also proveu thal pduend sulles sy, ftvus
euthyrold patfents. As was shown by the experimenta of Vitale et al. 7599/, thy-
roxin reduced serum cholesterol, repels kidney affectionsand re-establishes intimal
gudanophslia in antmals which are on an athercgenic diet.

V.



iments by

. Levehenko et al, {88 noted, on the bosis of exper R

A,B. ;;mmv‘: that lodine, influencing the funcuon'af t{w‘ thyrold gland, pre
ente of 1 1s. During expe hyper 1n

‘r':l‘:“l.n“;:bbit., M.S. Levchenko 2nd others afacovered a reduction by 3-3 times of

the 1'% uptake by the thyrold gland, which {s charactertstic of an acute hypothyrold
state.

However, there are various manifestations of the interrelationsbetweenthe thyroid
hormonea and the development of atherosclerosis, which show their great compi’ex-
ity, Recent gtudies on elght hyperthyroid patients ahowed the augmentation of cho~
lesterol, and a "normal” development of atherosclerosis was noted after sutopay
Isuil.

adminiatration of thivuracil to dogs had no influence on the develapment
of nh:-::cl:onu, but this thyrostatic substance led to the strengthening of athero=
acieroais provoked by cholesteral {$47]. On the other hand, dessicated thyrold
gland protected chicks from the development of ntheroaclerosis pravoked by feed-
ing with cholesterol ]255 [. In rabbits with expertmental atherosclerosls provoked

ation of the of thyroxin in normal doses
did not lead to the regression of the affection,

The thyrold gland and the metsbolism of vitamina

Much hat heen published on the influence of the thyrold gland on the meta-
bolism of vitamina, The study of the interactions between vitamins and hormonen
isimportantforthrowinglight onthe effect of vitamins aa well as of hormone s onthe phy-
slological functions of the organfam. Notwithstanding the large number of experi~
menta and clinical observations, no clear.cut opinion exiats at the present time
about the interrelations of the thyroid gland hormones and moat of the vitamins,
this is why, spart from some exceptions, it 18 difficult to come to definite conclu=
lons regarding thin question  As 1o the interaction between the thyrold gland and
vitamin A, studleg were made as early as the thirties, which showed that the quan-
tity of vitamin A in the liver and the epleen {5 reduced after thyroldectomy; ftis
probable that carotene i# not transformed into vitamin A under thia condition,

Thus, it i that thyroxin {8 neceasary for the tr
into vitamin A [119].

of carot

E.A. Portugal'skaya |113] studfed the Influence of thyrotdectomy and hyper-

thyroldiam on the carotene and vitamine A content of the liver of rabbits and guinea
Pige. She noied a consideralls snamamenston orats .- . R
of vitamin A in these animalg  + . - .
Upon administering preparatls = * .

of vitamin A Increased &nd tue wusulene Lon

tent decreased.

Carotene does not prevent a vitamin A deficiency in hypothyrotd animals
(228, 371, 607/, In those suffering from myxedema the nction of thyroxin leads to
ihe Tige of the vitamin level of the blood and fo the reduction of the caratene content,

‘But nat a1 authare share th

¢ same opinion on the role of -
tie transformation of carotene into vxumﬂ‘ ® of thyrexin In the hepa

Arnrich and Morgan {187/ atudied the vitamin A cont
eat

liver of rats under the Inft of thy 1 u{te:n bt/

ious quartities of carotene, b

It was shown that tpon adminiatering large dose
1 14
:iat‘a;xu: ;’:og{ hykp;ot{nyrald rats they accumulated it up 10 33 % moreguungnorm:; °
. ving large quantittes of carot
M fving arge st ene algo more vitamin A was stocked by

8 of the carotene content of the gastrointestinal
e .




tract could not reveal any differencea between normal and hypothyroid ratg, The
authors that the ption, t rmation, and of carotene
are not directly related to the hormones of the thyroid gland.

Worker /616/ too, could not prove the fnfluence of the thyroid gland on the
transformation of carctene into vitamin A. Upon administering 400 mg of carotene
to normal, thyroidectomized, and hyperthyrold rata, raised on a dlet lacking vi-
tarain A, the vitamin A content of the blood increased in an approximately {dentical
manner {n all the animals after 24 hrs. The gigns of xerophthalmia disappeared
{n all the animals.

The influence of vitamin A on the thyroid gland has been studied congiderably
less. 1t was noted that an insufficiency of vitamin A, which does not reduce the
capture of 10dine by the thyrold gland, reduces the incluston of fodine into thyroxin
1607/ . On the other hand, there are reaulta which point to the fact that ing fficiency
as well ag excess of vitamin A, sugments the absorption of fadine by the thyroid
gland. It was algo Pointed out that vitamin A protects animals from an augmented
oxygen upon I'4 thyroid tissue
N.V. Verzhikovskaya /27/ very recently reported the results of a study on the
function of the thyroid gland of rats receiving a complementary dose of 0.14 and
0.7 mg of vitamin A together with an adequate diet. She determined a 2-3 fold re-

duction of lml—nbaorpuun by the thyroid g.and, a slowing down of the fodine excre-
tian, and a reduction of its quantity in the gland, as compared to control agimals.
These resulta confirm previous opiniong about the fact that vitamin A caused a
suppression of the thyroid gland function. Further studies ghowed that vitamin A
in large doses reduces the quantity of the thyrotropic hormene 1n the pituitary of
rats 1513/,

Reports have been publizshed showing the absence of an activating effect of
vitamin A on the function of the thyreid gland. Conte and Stux /248/, admimstering
large doges of vitamin A to guines pigs, could not note a weakening of the action

hormones.

Serfaty and Olivereau /526, 447/, in a meries of works, showed by hiatophy=
siological studies a lowersng of the thyroid gland activity and the reduction of the
number of B ~-cells in the pitmitary during vitamun A {nsutficiency.

Some authors are prone to consider the relations between carotene and vita~
T2 4 = hn ~tho ag being anta-
« ' o eghtof the
sm and

vitamin A reduces it.

A number of pub.ighed results show that vitamin A Preventa the loas of gly~
cogen from musclesand liver during the action of thyroxin, that it imits hyperthy-
roid creatinuria, end that it probably weakeng analogous action of the thyroid hor-
mones on the lipid Metabelism.

At the same time, there are also resulta on an increase of the demand of the
organiam for vitamin A in hyperthyroidiam. Thus, for example, Wohl and
Feldman [612/ d, by to d: . that the form: of vita-
min A is disordered 1n hyperthyrold patienta and that {18 reserves are speedily
exhausted. Butthe opiniononthe antagonism between vitamin A and thyroxin was not
confirmed in a number of works. Thus, for example, the reduction o{n;h‘e lxiver
glycogen content did not change under the action of thyroxin upon adminfstering




large doses of vitamin A. As N.B. Medvedeva /96/ points out, it is hardly ad-
visable to accept the presence of an antagonism between the above vitamin and the
hormone; the interrelation between them {s rather determined by the general state
of the organism. Hyperthyroidiam created by thyroxin provokes an augmented
demandfor vitamin, re]ated to the general augmentation of metabolism  Begides

this, a g of arotene fixation and, y, of the vitamin A forma-
tion is noted durlng hyperthyroidlsm.

The augmentation of the demand for thiamine and the augmentation of ite
excretion in urine was shown in hyperthyroidiam /277/. Reports were made on the
lack of riboflavin in rabbits with myxedema. The sbsence of riboflavin in food pro-
voked histologieal changes of the thyrofd glands, without changing the weight of the
organ. The demand for riboflavin was also augmented in hyperthyroid rats,

Thiouracil reduces the excretion of methylnicotinamide in urine and this
effect is corrected upon administering thyroxin. It is supposed that thyroxin may
take part in the methylation of nicotinic acid. But {n experiments on rats, upon
blocking the thyroid gland with thiouracil, Cherkea /164/ did not find any consider-
able changesinthe e of after ation of
acid. Only when loading them with large quantities of nicotinamide was the excretion
of the methylated derivative in theae animals noticeably amaller than in the control
ones. Consequently, hypothyroidism limits the capacity of the organism to methyl-
ate nicotinamide only to a certaln extent,

On the other hand, vitamins of the B group have a considerable eifect on the
function of the thyreid gland, 8.V. Maksimov and I.N. Sharkevich /91/, keeping
rats on a diet lacking in vitamin B‘, determined that the thyroid gland almost to-
tally loses its capacity of absorbing radiocactive jodine in vitamin B defielency.
Baga! metabolist was also considerably lowered under these conditiona. Morpho-
logical changes were also discovered in the gland.

‘The lowering of the function of the thyrold gland under the influence of large
doses of pyridoxine wag shown in rabbits. Rats which have a vitamin By deficiency
take up less oxygen than normal ones FP.Y¥z sxver and others /123/ studied the

influence of geveral vitamins on me abgorption ou biy the thyroid gland in rab-
bitg and rats. It was noted that a 31 absorption occurs
20 mun and 2 hra after the m,ectmn under the 1nﬂucence of vitaming B,, By, m-

cotmic acid, and C. The greatest increase of absorption was determined aller ad-
ministration of vitarmin C and nicotinic acid A certain enhancement of the

'3 apgorption by the pitutary and the brain was noted in rata under the influence
of nicotinic acid. A case of thyrotoxicosis with exophthalmos has been described,
whose recovery 1s related to the use of mcotime ac1d /354/, but no explanations
are brought for thig effect

Ly N P

Accordin to the opinion of N.B, Medvedeva /96/, the enhancement of the
vitamn B, metabolism during thyrotoxicosis may lie at the root of auch a hypovi-

taminogis, or the demand for vitamin B, rises i relation to the general accelera~

tion of metabolism, the latter is more prnbahle and has received a number of ex-
perimental confirmations  The pogsibility of the vitamin
1tself 18, of course. not excluded




Rubino and Pennett! /509/ found that the administration of thyroxin to pigecna
with vlumlnlll 1! Y P a ably smaller augmentation of the de-

mand for oxygen than in the control birds. The liver tasue of avitaminotic pigeons
which received thyroxin also gave similar resulta, The simultaneous administra~
tion of thyroxin and thiamine to pigeons with a clear manifeatation of beribert
augmented the demand for oxygen in vivo as well as in vitro. The results obtained
point to the necessity for vitamin Bl in mome cases, in order to make the effect
of thyroxin stand out.

Rezults on the influence of the group B vitamins on the reactions provoked

by the thyroid hormones are contradictory Studies on this question are algo few
in number. Tipton, Welden,and Weisw /578/ studied the influence of changes of
thyroid gland function on the activity of ad and d-aml 1d
oxidase in the lver and kidneys of rata under of vitamin iciency.
They determined that with a defective diet, thyroxin augmented the activity of these
enzymes in the liver When the diet was lacking in all the vitamins of the B group,
or only in thiamine, the activity of adenosinetriphosphatase did not change, but in
riboflavin insufficiency an increased activity of this enzyme was observed in the
ltver, on which thyroidine had no effect In riboflavin insuffictency the activity of
d-amino-acid oxidase was considerably reduced Thyrold preparations had no effect
on the oxidase activity of the kidneys, but increased the activity of this enzyme in
the liver, not only of those animals which did not Jose weight.

‘There are results about the fact that thiamine prevents the loge of hepatic
glycogen, provoked by thyroxin, and that the thyrotropic hormone augments gaseous
metabolism in guinea pigs to a larger extent after admintatering riboflavin than with-
out 1t,

Thorough studies have been recently made on the interrelations between vi-
tamin B, and the thyroid hormones. Administration of large quantities of lodo-
caseine 13 rats provokes a loss of welght and has a lethal effect. Vitamin Byy

partially protects rats from this effect, but doea not auppress the augmented oxy-
gen fter of the thyrop: A g to other reporta,
vitamin By, doen not protect the organtam {rom thyroxin, but guch an effect 18

obtained by using liver extracts. It was shown by studies onthe abasorption of radio~
iodine, that vitamin Bl2 itself has no perceptible effect on the thyrold gland. In

ratg vitamin Blz augments the growth rate and lodocaseine removes this effect.
Vitamin 13lz suppreases in rats the influence of thiouracil on growth, but haz no
eifect on the reduction of the Iul-absorpﬁon by the thyroid g.and, which ia caused
by thiouracil.

The inecreased demand for vitamin Blz in thyrotoxfc animals fg a well~eatab-

lighed fact. Apart from averting growth inhibition provoked in rata by an excess of
thyroxin, vitamin B,, algo rem in the utilization of protein. In

thyrotoxic animals, the reserves of vitamin 512 were found to be conalderably

smaller than in normal ones.

Thus, there is a definite correlation between the actiona /319/ of thyroxin and
of vitamin B, but the mechaniam of this Interaction ls as yet unknown.
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was 370-390 mg% A change In the vitamin C content In the organism, as well as
a change in its excretion in urine,is noted during pathology of the thyroid gland
Thus, in hyperthyrotdism the oxidationof the vitamin is augmented and ita excre~
tion in urine is reduced

T, G, Romanova and D, M, Gorodinskli [117/ noted in most cases a reduc~
tlon of the vitamin C content in the blood, muscles, and tissues of the thyroid gland
in patients suffering from hyperthyroidism In cases of euthyrold goiter changes
of the vitamin C quantity were less considerable.

S.5. Kasabyan and G, L. Chernyavskaya /7]  determined the content of
sacorblc acid In the thyrold gland in goiter and found that its qua.nﬁty changen de-
pending on the form of goiter, and that it is
and the colloid of the follleles. According to the results of these aulhors, the
ascorbic acid content is considerable during collofd goiter and the process of its

inthe glandis In a p gotter its content is
small. In cases of Basedow's goiter ascorbic acid is found in considerable quan—
tities 10 the colloid as well as in the columnar epithellum of the follicles

M.M. Eidel'man, M.R, Ozerova,and N.G. Tsarikovskaya /171/ studizd the
influence of catechin decoctions, having a vitamin P-like effect, on the metabolism
of vitamin C In guinea pigs, as well as in persons suffering from goiter under con-
ditions of € hyp by the of the thyroid gland func—
tion  They showed that after administering vitamin P, the extent of hypovitaminosis
C is reduced, but thia fact is dufficult to explaln from the aspeet of the interrelations
between the thyroid gland and the above vitamins

4 The Action of the Thyroid Gland on the Activity of Enzymes

The number and types of enzymes which are controlled by thyroxin and other
thyroid-active compounds give an 1dea of the wide range of action of the thyroid
gland hormones on the various aspeets of cellular memmnsm The action of the
thyrold hormones on the various repr educing enzymes,
on esterases, proteases, etc, has been determmed by a great number of studies

An increase of the oxygenconsumption occurs in all the issues under the action
of thyroxin and this corresponds to the increase of the activity of a large number
of enzymatic systems in the cells Thyroxin, which augments metabollsm, affects
first of all the mitochondria, the most important structure of the cell protoplasm,
where various enzymes are located and where the synthesizing processes take
place. There 1s more than a score of individual enzymes manifesting the effect
of the thyroid gland hormones. The hormonal effect is shown most clearly in the

Liver, where the enhancement of metabolism by the action of thyroxin as a hormone
15 most clearly observed

There ta every reason to affirm that,among the various types of enzymes sub~

jected to the action of the thyroid hormones, the oxidiang enzymes are the main
target

1t has been possible to show by means of various experiments that an fnerease
of the cytochrome oxidase activity takes place in the Liver and muscle tissues after
admimstration of thyrold gland pi

T inhyper andonthe
other hand, its activity was reduced by the sotlon ot thiouraeiL,or in thyroidectomized



rats f275/  But the same method could not reveal an increase of cytochrome oxi—
dage activity in the spleen and brain of hyperthyroid animals Tipton and his co-
workers [576] did not discover an increase of the activity of this very important
enzyme In the chain of the cytochrome system in adrenalectomized animals upon
feeding them with preparations of thyroid gland

Anaugmentation of activity of the iver succinic dehydrogenase was also deter—
mined in hyperthyroid rats, or in animals after admimistration of thyroxin [577,
574/ The reduction of the activaty of the enzyme was noted after thyroidectomy or
after -ation of thyrostatic No
dehydration reaction in brain tissues by the actlon of thyroid gland preparations was
discovered

A number of authors later noted increased activity of d-amino-oxidase, after
feeding rats with thyroid gland [380f A,V, Azyavchik {3, 4] studied the Influence
of the thyroid gland hormones on the deamination process in the liver of animals
which were on a low protein diet She determined that the deamination process of
aminoacidsinthe liver s gharply d red in rats on protein-def; diet, and
1t recovers with difficulty upon transfer to a diet sufficiently rich in protemn; it
speedily returns to normal upon administering thyroidine in the food,
1.Tsitovskaya [160/ also reports the o1 d-amt doxidase activity
1n the liver under the action of thyroxin  She found that under theae conditions an
inerease of the amino acid synthesis from ammon:ta and ketoacids accurred. An in-
verse picture was noted in hypothyroidism. Thus, for example, Cagan and others
/233 report the reduction of the activity of this enzyme in thyroidectomized rats
But there are results according to which the formation of amino acids from pyruvate
and ammonia was reduced, not only after but also in hyperthyroi
dism {235/

Among the other oxidizing enzymes, attention was pald io the reduction of
lver lactic-dehydrase activity of rats receiving thyroid hormones and to the aug-
mentation of its activity upon ing thiouracil /596/ Ther of ae—
tivity of xanthine oxidase of the liver, which appears as a result of a diet poor in
proteins, is avoided by administration of thyroxin

The thyroid gland has a stimulating effect on a large group of esterases
Various authors determined the activating effect of thyroid preparations, or of a
hyperthyroid state, onthe cholinesterase of the human bleod serum, onalkaline phospha-
taseof the femur, liver, kidneys, intestine, and thyrod gland of rats and of human blood
serum, and on acid phosphatase of the liver, kidneys, and small intestine of rats

Thyroidectomy or administration of thiouracil have 1n most cases an inverse
effect This is shown by the change of activity of human serum cholsnesterase and
alkaline and by the r of activity of the latter enzyme in the
Intestine, lMver, kidneys, and thyroid gland of rats, and in the kidneys of guinea pigs

But not all the results of the various authors concur, Thus, for example, ac-
cording to some authors, the activity of alkaline phosphatase of the liver lissue {s
reduced to a ble extent in hyperthyroidism, and that of serum phosphatase

1s increased.

There are contradicting resulis on the activity of adenosine triphosphatase,
Vepkataraman et al /592 report t of ATP during
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There are isolated reports on the augmentation of activity of a number of
other Thus, amylase, arginase, f of the ske -
Ietal muscles of rats were foundto be more active inhyperthyroid animals,or under the
action of the thyrold hormones,

A number of reports have recently appeared on the augmentation of the co~
enzyme A content under the action of thyrold hormones It is assumed that thyroxin
participates in the synthesis of this cofactor, ensuring the acetylation procesa In
arecent survey Yu.A Serebrovskaya /122/ summ d the results
the interrelations between the ine system, A, and
acid. As i5 noted in that article, acetylation of sulfonamides in animals with a
blocked thyroid gland is augmented, and it is reduced when there is an excess of
thyroxin 1t was found that this depends on an insufficiency of acetate. Feuer,
Boroas,and Kepeks [294/ reported analogous results They determined the inhi-
bution of the reaction of p: by enzymes of the acety-
lating system from the Livers of plgeons upon adding thyroxin and trilodothyronine
Substance 3, which they discovered in the thyroid gland, stimulated this process.
ATP also participates in the acetylation reaction and the change of its quantity,
related to this reaction, is smaller in the presence of thyroxin and triledothyronine
There are hypotheses that thyroxin itself forms an active combination with co—
enzyme A

on

5 ‘The Problem of the Form of the Thyroid Hormones
Acting at the Cellular Level

Although 1t has been precisely determined that thyroxin is the main circulating
form of the thyroid hormones, there ts however, some evidenceto theeffect that, inorder
10 take on 1t full activity in the peripheral tissues, it must be transformed into
other substances. The mostimportant pointsof thisevidenceare a)alongperiodelapses
between the admunistration of thyroxin and the appearance of 2 notable change of the
basal metabolism, b) thefact that the biological activity of some thyroxin analogues
1s not by to thyroxin /409/; and c) the
speedier reaction of humansto trilodothyronine than to thyroxin /189/. Hetzel
etal J51] recently studied the initial effects of trajodothyronine and thyrotropic
hormone after their admnistration to healthy persons, they noted differences in
the response of the orgamism. This enabled them to express the opinion that there
existed another hormone of thyrold origin, having an immediate effect Such re~
sults lead to the conclusion that the hormonal activity of the thyroid gland may be
provaked not only by its secretion products, but also by substances arising as a
result of cellular transformation of the secretion products of the thyrosd gland

Observations showiog that 8, §, 3~triiodothyronine has a speedier action on
intact animals than thyroxin correspond to the above This is why a nurmber of
scholars accept the deiodination of thyroxin into trixodothyromne in the peripheral
tissues as the firat stage of formation of an active form of the thyroid hormones
at the cellular level But,as has already been noted, 1o one succeeded in deter—
ymning the transformation of labeled thyroxin in the peripheral tissues, except for
the kidneys /180, 253/ Besides this, admimstration of trivodothyromne to intact
ammals also has no immedsate effect, Barker /199/ could not determine augmen—
tation of the oxygen consumption by the tissues of the spleen, brain, stomach
muscles, uterus, and thyroid gland of thyroldectomized rats under the action of tri-
10dothyronine, Thyroxin also had no effect. The author concludes from this that
even »f thyroxin 18 transformed 1nto trilodothyronine before the appearance of fts”
effect on the rate of metabolism, the absence of a response to triodothyronine 1m
these tissues does not point 1o their incapacity to deodinate thyroxin Barac /198/
studying the action of 3, 5, 3!~trizodothyronine on the function of the kidneys of
dogs with kadneys, d that this 1

the v
stream and diwresis in the kidneys, but after a long latent period, Cunsequen!leym’us




trijodothyronine ia not the immediately active perfpheral form of thyroxin, Upon
n/dding it to tissue sectiona it has no immediate effect on the abgorption of oxygen
572/

A faster action of trilodothyronine on intact animals and on persona suffering
from myxedema may be explained by its faster penetration inta the cells and by
ita weaker bond with proteins, As was shown, the effect of the thyrold hormones
1 determined not by the total quantity of the hormones in the plasma, but precisely
by that part of the hormones which {s not bound to the protein,

that thyr 18 a derivative having an immediate
action, whichisr for the of the tissues, was also found to be
unsatisfactory, This led the author to search for another derivative, which cata—
lyzes oxidation i{n the tissues without a latent period, Research in this direction
was aleo made by other sclentista  Albright and others /181, 582 /vpon adding
trilodothyronine to in vitro systems or ia of
liver or kidneys discovered labeled 3, 5, 3*—triiodothyroacetic acid. Labeled tri~
iodothyroacetic acid was also found In the kidneys and muscles of rats after administering
labeled tritodothyronine to intact animals /543, 458/ In relation to the discovery
of an acetlc acid derivativeof iodothyronines, ahypothestswas proposed that thia is
the active form of the thyroid hormones, having an immediate effect in the cells,
The process of the transformation of tr onine into tr oacetic acid
may only be a degradation process. But it is not excluded that triiodothyroacetic
acid may possess physiological activity at the cellular level. Its physiological ef=
fect has been studied {n vitro by Thibault and Pitt-Rivers /5%, 460/ There are
also observations of other authors on the physiological effect of this derivative in

in vitro studies. Pitt-Rivers and Thibault reported that the addition of triiodothyro~
ortetralodothyroacetic acidto ratliver sections provokedasharp increase of the
oxygen consumption without a latent period, this does not occur under the action of
thyroxin or trilodothyronine ‘The strongest effect of the above derivatives was
noted during the first 15 min and then it weakened. The effect of physiclogical con—

centrations of the order of 10™° M and leas prompted the authors to attibute to the
substance a catalytic role also under natural Higher havi
an inhibiting action,

1t was shown in experiments on rats with a removed thyroid gland /573/ that
P st ot M S S TG e

this is the first proof of the action of thyroxin derivatives without & latent period
and that this confirms Thibault's opinion thattri~ and tetrajodothyroaceticderiva-
tives of thyroxin are the sctive forms of the thyroid hormones at the cellular level
Thibault emphasized that thyroxin and tr nine show thelr p 1
effects in the tissues only after preliminary transformation into thyroacetic acids

Analogous results were obtained by Donhoffer and others /269, zd7z7, 271/ on
acid p

and hyp rata, T
ofthe oxygen dariseof body in
all hypophysectomized rats, in half of the rats after intr
and, with one after T uuu‘ _
had an immediate effect on almost all hyp: rats after nt n

v 2/ d such a
ection. After subcutaneous injection only 2/5 of the animals showe
{-eacuon The action of thyroxin was unsteady in hypophysectomized rats, even af—
ter intravenous injection

The above results seem absolutely sufficient wn order to conclude that trijo—
dothyroacetle acid, in view of its speedy and strong action, 18 probably the



cellularly active form of the thyrofd hormones, But this opinion is far from belng
generally accepted. A Jarge number of experiments by other researchers could not
confirmthe results advancedby the supporters of the hypothesis that the acetic acid
analogues of thyroxin are the active forms of the hormone.Thus, many in vitro ex~

periments did not succeed in showing an of the O

tion by liver and kidney Bections of hypothyrold rats upon adding trilodothyroacetic

and aclds in of 16781075 M They augmented
in 1: but less than thyroxin, In patients

suffering from the of basal the reduction of

cholesterol, and the rise of the PBI level in the blood serum were shown upon ad=
aceticacidderl but thelr action, which was qualitatively stmilar

to that of trilodothyronine, 18 considerably weaker than that of the latter / 583, 485[.
An snalogous result was obtained in experiments on chicks receiving food rich in

, tr y and tr ic acid have a qualitatively aimilar
action and reduce hyper inemi but the acetic acid derivative
is 10 times weaker than the hormone itself.

Barker [200] compared the effect of pharmacological doses of thyroxin, tri~
iodothyronine, trilodothyroacetic acid,and tetr acid d
to rats four days before beginning the study of the oxygen consumptionby tissue sec-
tion from the killed animals, The comparison of the effect of all the above jodothy=
ronines confirms that, although trijodothyroacetic acid has a certain activity, its
metabolic effect is considerably weaker than that of trifodothyronine.

The abave results show that the acid
as the active form of the thyroid hormones at the cellular level s unsound
But,in order to draw such & conclusion, it would be necessary to compare the meta—
bolic fate of trilodothyroacetic acid with the transformations of thyroxin and trilodo-~
thyronine in the org: after ing them in equal

As was noted by Larson and Albright /389 /, it {s probable that the relatively
wesk effect of 1 d tr acid, Tved in humans
and animals, could be explained by its not achieving the required concentration in~
side the cells. In order to check such an opinion, the authors determined the con=
centrations of triiodothyronine, thyroxin, and trilodothyroacetic acld inside the
tigsues after T of these These authors
came to the conclusion that,after injection, thyroxin remains basically in the intra—
vascular space, triiodothyronine speedily reaches a relatively high level in the kid—
neys, liver, heart, and skeletal muscles, iriiodothyroacetic acid, though rather
epeedily cleared from plasma, does not accumulate in the heart, skeletal
muscles, or kidney. The relatively slow plasma clearance of triiodothyro-

acetic acid ia probably explained by its slight entry {nto muscles and kidneys n com—
parable quantities, A fast removal of the acetic acid derivative by the liver into

the Intestine occurs in view of its considerable retention in the plasma,

Thus, secording to the opinion of Albright and Larson, the relatively wesk
effect of the ed acid is by the
fact that this component does not enter the cells {especially those of the heart, kid~
neys, and skeletal muscles) to the same extent as trifodothyronine and thyroxin,
and that at the same time it ia speedily eliminatedby the liver.  According to thelr o-
pinton, 1f acid {s an int; , active

of the thyroid gland stil) the of ita port through the
cellular membranes cannot be explained,

The above work is a considerable contribution to the solution of the le;
of the active forms of the thyroid gland hormones at the cell B ven

ular level, but it gives
no defimite answer to this extremely important question, which §s related to the.



mechanism of the thyrold hormone action, This would nece

. gaitate the realization
of additional studies, also in vivo, in order to charscterize quantitatively the effect
of lodothyronines in relation to the quantity of the components penetrating the cells,

Feuer {293/ recently reported the discovery of a new iodinated compound
(substance 3) in the composition of the thyroid gland hormones, possessing a direct
stimulating effect on respiration and on the of ester us dur-
ing oxidation of succinate and glucose by kidney homogenates, Reporta point to
the fact that thls substance contains bound acetic acid, and acetylation of thyroxin
and trijodothyronine by caenzyme A forms the active form of the hormone, These
assumptions require testing as well as more convincing proofs.

€ The Mechanism of Action of the Thyroid Hormones

The question of the thyrold hormone mechaniam of action, as well as that of
hormones 1n general, and of other biologically active substances, 18 one of the most
interesting, and undoubtedly one of the most important problems of biochemistry
1t this question may be considered as being satisfactorily answered in regard to
water—soluble vitaming, it 5tll remains completely unclear regarding most lpld-
soluble vitamine and all the hormones Thus it is not surprising that the attention
of a large group of famous scientists has been attracted to the study of the me—
chanism of action of thyroxin. For the last ten years persistent work has been
done in order to throw light on the nature of the intracellular action of the thyroid
hormones and on their interaction with cellular structures However, notwith-
s(nkx;ldmg the large number of works, the exact nature of the thyroxin action remains
unknown

The extremely varied effect noted after administration of the thyroid hor—
mones caused scientists to belleve that there exists an initial action of the hormonal
substance on one biochemical point, having a fundamental importance in the cellu-
lar metabolism  After determining this point it would be possible to explain all
the manufestations of the hormonal effect as a consequence of its basic action

As may be seen from the above matertal, a very large number of enzymes,
pertaining to of various 11 are
thyrold gland hormones. In view of the fact that diffuse changes begin after thyroxin

reaches concentrations of about 107" in the body liquids, it seems tempting to 8=
sume that the hormone acts as a catalyst for one basic reaction, or that it partici—
pates as a in ther of many 1 ro

the concentration of the hormone at the 1 or point where the
action of thyroxin takes place may be many times higher than the diffused concen=
trattoningide the cells or in the intracellular fliad But this baslc hyputheucul reac—
tion in which thyrexin, or any of 1ts active forms, is included, has not yet been de—
termined and this is why it is only possible to express more ar less founded suppo=
sitions about the mechanism of action of thyroxin.

Several hypotheses have been proposed during the last twenty years on the
action of the thyroid hormones at the level of cells and cellular structures, but all
have their shortcomings and this is why not one of them Is umversally accepted.
1t 18 posmble that the whole action of thyroxin on the oxygen consumptionand, indi-

rectly, on the various bolie p is by its effect on cytochrome
el . e e L T L i

.
enzyme with other 1s not 1t may be ted that thyroxin has

an influence on a series of other enzymes, such a8
and lipase



Another hypothesis on the mechanism of action of thyroxin on numerous me—
tabolic processes was expreased by B.1. Gol'dshtein /45/. It ie based on facts de—
termined by Gol'dshtein nd his co-warkers, showing that the administration of
thyrold hormones to animals leads to the accumulation of sulfhydryl groups in se~
veral tissue and enzymatic proteins, The author who introduced this opinion start—
ed from the well~known fact that the activity of some thiolic enzymes in the tissues
of animals is augmented after administering thyroid hormones /44/. Taking into
account the strengthening effect of thyroxin on a whole series of other enzymes,
whose activity 16 closely tied to the presence of sulfhydryl groups in the proteinic

{papain, ar lpase, succinic dehydrase, pyruvic
oxidase, amino acid X tr it was as—
sumed that the thyroid gland hormones act on the tissues of the living organism by
accumulating SH groups in the tissue protemns and enzymes. This opinion was con—
firmed by a number of previous studies by the same author and was later rein-
forced bythe results of severalnew works Thus, the works of Gol'dshtein and hiz
co~workers /46 showed the augmentation of the quantity and the reacting capacity
of the SH groups in tissue proteins under the action of the thyroid gland hormone.
A.V. Azyavchik /4 [separated the protein of liver d- and

showed the augmentation of the sulfhydryl groups in it under the influence of thyroi—
dine.

According to the opinlon of B, 1. Gt 45/, the

groups in tissue protelns and enzymes may occur by way of augmenting the cysteine
content as a result of the cystine reduction in the protein molecule, and during aug—
mentation of the total cystine + cysteine content, or by the appearance of homocys—
teine in the proteins.

A recently published work of B,I Goltdshtein /46/ ehowed that the content of
d-aminoacidoxidase SH groups increased considerably in hyperthyroid rats after
acting upon the proten part of the enzyme with hydrogen sulfide. As during this no
augmentation of the cysteine + cystine or homocysteine contents was determined in
the protein molecule, the author assumes that the increase of the SH group content
occurs at the expense of the r of the group, the y of which
increases in hyperthyroidism. Furthermore, the author notea that in hyperthyro—
idism, the SH group content of the proteins 18 sharply reduced, probably as a result
of their oxidation by air oxygen during the secretion process. The augmentation of
the oxidation intensity of the SH groups by air oxygen, as well a& the reductlon of
the §-5 bonds by sulfide in hyper , point to the
the reacting capacity of the SH and S-S protem groups

of

As a result of such changes 1n the reacting capacity of the sulfhydryl groups,
the reducing systems of the organism, as for example glutathione, transform the
S-§ groups into $H, and the oxidizing systems on the contrary transform SH unto

In view of the important role of the sulthydryl groups for the actity of au=
merous tholic enzymes, which have a determaning role in the oxidizing-reducing
processes, it is undoubtedly very tempting to try to relate the action of the thyroid
hormones to their influence on the SH groups But this assumption still does not
solve the problem of the biochemical mechanism of thyroxin action, for it 1s not
clear 1n what manner the molecule of hormonally active substances interacts with the
sulfhydry? group, does this process occur directly, or by way of influencing the
structure of the proteln molecule? Besides this, the hypothesis of the thyroxin ac—
tion on the metabolic reactions in the cell through increasing the reactivity of the
SH groups does not explain the anfluence of the hormone on a number of very



important enzymes of tissue respiration, as for example on the cytochrome system,
which is not related to thiolic enzymes, but without which it is dlfficult to explain
the strengthening of the oxidizing processes observed upon sdministration of thyrold
preparations

A series of new facts which have been determined during the last few years,
on the {nfluence of thyroxin on oxidative phosphorylation and on the swelling of mi-
tochondria, are notconaideredat all by the author of this hypothesia from his point
of view In any case, this assumption should be supported by complementary ex~
perimental results, In order fo be generally accepted. It should alse be noted that
many other factors have an influence on the reactivity of the sulfhydryl groups,
from this aspect the action of the thyroid gland hormones is not specific.

In the 1ast decade the generally accepted explanation of the thyroid hormone
mechanism of action has been related to the uncoupling of oxidation and phosphory—
lation. As is known, ylation is a basic which helps to
transform the respiration energy into energy~rich phosphate bonds. It was thought,
up to very recently, that this process takes place in intact mitachondria, but proof
hag now been ob that the ion of with ylation also
takea placein fragments, obtained by pr them with
249/, alcohol,and 0.5 M phosphate /621/.

V. P, Skulachov 131f brings the following diagram onoxidative phosphorylation,
proposed by Lehninger:
AH) +C = AH,~C
AH,~C + B = A~C + BH,
A~C4+P=A+P~C

P~C+ ADP = ATP+C

AH24B0P+ADP=A#EH2+ATP

where Aand B g g of the resp: -y chaln
C~—a factor of 2 aupposed protein nature participating in the transesteri—
of the
P-—inorganic phosphate
The of the bined ylation exp: the energetic con~
tent of the cell during of the substrate, Itis by the ratio of

the esterified phophorus content io the oxygen atoms (P:O) A sertes of com—

tor C to ADP-
P~ C + DNP+DNP~C + P
DNP~C + HZO"DNP +C
Thyroxin also reduces the ratio of eateritied phosphorua, L. e., that of energy—

hen the mitochondria are in~
n phosphates {a oxygen. but its action appears only wl
f.-iﬁf pA hpypmhesis on the action of thyroxin on oxidative phosphorylation was first



expressed by Marthius and Lardy in 1945 /414 388/. According to their opinlon,

the thyrold hormones, just aa 2, , azide, g and some other
speed up but they lower at the same time its
energetic content for work or They the

from the phosphorylation procesaes, which take place simultanecusly. The un—
coupling actlon of thyroxin and of compounds which are similar to it is effected, in
their opinfon, either by the fact that they permit oxidation to take place without
phosphorylation, or by way of dephosphorylation of the energy~rich phoaphate bonds,

It has been proved by numerous atudies tnat the in vitro addition of thyroxin
ta tissue preparations or to isolated ia p the of phos=
phorylation by the transfer of electrons.

1t has heen found that such an &ction is not particular only to thyroxin, but
pertains also to all compounds possessing thyroidal activity, Thus,for example, it
has been determined that trilodothyronine uncouples phosphorylation from respira~
tion and even suppresses it completely [411/. Nitro~ and halophenols, which are
aimilar from the structural paint of view, have an anzlogous action [374] Thus,
oxldative phosphorylation may be conaldered as being a turning polnt for the action
of thyroxin, in view of the fact that the relation of the tricarboxylc cycle to cell

through ylation is still little studied. The specific process of

oxidative phosphorylation, occurring through a number of stages at a lmited rate,
18 the basic source for the transformation and accumulation of energy during the
metabolic procesaes,

The reduction of metabolic effectivity, which iz ensured by this process, may
ener,

be considerably more than the of the
by way of augmenting the oxidation rate and, in this manner, will lead to the total
of the energy of the organism.

The sequence of the electron transfer to the mitochondria, where the reaction
of phospharylation is closely combined torespiration, ia apparently as follows

substrate DPNH 1H, eptd” oyt CH
I, e e
(—— (—-——— e (———
product ppyt  m FL  cytb o ooyt c‘“
eyt a ———
l T Cytochrome oxidase 0,0
oyt & o,
ot eiares af i o hbente sl Aabedan s N
. . L
- . ‘ AP

ing tmportance of the inorganic phosphorus concentration and of the phosphate aoe
cept which 18 energy-rich,

1n high i resptration,

, possibly because
of excess by of and ymes which are part of the reapira—
tory rechanism. Starting from the action of thyroxin on the elimination of energy—
rich phosphate bonds, st is generally sccepted today that the noxious and toxic effect




of exceas quantities of thyroxin may be, at least to a certal t
e e ain extent, a result of its

But there are differences of opinion on the mechanism of the healing action of
the thyroid hormones, 1ia it possible to explain the therapeutic action of gmall
quantitiea of thyroxin alao by its uncoupling effect? In reality, muscular work,
which ig performed with a smaller expenditure of energy during hypothyrotd states
than In normal organiama, ehows that even a minute quantity of thyroid hormones,
x:lﬁl is normally found in the muacles, has an action on the mechanism of energy

atlon.

Lardy and his group inaist that {n physiological concentrations the thyroid
hormones may uncouple phosphorylation in only one place of the electron-transporting
mechanism  and that thia may take place exactly until they reach the extent which
limits the rate of the conatant oxidative phoaphorylation state.

Marthius brought results confirming such a hypothesia and Hoch and Lipman
1353/ brought proofs of the general uncoupling action of the thyroid hormonea. Mito-
chondria of hyperthyroid animals had half the effectiveness in coupled phosphorylation.
A g to the extent of ferricy reduction and P -oxybutyric acid oxidation, the
P-O ratio in normal animals was 2 3 and only 0.68 {n hyperthyroid ones,

S.E. Severin {121/, studying oxidative phosphorylation in mugcles after

denervation and in thyr , could not determine any disorder in the oxidative

h ylation in these 1 states, but discovered changes in the processes
of glycolysis and glycolytic oxidation-reduction This result shows a cons{derable
stability of the ¥ tn 1 states.

The decialve role of enzymes in the action of thyroxin on phogphorylation

was later confirmed in exp on of , during which a reduc-
tion of the P32 cycle, augmented after the action of the thyroid hormones, was
obgerved [322f. Thus, omnipregent rgy-rich ug may control

to a certain degree many phases of the metabolism

Thus, it may he generally noted that, except for the above obgervation of the
in vitro effect of thyroxin on oxidative phosphorylation, there was no other in vitro
response to thyroxin or thyroglobulin which would be constant and reproducible
80 that the aite of action of the thyroid hormones might be isolated.

Recently, after extensive studies of Lehninger and hia co-workers {249/, the
initial action of thyroxin on oxidative phosphorylation was doubted. Subsequent
authors brought convincing proof of the fact that thyroxin has an initial effect on
the membranes of mitochondria, causing the swelling of the particles. Lehninger
and hia co-workers noted the fact, determined by Marthius and Hesz [415/, that
thyroxin y in the lUver of rata only after prelimi~
nary with Some in repr g thia exp t
with mitochondria of rat lvers led Hoch and Lipman [353/ to uge in their study
such effects of mitochondria, isolated from the liver of hamstera, which were
fovnd to be probably more permeable to thyroxin,

1 5 group that the Ung of and phoaphory-
Yation is easily obtained algo with rat liver mitochondria, but only after the mito-
chondria have been Incubated for a ghort time in a hypotonic sucrose golution, a
method known to bring about changes in the permeability and in the enzymatic

organization of mitochondria  After sich pi -7 pr g an
and congiderable and in some cases a total uncoupling was shown In teata on
in lver drta. It was further shown In confirmation of

the experiments of Ben, a8 {a noted by Emmelot 1284/, that magnesivm wards off



of oxid phosphory by the action of dinitrophenol The analysia
of the experimental reaults, and their comparigon with the reports of Aebi and
Abelin /177] about the fact that mitochondria of hyperthyroid tiasues are "prone to
swelling”, led the author to assume that thyroxin acts inftially to a certain extent

on the mitochondrial structure.

Studyling the changes of the disp of light by .
Cleland 244/ aucceeded In discovering that thyroxin and trilodothyronine provoke
speedy gwelling of the mitochondria in an {sotonic medium. Contrary to this effect
of the thyrold hormones dinitrophenal, to which thyroxin ig often compared from the
aspect of its in vitro action, did not provoke any swelling and was found o be an
extremely atrong stabllizer 381/, The swelling effect provoked by thyroxin may
be demenatrated in ph T of the hor + While the effect
on phosphorylation appears in concentrations ten times higher than the physiologi-
cal ones, This effect may be prevented by Mg**, ATP, and dinitrophenol,

Thua, according to the above results it is presumed that there is a basic
dilference between thyroxin and DNP in regard to their actlon on mitochondria,
although they both uncouple oxidative phosphorylation in & similar manner

Such a baale difference between DNP and thyroxin wag clearly and convineingly
demonstrated upon studying the of phosphorylation on
multi-enzyme complex, igolated from digitonine extracta of rat liver mitochondria
This complex does not pogsess the highly complex or of intact

but it ig probahly responsible for the transfer of electronsg and for the phosphoryla-
tfon observed in the mitochondria. Phoaphorylation, coupled to the oxidation of
B-oxybutyric actd by molecular oxygen, was found to become totally uncoupled by

low of DNP, phenol, and g in such isolated en-
Zymatic preparations, but was in no case uncoupled by d- or 1-thyroxin in concen-
irations of 5 10°3M, Including preliminary incubation with the enzyme, changes of
PH, or changes of the Mg  concentratton

‘Thus, the action of thyroxin on oxidative phosphorylation demands the presence
of Intact mitochondria and thyroxin has no uncoupling action on an isolated complex
of Phoaphorylating enzymes. Conaequently, the uncoupling of oxidative phosphoryla-
ton provoked by thyroxin in the mitochondria does not take place by the interaciton
of the hormone with the enzymes of the oxidative phosphorylation. These results
800ner prompt us 1o think that the action of thyroxin in vitro 1s related to the control

of a certain 1 par of the or of some other enzymatie
function,

In view of the fact that the elimination of energy-rich bonds diring oxidation
of the substrate {a alwaya lower than the quantities calculated theoretically, and 1n
view of the fact that the P O ratlo {s reduced in the presence of an excess of the
Oudation pubstrate, occuring as a result of a disproportionally increased demand for
OXygen, a number of authora have recently been inchined to accept the presence of
2 fecond, nonphospharylating oxidation method in the cells They assume that in
the Ylating method the are directly between the electron
carriera. Although the hypothesis of two oxidation methods is ag yet maufficiently
upported, many experimental facta could he explained satisfactorily with at.
ecording to this concept, the structure of the mitochondria has a decisive role in
Tekulating the relationg between the two oxidation methods and this determines the
ad ather sub-
their effect
I This I8 why
unor action1a revealed only on intact particles and not on their fragments  Thus, the
eoupling action of thyroxin on phosphory in intact fa




not a direct effect and {a not a result of direct Interaction between the hormones
and the enzymes of oxidative phosphorylation.

According to the results of Klemperer 381/, thyroxin is the most effective
uncoupling agent, d-thyroxin, dl-thyroxin,and 1 alsohavean
action, but in an {dentical concentration of 5 10°5M  thelr effect is constderably
weaker than that of 1-thyroxin; Nal has no actlon on oxtdative phosphorylation.

‘The addition of magnesium totally removes the action of thyroxin, for it is
y the of the h in its effect on the structure of the mito-

‘The g of 1aolated mi 12 in the abaence of oxidative processes,
or of a phosphorylation chain, i3 algo apeedily effected by calelum, Several other
agents, 28 for example 2.4-dinitrophenol, dicumarol, pentachlorophenal, uncoupling

ylation, rep slight swellings, which are general-
1y found in mitochondria suspensions {558, 559, 560/. Although there is no cause
to relate any in vitro effect of thyroxin on the mitochondria to ita physiological
action, there are experiments showing that mitochondria isolated from the tigsuts
of hyperthyrold rats swell faster and those from tissves of hypothyroid rat swell
more alowly than mitochondria of normal rats.

The opinion of Lehninger and hig group, about the fact that thyroxin disorganizes
the ional integrity of and thue effects it action on oxidative phos~
phorylation in a specific way, i8¢ more and more supported by research made in
recent years,

1t was revealed in experiments made recently that thyroxin, diethylstilbestrol,
and geveral . supresa of glutamic acid by
mice l{ver mitochondria, while there {s no such suppregsion when DPN s present.

Thege results were obtained in experiments in which the oxtdative phosphorylation
of mi

dria was not . The sbove studiea confirm the opinion that
thyroxin acts rather on the grity of the h than on oxidative
phosphorylation

Studies made in order to clarify the influence of thyroxin on some DPN-bound
dehydrases in mice liver mitochondria ghowed that,although inhibition of the activity
of these dehydrases does not occur in the presence of DPN, it could be concluded that

the thyroid hor liberates a from the enzy active le:
Ethylenediaminetetracetate, Mg**, and Mn* have an Inverse effect, or prevent the
liberation of DPN from acid dehydrases of dris effected by
thyroxin.

In a work which has been published very recently, Lehninger, Ray, and
Schnetder {395/ drew final conclusions from many studies on the influence of thyroxinon
the swellingof mitochondria, They determined that thyroxin does not show its effect
when DPN ia lost from the mitochondria s & result of maintaining them at a tempera~
ture of 09, when the activity of the reapiratory chain Is not disordered. According
to the opinion of these authors, the oxidized gtate af DPN lg the maln determining
factoy of the of the mitochondrla to thyroxin, Conaeg , the bound
form of DPN {s a target for the thyroxin action.

Thus, studies made during the last yeara support more &nd more the conception
that the initial action of thyroxin and other analogous 1a exp by
changea of the biochemical organization of the cellular milncrlﬂlndrin end that un-
goupling of phoaphorylati £ of the r of thia
Such & hypothenis, which has obtatned a rather firm experimental support, may
explain the various agpects of the action of thyroxininvivoas wellna invitro, But this

even 1 does not solve the problems of the




mechanism of action, for we may only say that rccording to this conception the
tntact are the mor location of the action of the thyroid
hormones, but we cannot point as yet to o relationship between the morphological
changea and the blochemical effect at the point of the hormone application, The
opinlon that there occurs a change of mitochondrial permeability and changes of their
enzymatic structure under the Influence of thyroxin and trilodothyronine probably

brings us one step nearertothetruth andisbyall meansagood atarting point for
further deeper research.

1t ig alge neceasary to pay attention to the circumstance that the problem of
the thyrold hormone actlon is studied in general and is examined here without rela-
tion to the nature of the active products at the level of the receptive cella. We have
already seen that thie problem 1a by itself complicated enough and the elucidation
of the mechaniam of action of the thyrold hormones necegsarily has to take into

account the T of this b active str re with the
Particular cellular substrate.

1. The Actlon of Analogues and of Compounds Related to Thyroxin

The physiological activity of the thyrold gland hormones ig related to a char-
acteristic and specific structure, whichia foundnotonly inthebasic naturalthyroid
compounda, but 1 alac inherent to a whole seriea of other artificlally obtalned gub-

Ztances. Recently a whole series of with some of the
thyroxin ture has been with of fodine by other haloids
and groupa which had a thy n~ltke action. C quently, when we speak of the

thyrold hormones we do not have In view only thyroxin and trifodothyronine, which
have & high degree of biological activity, but also many compounds which are close
to thyroxin from the structaral point of ylew. These include halogenated thyronines,
1zomers of thyroxin,and its analogues and homelogues. This Is why, when studying
structural analogues, evaluation should first be made of what part of the structure

18 necessary for the physlological activity and what replacements are the most
effective in order to obtain a substance with gntithyrotoxic activity

Starting from the fact that 1-thyroxin may be characterized by its action on
Yarious physiological or pathological procesaes, the evaluation of the biological
importance of the various components or groups of its structure ig espectally
interesting. There are reports showing that thyr activity in [EFY
Property of compounds having the following general formula 441/

LY o
oS0 50l
2, 0w wE

In this formula, Rl = OH or OCHS, in the position (4') or {2'), R2 and Ra =1,
Br, F, or Hal

Ol s one or in combinations, in the positions (3'} and (§'), X = 1, Br,
7 224 posaibly F in the positions (3), (5), and R, may be represented by the
Iollowing groups 4
_.cu,?pcoo— . —CH, CH COOH
NH; HN CO CHNH,
—CH, CH COOH
1
HACO CH CH, —CH, CH COOH
'
NH, HN-CO CH,
—CH, COCOOH .,  —CH,-CH, NH,

TEH-C00~ . —COOH, —CO NH CHy COOH
h,



The presence of OH In the outer ring In poaitions (2') or {4'} 15 ne,
cedsary {or
the activity of thyroxin {441/, the formation of methyl ether with this hydrm:yly
reduces the activity of thyroxin.

The highty apeciffc nature of the thyroxin core for normal activity was shawn
as early as 1929 by Harington and McCartney [344/ by the synthesis of fsothyroxin,
a compound w{th the same molecular weight and element composgition ag thyroxin,
but abgolutely lacking in hormonal activity.

1
"Nl
w7

1

Oxygen in the etheric bond between two phenolic rings may be replaced by a
sulfur atom and the thyr ic effect 8 conserved to a certaln extent, but the
diphenyl configuration ig determining. The fact that thyroxin-like activity s not
completely lost after major changes of the nature of B glveg the impregsion that
the critical gtructure is two halofds in the positions 3, 5 and a hydroxyl or an
analogot 8 group in the poaitions 2', or 4' in the diphenyl ether nucleus, Sucha
variation suggests that simple compounds must have their own activity, but most
of them have only one active group.

The presence of one {odine atom in poaitions 3 or 3' ig a necesgary condition
for the appearance of activity This activity increases upon gubatitution in position
5 and ig reduced when gubatitution is made in position ', Thug, dilodothyronine i8
the basis which ensures the optimal Initial point for a maximal hormonal activity.

In studles on mammala thyroxin tigelf constantly exhibite a most complete
af all propert t to the thyrold hormones. But trifodothyro-
ninewas found to be more active than thyroxin in respect of the augmentation of
oxygen /334) 3, prap: acid was found to be 90%
more effective than thyroxin upon studying its action on the metamorphosis of
tadpoles

The comparison of the hiologieal activity of a large number of thyroxin ana~
loguea and led to the of two fmportant features determining
the effectiveness of the action of the various thyronine derivatives. In the firat place
come compounds with {odine in the 3, 5, 3' position of the hormone ring, their de~
rivatives are mare active thanthe 3, 5, 3', 5' deri: of the p: a: p}
phenol cycle. The second feature 1s related to the comparison of similar thyronine
rings with varlous changes of the slanine residue, These considerations are of
great ymportance in the evaluation of the hypotheses on the mechanism of action of
the thyroid gland hormones,

Nieman [441/ synthemzed a large number of tetrahalold derivatives, contain-
ing chiorine, bromine, fluorine,snd fodine atoms in positions 3, 5, 31, 5' tn various
combinations, and determined that they all have a thyroxin-like effect hut that not
ane of them can be compared to thyroxin {n regard to the Strength of its action.
Some nitro de of 1- thyr alao have thy ke properties, 1t was
determined, for example, that 3, 3-dnitrothyronine, like thyroxin, inhibits the
growth of animals, leads to the suppresalon of the thyrold gland function,and fo the
{nvalution of the thymus, but is considerably Jeas active than thyroxin.




Roche and his group /496/, Tomita ard Lardy /581/, Bruice, Winzler,
Kharaseh 232/, Agper, Selenkow, Plamondon.and Wiswell /189, 461, 462, 524/
thoroughly st\-died the 1 acllvhy of § and vnriaus sh-ucmral
analogues of the thyTold hormones by thelr effect on \he ‘metamorphosis of tadpales of
Rana Temporaria and by thelr antigoitrogenic action on the enlarged thyroid gland
of rata receiving §-propylthiouractl.

The 1 effect of {odothyr and thefr str 1g com~
pared in Table V, composed according to the results of a number of authore /581,
4

As 12 geen from the lable, 3, 5, 3'~lodothyronines exhibita higher degree of
activity than their tetr of the character of the
lateral chaln. Ina series of y a3, e derivat
have the same activity as thyroxin, It should be noted that the eftect on the meta-
morphosls of tadpolea does not always concur with the capacity of preventing ex-
perimental goiter. The action on the development of goiter was found to be extremely

high {n the of and thyroacrylie acids and in this relation
3,’s, 3'-trﬂodoﬁwropropmnlc acid had an acumy 210 times higher than thyroxin
A series of nitr of also weak

y
activity in large doses sts] .

Roche and his grnup a!so guceeeded in ghowing in a prcviaua work [485/

y of various {n regard to their
antigoitrogentc effect. 3 3'-duoduthyron.ln¢ has an activity equal to 82% of that
of thyroxin, while 3, lacking in antigoltrogenic effect,

3, 3%, 5'-trijodothyronine has a very Weuk activity, only equal to 5% of the activity
of thyroxin,and 3, 5, 3'~trilodothyronine, the natural thyreid hormone, has an
actlvity which 18 5 to 10 times higher than that of thyroxin, l-trilodothyropropionic®
acid shows an effect equal to that of thyroxin, and the tetraiodo-derivatives had 75%
of the activity of thyraxin

Studzes made by Gemmitl /318/ on the comparative activity of a series of
thyroxin analogues, by way of determining the increase of bagal metabolism 1n
thyroidectomized rats upon oral ndmlnxstrauon of the preparations, gave analogous
results Admunistration of thyroxin, 3,
bromothyronine provoked an increase o: while yronine showed
the greater activity in these expe { of by 244 %).

Accarding to the results of Barker /200/, triiodothyronine was fond to be
about four times more active than thyroxin in regard to oxygen consumption and the
activity of the thyroxamine was 5 times leas. The tetralodinated analogues with a
residue of propionic, acrylic,or acetic aclds instead of the alamne had an activity
equal to about 75 % of that of thyroxin. Tetralodothyroformic acid had almoat no
activity and actd had a stronger activity than thyroxin.

The systematic study of various fodothyronines was performed by Asper.,
Plamondon, Selenkow, Wiswell /189, 461, 452 524/. According to me anti~
gortrogenie effect on rats . 1-and

-e found
tobe 8 umes stronger than ‘thyroxin Res\xl(s cbtained by testing the antigmtrogemc

uus eilect 14 ag yet gererally uncleas.

Bruice, Kharasch, Winzler /231/ studied the dependence of the thyroxin-like
action on the chemical structure, their studies were based on extensive material



Table V

Relative biological sctivity of various iodothyronines

c-methyl-di-thyroxin

CHZ—CH—NHICDOH

W Relative actlvity
{on & molar basls)
NAME Lateral Chain Prevent] Metamor-
tion of | phoais
goiter |of tadpoler
di-thyroxin —CH,—CH~NH,CO0H 1 ﬁ
di-3, §, 3'-trifodothyronine —CH,—CH~NIt,COOH 5 s
d-3, 5, 3'-trilodothyronine -cxz—c'n—-coor{ - 3
NH,
a1-3, 3", §'-tritodothyronine —CH,~CH—NH,COOH | 0.05 005
d1-3, 3'~diiodothyronine —CH,—CH—NH,COOH | 0.82 °
d1-3', 5'-difodothyronine —CH,~CH~NH,COOH - 0.7
d1~3'-monoiodothyronine —CH,—~CH~NH,COOH - 9
Thyroxamine —~CH,—CH,~NH, 0.01 36
Trifodothyronamine —CH,—CH,—N1H, 0,11 0.1
Difodothyronamine ~CH2—CH2—NH2 0.01 -
Tetraiodothyraniline ~NH, 0.01 0.1
Trifodothyraniline ~NH, 0.01 0.8
Difodothyraniline ~NH, 0 o1 0.1
o-methyldliodothyraniline ~NH, 0.01 -
3, 5, 3'-tritodothyropyruvic acid —CH,—~CO-COOH 1 1
3, 5, 3, §'~tetrafodothyropyruvicacid| ~CH,~CO-COOH 6.75 0.3
3, 5, 3'-triiodopropionic acid —cnz——(:ﬂz—cooﬂ - 290
3, 5, 3', 5'-tetralodoprapionic acld —cnz—cnz-coon - 120
3, 5, 3'-trilodothyroacrylic acld —CH=CH~COOH - 65
3, 5, 3, 5'-tetralodothyroacrylic acid —CH=CH-COOH - 20
3, 5, 3'-triodothyrocarbonic acid | —COOH - 1.2
8, 5, 8', 5'~tetralodothyrocarbonic | —COOH - 0.18
acid
3, S-difodothyrocarbonic actd —CcooH ° -
3, 5, 3'-trinftrothyronine ~CH,~CH~NH,COOH - L]
3, 5, 3!, §'~tetranitrothyronine —CH,~CH=NH,COOH - 0
o-methyltetrafodothyroacrylic acid | —CH=CH-COOH - 3.5
o-methyldiodothyroacrylic acid —CH=CH—~COOH - 0.6
0,03




They studied 47 ds with the etr

£ X
pages

where X and X' ~ I, Br, Cl, F, H, CH,, NO,, R'~ H, CHy, R {s the fonized
group (residue of alanine, acrylc, proplonic, acetic acids, ~COCH, — NHj)
The authors came to the conclusion that a thyroxin-like action is related to the
electronie character of the diphenyl ether nucleus and depends on the capacity of
the X, X* and OR' groups to attract or release electrans. A series of other reg-
ularitles were alzo determined, but they were all obtatned by empiric methods

According to the resultsof Bruice, Winzler, Kharasch [231/, who determined
the relative activity of 22 thyroxin analogues according to their action on the resorp-
tlon of the tafl of Rana catesbeana, trilodothyronine was found to be 4 times more
active than 1-thyroxin and 8 timea more active than dl-thyroxin. The substitution
of the fodine in positions 3, 5 by methyl groups conaiderably increases the biological
activity of the correaponding fodothyronines. Thus, for example, 3, S-dtiodo-3',
5'-dimethyl-dl-thyronine has 160 % of the activity of 1-thyroxin, while the 1-isomer
hap 280% of §t8 activity. In tests on tail resorption the propionic acid analogues of
thyroxin alao exhibited a very high activity.

Tetralodoproplonic acid has an activity 130 times stronger than thyroxin. Ita
derivative which has no fodine in positions 3', 5' has only 80% of the activity of
thyroxin, but was found to be 30 times more active than 3, 5-dilodo-dl-thyronine
The presence of an alanine group aleo Increased the activity of the analogue,

Upon substituting the lodine atoms in the phenol ringa of thyronine by nitro groups
compounds are obtained which do not have a typical thyroxin-ltke action

Bruce 230/ proved the p: of activity in
This component had 30 to 60 % of the activity of 1-thyroxin.

A number of authors made encompassing studles on the physiological activity
of d-thyroxin /327/ 1o regard to itg metabolic effect, its action on the level of the
plasma PBLand on the absorptionof 1131 by the thyroid gland. It was determined that
the clinical effect of d-thyroxin and its action on basal metabolist are only 1/8 to
1/10 of the strength of the 1-isomer and 1/5 of the strength In respect to its
influence on the PBL. The effect of d-thyroxin on basa} was pa y
weak and was only 1/25 ae strong as that of I1-thyroxin. As to its action on the
abgorption of 1131, the d-taomer has 50% of the activity of the 1-isomer and conge-
quently d-thyroxin could in a number of cases muppress the thyrotropic activity

of the pituitary, without any considerable influence on the rate of metabolism.

Frieden and others /313/ the p: of a thy action

nthe phenol. 3, 5-difodo-4-hydroxy

of benzoin, and phenylprop! acids,and . The activaty

of fresh solutions could be inhibited by thiouracil, 2-mercaptoimidazole, But the

addition of the above goltrogeme agents to atanding solutions had no inhibiting in-

fluence on the thyroidal activity of dilodotyrosine. The authors explained such an

effect by the condensation of the phenyl substitutions 1n preparation which have

stood for & long time, with of active They showed

the reaction of in model with the of diphenyl

ethers of acetic and propionic acid derrvatives. This process is inhibited
goitrogenic factors, but they cannot suppress the acty

Zmpcnenl which is already chmed, PP on of the buologleally active




8 TheA {c Action of €. Structurally Close to Thyroxin

Testa of the blological actlon of the various analogues and hom
thyroxin ehowed that some positions of the halofd in thegtl;;yrorune rin‘:’:‘g:::;n'
actlve compounds. It has been determined that the presence of the haloid in
positions 2, 6 leads to the formation of products which are inert from the biological
agpect. There s a series of compounds related to thyroxin by their structure, but
having an antagonlstic effect In regard to the thyrold hormones. )

Wolley /34, 613/ was the first to note the posaibility of suppressing the action
of thyroxin by compounda which have a similar ptructure. The author teated the
particulartties of a series of thyroxin and diladotyrosine analogues and showed that
some ethers of N-acetyl-3, 5-diiodo-)-tyrosine have an antagonistic effect In regard
to thyroxin when teated on tadpoles. N-acetyl-3, S-difodo-I-tyrosine and N-acetyl~
o-methyl -dl-thyroxin had no such effect.

Frieden and Winzler /314/ the effect of N tyl-3, 5-di-
iodo-1-tyrosine and brought proofs rding to which the 1 of thyroxin and
of the structurally related may be a process. According

to the resulla of Frieden and Winzler, benzyl ether of 3, 5-dtlodo-1-tyrosine is a
more effective antagonist of thyroxin while acting on tadpoles than N-acetyl deriva-

tives.
1
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Wolley synthesized a series of thyroxin derivatives by substituting the gecond
phenyl ring of thyr with par N ,or even benzyl

par o2
and butyl radicals, They all showed an antagonistic action {n relation to thyroxin,
reducing the rate of tadpole metamorphosia provoked by thyroxin,
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Analogues of thyroxin obtained by shortening the lateral chain by substitution
of the alanine residue by glycine had no antagomstic effect.

Most thyroxin antagomists contain fodine 1n positions 2, 6, counting from the
axygen bond /231, 2, 6 also has an action on thyroxin.
Alky] ethers of 3,5-di{odo-4-hydroxybenzoic acid, as wellasits monolodo Qerlvatives,
form a series of strong antithyroid agents /608/. Hydroxylation of the alkyl group
augments the antithyroid activity of the lower ethers. The moat simple and reliable
antithyrold gubatances were found to be those mainly the dii
group /407, 609/,

There are some reports showing that butyhe ether of 3,5-difodo~4-hydroxybenzoic
acid and its analogues block the transformation of thyroxn Into trirodothyronine.
1t s fmportant to note that these ¥ the activity of
trilodothyronine and reduce itgliberation Van Aradell and Willlams {589/ showed
that these compounds reduce the rate of thyroxin and of trifodothyronine destryction
in the arganism; a reduction of the binding of thyroxin to the albuming of the




serum also takes place at the game time.

‘The study of the antithyroxin activity of the thyroxin analogues performed
by Cortell /250/ showed that thy and have no
tic or antagoniatic action. The antagonistic action of tyroaine derivatives was algo
studied. Difodotyrosine was found to be effective in regard to the reduction of the
metabolic rate of patlents suffering from toxic goiter, But there are Indications
that Its action is not greater than that contained in ita lodine molecule and fs very
similar to the antithyroxin effect of fodine. The following question s not completely
clear: does have a thyr activity or {8 it completely lacking
in such a property? Opinions have been expressed that diiodotyrosine, tnactive In
hutnans, may be found t6 be effective on lower animals,

Vind, Kharasch,and Stowell /597/ studied a geries of thyroxin and diiodotyro-
sine analogues from the aspects of the antagonistic action and the antithyroid effect,
and they became that pure nine does not have a thyromimetie
activity. They ahowed that a serfes of ita gulfur-containing analogues have an
antagontatic effect in relation to thyroxin.

Tyrosine dibr and also auppresa various

of thyrotd ucdvl(y, but there are atill several controversial polnts 10 thig effect.
311 acidwere alsostudled In rela-
tlon to thetr amagommc action on thyroxin, This last compound had a noncompeti-
twe nfluence on the hormone.

The metabolic reaction of rats to thyroxin or to other thyrold preparations ia
reduced by methylthfouracil and those which have become hypothyroid under the
action of thiouracil are less senaitive to thyroxin, But these studies do not give
any bagls to come to about the of structural interrelations
between the thyrold hormones and these preparations. The action of such thyro-
statlc gubstances may rather be a toxlc effect of the thiouracil derivatives than an
antagonism to thyroxin.

Other agents exhbiting an amagorumc effect possibly are real thyroxin
The ity or carotene haa probably no
structural relation to it. Auhcugh vltamhu may remove the toxic effect of
otd r p g actlon probably basically reflects
the overcoming o{ a relative v‘l(amin 1naumdency 2111,

On the basig of existing regults it 15 possible to conclude in general that

the configuration

exhibits antithyrold activity based on with wide
of variatlon effected by substituting each of the above free valencies by various
groupa.




Chapter VI
THE HORMONES OF THE THYROID GLAND IN VARIOUS
PHYSIOLOGICAL STATES

{gormony zhelezy prl rykh fiztol kikh
sostoysntyakh)

The functlon of the thyrold gland (s subjected to fuctuations during ento-
geny and some physlological states, Changes of the thyrold gland function are re-
flected in the of the r bsorption, in changes of the blood
PBI content, and [n other indlcators,

Many studies have been made on the changes of the thyrold gland function
depending on the age of the subject. Martmer et al, /416/ compared the absorption
of radiolodine by the thyrold gland of premature children and came to the conclu~
slon that the activity of thelr thyrold gland does not differ from that of healthy child-
ren, A somewhat augmented activity of thyrold gland functlon, especially at an ear-
1y 2ge, wans determined by other studles made on children. The work of Oliner et
al /445/ notes that in children under the age of 18 the absorptlon values are from
17to 50%, and the average 1s 319 of the admintstered dose. Inchildrenundertheage
of 4 years the PBIcontentof the blood was also increased. Tangheronl et al. /564,
studying the functlon of the thyroid gland in children durlng the first year of life,
obtained similar results. They dlscavered that 12 hours after adminlstering radlo-
todine the abeorption of the thyrold gland of nursing bables averaged 70 % of the ad-

dose. Ci was also y and was equal to
38 % after 12 hours, Consequently, the relative hyperactlvity of the thyrold gland
In early age, as compared to adults, is acceptable,

Sheline, Koulischer,and Plckering /528/, studying the absorptlon of radio-
lodine by the thyrold gland in euthyrold, hypothyrold,and hyperthyroid children un-
der the age of 18 years, could not determine any correspondence between age and
the extent of absorption In older children. It is generally accepted that after the
age of 10 it 1s not possible any more to Note any dufferences between the acti-
vity of the thyroid glands of children and adults,

There {a a considerable number of works on the activity of the tayrotd gland
tn old age, but oplniona are expressed on this questlon.
There I8 o widespread oplnlon, based on the study of basal metabollem, that in ad~
vanced old age, due to degenerative changes In the gland, hypofunction sets la and
the metabollsm and the oxygen consumption are reduced Butthe most recent results
obtained by studylng the metabollc rate by tests with radieiodine and by the
index x_——~pr°‘°? o:::"l"d' %190 1 5ped persans, #how the tranaformation rate f inor-
ganlc fodtne info an organic form, the augmentation of the thyrold gland secretion
without thy and also hyp of the thyrold gland without changes of
the basal metaballem, On the basis of thelr studies Scazziga, Barbiert and
Beraud /516/ expressed the opinlon that hyperfunction of the gland ln old people Ls
& proot af the disorder of the thyroxin action on the peripheral tisgues, Thus,




augmented secretion of the thyrold Is an exp: lon of the
metabalic process In advanced age, when senile Involutlon of the tissue leada to a
of the Ive p: in the celle.

There are also other works pointing to the reduction of thyroid gland func~
tlon In aged persons, Thus, for example, Parchon, Aslan,and Bojinescu 451/
determined the functlon of the thyrold gland in old people by the 1131-binding and
by the dynamics of the hormonal todine, According to the reeults of thege authors,
the binding of lodine in advanced old age [a reduced In the same manner aa Is noted
In hypothyroldiem and the quantity of the hormones and thelr secretlon into the
blood correspond to cases of hyperthyroldism,

Verzar and Freyberg /594/ compared the activity of the thyrotd gland of
old rats, aged 20 to 29 months, to the actlvity of young ones, aged 7 to 9 months,
1t was determined that In old rate the iodine secretion of the thyrold gland is
slowed down; excretion of [131 tn urine is also reduced,

Contradicting results are probably due to deficlencics In the technique of
determination and 1o Slfferent methods of Tescarch, Additional study, with the use
of other criteria for ¢valuating the functlonal gtate of the gland, 18 evidently needed
in order to solve this question definitely.

In healthy adults constderable variatlons in the 1131 absorption during 24
hours are also noted, Pochin /463/ discovered such varistiona upon studylng the
functional state of the thyroid gland during the menstrual cycle and pregnancy.

Hare and Halgh 343/ also determined varlations in the 1131 uptake by healthy sub-
jects during 24 hours.

When the 1132 fsotope of fodine, which has & halflife of 2 26 hours, became
avatlable and it was possible to reduce the indicator dose during the study of the func-
$lonal state of the thyrold gland, it was found very convenlent for use in such studies
on healthy persons. ‘The irradiatlon dose of the thyrold glands 1s constderably re-
duced when using this Isotope and it is possible to perform repeated studies on the
same person after short time {ntervals.

Halnan and Pochin /338/, using 1132, studied the posslbility of repeatt
the absorption test on 5 patients dally d d considerabl: d

ng
va:
fatlons of the radiofodine absorption per hour,

r-

Felllnger, Hoefer, and Vetter /291/ also found considerable differences in
the 10dine absorption of the thyrold glands of several patlents in 24 hours and the
authors attribute this to fluctuations of the fodine content In the food,

Frangols, Goldberg et al./309/ studied the radiofodine uptake in the neck
reglon and its excretion in urine of healthy men by using 1131 and revealed the

p o g of the ptlon,durlng 6 hours,of up to
14.4%, and fluctuatlons of urlnary excretion from 6 to 9 %,

All the above results point to the presence of small but constant fluctuations
1n the functional state of the thyrold gland, but the causes of these varlatlons have
not been studied In detall.

More conslderable changes of the function of the thyroid gland are observed
during pregnancy. The macroscoplc growih of the thyroid gland during pregnancy
has been known for a long time; histologieal changes were later also determumed,
Before the beginning of the uge of the radioiodine 1motope for studylng the
functional state of the thyrold gland, there were not enough specific tests in order



to evaluate y small {1 of the thyrold h content {a the
blood and tissues. This 15 why the determination of the changes of the thyrold gland
tunction durlng pregnancy were limited to the study of basal metaballsm, It was de-
termined that In the second half of pregnancy basal metabolism increases by 10
to §0% in §0% of the cages and by 10% in the rest.

The augmentation of the 1131 uptake during pregnancy has been shown in
& number of studies /337/, It (s reduced after birth, dropping sometimes below
the normal values. On the basis of the study made on 40 pregnant women, L.l
Lobanovekaya et al./90/ came to the conclusion that the augmentatlon of the size
and the {ncrease of the function of the thyrold gland are more Intensive during the
second half of pregnancy than during the first months, no symptoms of thyrotoxlce~
sls are noted during this time.

A number of authors determined that the quantity of PBI Increases during
pregnancy. The [ncrease starts during the first months after conception and then
remalng without any baslc change at a level of 6.2-11.12 ;g %. Results published
on the changes of the PBI content and of thyrexin In the blood during pregnancy were
summarlzed in the report by Pitt-Rivers /457/. Asisnotedinthlsreport, notwithstand-
ng the lack of changes of basal metabolism up 107 months, PBI{s augmented duetoan
wncrease of the thyroxin content of the blood .

Ferrareand Skort (cit. from Pltt Rivers,/457/) showed the augmentation of thyro=
xinin the plasmaby chromatographic analysis. But, according to their assumption, the
mother does not use thyroxin 1n a normal manner during pregnancy, or she possibly pos=-
sesses defence mechaniams agawnst thyroxin, due to which manifestations of thyrotoxico-
slsdonctset in. The af oftr ine reduces the phys! teally -
creasedlevel of PBI in pregnantwomen Aswasnotedby Werner /603/, the interrelation
pituftary~thyroid gland is not changed in pregnant women and the increase in the
content of prateinic iodine is not provoked by a disorder of this {nterrelation, as
oceurs in hyperthyroidism.

Dowling et al./274/ polnt out that the capacity of the blood proteins to bind
thyroxin increases during pregnancy, According to the opinion of these authors,
such a change of the thyroxin-binding capacity of the plasma 5 a compensative mech=~
anism and is directly related to the increase of esterogen content during pregnancy.

An Increzse of the PBI level of the blood was also discovered in newborn
chlldren, According to the opinion of Dowling and others, this points to an Increase
in the binding of thyroxin

Robbins and Nelson /475/ studied the thyroxin-bmnding capaclty of serum
a-globulin of pregnant women and newborn children by way of [ncubating the serum

with lwl—lahe]ed thyroxin, The authore observed that this capacity of the serum of
pregnant women Is 2.5 times higher than that of nonpregnant ones, and {n newborn
children it la 1,5 times higher than in aduits, but Iower than that of the mother. The
above facts may serve to confirm the existing opuion of the possible pagsage of the
thyrotd hormones through the placenta, Although this question has not been definite-
1y answered 2s yet, a series of convincing experiments on anlmals and cbservations
an persons already exist, showing the permeablility of the placenta to harmones of
the thyrotd glands, Thus, for example, 5,1, Tereza /138/ determined on rabbits,
as early as 1940, that the hormones of the thyroid gland pass from the mother to
the fetus and that this is one of the factors stimulating the growth of the Jatter and
- # . p= ho—wis thwmaid gland  Grumbach and Werner (ctt. from

. ' . regnant women 10 to 169
) . . proteins In the fetua at
. oxin and birth, Inac-



The production by embryos of thyroxin, which also enters the blood dur-
ing the last months of pregnancy, has been shown by experiments on pregnant rats,
Ag is noted by M.G. Zaks [53/, athyroldism does not prevent conception, but the

fertilized cell speedily dles. This fact also polnts to an Indlspensable need In thy-

rold hormone durlng citferentlation of the embryo, beginning from the first days of
ite.

It has recently been shown that 3,3°~diledo-1-thyronine speedily enters the
blood of the fetus after an Intravencus lajection to the preguant rat of compounds
labelled in position 3'; inverse passage from the fetus to the mother was difficult,



to evaluate y small fI of the thyroid h content in the
blood and tlagues. Thla {8 why the determination of the changes of the thyrotd gland
function during pregnancy were I(mlted to the study of basal metabollsm. It was de-
termlined that in the second half of pregnancy basal metabolism increases by 10
10 50% in 50% of the cases and by 10% in the rest.

The augmentation of the 113! uptake during pregnancy has been shawn in
a number of studies /337/, It is reduced after birth, dropping sometimes below
the normal values, On the basis of the study made on 40 pregnant women, L.I,
Lobanovskaya et al./90/ came to the concluslon that the augmentation of the size
and the increase of the function of the thyrold gland are more intenslve during the
second half of pregnancy than during the first months; no symptoms of thyrotoxico-
sls are noted during this time,

A number of authors determined that the quantity of PB! increases during
pregnancy, The increase starts during the first months after conception and then
remalns without any baslc change at a level of 6,2-11.12 g%, Results published
on the changes of the PB! content and of thyroxin [n the blood during pregnancy were
summarized in the report by PittRivers /457/. As s notedinthis report, notwithstand-
ingthe lack of changes of basal metabolism up to7 months, PBI is augmented duetoan
increase of the thyroxln content of the blood .

Ferrareand Skort (cit from Pitt Rivers,/457/) showed the augmentation of thyro-
xwn in the plasmaby chromatographic analysis, But, accordingto their assumption, the
mother does not use thyroxin (na normal manner during pregnancy, or she possibly pos+
sesses defence mechanlsms agalnst thyroxin, due towhich manifestations of thyrotoxtco-
sisdonotsetin The tionof . yronine reduces the p! lealty In-
creasedlevel of PB!in pregnant women. Aswasnotedby Werner /603/, the interrelation
pitultary=thyroid gland is not changed in pregnant women and the increase in the
content of proteinic fodine is not p by a digorder of this interr as
oceurs In hyper thyroldism.

Dowling et al./274/ polnt out that the capacity of the blood protelns to bind
thyroxin Increases during pregnancy. According to the oplnion of these authors,
such a change of the thyroxin-binding capaclty of the plasma is a compensative mech-
anism and is directly related to the Increase of esterogen content during pregnancy.

An tncrease of the PBI level of the blood was also dlscovered In newborn
children, According to the opinion of Dowling and others, this points to an Increase
in the binding of thyroxin.

Robbina and Nelgon /475/ studied the thyroxin-binding capacity of serum
a-~globulln of pregnant women and newborn children by way of Incubating the serum
with 1" ~labeled thyroxin. The authors obeerved that this capaclty of the serum of

S i = f € st—ap Miskam shan that af naanreonant ones, and In newborn

1y answered as yet, a series of convincing experiments on animals ana cbsel vaLuis
on persons already exist, showlng the permeability of the placenta to hormonea of
the thyrotld glande. Thus, for example, 5.1 Tereza /138/ determlned on rabbits,
as early as 1940, that the hormones of the thyrotd gland pass from the mother to
the fetus and that this is one of the factors stimulating the growth of the latter and
the development of an embryonic thyrold gland, Grumbach and Werner (cn.1 oh;o";sa
Pitt-Rivers, /457/ ) administered I 31 1abeled thyroxin to pregnant women o

hours before birth and found serum lodide precipitated with protelns in the r;;u:cn
B platpip ey -

. r weak pass-



the higher sections of the central nervous system with caffein it was also possible
to obaerve the disappearance of the thyrotroplc function In mice,

Sectioning of the mesencephalon 185/, of the !tem, of the pitultary, and
lestons of the hypothalamus [553/ proveke the
pecretion and thus lead to the suppresslon of the thyroid gxmd tunction,

Close interactions between the and the plituitary
syatem in the r of the have been during the
Jast years; the role of the hypothalamus in the regulation of the pltultary functlon
has been particularly emphasized. Thus, the Influence of the higher sectlons of the
central nervous system on the function of the thyrotd gland 1s effected through the
control of the thyrotropte nuclei of the hyp region,

But B, V. Aleshin /10/ proved that the influence af the ceatral nervaua system
onthe thyroid gland may by-paes the hypophysis cerebri, B.V.AleshinandN.S. Demi-
denka /12/ point to experiments with implantation of diacs on the surface of the
brain, which led to the weakenlng of the thyrold gland function. Experimental neuro-
sla, provokinga sharp duorganluuon in the central nervous system, also led to

gical changes istic of a reduced
function of the thyrold gland durlng theue statea were shown in the histological stu-
dies of V.1, Ackhlpenko {14/, According ta the results of these authors, lack of
parallelism between the activity of the thyrold gland and the functional state of the
pituitary Ls observed during disorders of the braln activity. B.V, Aleshln and
N.S. Demldenko f11/ deduct from this that the Impulses pass from the brain to the
gland without partictpation of the pituitary, L.e., tna parahypophyseal manner,
through the parasympathetic neural stems, They support this deduction with ex-
periments In which they ehow the Increase of cholinergic substances In the thyrold
gland upon applying tampons to the retrospinal zone,

The same procf s brought In the work of R.D, Vyazovskaya and
L.B. Simon /36/. They also determined an Increase of the quantity of chollnergic
substances In the tissue of a gland removed because of exophtalmic thyrotoxicosis,

But the existence of parahypophyseal transmlssion lines of the cortical
tnfluences on the thyrold gland (s not generally accepted,

Experimental studies exist, demonstrating entirely opposed results
M.C. Amiragova /13/ showed the realization of cortical influences on the secretory
activity of the thyrold gland through the pltultary as well as through the adrenal
glands, She rejects the possibility of direct transmigslon of the cortical impulses
on the secretory functlon of the thyrold gland through the neural conductors, This
1sproved by the of the brain cortex after removal
of the pituitary, of one adrenal gland, and sectionlng of ., splanchnici,

The questlon of the role of the sympathetic and parasympathetic nervous
system in the regulatlon of the thyrold gland function has not been definitely solved,
It {8 known that the thyroid gland contalns many fibers formed by the terminal plex-
us of the nerve. The of mor changes of the intra~
organlc nerves during pathological states of the thyroid gland was shown In the works
of E,I. Tarakanov [137/. Early works of Kennon and others {cit, from
Trendelenburg,/142/), and new results obtalned by A, V. Tonkikh /139/ show that

chronic stunulation of the sympathetic nerve provokes manifestations of hyper=
thyroldism,

Other works by Russlan scientists point 1o the fact that the awtonomic
nervous system Influences the morphology and the function of the thyrold gland,
Some authors aleo noted some manifestations of thyrotd gland stimulation during



Chapter VII

THE REGULATION OF THE FUNCTION OF THE THYROID GLAND
(reg ya funktsl] e} zhelezy)

1. The Neural Regulation of the Function of the Thyroid Gland

The attention of a Jarge number of researchers has been attracted for a
long time to questlons of the regulation of the thyrold gland function, These pro-
blems have developed intensively during the last years, The control of the brain
hemlepheres on the function of the thyroid gland was shown in a serles of experi-
menta with conditioned-reflex regulation of the gland activity, The influence of the
central nervous syatem on the function of the gland la particularly clearly expressed
in pathologlcal states, The pltuitary-hypothalamlc system has an Important role In
the transmission of the influence of the central nervous system to the thyroid gland.
Its role has been convincingly shown In experiments by sectioning the neural stem in
various places anq stimulating various regions of the diencephalon,

The well-known work of R, P, Ol'nyanskaya f108/ threw light on the parti-
clpation of the thyroid gland in the 4 and flex

of gaseous metabolism. She obtained a conditioned-reflex Increase of basal meta-
bollem in a dog upon combining the admintatration of thyroxin to the actlon of an
IndUferent stimulator, when the thyroud gland was devold of Innervation,

M.S. Kokhana /86 /, provoking repeateddefensive reactions in rabbits, ob—
tained a hyperfunction of the thyroid gland, In rabbits in which the nervous centers
of the posterior part of the hypothalamus were affected no hyperfunction of the
thyrotd gland was obgerved during the elaboration of defensive reactions.

L. A. Eskin and Yu, B, Skebel'skaya /175{ provoked hyperfunctlon of the
thyroid gland by i 2 the P In the brain by adminlstering
caffein and phenamine,

E.,A. Kolll f81/ studied the absorption of radiolodine by the thyrotd
gland and the formation of a fractlon of organtcally bound fodine by the actio. of
t the central nervous system and determined

the Increase of both these indicators under the actlon of thyroxin,

Yu. B, Skebel'skaya /127/ elaborated a condltioned reflex to the lncrease
and the reduction of the pituitary function ln ratd, by way of adminlstering thyroxin,
methylthiouractl, and thyroidine, and showed that the thyrotroplc function of the plt~
ultary and the thyrold gland activity which is retated to {t are contralled by the cor-
tex of the brain.

Analogous results were obtatned by P, A. Vunder /35/, who provoked In

d to the thyrold hormene,which
rats a conditioned-reflex reaction of the thyroid glan »
was then replaced by a physielogical solutlon, Upon Increasing the stimulation of



capturing capaclty of intact rats falls to 1/3 of its normal value after hypophysec-
tomy and the rate of secretion of the labeled hormone by the thyrotd gland is re-
duced during the first five days after removal of the pituitary.

1t was also found that,althougn the thyrold gland of hypophysectomized rats
concentrates a conslderably smaller quantity of iodine, it refains the capacity of
transforming 1t into an organic form, but this process takes place considerably
more slowly. According to the results of Morton et al. 428/, the greatest part of
the fodine captured by the thyrotd gland fa found in it in the form of diiodotyrosine.
"The process of dilodotyrosine formation takes place easily in hypophysectomized
rats, but the transformation of dllodotyrosine into thyroxin ie found to be consider-
ably disordered. According to the opinion of the above authors, the condensation

of iodotyrosine molecules is under the special control of the thyrotropic hormone

of the pituitary, This is why the ratlo of thyroxin to the dilodotyrosine fraction {8

reduced In hypophysectomized animals, as compared to the thyroid gland of intact
rats.

The thyrotropic function of the pltultary is contralled by the nervous sys-
tem and the hypothalamus has a special position In this control. It has been shown
in a series of studies that a hypothalamic neurchumoral factor may be applied to
the anterior lobe of the pituitary and it has an influence on its activity /533/.

As 13 noted by A, V. Tonkikh /141/, there s a neural bond between the an-
terior lobe of the pltuttary and the hypothalamus, through the stalk of the pitultary,
but this bond Is not direct and passes through the posterior Jobe of the pituitary.
Sectioning of the diencephalon reduces the secretfon of the thyroid hormone and
thus reduces the secretion of 113! from the thyroid gland. But the secretion
of the thyroid gland returned to its normal level twelve days after disruption
of the bond with the mesencephalon 185/, The study of the distribution and the
metabolism of 1odine in the brain by means of radislodine also confirms the
of close between the and the thyrold gland.

The thyrotroplc hormone is not constdered at present as being ahomogene~

ous substance, Three active principles may be discerned in it : a factor provoking

exophthalmos, a growth factor, and a metabolic factor /553/, The growth factor,

provoking growth of the thyrold gland folllcles, was called thyroproliferin and the
fact the ch t

of hormone,
was called thyrosecretin, These three factors are directed in various ways by the
hypothalamus,

Strictly speaking, the opinlon on the existence of several factors in TSH
arose upon analyzing the results of the study of various thyroid gland parameters
after disruption of the bond between the pituitary and the hypothalamus It was
found that if the bond between the pitultary and the hypothalamus 15 ruptured growth
of the thyroid gland 1s reduced, but the function of concentrating 1odine remains

unchanged. This led to the conclusion that there exist a separate growth hormone
and a metabolic hormone in TSH.

It has recenily been possible to separate the exophthalmic factor from the
thyrotropic hormotie by way of chemical It was also b

Dobyns and Wilson /268/ in the serum of patients suffering fro
exophthalmos, pat ing from progressive

The study of the metabolism of the

aeanma that +ha thumaid Tamd feop1s S

thyrotropic hormone gives reason to

8

1n hyp . )
* [Sic, spparently hypothyroidism 1s meant],



stunulatlon of the sympathetic nervous system by admin{stration of adrenalin, But
such resulta could not be conflrmed by other researchers. This is w
N.B, Medvedeva 06/ was probably right when she called for caution in concluding
that the nerve is the ry nerve of the thyroid gland.

Some authors affirm that the nervous system controls the activity of the
thyroid gland In an Indirect manner, by Influencing its blood circulation,

Thus, the question of the transmlsslon of the cortical impulses to the thy=
roid gland through the neural tracts and also the role of the sympathetic nervous
system In regulating the hormonal function of the gland are not yet fully clear,

2, The Role of the Anterior Lobe of the Pltuitary {n the
Thyrotd Function

At the present state of our knowledge, the direct regulation by the anterior
lobe of the pitultary of the gland actlvity, from the absorption of fodine to the sec~
retion of the thyrold hormones, ls an indlsputable fact, The hypophysis cerebrl,
producing a special thyrotroplc hormone, constantly controls the functions of the
thyrold gland,

The extensive publications on the question of the interrelations of the pit~
uitary and the thyroid gland will not be examined here and we will only examine the
results obtained In recent research,

The pltuitary controls the function of the thyroid gland by excreting into
the blood stream a thyrotropic (thyroid stimulating) hormone (TSH), This hormone
was recently obtained In a highly puriffed form by Stilmen and his co-workers (cit.
from the book Belki (The Proteins),/18/) after many efforts.

Under the action of this hormone the cells of the thyroid gland swell con-
siderably and take on a cylindrical shape, the intrafollicular collold becomes diluted
and is resorbed by the cells and secreted Into the blood or lymph channel. It has
been determined in humans that upon ing thyrotropic h its action
is clearly proved by the loss of the thyrold gland hormone, During thls tume the
PBI of the blood increases and the radiofodine in the thyrold gland isreduced Such
an effect is considered a8 being the resutt of the activation of the proteclytic enzyme
of the gland by the thyrotropte hormone,

Thus, the Initlal action of the thy plc hor 18 the sepal of thy-
roxin from the Intrafollicular thyroglobulin, The growth of the thyrold gland cells
and the of its 1 function take place as a consequence of

. B ¢ - ib. sbermetd tamd  Tha etrevlated thvrold

-otro-
»art

:l:f the absorbed radiclodine 18 transformed into thyroxin.

Hypophysectomy has an Inverse effect; it leads to the suppression of the
thyroid gland function, which is reflected in the varlous stages of hormone forma-
tion. A sharp reduction of the lodine capture by the thyroid gland is noted in hypo-
physectomized animals /453/. According to the results of Van der Laan and Greer
(cit. from The Hormones, /358/) the fodine capture by the thyroid gland reached
only 10% of its normal value after hypophysectomy.

1t was also reported in this study that hypophysectomized antmals exhiblt
a weakened functlon of {odine binding and that this capaclty returns upon adminle-
tering thyrotrapic hormone, According to the opinfon of some authors, the fodine



The possibllity of 35.1abeled TSH pe gand Money /534/

to study the distribution of activity after intravenous adminlstratlon of the thyroid
stimulating hormone, It waa found that upon admlnistering large doses of the hor-
mone, more of It 18 accumulated In the liver and kidneys than in the thyroid gland,
although strong actlvity Ls found In the latter. But,upon administering small quanti-
tles of the hormone, the 535-labeled preparatlons are accumulated more in the thy-
rotd gland.

There Iz also proof of the of the plc hormone In
the peripheral blood by thyroxin, [t was postulated that & normal thyrold gland chan-
ges the thyrotrople hormone, and that in Basedow’s disease the thyrold gtand inact~
vates even greater quantitlea of this pitultary hormone,

The capacity of the thyroid gland to the thyrotropic horn wag
also studied on tigsue cultures by Rawson, Sterne, andAub(cit from TheHormones
/358/), Itwasshown that an explant of the thyroid gland of a rabbit inactivates
twelve units of TSH, whereas explants of a thymus gland or a lymph node, which
algo become larger in Basedow's disease, were able to inactivate only six units of
TSH. Anexplant obtained from a patient with Basedow's disease {nactivated al-
moat twice as much TSH as a normal gland, while a gland in which the collotd was
changed did not inactivate the thyrotropie hormone at all In another work, the
same authors point to the fact that TSH fnactivated by the thyroid gland may be
reactivated by the action of some restoring agents, as for example thiouracil or
5-amino-thiazol-thiol, This leads to the conclusion that during an increase of the
pitultary activity, the thy plc hormone ts by some oxidiz-
ing eystems  Studies of D*Angelo /254 showed a very slow disappearance of exo-
genous TSH (n hypophysectomlized rats. This may be accelerated with thyroxin and
tritodothyronine, According to the author’s opinion, a stable level of TSH In hyper-
plastic and aplastic states of the thyrold gland, Is not in accord with the fact that the
thyrold gland has & basic role in the metabolism of this hormone, The disappearance
of TSH from the blood depends malnly on the rate of metabolism,

3. The Interrelations of the Thyrold Gland with Other Glands of Internal Secretion

Notwithstanding the exceptional situatlon of the pltultary in the regulation of
the thyrotd gland function, other glands of internal secretion also {nfluence {ts acti-
vity. The growth hormone and ACTH, which probably intervene Ln the peripheral ac-

tlon of the thyrold hormones, have a considerable influence on the function of the
thyrold gland,

It has recently been shown by Evans et al. /286/ that the growth hormone in-

creases tgenesls In rats. This actlon is probably effected

by way of Increasing the functlon of the thyroid gland, and this is seen morphologi-

cally and functionally, The growth hormone also Increases the calorigenic action of

thyrox(n [n hypophysectomized rats, and this is shown by the Increase of thermo-
. . .

er-
'TH,
sieruwds, ACLH and glucocorticolds of the adrenal glands have a catorigenic effect
on hy and snimals, Many authors affirm that
more than one factor acting on the thyroid gland 18 found in the anterlor lobe of the

pituitary, Inhis studies, Beck /207] showed the increase of 1131 liberation from
the thyrold £land under the 8ction of rartinmtmanic  Mii= et . ..




A report by Adams {176/ has recently appeared on his discovery of atypical
TSH in pitultary extracta and In the serum of some patlents suffering from thyro-
toxicosis; this TSH, upon being administered to guinea pigs which had received
131-thyroxin, prolonged the period of 1131 secretion from the thyrold gland and
the perfod of the augmentation of Its concentration In the plasma, The &uthor ac-
cepts the jdentity of this hormone with the exophthalmle factor of Dobyns and Wilson,

The maximum quantity of thyratrople hormone was found tn the blood of people
suffering from myxedema, Resulta obtained confirm the opinion that an increased
level of the thyroid hormones in the blood suppresses the thyrotropte function of
the pitultary, Besides this, It is accepted that the pltuitary of totally thyroldecto-
mized patients produces greater of thy P! in view of the
functional hypertrophy of ita anterior lobe.

Thus, the thyroid hormones and the thyrotropic hormone are (n a state of re-
clprocal stimulation and inhibition. Incresse of the thyrotroplc hormone augments
the production of the thyroid d, sely, an of the thyroid
hormone concentration In the blood reduces the secretion of the thyrotropic hormone,
This mechanfgm serves to maintain a constant level of thyrold gland hormones in
the blood /283,

The methods of the thyroid hormone action on the anterior lobe of the pituitary
are the subject of lengthy discussions.  Does the thyroid hormone effect the an<
terfor lobe of the pituitary directly, or through the hypothalamlc structure? Recent
studies of Holmgren 356/ clearly showed thal & receptor, sensitive 1o thyrold
gland hormones, {8 disposed In the anterior Jobe of the pitultary {tself, The hormones
of the thyroid gland suppress the function of the gland, due to a depressing action
on the pituitary function, All the aspects of the interrelations Inside the cortex-
hypothalamus-pifuitary-thyrold gland system can be represented by a diagram
{Figure 4},

Cortex

Ko
Hypothalamus

tion of the Role
{URE 4. Repr
b of the Level of Thyroxin in the Blood

A large dose of the thyrotroplc hormone swirtly diwappears from the blood;

hormone remains
rcent of the ed thyratropl
:;ut{::h;::; atter one hour, It lg not clear where {ts total inactivation takes place.




gland under the action of the sterold hormones, There are several regults on the
mechanism of ACTH and cortisone actlon on the metabolism of lodine, showing that
they the of the thy ple b from the gland, In hypophy~
sectomized rats and rabblts ACTH does not provoke a reduction of the rate of lo-
dine secretion by the gland,which has already been suppressed, but Luhiblts the se-
cretionof radiolodine from the gland In response to exogenous TSH /128/. Results
obtained tn Brown-Grant’s laboratory also confirm the hypothests that ACTH and
cortisone reduce the function of the thyroid gland by suppressing the secretion of
the h After ton riis Halmi and Barker /339/
determined morphological changes of the thyrold gland cells, characterlstic of its
activity, C y, the of the thyroid gland actlvity after
administratlon of cortisone, which Is noted by many authors, {s not provoked by the
suppresston of the TSH production but by other factors, During the action of cortl~
sone such factors may be: changes of the fodine sup~

preesion of 1131 absorption by the thyrold gland, or real antithyrold (thiouracil-
Like) activity.

The latter explanation concurs with Skebel’skaya’s opinfon, It follows from
the experimental results of Yu, B, Skebel’skaya /128/ and of 1. A. Eskin and Yu,
B. Skebel’skaya /174 that the action of ACTH on the thyrold gland takes place in
two phases: the thyrotroplc hormones first become reduced fn the pituitary and
then the reactivity of the thyrold gtand to the thyrotroplc hormone is weakened, In
her next work Skebel'skaya /129 showed that ACTH also exhibits Its action after
removal of the adrenal glands. Consequently, ACTH may have a direct actlon on
the \issue of the thyrold gland, without participation of the adrenal cortex. The au-
thor concludes from this that the sdrenal cortex has no perceptible role In the re~
action of the thyroid gland to exogenaus or endogenous ACTH.

Gannong and Hildegard /317/ also could not note any conslderable reduction of
the 1131 absorption by the thyrold gland of normal rats during repeated traumas, i.e.,
during a state of stress which strengthens the function of the adrenal cortex

Mikula) and Nemeth /420/ and B.Z, Gincherman /42/ studied the function of
the adrenal cortex In patients suffering from thyrotoxicosis. According to their re-
sults, a reduction of the secretory function of the adrenal cortex is noted during
thyrotoxicosis, According to the results of B.Z, Gincherman, hypofunction of the
cortex of the adrenal glands is by the
water index and,according to the studies of Mikul
the exhaustlon of the functional capaclty,

of the ne-
a) and others, this is explained by

Jakobson 365/ discovered in patlents sulfering from thyrotoxicosls in-
1

creased of I7-hydroxy roids and 5. After 1
tlon of the function of the gland after todine or thiouracil administration or after
surglcal tr t the fon of teroids was reduced. But upon study-
ing on women rom hype the excretlon in urine of 17-keto-
sterowds and creatine 28 a result of , Kellen f373/ the disap~

pearance of creatinuria and could not determine any considerable changes in the
excretion of steraids, 1t has been previously noted that, according to the results of
garian . the Lon of the adrenal cortex in hyperthyroidism does
not change but the of new in the
adrenal glands, which were not secreted from the adrenal glands of healthy persons,

Was determined in hyperthyroidism, But the exact nature of these compounds is
not known,

_ Bastenie and Ermans /205, 206/ discovered that cortisone Inhiblts the en-
hancing effect of thyroxin on oxygen and on the d

of P
fromerthyrocytea (labeled invitro) imjected into the blood of hypophysectomized
rats, The action of tri1odothyronine was not reduced by cortisone under simular
conditions, The authors conclude from this that cortisone suppresses the transfor-




Yu. B, Skebel'skaya notes In another work /130/ that the action of cortlsone
on the thyroid gland is not Identical to that of ACTH. Unlike the corticotropte hor-
mone, cortlgone does not suppress the thyrotropic function and Increases the goit-
rogenic action of methylthiouracil.

By studying the reaction of the thyrold epithellum of puppies to the adminis~
tration of cortisone and ACTH, A,A. Voitkevich /33/ brought morphological proofs
of the stimulation of the thyrold gland., He observed intensive local transformations
of the thyrold cells, and of whole folllcles in the pale insulas of the parafoiticular
cells, during the increase of the secretory activity under the action of cortisone,

A part of the experimental animals exhibited increased differentation and new for-
mation of follicles in thyroid tissue under the influence of ACTH,

But contradictory results exist on the action of the corticotropic hormone
on the thyroid gland. S,P. Nikolalchuk and B.S. Rodkina 107/ potnted out that
ACTH does not provoke stimulation of the thyrold gland and that Increase of the
corticotropic hormone production (hypertrophy of the adrenal glands) takes place
upon prolonged administration of TSH, which inhibitg the stimulation of the thyroid
gland by the thyrotropic hormone.

Studies have shown that male and female gonads and the hormonal products of
the adrenal glands may change the function of the thyrold gland, Gannong and
Huldegard / 317/ note a considerable reduction of the 1131 absorption in castrated
dogs. It has been reported that eatradiol, estrone,and diethylstilbestrol suppress
the absorption of radiciodine bythe thyroid gland of rata maintained on a diet with
alow fodine content.

Aron, Gondar and Asch /186/ noted a reduction of the activity of the thyrold
gland in the spring-summer period and the average activity In castrated rats was
lower than in intact ones, Ogawa and others f444/ found different changes of the
1131 absorption by the thyroid gland after castrations in castrated male rats the
capture of lodine was increased and In females it was reduced, Money et al. 426/
studied the influence of various steroid hormones on the accumuwlation of radio-
10dine by the thyroid gland of rats

Previous studies In this directlon often gave contradictory results, because
of dufferent experimental conditions. The results obtalned on the absorption of
radiotodine showed that ACTH and cortigone provoke the suppression of the thyroid
gland function. A similar action was noted upon administering A compounds {(dehy-
drocorticosterone) and a serles of other
estrone, progesterone,and other sterolds also led to the reduction of 1131 accumu-
lation by the thyrold gland, Ogawa and s co-suthors, adminlstering various hor-
mones to rats, came to slmilar conclusions.

Money and others dlscovered changes of the character of the actlon and the
effect of steroids depending on changes in the diet, It was also noted that cortlsone
and ACTH suppress the capture of 1131 in response to the action of the thyrotropic
hormone, but have no influence on the growth of the gland cells. Migeon and others
/419/ pount out that In 1 rats on 51
a reduction of its excretlon In urine and feces was noted besldes the reduction of
the 1131 absorption during the acton of cortisone, During this tlme the 113! content
1n the Hlood was Increased, There were no differences In the ratios of the fractions
of fodinated components In the gland between thls group of rats and normal ones,

The mode of steroid action on the absorption of radiolodine by the thyrotd

gland is not yet known. They may have a direct influence or they may effect 13
through the pitultary, On the other hand, It is known that an [ncrease of the kidnay
iodine clearance s noted durlng treatment with cortleone, But evldently this cannot
\tself explaln the considerable reduction of the iodine absorption by the thyrold




function of the thyroid gland in liver diseases by means of radiolodine On

the basis of thelr studies and of published resulta the authors come to the con-
cluslon that the llver may show Its regulating influence either by the excretion of
thyroxin from the blood Lnto the lnteaune or by its destructlon as a resgult of delo-
dination, or by way of of the formation of

of the thyroid hormones with glucuronlc acid. On the other hand, during liver dis-
eases lts diffused affection may become the cause of the changes In plasma proteln
structures, which will have an influence on the transfer of thyroxin in the blood and
will cause In thls way a change of the hormone penetration into the cell, and thus
change its actlon In the tissue.




matlon of thyroxin Into trilodathyronine, which has a greater hormonal activity in
the peripheral tissues,

Thus, published reaults on the action of cort{costeroids on the function of the
thyrold gland are baslcally similar, showlng the suppreasion of the thyrold gland
activity. This deduction ls confirmed by clinical observations on the use of ACTH
and cortisone during thyrotoxicosis.

The thyrold hormones in their turn infl the of corticos!
olds {n the organlsm. Yates et al. /619/report that trilodothyronine augments the
total capacity of the liver torestore the cortlsone A ring and that thyroidectomy re-
duces {t, According to these authors, thls takes place as a result of the reductlon
of the enzyme activity (A-steroid of dehydrase) or because of an insufficlency of
co-enzyme—reduced TPN—~and gives an enzymatic basis to changes of the biological
half-life period of corticosterolds in hyper= and hypothyroldiam,

Lacroix and Leusen /387, who checked changes of tiasue resplration of myo-
cardial and dlaphragm sections under the actlon of thyroxin and cortlsone, noted
antagonism in some tigsues and synergism in others.

There are early works by A.N, Petrova [110/ on the Influence of hormonal
factors on the lodine content of the thyrold gland and the blood, She determined
that rabbits exhlbit 2 sharp reductlon of the lodine content In the gland under the in-
fluence of folliculln and that the of the lodine in the blood is
reduced. Insulln somewhat Increases the lodine in the thyroid gland and reduces
1t in the blood, as a consequence of inhibiting the lodine secretion from the gland.
A sharp increase of lodine In the thyrold gland and in the blood were noted under
the Influence of adrenalin, These results, obtalned as early as 1937, were not con-
firmed by other researchers.

Some results exist on the Interrelations between adrenalin and the thyrold
gland, According to the observations of a number of authors,admintstration of ad~
renalin to rats provokes a reductfon of the [191-absorption by the thyrofd gland, In
adrenalectomized animals adrenalin conslderably augments the absorption of [131.

Ogawa et al. /443, 444/ made studies on the absorption of lodine by
the thyrold gland after removal of the other glands of internal secretion, or after
administering hormones of these glands to the animals. After adrenalectomy they
determined an augumentation of the 1131 in female thyroid glands Most corti-
costeroids, upon being to adr an{mals, p: a fur-

T tion of ption, but upon ing them in large doses absorp-
tion increased.

Utevskil and Butom [153/ studied the of the
of in the skeletal muscles. They showed that prolonged administration of
leads to the from the muscles of reversibly oxldized forms

of adrenalin-like substances.

As may be seen from the above results, the question of the interrelations of
the thyrold gland with other glands of Internal secretlon (s stlll far from belng an-
swered, Detailed informatlon exists only In regard to the interrelations of the thy-
rold gland with the pituitary, while on the questlon of its interrelations with other
endocrine glands our {nformiation Is fragmentary and not always uniform,

Some peripheral organs also take part in the regulation of the thyroid gland
function. In this context the llver occuples a apeclal poaition. The role of the
dled in
liver inthe peripheral regulation of the thyroid waz stu
getall by Vannotti and Beraud /593/, St. M. Milcu et al, /100/. They studled the




results of Kaesenaar et al,/376/, thyT on a daily dose
of6ug thyroxin have a considerably lower concemrluon of PBI in the serum at 4°
than at 21 or 36°; in normal rats, on the other hand, the level of PBI was found to be
higher at lower temperatures than at higher ones,

The study of oxygenconsumption thyroldectomized rats receiving thyroxin and
adrenalin at temperatures of 10, 18, 30° showed that thyroxin Increases the calori-
genlc action of adrenalin at low temperatures, and this 3 the basie role of the thyroid
gland hormene in adaptation to cold 402/,

A number of authors /6§15, 251/ studled the influence of prolonged exposure to
¢old on thyroxin secretion and on the rate of the thyrold gland hormone cycle, upon
keeping Tats at atemperature of 5* for 1 to 180 days. It was found that, after having
1ived for two weeks at a low e, the of thyroxin in constd-
erably and the rate of the thyrold gland hormone cycle is also augmented, The
thyrold gland hae a definite regulating effect on oxygen consumption during a drop in
temperature, ‘Thus, removal of the thyrold gland from rats maintained at a temper=-
ature of 5* reduced the oxygen consumption to @ minimum by the 8th day and at a
temperature of 28° this level was reached by the 12th day /361/

The actlon of total irradiation of the organism on the function of the !hyrold gland
was also etudied /228/. Upon exposure to 800-1000 r an increase of the 1151 was

observed after two hours; the increase was maintained for 24 hours and was then re-
duced,

Large radiation doses also increased the absorption of radioiodine, but a certain
reduction set in at the beginning of exposure, which may be explained by the increased
secretion of the hormones of the adrenal cortex,

Tt ie interesting to note that exposure of mice to darkness stimulates the function
of the thyrold gland, which 15 proved by the growth of the gland and by the increase
of the 1131 absorption /464/, on the other hand, exposure to light provokes an {nverse
effect, Guzek and Mach /336/ found that in rabbite maintained in the darknees for a

long time the content of iodine in the blood increased and its content in the thyroid
gland was decreased,

Various influences provoking stressled to the reduction of the capture of fodine
by the thyroid gland. Thus, for example, the injection of formalin, as well as surgi-
cal intervention, suppressed the accumulation of fodine in the thyroid gland

V.P. Dyskin (58), studying the influence of surgical trauma on the functional state
of the thyroid gland, notes that the suppression of absorption wae related to a st
of pain during and after the operaum but nccurred also without 1t.
tional 00, Accordt
periods of the postoperanve perlod the 1131 rate was withmn
normal hmuts, Changes of iodine accumulahon by the thyroid gland under the tnflu-

ence of surgical trauma may be

orina with or 1n severe and
prolonged 1nhibitions, The state of stimulation and inhubition of the thyroid gland func-
tlon 18 closely related to the central nervous system,

Very strong emo-
g to his results, in various

A change of the protein bound iodine content of the serum was noted after fever-
and electroshock therapy /438/. Badrick et al /197/ made studies of the 1'3] absorp-
tion by the thyroid gland of rats after they had been swmmng 10 water at a tempera-
ture of 15 or 40° for 10~15 min., after , and after int mgec
tion of adrenalin, All these effects prnvoke a suppression of the 1131 absurpnon by
the thyroid gland in intact, as well as
ratg,

and adr
The suppression of thyroid gland function after electroshock and after



Chapter VII

THE INLUENCE OF VARIOUS FACTORS AND PHARMACOLQGICAL AGENTS ON
THE FUNCTION QF THE THYROID GLAND

(vliyanie razlichnykh faktorov 1 farmakologicheskikh agentov na funkisiyu shehitovidno
zhelezy)

1t 15 well known that various and numerous factors have an influence on the mor-
phology and function of the thyrold gland. It is easy to influence the thyrold
gland by changing dietary conditions, or by acting on the hormonal 5tatus of the orga~-
niem, Various influences on the functional state of the organism within physiological
limits, or in relation to stress, are easily reflected 1n the function and morphology
of the thyroid gland, Many chemical agents having a specific influence on the state
of the thyroid gland have been described during the last years,

1, The Influence of Changes of the External Environment on the Thyroid
nd

One of the external factors influencing the thyroid gland is temperature A num-
ber of authors report that exposure of laboratory animals to cold provokes the stimu-
lation of thyroid gland function /546, 237, 586/ The secretion of the thyroid gland
18 increased during cooling, when there is need for increased metabolism

The influence of temperature on the thyroid gland was shown by histological meth=
vds — by the augmentation of the height of the follicular cells, as well as by the in-
crease of absorption and of the radiolodine cycle, It was demonstrated by studies
on animals with a sectioned brajn stem that this stimulus is effected by way of acting
on the center of temperature control in the mesencephalon /587/ As 1t was shown
that animals subjected to cold need greater quantities of thyroxin in order to ward off
the goltrogeme effect of thiouracil than when they are subjected to heat, this may
express an augmentation of the demand for the hormone by peripheral tissues /262/
This demand 18 expressed by the stimulation of the thyroid gland by the mesencephalon

and the pituitary,

Studies have recently been made on the influence of severe hypotherma on the
function of the thyroid gland in experimental conditions, The Study of the absorption
of radioiodine by the thyroid gland of rata upon maintaining body temperatures between
the 1muts of 16 to 39°, made by Audjus, showed that the lower the body temperature,
the weaker {g the capture of iodine by the thyroid gland (194). The main quantity of
fixed fodine 18 in an organically bound form, mainly in the form of monoiodotyrosine
and dijodotyrosine.

A similar result was obtained by Verzar and his co-authors/595/, and by Mach
and Toczycky /402/, on rats during hypoxic hypotherma, At a body temperature of
15-20* the thyroid gland was ot at all capable of absorbing radioiodine
At @ temperature of 25-28 the activity of the gland was somewhat reduced. Exter-
nal temperature also tnfluenced the quantity of the serym FBI, According 10 the



He noted that when anlmals are deprived of water and food, this leads to a consi-
derable reduction of the function of the thyrold gland, The anttdluretic hormone
had no {nfluence on the rate of hormonal fodine secretlon.

Changes of the thyrold gland functlon were algo provoked by the admintstra-
tlon of excess quantltles of cabbage, turnip, and soybean, These reports, made
at the end of the 1920's, were thoroughly re-examinedby Astwood /190f, He studled
61 types of allmentary substances front the aspect of thelr Influence on the function
of the thyrold gland, A study was made of the goltrogenlc actlon of large quantitiea
of these products administered wlth the f00d, as well a6 of thelr extracts, The re-
sults obtalned from extensive works permltted Astwood to conclude that gome vege-
tables, as for example cabbage, lettuce, rutabaga, strawberries, swede, reduced
the capture of 1131 when applied In large quantities, Yellow turnip has a particular—
1y strong actlon: lts slmple water extract a the
functlon of the thyrold gland In rata and humans, 1t was possible to separate from
1t 1-5-viny)-thlo-oxazolidon, having 1/5 of the activity of thiouracil on rats and
the same activity as thiouracil on bumans /192/.

ne -r:i::)‘":s
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The author also found {n all other goltrogenic plants, As s
polnted out by Astwaod, these compounds are probably [n a bound state In the plants
and are liberated by an enzymatic method in a water salution, Other compounds
with antithyrotd propertles were also separated from plants, It I still difficult to
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trogenic agente in the milk of cows fed with one type of Brassicaceze,

Studies were also made on how the 1odine metabolism fs influenced by food
which consista mainly of certain single food stuffs. A.I. Stolmakova and others
1138/, studying the diet of the population in localities with endemic goiter, discovered
adisorder inthe adequate ratio of proteins, fats, andcarbohydrates in the diet and some
Umitations as to the choice of the alimentary products. Inanareaof marked goiter dis-
tributton {t was found that there (8 a reduced vitamin C content in the vegetables and
green foodstuffs, as well as a small quantity of Ca, K, Mg, Na, P n the food and
an Increased content of Ag, Cu, Sr. and others In the vegetables,

A.1 Sht gand LA, 110/ chang-
es in rats malnly ona diet durieg to cold and
overexhaustion, When these were with fodlne in
the food, severe morphologlcal changes took place in the rats, with augmentation of
the dimensions of the gland and its hypofunction,

N.V. Verzhikovekaya [26/ showed that a prolonged homogeneous meatdiet
Provokes hyperfunction of the thyrold gland of rats,

Climak and others {246/ studied the Influence of varlous quantities of pratetn
in the dlet on the fodine metabolism of the thyrold gland and determined that rats
maintalned on a diet with a high protein content accumulate somewhat more 1131
24 hours after administration, than control animals, A low protein diet (7.3 % of
caseins) sharply reduces the accumulation of 1131, There are reports to the effect



sdministration of adrenalin was found to be temporary and disappeared

speedily,
The authors showed the reduction of absorption only in vivo nndp:ould notP:ote :han-
ges in the absorption of jodine by sections of the thyroid gland,

Studies were made of the influesice of muscular efforts on the thyroid gland hor~
mone content of the blood andant the rate of excretion of {njected thyroxinin healthyper-
gons /392/ Determination of the butanol-extractable indine of the serum and of the
PBI and the radioactivity of the serum ghowed that muscular effort did not provoke
clear changes of the serum hormone content, 1. e., walking for congiderable distances
or swimming for 13 min, had no noticeable effect on the use of thyroxin by the tisaues,
whfch would have been refl d in the 1 of the But
it was determined by studies onthyroid rats that efforts epeed up
the disappearance of thyroxin from the blood and from the organs of the gastrointes~
tin;lxtrnct /285/, This observation probably retlects the existing changes most vor~
rectly.

Yu, B, Skebel'skaya studied the activity of the thyrold gland {n Tats under the
nfluence of an auditory stimulatfon, Upon using a bell once she could determine a
response, but prolonged use had an inverge effect,
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of In its turn, hype! p 2 of
thyroid gland activity, Thus, the hypofunctional state of the thyroid gland during
hypoxia is a responge reaction of the organiam to an increase of gaseous metabolism,

2, The Influence of Nutrition on the Thyroid Gland

The influence of & diet defictent in lodine has been gubjected to repeated studies.
The thorough works of Catz, Rawi, Galger /237/ are of considerable interest in this
respect, Studies were made of the of a diet an quan=-
tity of iodine on the PBI, on the total lodine of the thyroid gland, on the weight of the
thyroid gland, and on the capture of 1131, The animals were killed 10, 20, 34, 106,
and 237 days after being maintained on such a djet. After 10 and 20 daya, when the
quantity of 1odine in the th{rold gland was respectively 81 and 61% of its normal
value, an increase of the 1131 capture was noted, But even after 105 days of being
maintamed on such a diet, when the total iodine in the thyroid gland was under 20%
and the PBI was at about half the level of the control animals, the glanddidnot incresse
in weight. Ci q1 ly, changes set in bly sooner than the ap~
pearance of murphological changes in the tissues of the gland, Even during the whole
ohservation period of 237 days it was not posaible to determine an augmentation of the
growth of the thyroid gland tissue,

Milcuandothers /422/ report that in rats maintained for a long time on a diet poot’
in iodine the absorption of lodine by the thyrold gland was 10 times smaller than in
the control smmals and the time of excretion of lodine from the prgamsm wag fihort-
ened, Morphological changes were also noted in the gland of the experimental animale.

There are many works devoted to the influence of various alimentary factora on
functional and morphologmcal states of the thyrowd gland, especially in relation to their
possible etfol 1 impo: in the of golter; but studies on the influ-
ence of altmentary conditions on the absorption of radiolodine by the thyroid gland
were also made without having \his aspect {n view, Reichlin {471/ studied the inftuence
of lack of water, of starvation, and of the antidiuretic hormone, on the activity of
the thyroid gland and on the rate of secretion of the injected 138 from the gland,




L.M, Tsofina /30/ discovered an augmentation of the bromine content during thyro~
toxlcosls, s compared to it content In the normal thyrold gland,

B,M. Gordienko /47/ to rats 3 or 30 mg of
NaBr per 100 g of welght for 25 days and noted a growth of the thyroid gland, chan-
gen tatic of hypothy , and 2 of the basal

Many and repeated studies were performed on fluorine In the etlology of en-
demle goiter and on the influence of Its salts on the function of thyrold gland. It
has been reported that adminlstration of farge doses of fluorides provoke a notice-
able reduction, which {8 malntained for a long time, of the various parameters of
the blological activity of the thyrold gland, Some authors attribute a definite impor-
tance to fluorine in the etiology of endemic golter /49, 61/, It was shown that the

thyrold gland has a marked affinity for fluorine and absorbs it in conslderable
quantities,

R.D. Gabovich and N, V. Verzhikovskaya /38/ note that admintstration of fluo-
rine provokes an {mpoverishment of lodine in the thyro:d gland,once fluorine accu-
mulates in the thyrold gland it may compete wlth fodine by forming fluorotyrostnes,
which leads to an endogenous Insufficlency of iodine  The same authora showed by
experiments that [n rats receiving large quantities of fluorine the absorption of
fodine did not differ from its absorption by control animals, Noticeable pathologi-
¢€al changes (n the thyrold gland only set {n when water is used with a concentration
of fluorine of 10-15 mg per liter, or of 0,75-1 mg of fluorine per one kg of weight,
Such concentrations almost never enter the organism and this is why the authors
do not accept the oplnien of some researchers about the role of {luorine in the etio-
logy of endemic golter.

A number of other researchers /17, 151/ also think that the goltrogenie role
of fluorine is unimportant, §,N, Cherkinskil and R. M. Zaslavskaya /165/ summar-
ized the results available on the ratlo of lodine to fluorine tn the drinking water 1
varlous endemic centers of the Soviet Union. They noted that the F/I ratio 15 always
above 30, Upon studylng endemic centers of goiter no greater quantlty of fluorine
Was noted in the external environment, An F/I ratio above 30 does not lead toa
higher frequency of endemlc golter.

1N, Sharkevich /166/ is of a different opinton; he determined the reduction
of the 1831 abgorption and other functions of the thyroid gland in rats maintained

o a diet with a high fluorine content. He admits the possible rale of fluorine in the
development of endemic forms of goiter,

B.B, Rodyanskil /116/, feeding rats with food containing 4.5 mg of sodium
fuoride per 100 g weight of the ammals, could note a lowering of the basal meta-

bolism and ion of the h He afficms that F may have an
antithyrotropic action.

Y P

Jenzer 369/ studied the influence of fluorine on the function of the thyroid
land of rabbits, Two months after administering various doses of fluorine to rab-
buts {one mgand more, every24hours) he determined a reduction of the basal meta-

bolism, of the thyroxin content in the posterior lobe of the pituitary, and a suppres-
slon of the thyroid gland secretion,

N Minder and Gordounoff {425/ tried to the of an
etween fluorine and lodlne by way of adding fluorine salts to solutions of ditadoty-

Tosine. It was shown by chromatographic studies thatunder these conditions drodo-
tyrosine {s

& into . According to the author's opinton,
‘la may explain the af the r dine by the thyroid
gland upon tion of large of fluorine.




that during a diet with insufficiency of phenylalanine the thyrotd glands of rat
8 are
small, but the mechanism of this action is still unclear. T e

3, Pharmacological Agents Having an Influence on the Thyroid Gland

A large pumber of having an action on the func~
tton of the thyroid gland are known at the present time, In a series of cases such
an action has a specific character and such substances have a practical use for
controlling the function of the thyroid gland, In laboratory conditions as well as in
the treatment of increased activity in people, The substances of this group are call~
ed antithyroid or thyrostatic compounds, Apart from them elements of group ViI,
as well as other inorganic and organic compounds,are known ta have an Influence on
the function of the thyroid gland.

The influence of halolds

. Isler, Leblond, Axelrod /364/ studied the influence of NaCl on mice main-
tained on a low lodine diet. Increase of the thyrold gland size and a low lodine con-
tent in #t, as compared to the gland of control animals, were found in animals re-
cewving complementary NaCl, Such an action of NaCl is explalned by the Increase
of odine excretion in urine under the influence of large quantltles of common salt,
Other reports exist about the weakening of the thyrold gland function and the strengh~
enung of the thyrotropic function of the pituitary upon administering excess quantl=
ties of sodium chloride,

The interrelation between bromine and lodine in the thyrold gland and its In-
fluence on the functional state of the gland have been studied by many authors, The
actual state of the question of the biological role of bromine Ls discussed in the re-
cently published review by F, Ya. Berenshtemn /20/, The thyroid gland of man con=
tains 0,9-1.4 mg% of bromtne, After Ing p of lodine the bro=
mine content in the gland is reduced. Administration of thyrold gland preparations
provokes a reduction of the bromune level [n the blood. Bromlne, in its turn, has a
considerable influence on the function of the thyrold gland,

E.N, Emel'yanova /57/ showed experimentally that the hormone {s kept back
by the thyroid gland and the quantity in the blood i reduced upon administering

bromine.

Yu.B, Skebel'skaya /126/, who administered 10 mg of bromine to rats for
1-3 days, observed a decrease of the functlon of the thyroud gland and after longer

admunistration a strengthening of its function.

The action of bromine 16 effected through the thyrotropte hormone of the pit-
uitary. A report exists on the favorable influence of bromine preparations during
< u T emi4tiaaatemAa Vaol Michel and Roche 618/ note that the

ne Is considerably smaller than

. r admunistration of small doses,

'd the authors could not deter-
rmine any antagonism between bromides and lodides. Their metabollsms takes place
Independently, Bromlne absorbed by the thyroid gland is not in a bound state; [t
does not enter into the composlition of an organic compound andis speedily excreted
The dehalofdizing enzyme of the thyroid gland has the same action on bromoty-
rosine as on mono- and diiodotyrosines,

LN. Verkhovskaya /29/ affirms that bromine accol
fnto competing relations with it In the thyroid gland. LN.

mpanies lodine and enters
Verkhovskaya and



As is geen from the curve, the percentage of lodine sbsorption by the thyrold
gland is firat of all a function of the quantlty of {odine administered. It Ia necepsary
to take into account the quantity of lodine In the food when evaluating the actfon of
adminlstered doses of stable or radioactive iodine.
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Bols and Larsson /224/ studied the action of different levels of lodine con-
Symption on labeled lodine fractions in the thyvold gland after administration of
1895, 1t was shown that (n rats, maintalned for a long time on a diet with a low lo-
dine content, {odine I8 accumulated more rapldly and in a greater quantity by the
thyrold gland, and ia secreted more rapldly from It, than in animals receiving a
complementary quantity of lodine in their diet, The processes of reduction of mona~
fodotyrostne and dllodotyrostne fractions and the augmentation of thyraxin and trilo-

In the of th tn, which take place with tlme, have a
more rapid course in rata maintalned on a diet insufficlent in fodine. Insufficlent
{odine consumption led to & conslderable increase of the ratlo of 1131 _manolodo-

t;iransme to 1'31.dliodotyrosine, ae well as of the ratlo of 1131 -trilodothyronine to
M3l ethyroxtn,

. Halml /340/, determining the effect of various quantities of stable lodine on
" ueoahaorpt\en of 1131 by tne thyrold gland, diacovered that administration of up to
mg‘:r lo;idlne has no effect on the gradlent of radio-
o

todine SYEOIC BAN | 1ormal rats and in rats recefving propylthiouractl, Further
{ncrease of the quantity of stable lodume reduces this gradient in rats receiving
propylthlouracil, This probably depends on the limited capaclty of the thyrotd gland
for abaorbing fodine, Valuea of the lodine concentration in the serum, required for

¢ llquidation of the gradlent, depend on the state of thyrotroplic regulation,

lodine administered to rats tn doses from 1 to 100 mg penetrates very weakly



Demole 260/, who earller affirmed the exlstence of an antagon!sm between
fluorine and thyroxin, later admitted the incorrect nature of hia previous conclu~
slon and refuted the t of a 1 between the hormone
and the haloid.

On the basis of preliminaryexperimental results on the suppression of the
thyrotd gland function by flucrides, Galetti and co-authors {316/, and others, stu-
died the function of the thyroid gland of patients sulfering from hyperthyroldism
receiving daily doses of 1~10 mg of sodlum fluoride at varlous intervala. They
dld not gucceed {n determining a constant action of fluorides on the function of the
thyrold gland. A number of the ndicatora of the activity of the gland were decreased,
Clinieal ameliorations were noted in a small number of patlents,

Very recent results obtalned as a result of the use of radiofluorine on rats
/600/ did not confirm the previous chemtcal results of Chang and others /240/ on
the accumulation of this element In the gland, Galettl and Yoyet /315/ too, could
not determine noticeable absorption of radiofluorine by sections of normal or
thyrotoxi¢ glands, According to these authors, fluorine Inhiblts the absorption
o}!dlodme by the thyroid gland In the same manner as perchlorate, but to a lesser
extent,

Apsrt from halolds, the thyroid gland also bas & rather high activity in rela~
tion to other elements of group VII of Mendeleev's periodlc system, Barman and
others /203/ studled the g hent d bro-
mine {n the thyrold gland after adminlstration of radloactive {gotopes of thege ele~
ments, Two hours after injectlon to rats the concentratlon of Mn®? (a the gland
ts 10 times higher than ite concentration In the blood, that of Br82 1,3 times higher,
and that of Te 10-30 times higher, the capacity of the thyroid gland to absorb 1!
and Re!86 s more or less (dentical and is considerably higher than actlvity ia re~
latfon to Mn and Br.

Another element of this group, astatine, also accumulates in the thyroldgland,
Schellabarger and Godwin /519/ administered radioactive astatune intraperitoneally
to rats and d: red its in the thyrold gland. The inten-
sity of lts inclusion became uniform upon shortening the time between administra-
tlon and study, In rats recelving thiouracil the absorption of astatine by the thyroid
gland Increased, while the absorption of 1131 was reduced under these conditions.

Barson and Schellabarger /204/ compared the effictency of At21), radtating
a-particles, with the new short-lived lsotope of fodine 1132, recently introduced
into clinleal and 1aboratory practlce, In relation o thelr efficlency in inhibiing the
1!31 capture by the thyroid gland, It was shown that the same Inhibition of the lo-
dine absorption by the thyrold gland Is obtained by uslng 1131 in doses 2.8 times
higher than the dose of At211,

The actlon of todlde

Todide 1s a well-known inhibltor of the thyrold gland and it s widely used in
clinical practice in the control of hyperthyrold glands. It la necessary to dwell In
particular on the absorption of iodine by the thyroid gland, depending on the concen-
tratlon of its fons In the blood or in the external environment Iy general, The quan-
tity of (odine absorbed by the thyrold gland depends directly on itz quantity in the
blood. The more lodine there Lz in the food, the less I8 captured by the gland, The
same may be said about the capture of 1131 administered for experimental and thera-
peutic purposes, In the early studies of Hamilton /341/ It was already determined
that the fodine accunnzlated in the gland depends on the total quantity of fodine adminie~
tered. This dependence is represented by a curve InFigure 5 {taken trom the book

of S. Komar /83/).



from biopsy, treatment with lodldes leads to Involution of a hyperplastic thyroid
gland In thyrotoxic patients /328/,

A vumber of hypotheses has been made on the Influence of lodide on the nor-
mal course of hormone formation In the thyroid gland. According to the oplnion of
some authors, fodide effects ita therapeutic action by way of preventing the absorp~
tlon of 10dine, Ya. M, Kabak and E.B, Pavlova showed that a sufflclent concentra-
tlon of todlde totally Blocks the formation of organically bound fodine in a normal
thyrotd gland and in fresh sectlons of the gland,

Fawcett and Kirkwood /287, 528 think that [odide has an actlon very stmilar
to that of aromatic goltrogenic agents, competing with tyrosine for the capture of
oxldized fodine. According to their opinion, oxidized lodine reacts with an excess
of lodide and forms a complex I” + I, = I, Inaccessible to tyrosine,

Despite the fact that both theories have experimental proof, and on the basls
of the fact that fodine insuffictency plays a role in the formation of Its organically
bound forms, it was shown that & hyperplastic thyrold gland of patients suffering
from Basedow's disease contains an even greater quantity of fodinated thyroglobulin
than a normal gland,after successful treatment with fodine It 15 also assumed
that during Basedow's disease lodide exerts its therapeutlc action by suppressing
the reaction of the thyrold gland cells to TSH. There l& a number of indirect proofs
in favor of this assumptlon: 1) lodide fnhibits the action of TSH on the thyroid gland
of hypophysectomized rats; 2) the in vitro inactivation of TSH by explants, 3)
the thyrold gland itself is inhibited by lodlde of the medium, while there is no ac-
tive TSH in the urine of patients suffering from Basedow disease. It appears easily
10 the urine of thyrotoxic patients which have been subjected for a ghort time to
treatment with iodide, Other results were also brought, confirming this opinion,
but all these arguments do not constitute a final proof for the direct interaction of
TSH with the cells of the thyrold gland and do not exclude other methods of inter-
action of lodine with the thyrotrople substance of the pltuitary,

The action of other elements on the thyrotd gland

In relation to the study of the etfology of goiter, a certain importance is attri-
buted to the of micr on the state of the thyroid gland,
Detalled studies have recently been made on the cobalt, mickel, manganese, copper,
and zinc contents of the thyroid gland and it was attempted to relate fluctuations
of their quantlty to the activity of the gland and to their possible importance in the
etiology of goiter.

Bellotti and others /209/ studied the content and digtribution of manganese
{n the thyrold gland and determined a relatively large quantity of this element 1n
the gland, especlally at an early age. The greatest part of the manganese was
found in the colloid. After an intravenous injection of two mg of manganese during
increased functioning of the thyrold gland, a high level of manganese was noted in
the erythrocytes.

Koch and Smith /384/ determined the content of copper and ztnc in the tissue
of the thyrold gland in a normal state and in some pathological states They noted
8 sharp increase of the copper content and a threefold ncrease in the zinc content
of the tissue of the gland in reticular carcinoma with lesion of the organ. In can-
cer without clear lesion of the thyroid gland and in adenoma they noted a rela-
tlvely small increase of the copper content,

Rechenberger /470 reported on the increase of the copper content of blood



into the thyrotd gland. In the human organism noticeable suppression of iodine
accumulation already takes place when 1-2 mg of lodine are introduced daily /296/.
This suppression is particularly noticed In cases of hyperthyroldism. The quantity
of jodine contained in {odinated salt and In some vitamin-mlneral compounds s
insufficient i{n order to reduce the uptake. But in fact, all other lodwnated drugs
reduce the absorption of {odine by the gland and the action of iodine preparations
on absorption can continue for a period of several days In healthy subjects, to
several months in cases of toxic nodular goiter, During prolonged admimstration
of therapeutic doaes of lodine the collotd content of the gland increases and the
follicular cells become flattened and less active, But the mechanism of iodide ac-
ton leading to the alleviation of thyrotoxleosis remalns as yet unclear, There are
three hypothesesonthe method of action of iodine; 1) lodine has a direct action on
the thyroid gland, suppressing the formatlon and secretion of the hormone and re-
ducing the activity of the follicular epithellum; 2} {odine directly inactivates TSH
and 3) fodine suppressea the secretion of TSH from the pitultary,

Most researchers think that lodine influences the function of the thyroid gland
by changlng the production of TSH. But there are a number of studies showing the
direct effect of lodine on the tissues of the thyrold gland.

Thus, A,S. Breslavskil /22/ studied the Influence of micro- and macrodoses
of fodine on the thyrold gland of rats (40 ug of Nal or 50 mg of Nal per 100 g of
weight) receiwving 6-methylthiouracil and not receiving the antithyroid preparation,
He did not succeed In showing changes of the TSH content in the pituitary under the
actlon of 1odine, In view of the fact that changes In the thyrold gland took place
without changes of the TSH of the pituitary, the author thinks that lodine acts di-
rectly on the thyroid gland,

Greer and DeGroot 328/ d the rate of secr of the thy-
roid gland in euthyrold and thyrotoxte persons who recewed 300 mg of Nal daily.
In thyrotoxic patlents lodine provoked a reductlon of the secretlon rate of the thy-
rold gland. Administration of varying doses of TSH when lodine contlnued to act
restored the secretion rate of the to its previous value, lodine had no ac~
tion on nonthyrotoxic patients. After they were glven TSH lodide provoked the
slowing down of the hormone secretion of the thyrold gland, just as in thyrotoxic
patients. Thlouracil had no actlon on these processes. On the basis of the results
obtalned the authors conclude that lodide and TSH have antagonistic influences on
several 1dal for the of the thyrold
hormone. They also do not exclude partial Influence of todlne on the secretion of
TSH by the pitultary.

A.A. Voltkevich /32/ studied the influence of KI on the structure of the thy-
roud gland of rats, upon administering it simultaneously with sulfidine or thiouracil.
When the amimals received only potassium iodide [n large doses with their food,

were observed In the of the thyrold gland and a sumul-
taneous reductlon of the blalogical activity of the thyrold tissue by 15%, as compared
1o the normal state, Upon administering K1 to the anlmals, together with thiouracil
or sulfidine, an augmentation was noted In the changes of the microatructure, as
emiate 7 L L T experiments
. Ya, M. Kabak
- . alnistration
. ) . he pitultary
ction of thiouracil but, at the same time, fodide weakened the reactlon
orine ::;::id gland o thioureates. Analogous results are brought by McGinty and
Sharp /400/.

tely different from the ac-
‘The actlon of 10dide on the thyrold gland s complef
tion of thiouracil and other goitrogenic agents. As was shown on tissues obtalned



that while supplying a diet with 2 Jow lodine content calcium reduces the capturing
of 10dine by the thyrold gland snd provokes morphologlcal changes charactertstic
of a hypothyroid state. The absorption of jodine from the intestine remains un-
changed affer administration of a single dose of calctum or after its prolonged
sdministration. CaCOj also had a goitrogenic effect during parenteral administra-
tion of iodine.

It te possible that the goltrogente effect of calclum s realized by way of ln-
creasing the urinary lodine clearance, or by reducing the synthesis of thyroxin,
N.S, Demldenko /50/, provoking disorders of the calelum metabolism by changlag
the functional state of the parathyrold glands, studied the goitrogenic effect on the
thyrold gland, Upon Increasing the calcium content of the hlood, the reaction of
the thyTold gland of rabblts to ation of 1 wa tn-
creased. During this the thyrotroplc functlon of the pituitary was considerably de-
creased, Thus, during calcemla clear inconsistencies are noted between the reac-
tlon of the thyrold gland to the goitrogenic factor and the Intensity of the thyratropic
tunction, Upen reducing the calclum content of blood, no particular changes In the
Teactlon of the gland to the goitrogenic factor were noted, A notlceable Increase

of the thyrold gland reaction fo the goitrogenic effect was noted when rabbits re-

celved for 15 days. ta was then provoked In them
and of the was During this the di~
raenslons of the thyrold gland increased by 2.5 times, as compared to the control

@and, Thus, under of an lodine Y y
enhanced the development of golter and, consequently, as Is pointed out by the author,
the disorder of calcium metaboliem may strengthen the effect of Lodine insufficlency
on the development of goiter,

Szafran and Mach /403/, who studled {odine metabolism in the progeny of
rate malntained on a diet with an excess of calctum, came to simllar conclusions,
In these animala varlous indicators of the functional state of the thyroid gland
were decreased. In rats of a third generation ralsed on a dlet rich in calcium the
capacity of the gland to accurnulate {odine was 6 times smaller than in the control
animals, The authors come to the that prolong of cal-
cwm, even when given together with a diet with adequate lodine content, provokes

severe changes in the metabollem of lodine and causes disorder of the thyrotd
gland function,

4. The Action of Antithyrold Substances

Important results have been achieved during the last two decades inthe
chemical control of the function of the thyrold gland, During this period many ef-
fective substances, having an inhibiting action on the function of the thyrotd gland,
have come Into laboratory practice and therapeutic use, This group of substances,
which was named or thy has a large number of re-
Presentatives, related to several groups of organic and inorganic compounds, The

most active components of thls group were found to be sulfur-~contalmng organic
Substances, At thn pmamaes g Shg oot ot W .
tion on the funct , ¢ . [P TN . .
search for new -

an overactive .
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In 1 It is known that antithyroid substances inhibit the thyrold gland by interfering
mechanirlous phases of ladine metabollsm in the gland, but the problem of thelr
anlem of action has not yet been fully determined In most cases,

The first report on the chemical control of the thyroid gland came out in the



serum In thyrotoxicosia and on Its reductlon in hypothyroidism in humans,

A large number of studles are devoted to the lmportance of cobalt for the func~
tlon of the thyrold gland. The influence of this microelement on the function of the
gland was studied {n relation to therapeutlc uses of cobalt preparations, one of them
being vitamin BIZ which contains 4,5% of cobalt, Repults on the effect of cobalt

preparations on the function of the thyrotd gland are not always uniform. Roche and
Layrisse /501/, as well as Kriss et al. /385/ aifirm that cobalt, administered oral-
1y, effects a constant suppression of the thyrold gland function. Sharkevich 1187/,
who studled the actlon of CoSO, on the absorption of 1131 by the thyrold gland of

rats, came to the same conclusions, According to his results,the thyrold gland
has a higher sensitivity to cobalt than other organs, The selectlve accumulation of
this element in the thyroid gland gives rige to the questlon of {ts possible role in
the etialogy of endemlc goiter.

Vitamin B, also has a certaln relation to the functlon of the thyrold gland and

to its hormone, which (s not fully determined, There are reports of Borson and
others /226/ that in the presence of a diet lacking In vitamin 512 hyperplasgia of

the thyrold gland appears In rats, Vitamln By, totally prevents the appearance of
a thyrotoxlc state in chicks /31/

Contradicting results also exiat, Thus,for example, Jaimet and Thode 365/,
as well ag Holly /355/, upon using similar therapeutic doses of cobalt could not
discover any noticeable effect on the functlon of the thyrold gland. This question has
been very recently restudied by Paley et al,/449/ on euthyrold and hyperthyrotd
patients, after administering cobalt chloride in a dose of 37,5 mg for over 10 days.
A constderable reduction of the 1131 absorption by the thyrold gland was determined
after 30 mun, 1hour, and 24 hours. S: tlon of thiocy led to
the expulsion of all the absorbed lodine from the gland.

These results mainly showed that cobalt blocks the organic binding of the ad-
ministered radiojodine by the thyroid gland Results of studies on the dstri-

bution of c::s"cx2 showed that under conditions of atress only about 10% of the ad-
ministered cobalt (s adsorbed from the gastrointestinal tract.

Differences in the adsorption and the level of cobalt in the blood and in the thy=
rold gland could have been the cause of conflicting reporta on the effect of itg the-
rapeutic doses on the function of the human thyroid gland, Results of studles on rats
did not glve proof of a higher absorption of cobalt by the thyrold gland. Its quantity
in the gland was found to be no greater than lts content In the plasma of the organ,

A large number of studles 1s devoted to the role of calcium In the eticlogy of
endemic golter, The possible Influence of calcium on the development of endemlc
golter 1s another old problem, The role of calcium as a goltrogenlc agent hag been
discussed for more than 120 years, but there are as yet no results which confirm
this incingly, Several hy exist about the possible mechaniam of action
of calctum on {odine metabolfsm. This action may be related to the precipitation of
{odine in the intestine and to the prevention of its absorption by the increase of
urinary excretion of lodine when calcium ls contalned in excess quantity in the food.
1t is also admitted that,in the presence of an excess of calcium, it is probable that
the absorption of chlorldes leads to the reduction of fodine absorption by the thyroid

gland.

Taylor /570/, adding 2 mg of calcium carbonate to the food of rats, showed



inhibition of growth, etc, f.e., a picture characteristic of the thyrold gland
removal is ohaerved. Hyperplastic changes in the thyrold gland also appear.
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P-amlnosallcylle actd Sulfonamides

Phenothiazine

All these questlons In respect to the various antlthyrotd substances were
studled in detall by K.A, Voltkevich, Ya. M. Kabak, A,N. Petrova, M,G. Zaks,
and others and upon Ia the by V . aswellaslna
serles of surveys and peparate arttcles /65, 60, 111/,

M.N Khanin, T.G. Terekhova,and E.I, Burshtein /158/ were among the
first to study the actlon of thiourea on basal metabollsm. They noted the absence of
severe hypertrophy of the thyrold gland and changes of the follicles in dogs, as
compared to rats In a stmilar state. In rats receiving thlourea basal metabollem
wag twice aa low ag in the control antmals,

In another work M, N. Khanin and K.G, loffe /157/ also showed the high
therapeutic effect of thiourea on patients suffering from Basedow’s disease, Treat-
ing with thiourea led to the speedy reduction of bagal metabollsm.

Slingerland /531/ tested the of 180 of varloua

and pharmacological effect on the absorption of 1131 by gections of sheep thyrotd
glands, Most of thege atroplne, P 1
benzole actd, para-aminosalicyllc acld, vitamina A, B, By In concentrations of
18°°M, had no influence on the gradient Many hich
are difflcult to elasslity by any feature, supp: the absarption of lo-

dlae, Of thege, mercuric chloride, methylene blue, rhodamine, ninhydrin, mena-
dlone, dinltrophenal, arsenic trioxide, reduced the concentration of the 1131 which
bad already accumulated in the section, A large number of compounds inhibiting
the absorption of radiciodine by the thyrald gland were found to be substances re-
acting with SH groups, Some of the tested compounds inhiblted, together with the
reduction of the 1131 capture, the oxygen consumption of gland sections

5. SHtICE of the derwvatves of ¥ y _and
D;o-kﬂihlorobenzylldenerhndamne made by $ A Glova, M S Avgustinovich, L P
Homkiv, and A, P. Dyban /43, 1, 51, 55/ thy yroid a;

Wity of the first two compounds, while their thyrostatic action was
élderably stronger than that of 6-methytthouracil,

nd g
found to be con-

v Studles on a number of new compounds were made during the last years
3. M Kabak, I.B. Simon and A.S. Kenikova /70/ tested the influence of twelve
few compounds with the common group

el
5w



middle of the last century, when notice was taken of the sedative actlon of hydro-
cyanle acld on patients suffering from thyrotoxicosis, The next observation was
made in 1832 by Marin and Bauman (clt, from The Hormones,/358/), who noted the

effect of on the thyrold gland of rabblts, A report then ap-
peared on the development of golter with reduced metabollsm In patienta sutfering
from hypertension and treated with thiocyanate /202 /. But the progress of our know-
ledge on thyrostatlc substances begins frem the work of Mackenzle, Mackenzie,and
Maccollum /406/, who reported for the first time in 1941 that sulfaguantdine is a
goltrogenic agent In rats, A slmllar report was then made In regard to thiocarba-
mate, These {ea pi d study of the 1y action of the
above compounds and stimulated the search for new Inhibltors of thyrold gland
functlon having no toxic effect on the organism, From the large number of com=
pounds checked by Astwood In this respect /193/ thiouracil had the strongest
activity,

A methylated derfvative of thiouractl, which was found to be a considerably
more active b than Iteelf, was tested in the labora-
tory of Kabak /66, 64, 72/, The number of antlthyrold substances Increased con-
tlnuously and there are actually more than 50 known compounds having a thyrosta~
tic effect, which are used to various extents In medical practice, In all, several

of such were Most of them were found to be gol-
trogenic to a certain extent

A considerable part of the antithyrold compounds contain In theur structure

a thiocarbamide group having an antithyroid effect. One group of derlvatives con-
talns thiourea, bazole, 2-mer having an oxa-
zolic structure, thiouracll and ita derivatlves, thiopyridine, etc.

Ni
#
s
e
Thiourea
2-mercaptoimidazole
u
N =CH,
s=c{ "} W
0-LH -
g g
&,
2, 5-vinyl-2- thio-oxazolidon 2-thiouracll
Ancther large group {8 of the derl of aniline, 88
belng aramatic (nhibitors of the thyrold gland. This group Is represented by para-
acld, p 3 ete, &
large number of resor P Ly Y P! etc , are

also related to this group.
“The third group of antithyrold substances {s composed of inorganic {ons,

Besldes this, there Is a number of compounds which cannot be related to any
of these groups.

The above groups of antithyrold compounds differ by the variety of their action,
by the mechanism of the thyrostatic effect, as well as by the comparatlve strength
or degree of the morphologlcal and blochemical changes taking place, not cnly::; )
the thyrold gland,but alsonothertissues ~The common factor of all these antithy
rold isa fon of the basal a equency
of heart contractlons, morphological changes In the anterfor lobe of the pituitary,




and the cells, Thus, the action of antithyroid substances of this group ls summed
up by the blocking of thyroxin synthesis in the gland.

There are reports on the Influence of thiouracll and Its dertvatives on the
metabollsm of the thyrold hormones in the gland. Van Arsdell and Willlams /589/
found that propylthiouracil slows down the destruction of 1!3Llabeled thyroxin and
trilodothyronine in the organiem of rats, A speeding up of the 113! excretion in
feces Is noted simultaneously and this {s related to Its augmented entry Into the
bile,

The study of the of action of 5-lod: /590, 326/
onrats showed that this derlvative of thiouracil prevents the formatlon of thyroxin
and probably increases the elaboration of TSH, which conditions the development of
golter,

Aromatic pa acld, par
lieylle acid, resorcin,and others have a somewhat duferent action, There is an
opinlon that thelr Influence on the functlon of the thyroid gland comes from the fact
that these compounds compete with tyrosine for the binding of oxldized lodide. Thie
opinion has been experimentally confirmed by the works of Fawcett and Kirkwood
/287{, Dlsorder of the lodination of tyrosine leads to the blocking of the thyroxin
synthesle and, from there, to chemlcal hypothyrotdism

It was shown that sulfonamides do not have an nhibiting action on the capture
of lodine by the thyroid gland, Recent studles of the mechanism of action of a new
sulfonamide, carbutamide, also showed that this preparation suppresses the forma-
Hon of organically bound lodine in the gland, without Influence on the absorption of
{odine by the thyrold gland,

The action of another tsofa
comletely different character. Its basic effect depends on Its suppressing the cap-
ture of todine by the thyrold gland i vivo and by Its sectlons In vitro /307/. It
was later shown that thiocyanate efects lodide from the thyroid gland when the or-
ganic binding of fodine in the thyrold gland {s blocked by the adminlstration of thiou~
racll, Recent studies of Vinegaarden and others showed that some univalent {ons
;; h . chlorate, h; peri . {odate, difodate, and nitrate
have properties similar to those of thiocyanate n the blocking of the iodine cap~
ure by the thyrold gland and in the ejection of {odine from the gland, These sub-
stances also have a certain goltrogenic actlon.

A.S. Breslavskii and LB, Simon /23/, comparing the thyrostatic action of
Potassium perchlorate to § i1, came to the that while

perchlorate has a smaller gont effect, It has a conslderably st ti-
Grvols e ® gortrogenic effect, erably stronger ant

ton ﬂCDn!lderable reduction of the 1132 absorption during prolonged administra~

ot epex;:h!oraze was also shown In a series of other works {234/, This proper-

mzn); Taptorate, in the absence of toxicside effects, makes It a most sultable

o or the control of an overactive gland, Its use in the treatment of Basedow's
8ease had a good therapeutic effect,

ore, A comparative study was recently made on the influence of various antithyroid

M B allons on the capacity of the thyroid gland to concentrate radiowodine,

2Fs Merkulov /09/ admi per
mercaptoumidazole to white rate for

sorptlon of 1131 by the gland.
e lodine content 1

derably, The mes

Y il, and ly
a prolonged pertod and then studied the ab-
1t was shown that the thiouracil derivative increases
n the gland by 2,8 times and reduces its level In the blood consi~
captoimidazole derivative had a slmllar effect. Both preparations



on the absorption of radlolodine by the thyrold gland of healthy people. The high
antithyrold activity of 2-mercaptoimidazole was confirmed, os {n a dose 16 times
smaller than that of methylthiouracil it caused total inhibitlon of the 1131 absorp-
tlon. The methylated derlvative of thls component was found to be even more actlve,
1t was also shown that 3,3-bis {par: . which
probably has an influence simllar to that of 2-mercaptoimidazole and blocks the
organic binding of todine In the thyrold gland, has antithyrold activity.

The effect of thyrold gland {nhibitors Is totally removed upon admlnistering
thyroxin, but thls action e not related to peripheral neutralization of thyrostatic
substances, As was shown by many studies, thicurea and similar antithyroid sub-
stances didnot interact chemlcally with the thyrold hormones, There la also no
proof of the change of response of the organism to the administration of thyroxin
under the action of thy c y, antithyrotd
Interfere in the function of the thyrold gland {n the process of hormone formatton,

Suppresston of lodine absorption by the thyroid gland takes place under the
actlon of thiocarbamides, e.g., thiourea, thiouracil,and other analogous compounds,
the jodine content of the gtand is also considerably reduced, Such observations
were made in vive and in vitro, Astwood and Blesel /193/ noted a reductlon of {o-
dine in the gland to 1/30 of the initial quantity, The reduction of the quantity of
total {odine, as well as that of pl active in the thy-
rold gland, were also shown by means of blo-assay in the experiments of Ya,

M. Kabak /64/ by the implantation of thyroid glands of normal rats and of rats
recelving methylthiouracil into tadpoles. As was expected, speedy metamorphosis
of the tadpoles occurred after Implantation of the thyrold gland of normal rats an
the gland of rats receiving the antithy preparation the mor £
activity. The basic actlon of thiourea, thiouracll,and its derivatives on the thyroid
gland Is expressed by blocklng the process of hormone synthesis, It was deter~
mined that thiouracll prevents the binding of lodire absorbed by the thyrold gland
into an organle form, Besides this, changes of the oxidizing-reduclng potential of
the colloid and the cells were observed. The changes observed under the action of
thioureates bring to mind the action of KCN on the cellular enzymes.

Bois and Larsson /225/ studled the action of prolonged adminlstration of pro-
pylthiouractl or TSH to rats malntalned on an todine deficlent diet. Determination
of the lodinated components inthe thyroud gland revealed the reduction of dliodotyro-
e formation, Notwlthstanding studles that have been made, there 1s no definite
opinion on the chemieal site of the action of thiouracil. A hyp 5 wa d
on the binding of free lodine by thiourea, We should then observe competltion be-
tween tyrosine and thiocarbamides for elementary odine. During this the capture

- G ami s il smmnctnem olamantary Tndine into lodide and

no conv g proof., Most & see the cause for the disorder of normone
formation under the action of thioureates as being the suppresslon of the function
of the oxidative enzymatic systems, ensuring the transformation of lodides tnto [,

As was shown, this process Is effected under the actlon of peroxidase and cyto=
chrome oxidase, Thelr presence In the gland was determined by Dempsey /261/
{n histochemical studles.. According to his opinion, addition of thiouractl leads to
the suppression of peroxidase activity, without touching the cytochrome system,
De Robertis /263/ also maintains the same optnlon.

ew was expressed by another group of researchers, who
discovered a disorder of cytochrome oxidase actlvity under the action of thiacarha-
mides, Besides this, as was shown by Dempsey /261/, De Robertla /263, and
Gross, thioureates provoked changes of the oxldizing-reducing potential of the collold

An opposite point of vi



preparations, Such an effect Is observed even In cases when thepreparation was

administered to patlents whose metabollc rate was close to that of a hyperthyroid
state,

The problem of the metabollam of many antithyrold substances in the organ-
tsm has not yet been determ d and it Is not d that the antithyroid effect
may inanumber of cases be created by the degradation products of these compo—
nents in the organism.,

Tt was very recentty shown in respect 1o thiouracil that the process of its
detoricatlon takes place in the organism by way of methylation at the 2-positions
and that the administered compound Is partly excreted in the urine wn the form of
2-methylthlouractl /515/

According to the report of Maloof and Soodak /412/, thiourea is also speedily
destroyed In the organism. Ten hours after administering 3 mg of a $35-labeled
preparation there was 10 ttmes more activity in the gland of the rats than in the
serum, but only 3.4% of the S35 was found In the form of thiourea in the thyroid
gland and 75% tn the gerum. More than half of the 533 in the thyrold gland was Ia
the form of a sulfate, Liver and thyrold gland aectlons absorbed thiourea and thiou~
rasd, but capture agalnst the concentration gradient did not take place and all the
577 in the sections remalned tn the same form in which It Was administered,

There are only & few reports on the action of antlthyroid substances on other
aspects of metabolism in the thyrold gland, or on the processes of hormonal iodine
metabolism in other organs. Notice should be taken of the Teport of Watson and
Trikojus /602/, who succeeded in showing a considerable reduction of the proteoly-
tic activity of the thyroid gland tissues of rats recelving 2-methylthiouracil,
Bellottl and Ravera 210/ reported that upon administering propylthiouracll to
guinea pigs a conslderable reduction of the eitric acid content of the gland takes
Place, together with the aygmentation of the welght of the thyroid gland.

Y are very important for the of hyperthy~
rowdism. Extensive experiments on the use of varfous preparations having a thyro=
#tatle action show their considerable y upon being for a pro-

Longed period, but disappolnt because of the constant relapses after the treatment

has ceased, These preparations are nevertheless extensively used when preparing
Patients with toxic for surglcal Inter .

tion lAtpan from definite antlthyroid substances having & specufic actlon on the func-
by of the thyroid gland, there 15 a large number of pharmacological substances used
Mamedical practice having a certain thyrostatic effect when used for other purposes.
Hhany of these preparations are belng studled (n detall, in order to better control

© functional state of the gland when they are used for treatment,

oy Pe Smlenov /132/ studied the action of some blocking agents (substances
STUpting the reflex arc at various pownts) on the tlssue metabolism of the thyrocd

#land of muce and rats, A 1t

blocking doses, sharply reduced the T

yperplasia of 1

function probal

Pplne,

of n gang
131 content of the thyrod gland of mice, but
he gland was not observed, The blecking of the pituitary thyrotropic
bly alsa takes place under the action of hexonum. But hexontum, atro-
m“sli:‘d sympathomimetlne have at the same tume no noticeable nfluence on the
anetor :‘n:{uon of inorgani¢ iodine into an organically bound form, They act on the
nuston lodide 1nto the tiesue of the gland and hexonium also reduces the secre-
the inctnine {rom,the gland. On the other hand, hexonium and atroptne increased
tered m a:-::l{“ T in the thyroid gland and its secretlonfrom it when adminis~
red in doses. The reduction of various indicators of thyreid gland activity

292/ and a series of sedatives, as

meprobamate /440/, etc,

i upon ing
example reserpine /386, 440/, promazine,



blocked the fodination of thyroglobulin, The capacity of the gland to accumulate fo-
dine was sharply reduced upon administering KCXO Flgure 6 gives a schematlc

representation of the character of action of some anulhyro(d Aubrtances,
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Figure 6.  The mode of actlon for the thyrotd hormanes

a-in a normal state, b—mctlcn of thlocax'bamldes, sulfon=
amides, sup| e
of thlocyanate, suppress(ng the nsslmunuon ol lodidea

Most of the above-mentioned antithyrotd agents have a goltrogemic actlon,
which is expressed by hyperemia, hypertrophy of the thyrold gland, by an increased
helght of the epithelium, by resorption of the colloid, etc, As became known later,
this reaction of the thyroid gland 1a & i etfected
by the partlclpation of the thyrotropic function of the pitultary, The formation of
the thyroid gland hormones is reduced by the actlon of thiouracll, their level in the
circulating blood Is sharply lowered, and this Jeads to the removal or to the consl-
derable weakening of their actlon on the anterior lobe of the pitultary, As a result
of the weakening of the control of the pituitary thyrotropie functl of
TSH Increases and a characteristic "golter reaction” appears In the thyrowd gland.
Although such an Interpretation of the mechanlsm of golter reaction has no direct
proof, there iz no doubt Lhat it is at least partly currect. The following fact con-
tlrmzd this 1 of thiourea,

i snd other does not provoke a golter
reaction; in animals becoming goltrous after recelving thiouracil, TSH ls not found
in the pituitary and during the suppression of the thyrotropic functlon of the pit-
uitary {starvation at high temperatures) no such goiter reaction was ohserved.

But there {a a series of factors the above P! of the
causes of the goiter reaction, It was shown,for example, that there is an Increase
of the helght of the thyroid gland cells of animals, within 24 hours after the begun-
ning of thicuracil action, before the PBI of the pla:ma had been reduced to a consi-
derable extent, Bes{des this, it was and

P upﬂn being d together with TSU. increased the action of the
thyroid . Such an increase of the
TSH action by the above agents may be explained by the augmentation of the golter
dimenslons, which were observed in some patients treated with one of thege




methods of chemical protection from Internal lonizing radiatlon, The resulta of
these studles show the Ldentity of the physlclogical aftereffects of the destruction of
the gland by radioactive fodine to those setting in after surgical thyroidectomy. The
authors note total reversibility of the manifestations of the antithyrold state inducks,
as well a8 In rats, upon compensating the lacking natural hormone with exogenous
thyroidine. Blocking of the thyrold gland with stable fodine or with derivatives of
thiocarbamlde, & short while after of r dine, wasan effectl
method for protecting the endocrine organ of the experimental animals from
radiatlon,

According to 8 recently published work, A,A. Atabek /15/ studled the biolo-
gical action on rats of radioactive fodine adminirtered by various methods. The au-
thor notes that upon administering a dose fn portions Inhibitlon of the function of
the thyrold gland (& considerably less manifest than when the same dose ia given at
one time.

The destruction of the thyroid gland by large doses of radioactlve lodine pro-
vokes a Beries of changes In the formation and secretion of hormones from the gland.
Reports have been published about the fact that after administering therapeutic
doses of 1131 the Hood shows of organfe of lodine,
mono- and tyrosines, and triiodothyr whichare inbutanol But

1t 8tlll remains unclear whether these products appear as a result of the radiation
on the thyrold gland, New studies have been made by Benuz and Dobuns f211/,
Horst et al. /358/, It was noted in the first work that when radiotherapy gives good
results the rateof radiolodine loss from the gland increases two weeks after the
admlnistration of 1131, Usually 20-60% of lodine stfll remain in the gland for
10-15 days  and when a favorable effect Is obtained It is reduced to 2-10%, In
patlents recelving a large dose of irradiation of the thyroid gland the quantity of
the butanol-extractable radioactivity is reduced. These results are in accordance
with those of Robins et al., proving the appearance of thyroglobulin in the blood of
thyrotoxic patlents who recelved large doses of radiofodine /474, 476/, The re-
ductlon of the fractions extractable by butanol might reach 50 % and less by aug-
menting the iodi Sthy [n, which s not by
butanol, It is assumed that this change Is a direct result of the Irradiation,

According to the results of Benua and Dobuns /211, 212/, trilodothyronine
1s found in the blood of most patlents after administration of 10-12, 36-mC of 1131
The authors do not relate the appearance of triiodothyronine to radiation, Ina
patient sulfering from Basedow's disease 17 days after administration of 12mC
1131, 17, jodide, 45% thyroxtn, 14% tr Ly , 20% BI0€,
4% diiodotyrosine were found in the serum. Monoiodotyrosine was generallyfound
more frequently In large quantities and it ks not a result of the action of radiation
orhyperfunction of the thyrold gland, Diiodotyrosine was found only after admints-
tering very large doses.

Y The results of Horst, Prevol, Franke /359/, are related to the synthesis of
he thyrold hormones in patients receiving therapeutic doses of radiolodine The
authora compare the quantity of hormonal fodine and the capaclty of lodine of being
:’:dpliced in the thyroid gland before and after treatment, The reserve of hormonal
dm“:e tn thyrotoxic patients was y reduced after with radioio-
vue‘ average absorption values of the thyroid gland returned to normal, but the

ues of PBI {n the blood increased considerably,

Studies of Sterling and Chodos /548/ showed that after treating thyrotoxicosia
‘;llgth‘"adiuioane. a8 well as after surgical thy the rate of deg of
abeled thyroxin {5 reduced to {ts normal level, or even below it.

We studied the dynamics of the changes of radicactivity in the gland, Hood,and



Slingerland /532/, NewmanandCupp/439/, studied the action of lodoalphtonic
acid (prlodax), a preparation used in cholecystography, and found that it reduces the
capacity of the thyrold gland to absorb lodine untll 30 days after Its use.

5, The Action of Radloactive Jodfne on the Thyrold Gland

The capacity of the thyroid gland to absorb a large part of the radioactive fo-
dine administered to the organism made It possible for clinicians and researchers
to use fodine {n order to change the structure and function of the gland radically,
Radloactive isotopes of iodine entering the gland are retalned there just as the
atoms of stable {odine, but In their constant diaintegration they liberate high-eners
gy particles having & destructive actlon on the tissues of the gland,

The radioactive isotope of todlne 1131, with a halflife of 8, 04 to 6. 16 days,
hag been used almost exclusively for research and dlagnosis since 1940, But dur-
ing recent times another tsotope of todine, 1132, having a halflife of 2, 26 hours,
is beginning to assume practical significance /342/, But 1132 with the same quan-
tity of pC frradiates the thyroid gland about 30 times less than 1331, Tre actual dose
of radiation on the gland {rom the game number of i C administered s even smaller,
for the quantity of radioactivity concentrated by the thyroid gland is llmited by the
speedy decomposition of the isotope, This difference in Irradiation 1a an invaluable
advantage of the new {sotope for research on humans, This is why it is highly ex-
pedient to use [132 when It Ls necessary to make studies during pregnancy or on
chlldren. 1t is especially convenient to use this fsotope when making repeated stud-
ies on one and the same person during a series of examinations of the function of
the thyroid gland, for example in order to evaluate its fluctuations in healihy peo-
ple, or to study the effect of druge on 1t /323/

As ia seen from data published, the acquirement and the use of 1132 for the
determination of thyrold gland function Is very simple and makes It possible to re-
duce the irradiation dose of the thyrold gland 40 to 100 times, and that of the gon-
ads 3to 4 times /338/. I!31 emits B -particles and y -quanta during its disiate-
gration, making It possible to evaluate the activity during clinical studies of the
7y ~radiation, which has a high penetrating capacity, 1132 also emits B -particles
of mediuim energy 0.45 MeV (mega electron volt) and considerably stronger
Y -quanta /312/

1131, 4ue to its suitable halfiife, s extremely convement for the study of the
functional state of the thyrold gland nd for experiments on metabolism.

The first reports on the use of radiotodine for the destruction of the thyroid
gland were published in 1942 by Hamlton and Herz, Herz and Robertls (cit. from
Klyachko,/78/), These reports were followed by a large number of works on radio-
thyr In varlous exper{mental animals as well as In patienta with hyper~
tunctlon of the thyrold gland. Thus, radioactive fodine became one of the fmportant
methods used in order fo act on the thyrold gland In experimental conditions and
in therapy. The destructive action of radioactive {odine in the tissues is basically
determined by its f-radiation. As 8 noted by V,K, Modestov /103/, total disin-
teg of one of lodine by §-r gives off 1,500

and by y 130

The morphological and physiologlcal effects of the action of large doses of
radioactive lodine were studied in detail by many authors and the published ma-
tertal on this question was recently summarlzed in an article by Ya, M, Kabak and
I.N. Tal’skaya /71/. This work, as well as the article by Ya. M. Kabak and
M. M. Nikitina /67/, bring the results of studies on the actlon of large doses of
radiolodine —[131= on the thyrold gland of ducks and rats and on several



. Chapter IX

THE METABOLISM OF IODINE AND OF THE THYROID HORMONES
IN PATHOLOGY OF THE THYROID GLAND

(Metabolizm foda 1 tireofdnykh gormonov pri patologil shehitovidnot zhelezy)

As hag been emphagized many times, one of the basic concepts of endocrinol-
ogy is the recognition of the fact that in varfous pathological states the incretory
gland may produce too much or too litile of the hormonal products, but that it does
not form other active compounds. This thesis evidently also applies to various
forms of pathology of the thyrofd gland, Isolated reports that have been published
on the discovery of unusual lodinated proteins in the blood or on disorders of vari~
ous stages in the process of hormone formation in same diseases of the thyrold
gland do not contradict this concept, for the unusual proteins appearing in the blood
of patients suffering from disorders of the thyrotd gland do not have biological ac-
tivity and defects in hormane formation algo lead, in the énd, to a reduction of the
hormone secretion, But If in basic forms of thyroid pathology, such as endemic
golter, Basedow's disease, and myxedema we do not observe biochemical disorders

in any stage of the chain of or of tion p of the hormones,
yetin some cases of thyrouditis, and particularly in cretimsm, defects of hormone
formation n the thyrotd gland, or of the have been
described.

In the basic forms of thyrotd pathology the functional stage of the gland may
be augmented, reduced, or remain without any noticeable changes, which tay be
discovered by the extent of absorption of radioactive 1odine, by the clearance of fo-
dine from the plasma, by the rate of hormone secretion, by the level of the plagma
PBI, etc, Upon studying the tisace of a surgically removed thyrold gland of such
patlents, it s possible to discover changes of the total fodine content snd of the o~
dinated organic Cases of v lead to the discovery
of defects an the hormone synthesis at one of the stages in the delodination of di-

{odotyrosine and iodinated protein 18 found in the blood in cases of Hashimoto's dis~
eage,

In all forms of thyroid of the 1 state of the thy~

rold gland is made first of all. Formerly, the main criterion of this evaluation was

the determination of basal metabolism, Upon studying the function of the thyrotd

E}a‘r:ihwi:‘l: tye"uue of radioactive fodine, it is possible to measure the various parta
., - N - .. P

. du-

. e
- . . een

. .
gland, as well as varlous criteria for the evaluation ef its functlon,
s, 1 A large enough numher of works have been published on this question /103,

e 55, 270/. Without elaborating on this question, we shall only limit ourselves
® expoaition of gome general theses, In a healthy man the accumulation of the
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urine of patients receiving therapeutic doses of 1'*! at one time, or in portions,
We also determined the iodine-containing components of the blood and urine by the
radlo-chromatographic method. The results of our studies show that the main part
of the activity administered Is accumulated in the thyrold gland within 24 hours and
a hlgh activity Is noted in the blood during the 5ame perlod, related to the presence
of Inorganic fodine, Activity bound to the protein gradually increases and {s equal
to about 80% of all the radloactivity in the blood after 48 hours. The mawn part of
the iodine administered Is excreted (n urine within the first 48 hours, while In urine
of thyrotoxic patlents we find, apart from inorganic fodine, a whole series of other
\odinated components, of which thyroxin is the main part, A detailed account of
this work will be published In the future,



the 1131 uptake by the thyrold gland and also in the level of the blood PBI,
which is probably explained by the varying course of the disease.

In some diseases of the kidneys and the lver a low level of lodine is noted in
the serum, combincd with & state of severe hypoalbuminemla, Bat this i8 probably
not related to adeficiency of the fodine carrier, for the restorationof the albumin con-
centration to its normal Jevel by Injecting pure albumin into the blood stream does
not lead to an increage of the fodine concentration,

The metabolism of jodine In the tisaue of the gland in various forms of goiter
was studied in glands ard nodulea which were removed surgically This question
shall be clarified further on, on the basis of the data from our laboratory,

In some forms of thyrold pathology, apart from the strengthening or the weak~
ening of thyroid gland function, defects in one or another stage of the intrathyroidal
synthesis of the thyroid gland hormones are observed, Such forms of biochemical
pathology are with some of and are of a congen~
ital character. Inall cases a hypothyroid state sets in, in general, as a result of
the elimination of any etage of the hormone synthesis

All the detafls of congenital defects in the process of hormone formation could
be studled in detall, due to the use of radl, fodine and of chromatographic stud-
fes of the fodinated compounds of the gland, The actual state of our knowled,e on
this question was presented In recent surveys of Mosler, Blizzard, Lawson /431/
and Clayton /242/.

An important contribution was made by Stanbury and his co-warkers to the
undergtanding of the nature of thege organie defects in biochemical proceases in the
synthesss of the thyrotd hormones, The following basic forms of thege disorders
have been described up to now.

1. The relative ¥ of the of 10dine 1nto an
organically bound form. The first case of sporadic cretinigm in which a metabolic
defect was determined was described by Stanbury and Hedge in 1850 /539/. In
these patients the absorption of iodine by the thyroid gland remaine on a high level,
but,in view of the absence of its binding into an orgame form, lodine ;b easily ejec-
tedby administering thiocyanate. During this the thyroud gland contains practically
90 organic fodine, as {s also observed upon blocking the gland with thouracil.
According to the opinion of a number of authora /396/, this defect depends on the
absence of enzymatic oxidation of lodides into iodine.

2, The absence of dehalogenation in the thyroid gland, The first to report on
hig defect were Stanbury, Kaesenaar, Meijer and Terpstra /540/ upon examining
2 patient with congenita) goiter, Later, Stanbury et al, /543/, Hutchinson, Arneil,
2nd MeGier /360/ gtudied such patients in detail and could determine that the ca=
pacity of the thyraid gland totake up iodine remainson a high level Organic bind-
Ing of fodine also takes place, but the main mass of dodine remains in the form of
fodinated tyrosines, This led to the conclusion that this form of congenital defect 1s
related to the absence of the capacity to deiadinate dirodotyrosines, which in nor-
;:alx conditions eagily separates fodine in the tssues, with return of the liberated
s ;}d into the metabolic cycle. The case of gostrous cretimsm recently described
(.y cGier /401/, having a hyperthyroid of iodine,
of {P:::;‘bly related to this group, It was shown that such a rare form of pathology
edb myrold gland, found tn localities where there {s no endemic goiter, 15 express-
!M:m e ;"Perlhyrold b o ption inthe presence of goiter
sef, gAC ear signs of cretinism, A similar case was described by V. P. Dyskin
is tnelons ¥a8 shown by the studles of McGier, the fodine absorbed In these patients
cluded into the of organic and forms
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administered iodine in the thyroid gland begins immediately, it reaches 15 % within
12 hours and almost 100 % within 24 hours. The values of jodine absorption by the
thyrold gland in a healthy man fluctuate widely, but they average 16-30%, During
this time more than 60% of the administered dose is excreted in urine and about
10% is distributed in the whole body. In thyrotoxicosls the accumulation of iodine
takes place more intensively and terminates more speedily, maximum absorp-
tion reaches up to 70 % and more, but the greatest accumulation is noted after

8 hours, and it takes place very infrequently after 24 hours, Excretion in urine is
reduced to low values, On the other hand, in hypothyroldism the thyrotd gland cap-
tures a y smaller pe ge of the lodine and effects
this at a slower rate. The maximum inclusion In this case is 7-10% of the admin-
istered dose and 18 generally reached within 48 hours. A large part of the remain-
ing fodine is excreted in the urine during the first 24 hours, but excretion goes on
in smaller quantities for 1-2 daya,

There s an inverse relationship between the extent of radioiodine absorption
by the thyrold gland and its excretion in urine, This Is why the excretion of admin-
iatered radioactive fodine in the urine within 24-48 hours may also be & criterion
of the functional state of the thyroid gland and the measurement of urinary clear-
ance is one of the methods used in clinical conditions for the evaluation of the func-
tion of the gland /162/. Various f are uged, exp g the

131 contents of the thyroid gland, the blood, and the urine /215/.

correlation of the I

After absorption of a tracer dose iodide is speedily transformed in the thy-
roid gland into an organic form. The synthesized hormone {8 secreted into the cir-
culation in the form of thyroid hormones and in the form of protein bound lodmne in
the plasma (PBI) The rate of of PBI quantities in the blood
and its level depend on the functional state of the thyroid gland. This I8 why the de-
term:ination of PBI of the plasma {s one of the important tests for evaluating the ac~
tivity of the gland, But determination of PBI is a complex procedure, demanding
qualified analytic work, and cannot replace the generally accepted simple method of
evaluating the functional state of the thyroid gland by the uptake of radiolodine.
Values of the PBI in a healthy man and 1n a patient suffering from pathology of the
thyroid gland fluctuate widely, Besides, there is a relatively large range in which
the values of healthy and hyperthyroid subjects overlap. Astwood et al. /181/ ob-
tained results for PBI of 0-32 pg%. The usual normal value is considered as being
5.8 pg%, with fluctuations from 4-8ug%. But values below 4 and above 15 4g%
were also obtained,

In myxedema values abave 4 j g % are infrequently obtalned and it is a good
. P g to between healthy people and those suffering from
myxedema, Thus, 4 §1g% may be accepted as the lower limit of the normal values.

In hyperthyroldism the level of the blood PBI fluctuates from 8ug to 23 pg
per 100 ml of blood, But values lower than 8 pg % are also obtalned. As Is noted
by Astwood, the level of PBI was lower than 8 u g in 3 % of the hyperthyroid peraons
and in 18% of the euthyrold people it was above this value, Thie {8 why differenti-
ation between hyperthyrotd and healthy persons by the level of the PEI is not as rea~
gonable as between and healthy persons. Astwood thinks

that 4,5 g g % correspond more to the upper limit of the PBI in the normal state,

538/, determination of PBI
According to the opinion of Staffurth and Birchall /538/,
Egin nontreated primary thyrotoxicoms. In other cases of thyrotoxi-

at valu
o aations do not reflect the real functional state of the gland,

cosis, 1ts fluct
without manifestations of thyrotoxicoals, PEI is found with-
of the cases and it may be above or below 4-8 ug% ina
In thyroiditis large variations are noted in the extent of

1n simple goiter,
fn a normal range in 90%
small number of cases.



itabond 1in a pathologically-changed tigsue., There were differences in the absorp-
tion of {odine,and In the creation of a considerable gradlent and degree of binding
with the protein, in sections of adenomatous tissues which were histologically iden-
tleal, As iz pointed out by the authors, these clear differences may be the expres=
sion of the changing state of the function of adenomatous tissue in the course of the
diseage, Studies on sections of carcinomatous tlasue show that in cancer of the thy-
roid gland thiocyanate could not eject absorbed Iodide even during blocking of the
sections, but this fodide was not in an organically bound form.

Thus, the question of the presence of a special form of {odide in the thyroid
gland, which cannot be ejected by thiocyanate in some thyroid disorders, was con-
firmed in this work,

The character of this form of fodfne was studled in rats recelving propylthio=
uracil /458/. It was shown that {odide which cannot be ejected by perchlorate i
found in a bound protein form, but thia protein differs from thyroglobulin by the fact
that {t contains fodinated components mainly in the form of monoiodotyrosine,

Owen and McConahey /448/ reported the discovery of an unusual lodinated pro-

teln in the blood serum of patlents from During phe

812 of the serum proteins, after administration of tracer doses of 1151, noticeable

Rmounts of radioactivity were found in the fraction precipitated with the proteins,

butwere not extractable by acid butanol, This

but its real nature is not determined, During hydrolysis of the gland tissues, the
as

authors could not note in the 11

COMPArA 1 mammsn? —3oedm, ™ & she s 3o b 4inn o pacteomn

itis m: ' - .

thyrotc . ,

PEL In this form of thyroiditts a much larger quantity of unbound fodine ia found
In the tigsues of the gland. of y reduces the
activity of the gection. A eimilar picture 1s also cbserved in granulomatous thyrold-

1t1s, in which, according to the results of Owen and McConahey /448/, the thyroid
Eland cannot bind odine organeally.

canegorders of fodine metabolism In the thyrold gland have also been noted in
28 of h;

b by the of lodine {448/. As report-

fron 4 organs and Trotter /428/, hypothy n p by prolonged

o ot fodine to eathyrold persons without thyroid pathology has at its root the losa

ol @ capacity of the gland to synthesize organic lodine in the presence of an in-
a5¢d level of fodine fn the plasma or in the thyrotd gland.

e Thus, besides quantitative changes in the degree of uptake by the thyroid
nd, and the increage or the of ‘monally active in the gland,
ere are cle:

of ar disorders of the hormone formation processes 1n a geries of cases
thyTold pathology,

roud g;:“:l“ are but few reports on changes in the iodinated components of the thy-
Elobung fn ek are found in a free form as well as in the composition of thyro
Pornted o (hrr20U8 forms of disease of the thyrold gland. Trunell and Wade /584/
fod, Mhyronm: ;bnnrmal fluctuations of the relative proportions of thyroxin and tri~
thyroglabutin ¢r,20¢noma hydrolysates of two patients, but Stanley /545/ found that
the 1 from benign adenomas does not differ in chemical composition from
Protemn of a normal Hasue.

The formation and
< gland pathology have recenty
emistry of the Medical Inatitut:

of the thyroid in various forms of
y been thoroughly studfed in the Laboratory of
e of the krai of the Academy of Sciences of the

thyro
Bioch,



compounds similar to thyroxin, They are extracied by butansol, do not pass into al~

kallne fractiona, are gecreted into the blood just as lodothyromnes, but the result

of the studies showed that they have no biological activity, According to the results
of Fletscher, Litvak, and ry /299), upon administering dliodotyroaine to such
:Jatlents it remains in the organism for a longer time and is excreted {n an unchanged
orm.

3, The defect in the of tyrasine {nto hormon-
ally active molecules of fodothyronines. In these patients with hypothyrold goiter
the uptake of fodine by the thyroid gland is also increased. The processes of
tyrosine iodination and dehalogenation of mono- and dliodotyrosine are not disor-
dered, hatextremely small quantities of thyroxin are found in the gland and in the blood.
This form of defect is from the point of view, by the less-
enng of the of Y with formation of a thyronine ring,
as a result of the absence of apecific ondizing enzymes,

There are also ceports on other defects {n the formation and metaboliem of the
thyroid hormones. Hutchinson, Arnell, and McGler {360f described a case of in-
fant eretinism which was not supp! by with thyroid gland,
but was speedily cleared up with trijodothyronine, The authors assumed that in
this cage the defect depended on the absence of thyroxin delodination, with forma-
tion of . Bot the effect of trd Y . when there
18 no amelloration by the use of thyrozin, was found only in one cagse and the ex~
planations brought forth are not well-founded. As {s known, trijodothyronines are
mainly formed in the organism unot by deiodination of thyroxin, but by the condensation
of mono- and y As 18 correctly noted by Querido /465, the
concept of the absence of peripheral defodinationof thyroxininto trifodothyronine de-
mands more direct proof. The Iow level of the blood PBI of these patienta should be
explained if thyroxin 1s secreted into the blood in sufficient quantities.

Clayton J242/ notes possible variations of the extent of enzymatic defects, It
may be assumed that in simple goiter slight defects may take place in the synthesis
of thyroxin, which could be compensated by the stimulation of the thyroid gland by
TSH. He described four children of one family having euthyro:d goiter, from whose
thyrold gland iodine was speedily eliminated by thiocyanate, The author believes that,
although these children have a defect in the arganic binding of todine, the extemlaf
this defect is to bring on hypothy when thy p
leads to hyperplasia,

Reporta have been on the ap of an d proteln differing
from thyroglobulin in the blood of a patfent with congenital goiter. DeGroot et al.

1257) recently reported the discovery of an unusual protein in the blood of patients
in its and fode~

from golter,
inyronines combined inta peptides. After hydralysts, this protein gave monolodotyro-
sines, dilodotyrosine, and thyroxin, But the hydrelysis waa not total under the action
Pl PSSty
. ., . . . )
the thyrofd gland,
. e e e e s s st cmcenpria— e oo
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rbed 189 was not ejected upon adding thio-
f todide, or in the form of

ith an antithyroid substance, the abso;
:dya:zie. This az::i possible differences 1n the form of



1. The gland and the nodute take up radiolodine with different intensities,
and thig is clearly discovered upon determining the actlvity of thin sections, In

* thyrotoxic adenomata the nodule has a considerably higher activity than the gland,
and in euthyrold goiter the maln activity 15 found in the gland, which leads to a
lower fodine content in the nodule

2. A relatively higher content of inorganic and of mano- and dfiodetyrosine
10dine 15 contalned in the nodule than in the tissue of the gland, consequently, fn
these cases the Increase of fodine absorption by the gland does not yet prave an
Increase 1n hormone formation, This result confirms our opinion that the thyro=
rine ring is synthesized from mono- and difodotyrosine molecules wside the cells;
this is why the quantity of thyroxin tn the tissue of the gland is always larger than
i the nodule.

3. When there is colloid in the alveoli, a considerable part of the iodine in
its composition is found in an fnorganic form,

pon comparing the activity of the free iodinated compounds, extracted from
the gland without hydrolysis, to the activity of the compounds contained in the bu~
tanol extract of the tiasue and gland are noted
between the nodule and the tissue. Thus,x‘or example, 1in a case of thyrotoxic ade-
noma the nodule had an activity of 25,000 disintegrations when § radiation was
counted on sections weighing 10 mg and the tissue had 2, 130 disintegrations, but

a considerable part of the nodular activity was found in the form of inorgame 10-
dine, while that of the tigsue was in the form of iod{nated amino acids

Thus, various interrelations are determined between the nodule and the tis-
sue of the gland, which probably depend not only on the type of golter but also on
the periods of its development. The thorough study of the biochemical bonds, of
the stoularitles and differences between the tissue of the gland and the nodule 1n
various stages of hormone formation, may throw lght on the problem of the inter-
relations between the gland and the pathologically changed tissue of the nodule,

a problem which 1s a& yet unclear.



Uzbek SSR, with the participation of workers of the Laboratories of Endemic Golter and
Pathohistology,  After thorough clinical study and evaluatfon of the functfonal state
of the thyrold gland by the uptake of radioiodine and by other criteria, patients
walting for operation received 100-200 u C of radloactive jodine and were operated
upon 24 hours later, Apart from the gererally accepted biochemical indlcators, a
thorough study was made on these patients of the jodinated compounds of the blood,
urine, and the removed gland, In some of the patienta the butanol extracts of the
blood and urine were subfected to chromotography. The removed glands were sub-
fected to histological studies, which were complemented in a series of cases by
historadlographic studies,

The etudy of jodine meétabolism in the thyroid gland was made separately in
the gland tissue, mn the nodule, and in the colloid in which total {odine, protein
bound fodine, and {norganfc fodine were analyzed by the usual chemical methods,
The total activity of tissue gections, the activity of the protein fraction, and the
free iodinated components extracted by butanol were determined by radfochemical
studies, Chromatographic analys{s was also made of the free fodinated aminoacids,
and of the butanol extract of the alkaline hydrolysates,

The total fodine content in various forms of goiter was studied in 30 glands
which were gically . Inthe p of a nodule the determinatfon
of fodine was made separately in the tissue of the gland and in the nodule. Con-
siderable fluctuations were found in the total {odine content and in the protein
bound fodine in the gland and in the nodule, but it was not possible to determine
a clear correlation between the type of goiter and the haloid content, It may be
noted that {n nodular golter the tissue of the gland generally has a larger lodine
content {from 16,5 to 95 mg %) and the nodule a smaller content {from 2.2 to
63 mg%). The lowest value for the total iodine content, and particularly for the
protein bound iodine, ia found in calcified thyroid glands with a very small colloid
content,

‘The fractions of lodinated compounds were extracted from the homogenate of
removed tissue by butanol before hydrolys:s, and the material was then subjected
to a 2N-alkaline hydrolysis The hydrolysate was also extracted with acid butanol,
The extracts were studied by two methods 1) in order fo determine the ratio of
lodine, , and sine to that of thyroxin, the extract was
washed out with strong alkall and the activity in each part was determined separate-
ly; 2) in order to separate the various compounds more precisely, the butanol ex-
tracts were subjected to chromatography in several solvent systems, We obtatned
the best separation In 2 system of butanol-dioxane-ammonia (4 1:3). Results ob-
tained by analyzing the tissue of the gland and of the nodule show that 24 hours
after the administration of 133! the main mass of jodine fn the gland is found in an
organically bound form, Only 1-4% of the total activity is accounted for by inor-

@ mercantage {8 consider-
- the {norganic fo-
. . = '  ion of mono- and di~

fodotyrosines passing from the butanol extract 1nto the awauue solution is 40-70%
and the thyroxin fraction is 20-40% of the total actlvity, During analysis of the
nodular fodine compounds the fraction of mono- and duodotyrosines is 45-83%
tLeomewin ta 19990 Fanecially low values of thyroxin and correspond=
. . and duodotyrosine lodine were obtained
. a1s10ns, Thus, {n one cage of & grade 1V
¢ the total activity, the fraction of mono-
ana wiyroxin contatned only 7.1% of the total

.and dilodotyrosine contained b4, Yo,
activity.

made by us show definite differences in res-

Thus, the results of the studies At I T

pect 1o the various fractions of the jodinated compounds In the t
and the nodule, These differences are as follows
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CONCLUSION

The new stage in the studies on the formation and metabolism of the thyroid
hormones, beginning with the use of radtoactive fodine and the chromatographic
method, led to the guccessful solution of many fundamental questiona of the bio-
chemistry of the thyroid gland hormones. But the completion of the study on gome
aspects of the problems raise new problems, whose solution may be considered as
being probable, in view of the results which have already been obtained, Research-
ers in this domain of biochemistry have many important problems before them,
whose solution should lead, on the one hand, to the clarification of the complicated
m 8 of {ntr sm, and on the other hand, to that of neuro-
humoral mechanigms, regulating with surprising precision the production, distri-
bution, and action of the hormones n the organism as a whole. The determinations
of the nature of the form of thyroxin acting at the cellular level, the thyrold hor-
mone mechamsm of action, the particul of their In the vari-
ous regfons of the central nervous aystem, and of the biochermcal basis regulating
the formation and secretlon of the active elements of the gland, apart from beiag
interesting from the theoretical point of view, are undoubtedly a problem of para-
mount practical impor in These objects were concisely formulated
by E.A. Vasyukova in the following manner: "it fa necessary to expand, in every
possible way, the work in the field of hormone metabolism as well as on the meth-
ods of their inclusion in the biodynamics of the effector organs, to bring out clear-
1y the role of the hormones in nervous trophism and the role of the hormenal link
in the neuroreflectory reactions” f25/.

The solution of these questions demands persistent research, as well as
carrying out of extensive studies, using the pogsibilities of modern methods,

Upon taking up the writing of this monograph, we attempted to sum up the
achievements reached in the study of the thyrold hormone biochemistry during the
last decade and to attract the reader's attention to works in this domain, thus pro-
moting the development of new research.

Successful research on such important as the modern Y

of hormones, as well a8 the study of their tissus metaboltsm, their mechanism of
4+ d their pl 1 effect, requires qui] pure pre-

parations, compounds labeled in various and a wide basis.

These conditions are often difficult to obtain, especially for researchers working
far from the large urban centers. But we hope that the existing shortcominga,
which have been to a considerable extent the cause for the lag in biochemical re-
search, shall be corrected In the near future, Guarantees for this is the daily at-
tention paid by the Cq Party to the of acience in our country,
28 well an the strong interest shown by the XXIst Congress of the Communist Party
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