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SYNOPSIS

The history of work on the physiology of iodine is traced, and
the rapid advances of the past quarter of a century described. In
considering the application of these discoveries and of recently-
developed techniques to problems of thyroid function and the
treatment of hyperthyroidism, the author examines the mechanism
of the iodide trap and the role of iodide in the biosynthesis of
hormones. The kinetics of hormone release, the nature of the
circulating thyroid hormone, and hormonal metabolism are
discussed.

Regardless of the precise structure of the thyroid hormone, there can
be little doubt that its metabolic activity depends upon the iodine which
it contains. The biosynthesis of the hormone is accomplished by the
thyroid epithelial cells in response to physiological demands, and certain
aspects of iodine metabolism are, therefore, contingent upon the func-
tional status of the thyroid. Conversely, the biological activity of the
thyroid cell may be modified by factors which limit the availability of
iodine to it.

In view of the close association now known to exist between iodine
and the thyroid, it seems quite remarkable that Coindet 7 began to use
iodine in the treatment of goitre only seven years after the discovery of
this element by Courtois in 1812. In 1819 Fyfe 9 found that the common
sponge was an abundant source of the new element. In 1830 Prevost 27
suggested, apparently for the first time, that a deficiency of iodine in
the water-supply might be responsible for goitre. This concept was not
tested systematically until the period 1850-4 when Chatin6 investigated
the natural occurrence of iodine. He concluded that a deficiency of iodine
in the air, water, and soil was associated with goitre and recommended
that the water-supply in goitrous districts be enriched with iodine. In
view of the crude analytical methods available to him, Chatin's observa-

* While this paper was in preparation, a comprehensive review of quantitative aspects of iodine meta-
bolism in man, by Dr. D. S. Riggs, was published in Pharmacol. Rev. 1952, 4, 284.

t This article will also be published, in Spanish, in the Boletin de la Oficina Sanitaria Panamericana.
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tions of a hundred years ago were remarkable. Unfortunately, certain
analytical discrepancies over-impressed his contemporaries,4 and the import-
ance of his observations was not immediately realized.

Observations along entirely different lines were to contribute tremen-
dously to the establishment of a firm connexion between iodine and thyroid
function. In 1874 Gull 14 described certain " cretinoid " manifestations in
adult women. Four years later Ord 24 reported confirmatory observations
and suggested the name myxoedema. The observations of Kocher 18 and
the cousins Reverdin29 led ultimately to the recognition of post-operative
myxoedema. Because of ignorance about the parathyroid glands, the
changes of experimental athyreosis were not clearly established until
after Murray 22 had shown in 1891 that the subcutaneous injection of an
extract of the thyroid gland would ameliorate the symptoms of myxoedema.

According to Harington,15 Semon (1883) 32 was the first to suggest that
the absence of thyroid function resulted in cretinism, myxoedema, and
"cachexia strumipriva".

In spite of the circumstantial evidence which favoured the presence of
iodine in the thyroid, this was not actually demonstrated until the work of
Baumann 5 in 1896. The work of Oswald, beginning in 1899,28 confirmed
and extended the observations of Baumann and resulted in the identification
of thyroglobulin.

Attention was then turned to alkali hydrolysis of the thyroid - a line
of endeavour which in 1919 culminated in Kendall's 17 isolation of thyroxin
from the acid-insoluble portions of the products of alkali hydrolysis of
the gland substance. To quote Harington :15

" It may suffice at this point to emphasize that by the successful isolation of thyroxin
and the demonstration of its high degree of physiological activity, Kendall provided the
final and long sought for proof of the essential connection of iodine with the activity of
the thyroid; strong as was the chain of evidence from other sources pointing to the like-
lihood of such a connection, it remained circumstantial in character until, in Kendall's
achievement, it received its objective confirmation."

Modification of Kendall's method of procedure led to the isolation
of considerable quantities of thyroxin, and its ultimate synthesis was
reported by Harington & Barger in 1927.16 Thus ended one of the most
productive periods in the application of chemical techniques to the study
of endocrine gland function.
A quarter of a century has now passed since the synthesis of thyroxin

and the meeting of the First International Conference on Goitre at Berne.a
Although the discoveries of the past quarter of a century permit of a better
understanding of the physiology of iodine and thyroid function, they have
not, as yet, been widely applied to the problem of endemic goitre.34 In
regard to the former, the most notable advances appear to have been : (1) the

a The Second International Conference on Goitre met in 1933; the Third in 1939.
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discovery of a variety of potent antithyroid agents (Astwood et al.,3 and
MacKenzie & MacKenzie,21 in 1943) and their wide application in thyroid
physiology and the treatment of hyperthyroidism; (2) the discovery of
radioactive isotopes of stable iodide (1271) and their application to the study
of iodine metabolism; (3) the growing application of the method of Sandell
& Kolthoff31 for the measurement of iodine in biological fluids; (4) the
application of subtle methods (especially chromatography) for the resolu-
tion of complex mixtures to the study of constituents of the secretion of
the thyroid.

In regard to the physiology of iodine, the following remarks may be
construed as applying to a hypothetical normal individual in whom neither
iodine nor other necessary nutritive agents are lacking. At the outset, the
function of the thyroid gland may be stated in its simplest terms as the
formation, storage, and release of an iodine-containing hormone. Further,
a " normal" iodine-intake may be regarded as one which would allow this
mechanism to proceed without compromise in function or adjustment in
thyroid morphology (Levine, Remington & von Kolnitz 20). Also, for the
purpose of this discussion, it is best to assume a steady state of iodine
intake; the effects of pharmacological doses of iodine will not be considered.

Exact information on the chemical form in which iodine is absorbed
from the bowel is not complete. The evidence at hand, however, indicates
that iodine compounds are absorbed predominantly as iodides, and in
this form are transported by way of the blood-stream to the thyroid gland.

Iodide-Trapping Mechanism

The thyroid epithelium has the unique property of accumulating iodide
ions from the circulating blood at a relatively enormous concentration.
A high iodide concentration within the thyroid cell would appear to be a
sine qua non of normal hormone synthesis. In 1947 Vanderlaan & Vander-
laan 36 investigated the iodide-trapping mechanism in rats which were given
thiouracil to inhibit the biosynthesis of thyroid hormone. Under the con-
tinued (eight to ten days) influence of the antithyroid agent, the normal
thyroidal iodine was depleted and a markedly enhanced (10x) affinity of
the thyroid for radio-iodide was demonstrable. The iodide thus accumu-
lated by the thyroid apparently did not enter into organic combination
but maintained its identity as iodide and could be abruptly dissipated
from the thyroid by the administration of potassium thiocyanate. These
observations afford considerable support for the concept that the process
of iodide-accumulation is separate and distinct from the ensuing process
of hormone biosynthesis. Only the former is blocked by the administration
of thiocyanate.

It is of considerable interest that Stanbury & Hedge 35 and Stanbury 33

have reported studies of four goitrous cretins whose thyroid activity is
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quite similar to, if not identical with, that of the thiouracil-treated rat.
These individuals exhibit a rapid uptake of radio-iodide by the thyroid;
the administration of potassium thiocyanate is followed by a rapid dis-
charge of 1311 from the thyroid; yet the evidence is conclusive that virtually
no thyroid hormone is being produced. In other words, they maintain
an adequate or enhanced iodide-trapping mechanism, but are apparently
unable to carry out the normal biosynthesis of thyroid hormone.

The thiocyanate-inhibition of iodide-accumulation can be overcome
by the administration of relatively large quantities of iodide. The mecha-
nism of action of thiocyanate is not completely explained, since the thyroid
concentrates potassium thiocyanate only about one per cent. as effectively
as it concentrates iodide (Wood & Kingsland 37).

The fundamental nature of the iodide trap remains unsolved. Albert
has suggested that the concentrating mechanism may involve a specific
enzymatic system capable of holding iodide in diffusable form, or some
very special protein which selectively binds iodide ions. Under normal
circumstances the iodide is held in the trap for only a brief period of time.
Progressively more and more atoms of iodide are removed from the
trap and organically bound within thyroglobulin.

Biosynthesis

It is generally agreed that iodide does not enter into the biosynthesis of
hormone until after its oxidation. It has been suggested, but not proved,
that a peroxidase system may be concerned in this oxidation.

Although the evidence is not complete, it is generally accepted that
the thiocarbonamide compounds inhibit the oxidation of iodide, perhaps
by virtue of their direct reducing action (Pitt-Rivers 26). The activity of
the sulfonamides and p-aminobenzoic acid has not been adequately
explained.

Recent chemical studies have demonstrated at least two unidentified
compounds within the thyroid (Gross & Leblond 10). It is now becoming
apparent that the intrathyroidal metabolism of iodine is quite complex.
Important progress was made in this regard during the past year with the
announcement by Gross & Pitt-Rivers 11, 12 of the identification of 3:5:3'-
L-triiodothyronine. This compound appears to possess three times the
hormonal activity of L-thyroxine.12' 13

The search for enzyme systems which might facilitate the synthesis of
thyroid hormone or promote the splitting of thyroglobulin continues. As
yet, few questions have been answered decisively. It may be of some
interest that a desiodase has been identified (Roche et al.30). This enzyme
apparently promotes the de-iodination of diiodotyrosine, the liberated
iodide being returned to the pool within the gland for re-incorporation into
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thyroglobulin. A thyroidal enzyme with mucolytic activity has been de-
scribed by Levine.'9

In view of the recent interest in the artificial iodination of casein, it is
pertinent to note that Wyngaarden et al.38 demonstrated that, under proper
circumstances, iodine-poor thyroglobulin could be iodinated without the
participation of the living thyroid cell.

Hormone release

The concentration gradient of thyroxin between the thyroid and the
plasma has been estimated as approximately 100 to 1.10 It is possible that
thyroxin leaves the thyroid by a process of simple diffusion. Obviously, any
circumstance which accelerates the release of thyroxin from the thyroglo-
bulin store will potentiate the entrance of this substance into the blood.
Although the phenomenon of hormone release from the thyroid gland
can be followed with some success by the use of 131I techniques, the kinetics
of the process are not simple, because of the simultaneous accumulation
of iodide from the iodide space. Many studies indicate a close connexion
between thyrotrophin and the release of hormone from the thyroid.
Specifically, hypophysectomy diminishes hormone release to about one-tenth
the normal rate (Randall, Lorenz & Albert 28); the administration of
thiouracil augments release, while thyroxin inhibits it (Albert & Tenney 2).
Iodide has no constant effect on the rate, whereas thyrotrophic hormone
greatly augments it.

Circulating hormone

Recent observations have generally supported' the concept that the
circulating thyroid hormone is thyroxin, although the work of Gross &
Leblond,'0 and more recently of Gross & Pitt-Rivers,"' indicates the impor-
tance of triiodothyronine. In general, most investigators are agreed that the
major portion of what is known as serum protein-bound iodine (PBI) is
thyroxin, although the possibility that it may be a small peptide of thyroxin
is still not ruled out.'

In regard to the terminology, Albert' points out that
"... by weight the serum contains one million parts protein to one part thyroxin,
assuming that, under normal conditions, the protein-bound iodine is mainly thyroxin.
With such a ratio precipitation of the protein by any method would carry along by
absorption a considerable quantity of free thyroxin. Furthermore, thyroxin being an
ampholyte and also extremely insoluble in acid media, would be fairly well precipitated
from an aqueous solution in the absence of any protein by those same reagents employed
in the determination of precipitable, protein-bound iodine. For these reasons and in
the absence of data showing the binding by protein of thyroxin, it seems that there is no
compelling necessity to designate the organic iodine of blood as 'protein-bound'. The
solubility of the organic iodine of the blood in butanol has been interpreted as breaking
a loose type of protein binding. Yet it seems more reasonable that it is merely the expres-
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sion of the high solubility coefficient of thyroxin in this solvent. Therefore, the most
adequate term seems to be ' organic iodine'. . .".

Regardless of the terminology, it is generally agreed that the deter-
mination of the serum organic iodine concentration is helpful in the
recognition of thyroid disease. The organic iodine of a newborn infant
is the same as that of its mother within 12 hours of birth, but up to one
year of life it is slightly higher than in a euthyroid non-pregnant adult
(Danowski et al.8). By the techniques currently employed, the normal
level of PBI is generally regarded as falling within the range 4-8 ,ug per
100 ml of serum; most analytical methods depend upon the measurement
of iodide by the use of cerate colorimetry.3

Metabolism of thyroid hormones

After injection of radiothyroxin, the thyroid accumulates 1311 at a slow
constant rate which is independent of plasma concentrations of thyroxin.
Thus, the thyroidal '3'I must represent radio-iodide liberated during the
catabolism of the thyroxin (Myant & Pochin 23). It was calculated that
approximately one-third of the thyroxin is removed per day.

Radiodiiodotyrosine given intravenously has a very limited existence,
the compound being de-iodinated completely in about six hours. In contrast
to the observations with radiothyroxine, no localization of radiodiiodo-
tyrosine in the liver was observed.

Aside from the partition of radio-iodine which occurs in connexion
with the metabolism of thyroxin, one must be impressed by the dearth of
knowledge about the actual effect of the thyroid hormone upon the cells of
the body. Granted that " normal amounts " of thyroxin are necessary for
proper cell function and the maintenance of basal oxygen consumption,
almost no decisive information is at hand concerning the mode of action
of this compound.

RESUMIt
En 1830, Prevost suggera qu'une teneur insuffisante de l'eau en iode pourrait etre

responsable du goitre. Cette idee ne fut reprise qu'en 1850-54 par Chatin, qui, au cours
de sa recherche de l'iode dans la nature, parvint A la conclusion que le goitre 6tait associe
au manque d'iode dans I'air, 1'eau ou le sol; il recommanda l'addition d'iode A l'eau
potable. Ces considerations ne trouverent pas a cette epoque 1'echo qu'elles meritaient.
Ce n'est guere qu'en 1883, A la suite d'observations faites des 1874 sur le myxCed6me
postoperatoire en particulier, que les consequences de la suppression de la fonction
thyroldienne furent reconnues. En 1891, on constata que l'extrait de thyrolde ameliorait
les sympt6mes du myxced&me. La presence d'iode dans la thyrolde fut demontree en 1896.
C'est en 1919 que la thyroxine fut isolee des produits d'hydrolyse de la glande thyroide,
et en 1927 qu'elle fut synthetisee, par Harington et Barger.

L'epithelium thyroidien a la propri&e d'accumuler, A de fortes concentrations, l'iode
circulant dans le sang. Une concentration elevee dans la cellule thyroldienne parait neces-
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saire a la synthese de l'hormone, mais le processus d'accumulation de l'iode semble
distinct de la biosynthese de l'hormone. Grace aux isotopes radioactifs de l'iode, des
cas de cr6tinisme goitreux ont ete etudies, dans lesquels l'accumulation de l'iode etait
normale, mais la synthese de l'hormone thyroidienne ne s'effectuait pas. Le thiocyanate
est un inhibiteur de l'accumulation de l'iode par la thyrolde.

On admet g6neralement que l'iodure n'entre dans la biosynthese des hormones thy-
roidiennes qu'apres oxydation (par un systeme peroxydasique probablement). La thiocar-
bonamide inhibe cette oxydation. Le metabolisme intrathyroldien de l'iode est complexe.
On a identifie plusieurs composes iodes dans la thyrolde; la triiodo-3,5,3' L-thyronine, en
particulier, semble posseder une activite hormonale triple de celle de la L-thyroxine.

Le rapport entre la concentration en thyroxine de la thyroide et celle du plasma est
de 100 a 1. II est possible que la thyroxine quitte la thyroide par un simple phenomene
de diffusion ; mais la cinetique de la secretion de l'hormone par la glande est complexe.
Le taux de secr6tion est ramene A 1/10 du taux normal par l'hypophysectomie. It est
augmente par le thio-uracyl et l'hormone thyreotrope. La secr6tion est inhibee par la
thyroxine. L'iode ne parait pas avoir d'action.

D'apres des etudes recentes, il semble que l'hormone thyroIdienne circulante soit la
thyroxine, bien que certains travaux soulignent l'importance de la triiodothyronine. La
plupart des chercheurs sont d'accord pour affirmer que la plus grande partie de l'iode lie
aux prot6ines dans le serum (iode organique) se trouve sous forme de thyroxine. La concen-
tration de l'iode organique dans le sang, determin6e par voie colorimetrique par reduction
des cerates, fournit des indications utiles au diagnostic d'une maladie thyroldienne. La
teneur est la meme chez le nouveau-ne que chez la mere, 12 heures encore apres la nais-
sance, puis, jusqu'a l'age d'une annee le taux est leg6rement plus 6leve que chez un adulte
normnal. Cette teneur est estimee a 4-8 jg par 100 ml de serum. On a constate, apres
injection de radiothyroxine, que la thyrolde accumulait 1311 A une vitesse lente et cons-
tante, independante de la teneur du plasma en thyroxine. L'iode thyroldien (31I) devait
donc provenir du radio-iodure liber6 par le catabolisme de la thyroxine. On a calcul6 que
chaque jour un tiers de la thyroxine est elimine. On ignore encore quel est le role specifique
de l'hormone thyroldienne dans la vie cellulaire et son mode d'action - bien que l'on
sache qu'elle est necessaire au fonctionnement normal des cellules et a l'absorption de
l'oxygene.
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