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S 
INC‘E iodine comprises almost two-thirds by 

weight of thyroid hormone which regulates, 
in part at least, the metabolic activities of 
virtually every cell in the animal body, it is not 
surprising that problems of iodine metabolismt 
have engaged the attention not only of clinicians, 
physiologists and chemists but also of physicists 
and mathematicians. The combined effort of the 
various investigating disciplines over the past few 
decades has contributed a truly rewarding body 
of information bearing on the nature of the 
iodine-containing substances of the body and on 
the manner of distribution, transformation and 
metabolism of these substances. 

.4lthough much remains to be explored and 
probably yet to be discovered, the general 
scheme of iodine metabolism has been etched 
out. It may he depicted as a grand cycle (Fig. 1) 
in which iodide is extracted from the blood 
by the thyroid gland, is there synthesized into 
thyroid hormone(s) and stored temporarily in 
the thyroid follicles, and is then secreted as such 
into the circulation, from whence it is distributed 
to the tissues and metabolized; the iodine which 
is released returns eventually to the plasma as 
iodide again to be accumulated by the thyroid or 
excreted, primarily in the urine. Thus the cycle is 
not a closed one; iodine lost by excretion is 
replaced by iodine ingested with food and water 
and the result is a continual turnover of body 
iodine. The main cycle is also complicated by a 
number of offshoots and sidings which provide 
alternative pathways, many details of which still 
require elucidation. 

t Quantitative differences in the various phases of 
iodine metabolism are frequently observed among dif- 
ferent mammalian species. In this review, attention is 
focused primarily on metabolism in man insofar as 
quantitative aspects are concerned. 

1 Significant excretion of iodide through any other 
route but the kidney can be discounted simply on the 

THE IODIDE POOL, 

A convenient starting point from which to 
examine the peregrinations of the iodine atom 
is the iodide pool, since it is this pool from which 
the thyroid directly derives its iodine supply and 
which serves as the compartment for exchange of 
body iodine with exogenous iodine. As already 
indicated the iodide pool derives its supply from 
two sources-exogenously from food and water, 
and endogenously from metabolic degradation 
of the organic iodine hormone(sj synthesized by 
the thyroid gland. A variety of incidental sources 
of iodine such as medications, iodine-containing 
preparations employed for roentgenologic visu- 
alization and so forth also contribute to this pool 
whether administered by mouth or by parenteral 
routes. Removal from the iodide pool is effected 
almost exclusively by the thyroid gland and the 
kidneys although minute amounts are lost in 

feces, sweat and milk.1 
The greater part of normally ingested iodine is 

present as iodide; other forms of inorganic 
iodine are reduced to iodide prior to absorption 
into the blood stream,2 which probably takes 
place at all levels of the gastrointestinal tract 
from intact dental enamel3 to rectum.4 Iodinated 
amino acids appear to be well absorbed as such, 
although once absorbed all but the hormonally 
active substances are probably degraded rapidly 
to iodide, as has been demonstrated in the case 
of diiodotyrosine by Albert and Keating.5 The 
kinetics of distribution from the blood stream 
throughout the iodide pool are best appreciated 
by following the fate of intravenously admin- 
istered radioactive iodide. Arterial dilution 
curves reveal that iodide readily diffuses out of 
the lung capillaries, and to a slightly greater 
-__--- 

observation that 98 yO of the administered dose of I-l 3 1 is 
excreted in the urine of athyreotic subjects.1 

* From the Radioisotope Service, Veterans Administration Hospital, Bronx, N. Y. 
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FIG. 1. Schematic model of major pathways of iodine metabolism. 

extent than Naf, IS+ or phosphate ions,6 possi- 
bly because of concentration by bronchopul- 
monary epithelium. By the time the first or 
second circulation through the systemic circuit 
has been completed the space of distribution is 
already twice that of the plasma volume6 and 
continues to increase rapidly for the first two or 
three minutes to a value of about 15 per cent of 
body weight,7 following which the space expands 
more slowly to about 26 per cent of body weight 
by thirty minutes.’ Distribution is not complete 
until several hours following injection.‘s8 

Excluding erythrocytes and certain areas of 
selective concentration, the bulk of the iodide 
pool may be regarded as coextensive with the 
extracellular space. However, since the tissue/ 
plasma ratios for chloride are almost identical 
for most organs9 and since chloride is more con- 
centrated in the water associated with the matrix 
proteins of dense connective tissues than in 

extracellular water,lO it is probable that iodide 
likewise concentrates in these areas. Therefore, 
primarily because of iodide permeation of red 
blood cells and concentration in salivary and 
gastric glands and in dense connective tissue, the 
ultimate space of distribution of radioactive 
iodide reaches a value of about 35 per cent of 
body weight,‘**,ll which is almost twice the 
volume of extracellular fluid. The equilibrium 
distribution of iodide-l 31 between red blood cells 
and plasma is attained very rapidly, at least 
within three minutes’ and is in the ratio of 
about 1: 1 .8,7*12-16 which is essentially the same 
as the relative water distribution. Iodide-131 
concentration in salivarys~16~17 and gastrics~16~18 
juices and milkI exceeds that of plasma fifteen- 
to fortyfold. While equilibrium between saliva 
and plasma is attained within five to ten min- 
utes, 16*17 thirty minutes or more are required for 
gastric secretions. 16s1s 
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In addition to the capacity to incorporate 

iodine into organic compounds in the process of 
hormone synthesis, the normal thyroid gland also 
has the capacity to concentrate iodide ion, at 
least to the same degree as salivary and gastric 
glands. Since, however, under normal circum- 
stances binding of iodide into organic form is so 
rapid that a significant thyroid/plasma iodide 
concentration gradient is not achieved, the 
thyroidal iodide space does not contribute 
appreciably to the size of the iodide pool. On the 
other hand, when organic binding is blocked 
by certain antithyroid agents, the thyroidal 
iodide space in thyrotoxic subjects may actually 
exceed, in iodide content, the remainder of the 
body iodide pool. This function will subse- 
quently be considered in greater detail. 

Removal jrom the Iodide Pool. The rate of 
removal of iodide from the iodide pool depends 
almost entirely on the rates of excretion into the 
urine and organic binding in the thyroid. These 
rates are most meaningfully expressed as renal 
and thyroidal clearances of plasma iodide, * as 
was first demonstrated by Myant, Pochin and 
Goldieig employing I-l 31 as a tracer. In normal 
man, values for thyroid clearance obtained in 
various parts of the world (not regions of 
endemic goiter) are generally in excellent 
agreement7~‘y-21 with a mean of 17 ml./minute 
and a range of about 3 to 45 ml./minute. In 
patients with Graves’ disease, clearances range 
from 70 ml/minute to over 1,000 ml./minute. 
Intermediate values in the range 45 to 70 ml./ 
minute are frequently observed in subjects with 
inadequately treated Graves’ disease’ or with 
hyperfunctioning adenomas.4 The measure- 
ment of thyroid clearance has proved to be a 
valuable laboratory aid in the diagnosis of 
hyperthyroidism.7*1g-23 

The rates of renal clearance determined by 
different investigators7*1g~24 are also in excellent 
agreement and indicate a mean value of about 
35 ml./‘minute in normal man. Unlike the 
thyroid clearance, which is sensitive to change in 
the plasma concentration of iodide, the renal 
iodide clearance is constant over all ranges of 
iodide concentration examined.26 

Total clearance from the iodide pool is there- 
fore normally effected at a rate of about 50 ml./ 
minute or 3 L./hour, to which the kidneys 
contribute about two-thirds and the thyroid 

* organ accumulation of iodide per unit time 

plasma concentration of iodide 
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about one-third. ‘Taking a value of 2.5 L. for 
the pool size, the rate of turnover is then about 
12 per cent per hour, which is in good agreement 
with measurements of the rate constant for 
turnover of plasma iodide-l 31 after distribution 
equilibrium.26,Z7 
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FIG. 2. Some representative compounds of interest in the 
iodine cycle. 

The rate of I-127 accumulation by the thyroid 
may be calculated from the clearance figures if 
the plasma concentration of iodide-127 is known. 
The latter is normally too low for accurate 
determination by chemical means but Riggs2” 
has derived an estimate of 3 pg./L+ from the 
renal clearance of 2 L./hour and the average 
daily urinary iodide excretion of 150 pg. given 
by several workers. Concentrations of the same 
order were estimated by Berson and Yalow2” 
from measurements of the hormonal iodine 
utilization and thyroidal iodide clearance rates, 
and by Perry and Hughes3” and Reilly and 
coworkers,31 employing the formula of Stanley,3” 
which requires the measurement of urinary 
specific activity following injection of I-l 31. The 
product of plasma concentration of iodide-127 
and thyroidal clearance rate of iodide-131 thus 
yields a value of about 75 pg./day for the daily 
mean normal thyroidal accumulation of iodine. 
In the presence of low plasma iodide levels, as in 
iodine-deficient regions, the thyroidal clear- 
ance rate increases in order to insure an adequate 
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supply of iodine for hormone synthesis.33 Low 
plasma iodide levels resulting from dietary 
insufficiency are probably also responsible for 
the high thyroidal I-131 uptakes observed in 
alcoholic cirrhosis of the liver.4*34 The possibility 
that altered thyrotropin activity is involved in 
this adaptation is not supported by observations 
in iodine-deficient rats; these studies reveal an 
increase in thyroidal I-131 accumulation within 
ten days but no increase in thyroid weight until 
after three to four months of iodine deficiency, at 
which time serum PBI concentrations also begin 
to fa1l.36 These findings suggest that the thyroid 
may be autonomous in this response. 

Conversely, in the presence of high plasma 
iodide concentrations, as following ingestion of 
iodides, thyroidal I-131 clearance rates are 
depressed so that iodine accumulation and 
hormone synthesis are maintained within reason- 
able bounds. In the case of the normal thyroid, 
no particular mechanism for this control need be 
sought since the capacity for synthesis of organic 
substrates which incorporate iodine is un- 
doubtedly limited, regardless of the amounts of 
iodine available. However, it has been shown 
that high serum iodide levels, by producing high 
thyroidal concentrations of iodide,36 actually 
decrease the absolute amount of iodine bound 
into organic form.37 Since this effect is generally 
only temporary3s and does not lead to a dimin- 
ished organic iodine content of the thyroid in 
Graves’ disease, it does not satisfactorily explain 
the benefits of iodine therapy in this disorder. 
Yet, in rare cases continued administration of 
large doses of iodine to euthyroid subjects has 
resulted in hypothyroidism,3g-41 apparently as a 
result of persistent inhibition of organic binding 
of iodine by the thyroid. 

The relationship between thyroidal and renal 
clearances of plasma iodide deserves emphasis in 
the interpretation of I-131 tracer tests. Since 
only the thyroid gland and the kidneys are in 
competition for plasma iodide, the ultimate 
accumulation of I-l 31 by either of these organs, 
as measured by the twenty-four- or forty-eight- 
hour thyroidal uptake or urinary excretion, or 
both, is simply a reflection of this competition 
and not a measure of the level of function of 
either thyroid or kidneys. The high forty-eight- 
hour thyroidal uptake of I-131 frequently 
observed in the presence of renal disease’ serves 
as an illustration. If kidney function were 
completely absent, virtually 100 per cent of 
administered I-l 31 would eventually accumu- 

late in the thyroid gland despite the fact that, in 
renal insufficiency, the thyroidal clearance rates 
may be even lower than normal owing to chronic 
iodide retention and consequent elevation of 
plasma iodide concentrations. 3o 

Endocrine Interrelationships in the Thyroidal Clear- 
ance of Iodide. Discussion of the effect of 
antithyroid agents on thyroidal accumulation 
of iodide is best deferred to a later section but the 
influence of some of the other endocrine glands 
may be mentioned briefly here. The role of the 
pituitary gland in the stimulation of thyroid 
function and the reciprocal inhibition which 
thyroid hormone exerts on the pituitary have 
been reviewed by D’Angelo.42 Of interest at this 
point is the demonstration by Stanley and 
Astwood43 that the rate of iodide accumulation 
by the thyroid is increased within a few hours 
following the administration of thyrotropin in 
man. Although the thyroid-stimulating hormone 
(TSH) of the pituitary gland is capable of 
accelerating all known thyroid functions con- 
cerned with the synthesis and release of thyroid 
hormone, it should be emphasized that TSH 
does not produce any qualitative changes in the 
metabolism of the fully developed thyroid but 
acts primarily as a regulator for the quantitative 
control of functions which are autonomous in the 
thyroid. 

Of the other endocrine organs, the influence of 
the adrenal cortex has been the most intensively 
studied and the recent availability of adrenal 
cortical steroids has served to reawaken interest 
in thyroid-adrenal relationships. Following pro- 
longed treatment with ACTH or cortisone, 
Wolfson and his associates44 observed the fre- 
quent development of symptoms of hypo- 
thyroidism but Hill et a1.46 failed to demonstrate 
any change in the twenty-four-hour thyroidal 
uptake of I-l 31, although a decrease in the initial 
rate of iodine accumulation was noted. How- 
ever, Jacobson and co-workers46 did observe a 
definite decrease in I-131 uptake by the thyroid 
during treatment with cortisone and more exten- 
sive studies by Frederickson4’ and Berson and 
Yalow4* demonstrated that large doses of 
cortisone regularly produced marked inhibition 
of the iodine-accumulating function of the 
thyroid gland in man. The renal clearance of 
iodide-131 was frequently elevated during corti- 
sone therapy4* but the decreased thyroidal up- 
take was not to be explained on this basis since 
thyroidal clearances of I-131 were markedly 
depressed, frequently to hypothyroid levels. 48 
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Zingg and Perry 4g also noted that cortisone, and 
desoxycorticosterone as well, produced a depres- 
sion of the thyroidal clearance of I-131. It is not 
known whether the effect of cortisone in man is 
rxertcd on the thyroid directly or indirectly 
I hrouqh the anterior pituitary. Results of animal 
experiments have been conflicting and, in any 
event, are not unreservedly transferable to man 
Oecause of probable species differences. 

INTRATHYROIDAL IODINE METABOLISM 

Following entry of iodide into the thyroid 
gland, a complicated chain of reactions ensues 
by which the inorganic iodide is incorporated 
into various organic forms. Within the past ten 
years or so the introduction of various antithy- 
roid substances capable of interrupting the chain 
at different steps along the pathway and the 
application of chromatographic analysis to 
thyroid hydrolpsates, with the employment of 
radioactive iodine as a tracer, have elucidated 
many of the intermediate reactions. Several of 
the mechanisms remain obscure. 

Tfyroidal Iodide Trap. Since iodide as such 
is not reactive with proteins (except in the form 
of a loose physicochemical ion-protein bond) 
while, even in the test tube, elemental iodine 
substitutes readily into tyrosyl residues of 
peptides and proteins, oxidation of iodide to 
some such form as I2 must precede incorporation 
into an organic form. A block of this reaction 
appears to have been first demonstrated by 
Franklin and Chaikoff who observed that surviv- 
ing thyroid slices, although failing to bind iodide 
in an organic form in the presence of sulfona- 
mides5” or thiourea compounds,51 nevertheless 
retained the ability to concentrate inorganic 
iodide. These findings were subsequently con- 
firmed in uiuo62-65 and it was shown that the 
thiouracil-blocked gland could “trap” iodide 
ion and maintain a concentration several hun- 
dred times that in the plasma. When such a block 
is complete, iodide entering the thyroid gland is 
observed to be in reversible equilibrium with 
plasma iodide and, unlike iodine accumulated 
and bound into organic form by the unblocked 

gland, can be discharged readily from the 
thyroid by thiocyanate,54*66 perchlorate and cer- 
tain other anionss7 The designation “trap” is 
therefore somewhat misleading, since in these 
characteristics iodide concentrated by the 
thyroid does not, in fact, differ fundamentally 
from that part of the iodide pool which resides in 
the salivary and gastric glands. However, be- 
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cause of the subsequent fate of thyroidal iodide 
and the trcmendouslv high iodide concentration 
gradient which can ‘1~ maintained I))- thyroid 
over plasma, the thyroid trap has a position of 
special interest. In an effort to elucidate the 
mechanism I~\- cvhich the thyroid gland concen- 
trates iodide ‘ion, the kinetics of the trapping 
process have been studied I))- scvcral workers 
employing I-l 3 1. 5X-6’ Under the influence of 
blocking agents of the thiouracil or mercapto- 
imidazole series, administration of I-131 is fol- 
lowed by an accumulation of radioactivity in the 
thyroid which soon reaches a peak and, with 
attainment of equilibrium, then declines parallel 
to the plasma concentration of I-l 31 .‘:1,55.6u The 
capacity of the thyroid to concentrate iodide ion 
may be expressed as the thyroid; plasma iodide 
concentration ratio or as the “thyroidal iodide 
space” in liters equivalent of plasma iodide; the 
latter depends on the size of the gland as well as 
on the concentration ratio. In thyrotoxic human 
subjects the concentration gradient may exceed 
500: 1, the thyroidal iodide space containing as 
much iodide as 30 to 35 L. of plasma.6” In the 
blocked normal thyroid of man the thyroidal 
iodide space rarely exceeds 400 to .500 ml. 
plasma4 but under the influence of thyrotropin 
an increased concentration gradient is observed 
within eight to nine hours4” 

A study of the kinetics of iodide trapping in 
man6” indicates that, for practical purposes, 
transfer of iodide to the untreated gland is a one 
way passage; binding into an organic form takes 
place with such rapidity that only negligible 
amounts of iodide are returned as such from the 
thyroid trap to the plasma. These conclusions are 
confirmed by observations that even one or two 
minutes after I-131 has accumulated within the 
unblocked gland it is no longer dischargeable 
by thiocyanate. 60.62 Thus in the unblocked gland 
a high iodide concentration gradient is not 
attained, simply because a build up of iodide is 
prevented by rapid oxidation and incorporation 
into organic form. 

There are special circumstances, however, in 
which binding is partly inhibited or lacking 
entirely, even in the absence of specific anti- 
thyroid drug therapy. Such deficiency in binding 
of trapped iodide has been demonstrated in the 
seven-day chick embryo thyroid’j3 and in the 
glands of certain goitrous cretins’j” A transient 
episode of binding block has also been observed 
following I-131 therapy of hyperthyroidism in 
man. 60*66 
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It has already been noted that certain anions 
such as SCN- and C104- interfere with thyroidal 
trapping of iodide. VanderLaan and Vander- 
Laans4 observed that iodide in large doses also is 
capable of reducing the thyroid : plasma iodide 
concentration ratio. Halmi66 showed that the 
concentration gradient was inversely related to 
the plasma concentration of iodide in rats with 
experimentally induced alterations of thyroid 
function as well as in normal animals; however, 
the total amount of trapped iodide increased to a 
saturation level as plasma iodide levels increased. 
Wollman and ScowGs confirmed these findings 
in mice and concluded that the available data 
did not permit distinction between an active 
transport system and a model based on reversible 
adsorption of iodide to some substance in the 
thyroid. 

Attempts to reproduce the in vivo character- 
istics of the thyroid trap with a cell-free thyroid 
homogenate have not been successful.68 Al- 
though the functional nature of the trap still 
remains unknown, it is of considerable interest 
that radioautographs of trapped iodide-131 show 
radioactivity distributed throughout the follicles 
rather than a concentration in cells alone. 6g 

Thyroidal Synthesis of Organic Iodine Cornbounds. 
Since subcutaneous injections of elemental iodine 
(1~) are capable of exerting a thyroxin-like action 
on adrenal size and growth of thyroidectomized 
animals while similar doses of iodide are virtually 
without effect,‘O, it is evident that the thyroid 
gland must possess a unique ability to oxidize 
iodide to 12 or some similar reactive form. Ast- 
wood’l has reviewed the evidence suggesting 
that the oxidation of iodide is catalyzed by a 
peroxidase, but it is the opinion of Roche and 
Miche172 that the presence of a specific oxidase is 
not physiologically necessary, any system capa- 
ble of acting on I- under the existing redox 
potential conditions sufficing. They further 
indicate that the thyroid follicle shows a lowered 
redox potential after treatment with thiouracil. 

With the formation of elemental iodine, 
iodination of tyrosyl residues probably occurs 
almost instantaneously and results in “organic 
binding” of the iodine. From observations that 
the capacity of thyroid tissue slices to form di- 
iodotyrosine and thyroxine is greatly reduced 
when the tissue is minced or mortar-ground and 
is virtually abolished in homogenized tissue73 
it was concluded that the integrity of the thyroid 
cell is necessary for the organic binding of 
iodine. More recently, Weiss74 has demonstrated 

that cellular subfractions of thyroid homo- 
genates (mitochondrial fraction most active), 
incubated in the presence of tyrosine and copper, 
incoporate I-131 in the formation of diiodo- 
tyrosine and thyroxin even under anaerobic 
conditions. However, since anaerobiosis and 
copper are strongly inhibitory to I-131 incorpo- 
ration by thyroid slices 74 the homogenate system 
may not reflect in vivo mechanisms. 

One of the unsolved problems in thyroid 
physiology is a question of anatomy. Just where 
does organic binding take place? The most care- 
ful anatomic studies employing thin tissue radio- 
autographs have not definitely resolved this 
problem. Following administration of I-131 to 
animals with depressed thyroids, Leblond and 
Gross76 observed that the earliest localization of 
protein-bound radioactivity was in the apical 
portions of the epithelial cells adjacent to the follic- 
ular colloid. This deposition produced a ring-like 
picture in the follicles. Subsequently, the ring 
autographs spread toward the center of the 
follicles, radioactivity eventually filling the entire 
follicular area. In stimulated thyroids, as in 
animals on a low iodine intake, the earliest 
radioautographs showed radioactivity only in the 
colloid. 

The report by Doniach and Pelc76 illustrated 
similar ring autographs following I-131 admin- 
istration to thyroxine treated rats; these findings 
were also interpreted as showing radioactivity in 
the apices of the cells. In a more recent study 
by Wollman and Wodinsky” radioautographs of 
normal mice thyroids excised as early as eleven 
to sixteen seconds, and of normal rat thyroids 
excised within thirty seconds after I-131 injec- 
tion, showed protein-bound radioactivity only in 
the colloid and not in the cells. It is therefore not 
clear whether the iodinated protein is normally 
produced in the cells and secreted rapidly as 
such into the colloid or whether it is produced in 
the colloid at the cell surface. The demonstra- 
tion of trapped iodide throughout the follicular 
lumen‘jg and the apparent need for intact cells in 
the efficient iodination of thyroglobulin73 are 
consistent with the hypothesis that the cells 
secrete thyroglobulin and iodide independently 
into the follicle but that cellular activity at the 
apical border is required for oxidation of the 
iodide and iodination of the adjacent thyro- 
globulin. Also favoring this sequence is the 
consideration that if oxidation of iodide occurs 
within the cells, the cell proteins themselves 
should successfully compete with thyroglobulin 
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for the elemental iodine. Furthermore, it has 
been reported that colloid may continue to form 
even when iodine incorporation has been blocked 
with goitrogenic agents.79 Nevertheless, other 
leading workers7” conceive of the iodination 
process as taking place within the cell, secretion 
into the follicular lumen resulting only when 
hormone formation is complete. In either case, 
most of the organic iodine in the thyroid has been 
found associated with thyroglobulin, an iodo- 
protein of molecular weight about 700,000;7g 
the relatively small amounts of free iodinated 
amino acids present are presumed to be de- 
rived from the intrafollicular proteolysis of 
thyroglobulin. 

Thr number of different iodinated amino acids 
found in thyroid extracts and hydrolysates has 
been increasing rapidly over the past few years 
and several others may well have been added 
to the list by the time this paper appears in print. 
In 1915 Kendall first reported on the isolation of 
thyroxine from the thyroid gland and noted its 
marked potency in the treatment of myxedema.aO 
Harington subsequently identified thyroxine 
as L-3,5,3’,5’-tetraiodothyronine81 and together 
with Barge+ synthesized this compound by 
coupling two molecules of diiodotyrosine. The 
isolation of diiodotyrosine from the thyroid by 
Harington and Randalls3 in 1929 was confirmed 
with improved yields by Foster.84 For almost 
twenty years thereafter it was believed that 
diiodotyrosine and thyroxine were the only two 
iodinated amino acids in the thyroid until the 
identification of monoiodotyrosine with radio- 
active iodine by Fink and Finks5 in 1948. The 
identification of L-3,5,3’-triiodothyronine in 
plasma and thyroid, its extraction from the 
thyroid gland and its hormonal activity were 
reported in a brilliant series of papers by Gross 
and Pitt-Rivers in 1952 and 1953.86-go It was 
shown to possess a greater antigoitrogenic87,“0 
and calorigenic88 effect than L-thyroxine. This 
compound had previously been observed as an 
unidentified spot on chromatographs of butanol- 
extracted plasmag1-g3 and thyroid homogenates9 l 
and was also reported to be present in trypsin 
hydrolysates of thyroid tissue by Roche, Lissitzky 
and Miche1.g4~g5 This last group of workers has 
also identified monoiodohistidine in the thyroid 
to the extent of 2 per cent or less of total thyroidal 
iodineg6 and more recently Roche and Michel 
and their co-workersg7 have discovered two new 
iodinated amino acids in the thyroid gland, 
r.-3,3’-diiodothyronine and L-3,3’,5’-triiodothy- 
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ronine. The former was reported to ha\e an 
antigoitrogenic activity- about 85 per cent that of 
thyroxine but the latter was relatively inactive. 
It seems difficult to reconcile the high hormonal 
activity of the 3,3’ derivative with the low 
activity of the 3,3’5’-triiodothyronine on a struc- 
tural basis since these findings imply that the 
iodine atom in the 5 position is unnecessary and 
that the 5’ iodine offers some hindrance to hor- 
monal action; but the latter is not consonant with 
the hormonal activity of thyroxine. Perhaps the 
answer lies in a particular attachment to sub- 
strates in peripheral cells during deiodination to 
an hormonally active form. (Fig. 2. J 

The sequence of thyroxine synthesis has been 
inferred from results of biochemical syntheses 
and studies on the rate of incorporation of I-131 
into the various thyroidal amino acid residues. 
Since high specific activities were found earlier 
in monoiodotyrosine than in diiodotyrosine,“s it 
appeared that monoiodotyrosine was a stable 
precursor of diiodotyrosine. Similar studies had 
earlier suggested that diiodotyrosine was a 
precursor of thyroxine.“g 

The mechanisms of these reactions are still 
under dispute. It has been proposed that the 
formation of monoiodotyrosine is catalyzed 
enzymatically by a “tyrosine iodinase.“iO” How- 
ever, in the presence of an oxidase system capable 
of forming iodine from iodide, specific enzymatic 
formation of monoiodotyrosine would not ap- 
pear to be necessary in view of the rapidity 
with which elemental iodine reacts spon- 
taneously with tyrosine in peptide linkage. Of 
considerable interest is the recent report’O* that 
stored thyroid slices lose the capacity to con- 
centrate iodide and to form diiodotyrosine or 
thyroxine but retain the ability to synthesize 
monoiodotyrosine. It was concluded that the 
mechanisms for synthesis of monoiodotyrosine 
and diiodotyrosine are fundamentally different. 
However, it is quite possible that the presence of 
only minute amounts of diiodotyrosine was 
related to the loss of the iodide-concentrating 
mechanism, since it is known that monoiodo- 
tyrosine is found in abundance in slightly 
iodinated proteins while significant amounts of 
diiodotyrosine are present only in more heavily 
iodinated proteins.ro2 

There have been several other attempts to 
implicate specific enzymatic participation in the 
iodination of monoiodotyrosine and diiodo- 
tyrosine. However, the experimental conditions 
under which a diminished rate of formation of 
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one or the other of these amino acids is produced 
are generally such as to affect also the concentra- 
tion and/or the oxidation of iodide. There does 
not appear to be any compelling evidence on 
which to discard the notion that iodination of 
tyrosine automatically follows oxidation of 
iodide. The presence of monoiodohistidine in the 
thyroid,g6 which seems to have no useful purpose, 
offers further support for this mechanism since 
monoiodohistidine is also found in proteins 
artificially iodinated with an abundance of 
iodine. 

The suggestion by Harington that thyroxine is 
formed by the conjugation of two molecules of 
diiodotyrosine with loss of one alanine sidechain 
continues to be the favored hypothesis for this 
synthesis. Although net yields of thyroxine as 
high as 4 per cent were obtained by butanol 
extraction of solutions of diiodotyrosine incu- 
bated with hydrogen peroxide at 90-100’~. for 
five hours, the yield was less than 3 per cent after 
two weeks incubation of diiodotyrosine at 38”~. 
without added oxidants; the addition of a reduc- 
ing agent, thiosulfate, suppressed the formation 
of thyroxine almost entirely.to3 Hence the re- 
covery of thyroxine from artificially iodinated 
proteinslo and the demonstration that incuba- 
tion of acetylated diiodotyrosine derivatives in 
peptide linkage results in much improved yields 
of the corresponding thyroxine derivativesio6 has 
led most workers to regard the condensation 
reaction as taking place within the thyroglobulin 
molecule under the influence of some oxidative 
mechanism, rather than involving the free 
amino acids themselves. Whether the reaction 
can be catalyzed alone by the 12 present in the 
gland or requires enzymatic action’O6 is not 
clear. 

The yield of thyroxine following iodination of 
proteins appears to depend on spatial relation- 
ships between the tyrosine residues and not 
necessarily on the abundance of tyrosine. Thus 
Michel and Pitt-Riverslo found that, despite the 
high tyrosine content of silk fibroin, hydrolysis of 
the iodinated protein yielded only minute 
amounts of thyroxine. This was thought to be the 
consequence of steric hindrance by the too 
closely spaced tyrosine residues. Thyroglobulin 
does not appear to be particularly adapted for 
the production of thyroxine. Thyroxine iodine 
comprises only about 30 per cent of the total 
organic iodine of the glandgg~108~10g and is inde- 
pendent of the amount of iodine present in 
the thyroid.log This proportion was strikingly 

constant in all of eleven vertebrate species 
examined. i1O 

The scheme of thyroxine synthesis presented 
has recently been challenged by the report of 
Dobyns”l that C14-labeled tyrosine, incubated 
with thyroid gland slices, becomes incorporated 
into thyroxine but not into diiodotyrosine. It was 
suggested that diiodotyrosine may be bypassed in 
the synthesis of thyroxine but it is not clear why 
the labeled tyrosine was not iodinated inde- 
pendently and recovered as such even if di- 
iodotyrosine is not a precursor of thyroxine. 

The synthesis of L-3,5,3’-triiodothyronine has 
not been clarified. The two most obvious possi- 
bilities, deiodination of thyroxine and condensa- 
tion of L-3,5_diiodotyrosine with L-3-monoiodo- 
tyrosine, are considered in detail by Roche and 
Miche172 who believe that evidence favoring 
either pathway is not conclusive. 

It is of interest that several years before the 
discovery of natural r.-3,5,3’-triiodothyronine, 
this compound was tentatively identified by 
Hird and Trikojus112 in baryta hydrolysates of 
iodinated casein. However, since it has been 
shown by Roche et al. 113 that alkali hydrolysis 
liberates large amounts of iodide from thyroxine 
and diiodotyrosine, it is not clear whether tri- 
iodothyronine was present in the iodinated 
protein or appeared as a result of the deiodina- 
tion of thyroxine. On the other hand triiodo- 
thyronine was not detected in baryta hydrolysates 
of thyroglobulin.riS 

Release of Thyroid Hormone into the Blood Stream. 
The failure to identify thyroglobulin in the serum 
of normal or thyrotoxic subjects, 114 except follow- 
ing surgical trauma 114 or I-l 31 induced radiation 
damage116-11s to the thyroid, and the subsequent 
demonstration that the bulk of organic iodine in 
the plasma is thyroxine in loose combination 
with plasma proteins11g-122 indicated clearly the 
role, of thyroglobulin as the storage form rather 
than the circulating form of thyroid hormone. 
The release of thyroxine into the blood stream 
requires that the huge thyroglobulin molecule 
be degraded since it normally is itself apparently 
unable to pass into the capillaries. A proteolytic 
enzyme capable of liberating iodinated amino 
acids from thyroglobulin was indicated in the 
studies of DeRobertislz3 and has recently been 
isolated from the thyroid and purified.lz4 The 
absence of significant amounts of monoiodo- 
tyrosine or diiodotyrosine in the plasma in nor- 
mal or thyrotoxic subjects126may be attributable 
to rapid destruction in tissues6*126 or failure to 
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be released by the thyroid. The latter possibility 
is strengthened by the demonstration of a 
dehalogenating enzyme in thyroid tissue which 
is capable of removing the halogen from iodi- 
nated and brominated tyrosines but not from 
free 3,5,3’-triiodothyronine or thyroxine or from 
any of the amino acids in intact thyroglobulin.r27 
These studies suggest that only the hormonally 
active substances are released from the gland 
whereas the inactive iodotyrosines are deiodi- 
nated, the released iodine being reutilized in the 
biosynthetic pathway. The iodotyrosines there- 
fore act as thyroidal storage forms for iodine in 
addition to whatever other functions they may 
serve as steps in the synthesis of hormone. 
Although rattlesnake venom and thyroid and 
kidney slices are also capable of deiodinating 
tyrosine, the reaction in these tissues differs from 
that in the thyroid dehalogenating system in 
the appearance of deaminated diiodotyrosine 
derivatives.r2” 

Since 3,5,3’-triiodothyronine is demonstrable 
in the plasma after administration of thyroxine 
to athyreotic subjectsg2*~128 and is apparently 
derived from tissue deiodination of thyroxine, as 
will subsequently be discussed, the finding of 
small amounts of triiodothyronine in plasma 
cannot in itself be taken as evidence of its 
secretion by the thyroid. However, its presence in 
enzymatic hydrolysates of thyroid tissue,8grgb the 
failure to demonstrate its inactivation by thyroid 
dehalogenaseLZ7 and the appearance of I-131 
labeled triiodothyronine prior to the appearance 
of labeled thyroxine in the plasma of thyrotoxic 
subjectslzg indicate that it is secreted by the 
thyroid, at least in small amounts. 

The thyroidal secretion of thyroxine appears 
to be under the regulatory control of the pitui- 
tary. By blocking thyroidal reutilization of I-l 31 
with l-methyl 2-mercaptoimidazole (tapazole@), 
Goldsmith, Stanbury and Brownell demon- 
strated that the increased rate of loss of thyroidal 
I-l 3 1 following thyrotropin administration in 
man was attributable to an increased rate of 
thyroid hormone secretion independent of any 
effect on the iodine accumulation process or on 
hormone synthesis. The rate of thyroid hormone 
secretion was studied quantitatively in normal 
and thyrotoxic human subjects by Berson and 
Yalow.2g Following the administration of I-131, 
a constant ratio of thyroidal I-131 to plasma 
organic I-131 was generally attained within a 
few weeks. The conclusion that specific activities 

* (:ompare with ref. 86. 
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in thyroid and plasma were essentially identical 
after this time was supported by the maintenance 
of a constant specific activity in the plasma 
protein-bound iodine during marked depletion of 
thyroidal and plasma hormone stores induced 
by tapazole administration. It was therefore 
possible to evaluate in vivo the quantity, of 
organically bound I-131 in the thyroid from 
measurements of thyroidal radioactivity and 
plasma specific activity. The “exchangeable 
thyroidal organic iodine pool” was found to con- 
tain from 5 to 20 mg. of iodine, which is in 
agreement with values obtained hy direct 
chemical analysis of thyroid tissue. l”li. 13* Signifi- 
cantly smaller amounts (as low as 800 pug ) were 
observed in patients treated for Graves’ dis- 
ease by surgical or radioiodine ablation and 
in those whose thyroids were depleted by anti- 
thyroid drug therapy. The rate of thyroidal 
secretion of I-l 31 was calculated from the loss of 
I-131 from the gland after the administration of 
tapazole to block reuptake of I-131 and also 
from the kinetics of distribution of thyroidal 
I-131 into the extrathyroidal pool prior to 
tapazole administration. Values obtained hy 
both of these methods were generally in good 
agreement and indicated rates of secretion as 
high as IO per cent per day of total thyroidal 
iodine in thyrotoxic subjects. Thyroid hormone 
secretion was then calculated from the product 
of the rate of thyroidal secretion and the amount 
of organic iodine in the thyroid. Euthyroid suh- 
jects secreted approximately II.5 to I20 pg. 
organic iodine per day while values in thyrotoxic 
subjects reached as high as 1,000 pg. per clay.29 

THE EXTRATHYROIDAL ORGANIC IODINE POOL 

Following secretion into the plasma, the 
thyroid hormones are distributed to the tissues 
where they may undergo several different types of 
chemical transformation before or after heing par- 
tiaily or completely deiodinated. The ultimate 
fate of thyroxine and triiodothyronine has been 
approached from two different aspects ---the 
over-all rate of metabolic degradation of the 
iodine moiety to inorganic iodide and the 
specific metabolic alterations which take place in 
the various tissues. 

Distribution and Over-all Rate of Degradation 01 
Thyroid Hormones. Investigations of the distribu- 
tion and metabolism of the hormonally active 
substances have employed hormones labeled 
with I-131 biosynthetically (in uivo) as well as in 
vitro labeled synthetic thyroxine and triiodo- 
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thyronine. Since the latter generally contain the 
radioactive label in the 3’,5’ positions which have 
been reported to be more labile than iodine 
atoms in the 3,5 positions,‘32 the results of studies 
utilizing synthetic and biosynthetic labeled sub- 
stances may not be directly comparable. Thus 
Myant and Pochin133 observed a much more 
rapid disappearance from plasma of synthetic L 

or D,L radiothyroxine (labeled in the prime posi- 
tions) than of transfused plasma hormone labeled 
in vivo. However, this rapid disappearance of 
synthetic thyroxine (also labeled in the prime 
positions) was not observed by Sterling and 
co-workers134 whose data showed rates of 
disappearance of the same order as that observed 
by Berson and Yalow2s employing biosyn- 
thetically labeled hormone. Sterling et a1.134 
noted in euthyroid subjects that L-thyroxine was 
distributed into an apparent volume of about 
8 to 9 L. over a period of two to three days after 
intravenous injection, following which it disap- 
peared from the blood stream at a rate of about 
11 per cent per day. Triiodothyronine disap- 
peared at a significantly faster rate averaging 
27.4 per cent per day. The volume of distribu- 
tion of triiodothyronine has not been reported. 
In view of the different rates of metabolism of 
these two hormonally active amino acids, both 
of which are known to be present in plasma, in- 
formation on the rate of metabolism of in uivo 
synthesized hormones would appear to be desir- 
able. In the few reports2g~133*136~i36 which have 
dealt with the metabolism of transfused bio- 
synthesized hormone, observations did not 
extend beyond the mixing period in the majority 
of cases. In one study, however, labeled plasma 
from a thyrotoxic patient was transfused into 
euthyroid, hyperthyroid and hypothyroid sub- 
jects and observations were made for a period of 
nine to eleven days. 2g Distribution into a volume 
of 8.7 to 11.2 L. was essentially complete within 
about forty-eight hours and the subsequent rate 
of turnover depended on the metabolic level of 
the recipient, being highest in the hyperthyroid 
subject (22 per cent/day) and lowest in the 
hypothyroid subject (9.8 per cent/day). Labeled 
hormone disappeared from the blood stream of 
the euthyroid subject at a rate of 12.4 per cent/ 
day. The rate of metabolism has also been 
evaluated from the plasma clearance of hormone 
labeled endogenously 2g*137 by the prior adminis- 
tration of I-l 31. In this case the rate of deiodina- 
tive metabolism of hormone is calculated from 
the urinary excretion of I-l 31 after reutilization 

by the thyroid is blocked with antithyroid drugsZg 
or is calculated, in the absence of such block 
from the urinary excretion of iodide-131 and the 
thyroidal 

urinary 
iodide-131 accumulation ratio.2g,137 

While available data for the rates of metabo- 
lism of synthetic thyroxine and biosynthetic 
hormone in euthyroid man are insufficient to 
justify a statistical comparison, it does appear 
that the biosynthetic hormone is degraded at a 
slightly faster rate. This difference is resolved 
when account is taken of the fact that bio- 
synthetic hormone in plasma also contains small 
amounts of triiodothyronine which is much more 
rapidly degraded than thyroxine. 134 

Since the rate of metabolism of thyroid hor- 
mone, like the rate of metabolism of other body 
constituents, appears to depend on the general 
state of metabolism, it is meaningless to discuss 
the biologic half-time of thyroid hormone with- 
out reference to the metabolic level. RiggGs 
has calculated the daily hormone utilization rate 
from data on the serum protein bound iodine 
concentrations achieved at various daily dose 
levels of desiccated thyroid and has demon- 
strated an increasing rate of utilization with 
increase in plasma hormone concentration. 
These data and those of Berson and YalowZg 
employing hormone labeled endogenously with 
I-131 indicate that the amount of hormonal 
iodine utilized daily in man can be quantitatively 
expressed by the formula D = 2.9(PBD2, 
where D is micrograms hormonal iodine de- 
graded daily and (PBI) is micrograms protein 
bound iodine per 100 ml. plasma. Thus the 

fractional rate of hormone metabolism 

is proportional to the serum protein bound iodine 
concentration. It will be of interest to observe 
whether or not a similar dependency on the 
serum PBI obtains with the rate of metabolism of 
other hormones. In a recent study by Peterson 
and associates138 the rate of metabolism of hydro- 
cortisone was about twice normal in two of three 
thyrotoxic subjects and half of the normal 
rate in two or three patients with myxedema. 

Thyroxine Binding to the Serum Proteins. It has 
already been mentioned that thyroxine is carried 
in the plasma in loose combination with the 
serum proteins. It has also been shown by zone 
electrophoresis13g-i41 that, in physiologic con- 
centrations, the bulk of thyroxine is bound to a 
protein migrating between the CQ and (~2 proteins 
(“interalpha” region); the remainder is bound 
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to serum albumin. The reactions between 

thyroxine (T,) and the serum proteins (P) ap- 
pear to be in the nature of reversible equilibria, 

[T, - P] - ’ 
T,+PF?T,--PP; I(=-:- 

[TxlE’l 
. The affinity 

of the interalpha protein for thyroxine is greater 
than that of serum albumin but at high thyroxine 
concentrations the thyroxine binding sites on the 
interalpha protein approach the saturation level 
and a greater fraction of the thyroxine binds to 
the albumin. Triiodothyronine also binds to the 
interalpha protein but less strongly than 
thyroxine and is readily displaced by thyroxine.r4” 

Tissue Metabolism of Thyroid Hormones. Since 
the initial rate of disappearance from the blood 
stream of I-131 labeled thyroxine and tri- 
iodothyronine as well as of endogenously iabelled 
hormone is considerably faster than has been 
demonstrated with the serum proteins, it ap- 
pears likely that the unbound hormones pass 
through the capillaries into the tissues. Since the 
interstitial fluids also contain serum proteins, it 
is to be expected that the rapidity with which the 
hormones can exert an action on cells in vivo 
must be limited at least by the dissociation 
constant of the T, - P complex in plasma and 
tissues. Thus Barker and Klitgaard’43 noted a 
latent period of more than six hours for the 
metabolic action of n&-thyroxine on all tissues 
after subcutaneous injection into hypothyroid 
rats. The more rapid metabolism of triiodo- 
thyronine than of thyroxine in vZUO’~~ may be 
partly related to its less firm binding to plasma 
and tissue proteins. However, there is also 
the possibility that thyroxine itself is not 
hormonally active as such but is converted in 
the tissues to an active form. Peripheral de- 
iodination of thyroxine to triiodothyronine is 
evidenced by the appearance of labeled tri- 
iodothyronine in the plasma following the injec- 
tion of labeled thyroxine to athyreotic human 
subjects. lrx Furthermore, the appearance of an 
unknown iodinated compound (subsequently 
identified as triiodothyronine*) in the plasma 
of thyroidectomized mice given I-131 labeled 
thyroxine had previously been noted by Gross 
and Leblond. g2 In support of these observations, 
Albright and Larson and their co-workers have 
demonstrated deiodination of thyroxine to 
triiodothyronine in vitro by rat kidney slices144 
but not by other tissues except cardiac muscle.145 
The rate of deiodination was dependent upon 

* C:ompare with ref. 86. 
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the level of tissue metabolism, being greatest 
in slices taken from hyperthyroid animals and 
slowest in slices removed from hypothyroid 
animals;‘45 this is in agreement with observa- 
tions on the over-ail rate of utilization of thyroid 
hormone in vivo.‘s~2g Since boiling of the kidney, 
slices for five minutes destroyed thyroxine 
deiodinating activity, participation of an enzyme 
was postulated.14h However, MacLagen and 
Sprott146 have reported deiodination of thyroxine 
by homogenates of a number of rat tissues, par- 
ticularly liver, and these systems required two 
hours boiling at 100”~. for complete inactivation. 
There may be several different types of de- 
iodinating systems which are revealed under 
different experimental conditions. 

Also pertinent to the identity of the active 
tissue form of thyroid hormone is the observation 
that, although increased metabolic activity of 
tissues removed from animals treated with 
thyroid substances has been noted frequently, 
direct addition of thyroxine or triiodothyronine 
to surviving tissue in vitro does not accelerate 
oxygen consumption;‘47 yet both hormones are 
effective in stimulating O2 uptake by a rat heart 
homogenate-cytochrome-succinate systenl.*47 
The recent report by Thibault and Pitt-Kivers14X 
that the addition of tetraiodothyroacetic acid or 
triiodothyroacetic acid produces an immediate 
rise in 02 consumption of isolated kidney slices 
has suggested that this compound might be the 
active form of thyroid hormone. Although oxida- 
tive deamination and decarboxylation followed 
by oxidation of the terminal carbon atom to the 
corresponding thyroacetic acid derivatives (ala- 
nine side chain replaced by acetic acid) has not 
been demonstrated, there is evidence to support 
the importance of the first of these steps in the 
metabolism of the iodinated arnino acids. The 
demonstration of a deaminative step preceding 
deiodination was first reported by Foster and 
Gutman,‘4Y who isolated 3,5-diiodo-4-hydroxy- 
phenyl-lactic acid from the urine of rabbits fed 
large amounts of diiodotyrosine. This compound. 
as well as the corresponding pyruvic acid 
derivative, was subsequently identified by Tong, 
Taurog and Chaikoff15” in the products of 
metabolism of diiodotyrosine by liver and 
kidney slices. Following administration of radio- 
triiodothyronine, radiotriiodothyropyruvic acid 
has also been detected in bile and urine’j’ which 
further suggests that deamination may precede 
deiodination of thyroid hormones uz vivo and 
that the initiaI degradative steps may be similar 
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to those of the oxidative metabolism of other 
amino acids. 

An anatomic site of hormone localization 
within the cell has not been established. Cellular 
subfractionation of liver homogenates showed 
no particular concentration of radioactivity in 
nuclei, mitochondria or microsomes over a three- 
day period following injection of I-131 labeled 
L-thyroxine in rats with ablated thyroids.152 
However, no evidence was presented that all or 
any of the radioactivity in these homogenate 
fractions was still in the form of thyroxine. 

Enterohepatic Cycle and Fecal Excretion. In 1947 
Gross and Leblond153 showed that the liver 
and gastrointestinal tract of the rat concentrated 
large amounts of I-131 labeled thyroxine, fol- 
lowing injection of radiothyroxine. They found, 
by ligation of the bile ducts and exclusion of 
various parts of the gastrointestinal tract, that 
although small amounts of thyroxine passed 
directly into stomach, jejunum and colon, excre- 
tion in the bile accounted for the major portion 
of intestinal thyroxine. Biliary excretion of radio- 
thyroxine in the dog and rat was confirmed by 
Taurog, Briggs and ChaikoP4 who also ob- 
served another radioactive compound, later 
identified as the glycuronide of thyroxine.155 
The presence not only of the phenolic glycuro- 
conjugates of both thyroxine and triiodothy- 
ronine16’j but also of the pyruvic acid derivative 
of triiodothyronine lK1 in the bile of rats has been 
established by chromatographic and specific 
chemical staining methods by Roche and his 
associates. The role of the liver in the conjuga- 
tion of thyroxine, as distinct from its excretory 
function, was demonstrated by the finding of a 
conjugated product of radiothyroxine in the 
bile of a surviving liver preparation after addi- 
tion of I-l 31 labeled thyroxine to the perfusate.15’ 

Albert and Keating ls8 found almost 50 per 
cent of the administered radioactivity in the liver 
of the rat one minute after intravenous injection 
of radiothyroxine. The large amounts which 
subsequently appeared in the gastrointestinal 
tract were reduced five- to sixfold by ligation of 
the bile ducts. Following biliary excretion of 
thyroxine (in free or conjugated form), however, 
the greater part must have been reabsorbed 
through the intestinal wall since radioactivity 
was secreted into the bowel at a rate of 100 per 
cent of the injected dose per hour while the rate 
of excretion in the feces was only 3 per cent/hour, 
two-thirds of the total radioactivity ultimately 
being excreted in feces and one-third in urine.15g 

Since the glycuronide of thyroxine, excreted in 
high concentration in the bile, could not be 
identified in the plasma,156 it is likely that it is 
not reabsorbed as such but is hydrolyzed to free 
thyroxine by the action of bacterial fi-glycu- 
ronidase in the intestine. 

The magnitude of this enterohepatic circula- 
tion of thyroid substances in the rat does not, 
however, reflect the quantitative disposition of 
hormone in human subjects. Following bio- 
synthetic labeling of plasma hormone in man by 
administration of I-131, Berson and Yalow2g 
observed that only 1 O-l 5 per cent of circulating 
organically bound I-131 was excreted in the 
feces, the remainder being excreted in the urine, 
primarily after metabolic degradation to a non- 
organic form; the daily fecal clearance of plasma 
hormone was only about 200 to 450 ml., which 
is less than 5 per cent of the total extrathyroidal 
organic iodine pool. 2g That this difference in 
fecal excretion of rat and man is not attributable 
simply to differences in the efficiency of reab- 
sorption from the intestine after biliary excretion 
is indicated by the recovery of only small 
amounts of hormone from biliary fistulas in man 
by Johnson and BeierwalteslGo and by Rob- 
bins.“ji It may be concluded, therefore, that the 
bulk of hormonal iodine in man is ultimately 
fated for metabolic degradation and return to 
the iodide pool and that only a small fraction 
of circulating hormone participates in the 
enterohepatic circulation. 

The iodine cycle has thus made one full turn. 
A few years hence, no doubt, elucidation of 
many of the presently unidentified stops in its 
tour will provide a still more fascinating story of 
the metabolism of this element. 

Acknowledgments: I am indebted to Melanie 
Knopf for the illustrations and to Eve Spelke 
and Frieda Steiner for secretarial assistance. 

ADDENDUM 

The identification of 3: 5:3’ labeled thyro- 
acetic acid in the rat kidney following the 
administration of labeled ~-3 : 5 : 3’-triiodothyro- 
nine was reported recently by Roche, Michel 
and co-workers (Compt. rend. de I’Acad. des SC., 
241: 1880, 1955). Whether this compound is the 
“tissue form” of thyroid hormone or simply 
represents another metabolic product remains a 
matter of speculation at present. 
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