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Rats were fed iodine-deficient rations (0.7-2.3 ug. wdine/ 100 g, diet) based upon
raw sovbeans, solvent-exiracted soy flour, isolated <oy proteins. or sovhean infunt
formulas with or without added 1odide.

Significant enlargement of the thyroid gland oceurred on the odine~deficient yu-
tions in 1 or 2 weeks, The addition of 160 ug. iodinc as KI7100 g. diet caused the
hypertrophied gland to return to normal size 1 2 or 3 wecks.

Although the lack of iodine is the principal cause of sovbean goiter, raw sovheans.
which contain more iodine than either solvent-extracted sox flour or glyeinin, pro-
duce greater thyroid hyvpertrophy. This observation suggests that raw sovbeans have
a goitrogenic activity (goitrogen?) which is removed or destroyed during processing.

']ho me hod()log\' used to estimate the 1jodoamino aeids in scrum and in thyroid

idenee ix presented that neither thiouraeil nor propylthiouraeil,

‘ul(lml as a preservative to serum, is responsible for the reported pregence of appreeiable
quantities of odotyrosines in rat and human sera.
i : ¢

't
tion ¢

The quaniities and distribution of the jodemmme aeids In the sera and I digests of
the thyroid glands were used as additional eviteria to study the changes produced by
sovhean goiter and its prevention by the inclusion of KT in the iodine-deficient regi-

maens,

Besides the very nuuvked deerease in organie jodine in the serum and i the thyvord
glands of the animals on the iodine-deficient rations, the yatios of iodotyrosines to
iodothvronines differed from those found in rats receiving sovbean diets with added Wi
or from those on the usual laboratory foods. Thus the ratio of lodotyrosines to jodo-
thyronines in the sera of annmals on lodine-deficient dicts is approsimately 1:1, while
itis in the range of 1:2 or 1:4 in the sera of animals confaining an adequade yuantity of
KT. The situation with respect 1o the distvibution of iodoamino acids in digesis of the
glands 1s reversed from that of the serum. In this case, ihe ratio of iodotyrosines io
iodothyronines 1s much higher in thyroid glands of cuthyroid rats than in the glands
from iodine-deficient animals. Tentative explanations of these changes in the distribu-
tion of iodoamine acids ave offered.

" This investigation was supported, in part, by grani A-2766 M and N, National Institmos of
Health, Division of Arthritis and  Metabolism. Bethesda, Md.
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INTRODUCTION

The recognition that certain foods inter-
fere with the normal metabolism of iodine
began with the finding of Chesney et al.
in 1928 (1) that rabbits fed exclusively on
cabbage developed large goiters. These re-
sults were soon confirmed in other labora-
tories, and a number of foodstuffs which
were found to be goitrogenic included other

TABLE I
CoMprosITION OF DInTs
All animals were also given three drops weekly
of an oil containing 4000 units of vitamin A, 800
units of vitamin D, and 4.0 mg. of d-a-tocopherol
acetate/ml. Deionized water, presumably devoid
of iodide, was given ad libitum.

245 (w/w) protein diet

Sovbeans, raw 60.0
Soy oil 17.0
Dextrose 5.0
Corn sirup solids 5.0
Suerose 11.0
Caz(PO4). 1.5
NaCl 0.5
Ferric eitrate 0.12
Vitamin mixture 0.44
Vitamin mixture

mg.
2-Methyl-1,4-naphthoquinone 1.0
Thiamine. HC1 .8
Riboflavine 6
Pyridoxine . HCI .8
Niacin

p-Caleinm pantothenate
p-Aminobenzoic acid

O =R R O = O
< D

Inositol 21.6
Folic acid 1
Vitamin By 0.0033
Biotin 0.03
Choline bitartrate 400.0
18% (w/w) protein diet

g.
Glyeinin (Promine) 22.0
Soy oil 30.0
Corn sirup solids 5.3
Dextrose 5.3
Sucrose 33.4
Minerals, U.S.P. XIII No. 2 4.0
Ferric citrate 0.12
Vitamin mixture 0.44

members of the Brassicae sueh as cauli-
flower, brussels sprouts, turnips, and their
seeds [cf. (2, 3)].

Sharpless (4) in 1938 reported that soy-
beans produce a goiter in rats which eould
be completely reversed by the administra-
tion of iodide. Sharpless’ results have been
confirmed by a number of investigators [cf.
(3)]. However, if soybean goiter is treated
with cxcessive quantities of iodide, iodine
thyrotoxicosis may develop [ef. (3)]. In
contrast to the studies on soybeans, Mec-
Carrison (5) and Kennedy and Purves (6)
were unable by {fceding iodide to reverse
completely the goiter produced in rats by
feeding the seeds of various members of
the Brasstcae family. The differences in the
results of the administration of iodide on
the goiters produced by the feeding of Bras-
sicae sceds and soybeans appear to have
thrown some doubt on the efficacy of iodide
as a preventative and curative agent for
goiter produced by feeding soybeans.

The objects of this investigation were to
ascertain the goitrogenicity of several va-
rietics of raw soybeans, of isolated soy
proteins, and of several soybean infant
foods as well as the effects of the addition
of iodide to soybean diets. The rate at
which the thyroid gland of the rat re-
sponded to iodine lack or to its administra-
tion was also studied. Besides the effect of
the diet on the weight of the thyroid glands,
the protein-bound iodine (PBI) and the
distribution of the iodoamino acids in the
serum and the thyroid glands of the rats
were used ag additional criteria.

EXPERIMENTAL

Diets

Because of the nature of the problem, the diets
emploved were divided into two major categorics.
Whole raw-milled beans or commercial soybecan
infant foods were fod at a level of 24% (w/w) pro-
tein. Those diets based upon isolated proteins (gly-
cinin, cascin) or defatted sov flour contained suffi-
cient protein to contribute 15% of the total calories,
corresponding to 184 of the ration by weight. A
tvpical diet in each series iz given in Table I

FeepinG EXPERIMENTS

Tive or more male rats weighing approximately
50 g. each and an equal number of female rats of



the same initial weight were used for cach test
unless otherwise indicated. The animals were
weighed individually, exsanguinated, and thyroid-
ectomized at the end of 5 or 6 weeks. The serum
was removed from the pooled blood of each group
as soon as possible after bleeding, and a small
(15 mg.%) of thiouracml was added in

(uay Hf\v
quan

)rdm to decrease the opportunity for deiodination

{ the iodoamino aecids (7). The serum was kept
£ T oo ved The elands

anit-
irozen until proccsged. 1hc glanas

from each
from each

mal were weighed individually, and those in the
separale groups were poolod and stored at —20°C.
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In another (ltblgul,(l to
rate of thyroid cnlargement and the rate of re-
covery when K1 was added, 84 male weanling rats
(average weight 65.4 g.) were started on the soy-
bean dict (24% w/w protein) and 48 rats on a con-
irol stock dict (Purina Chow). Six of the experi-
mental animals and four of the control rats were
saerificed cach week,

I
Stuay

TisTMATION OF 1ODINE AND IoDOAMINO
Acips IN SERUM AND IN THYROID
DicrsTs

A. Serum

The serum was thawed, adjusted to pH 3-4 with
dilute H.SOs, and immediately poured into 10 vol.
of boiling 1-butanol during rapid stirring (7). The
butanol solution was boiled under reflux for 3 min.,
cooled rapidly in an ice bath, and filtered to re-
nmove the proteins. The precipitate was thoroughly
washed with 1-butanol. The combined filtrate and
washings were immediately made alkaline with
concentrated NHOH, and the solution was evap-
orated to dryness in vacuo. The residue was dis-
solved in 10 ml. of 02 M sodium acetate buffer,
pll 46, containing 05% (v/v) Tween 20 (Aflas
Powder Co.) and clarified by filtration (8). The
msoluble rexidue was washed with two 5-ml. por-
tions of huffer, and the combined filtrate and wash-

Ings were 1»1«(\1 through a 1 X 5 em. column of

Dowex 50 \V X8, 200-400 mesh, in the NH* cyele
(T 468 it 0 r) W ammonium acelate) under
(P .0 Wil Ul Jvio AIMINMonium  acclaté; unacy

glight pressure. The resin was washed twice with
5-ml. portions of sodium acetate buffer and three
times with water, In order to remove any particu-
(Tween, fat globules, cte.), the resin
was thoroughly slurried with each addition of the
huifer hefore pressure was applied. Inorganie iodide,
chloride, thiouracil, and many other impurities were
separated fromt the iodoamino acids by this pro-
cedure.

The iodoamino acids were then cluted from the
Dowex 50 W-X8 with 50 ml. of 35 N NH,0H.
TFive drops of a mixture of 0.1% (w/v) phenol red
and 0.1 (w/v) thymol blue in ethanol were added

Iate matter

to the elutriate, and the solution was concentrated
to dryness in vacuo.

B. Thyroid Glands

The frozen glands were dropped into 10-20 vol.

of hot 1% (v/v) acetic acid and pla( ed In boiling
V\rnlLLl {Ul U iin.
to facilitate the subsequent digestion of the thy-
roid proteins. The tissue was ground in a Ten
Brocek homogenizer. The profeins were digested
with pancreatin (Viokase) at 39°C. in 0.05 A Na
borate buffer, pH 8.6, prepared from 12.00 ml.
0.1 .V NaOH and 50 mi. of 0.1 M H,BOs; in 0.1 V
KCI. A trace of Mn*™ (00002 M) was added to imn-
prove the digestion (9). At the end of the hydroly-
sis, the digest was adjusted to pH 4.6 and the
iodoamino acids were scparated from inorganic
iodine, peptides, and other amino aecids by adsorp-
tion on Dowex 50 W-X8 at pH 4.6 as described for
Serum.

wratn tha Aainadl arel
vate the deiodinases and

PR
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C. Separation of Todothyrosines from
Todothyronines

m

The dry A (serum) or
sec. B (thyroid digest) was dissolved in a mini-
mum volume of I-butanol-15 ¥ NH,OH, 315:65
(v/v), and this solution was chromatographed on g
1 X 20 cm. column of cellulose powder (Whatman)

clutriate from either sec,

which had been previously saturated with the
I-butanol-15 & NH,OH solution (10). After the
amino acid solution had entered the paper, the

column was developed with 20 ml. of the 1-butanol-
15 ¥ NH,OH mixture and then with 30 ml. of
ethanol-15 N NH,OH, 3:1 (v/v). The iodothyro-
nines were collected in the fraction beginning with
the appearance of the thymol blue and stopping
just before the phenol red hand leaves the column.
The iodotyrosines were In the remaining elutriate.
The separate fractions were concenirated in vacun
to dryvness, and the residues were dissolved in 100-
200 ul. of ammontaeal methanol (10),

D. S(’par(n"z'on of the Todoamine Acids

by Paper Chromatography

Diiodotyrosine (DIT), monoiodotyrosine
(MIT), thyroxine (Ty), and triiodothyronine (T3)
were separated from each other in distinet tight
spots on one~-dimensional chromatograms by devel-
oping with 2-hutanol-3% (w/v) aqueous NH, |, 3:1
(103,

E. Estimation of Iodoamino Acids

Although the iodoaumino acids in the thymol
blue and the phenol red fractions (zec. C) or after
clution of the paper chromatograms (sec. D) can
he estimaied diveetly by their eatalytic action on
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COTANGENT

uG. 10DINE

I16. 1. The rate of fading of the cerie sulfate color
is proportional to the quantity of jodine.

the reduction of ceric sulfate by arsenious acid (8,
10), it is preferable 1o oxidize the organic iodine to
elemental iodine and then to reduce the latter to
iodide. The usual method for carrying out this con-
version of organic iodine to inorganic iodide is
tedious and requires rather elaborate equipment.
Therefore, the combustion of the sample In an at-
mosphere of oxvgen as deseribed hy Schoniger (11)
has been adapted to the ultramicro quantities of
iodine encountered in this investigation,

The solution containing the iodoamino acids
(100-200 wul.) 15 applied to a 103 sq. ¢m. piece of
Whatman No. 50 filter paper in 253-ul. aliquots by
means of a micropipet, or an area of the paper
chromatogram approximately of this size contain-

BLOCK ET AL.

ing an mdividual iodoamino acid is bumt in the
Schomiger apparatus (11, 12). The flask contains
15 ml of 1% (w/v) aqueous NawAsO; (8) and 270
wl water to trap and to reduce the resulting iodine
to jodide. At the completion of the combustion, the
flask ix shaken vigorously to scrub the gases, the
stopper s loosened and 1.5 ml. of 29 (w/v) cerie
ammonium sulfate in ¥ HsSOy 1s added. The con-
tents are mixed and decanted into a colorimeter
tube. The rate of fading of the ceric sulfate color
as messured on o recording galvanometer is pro-
portional to the quantity of jodine present (8, 10,
13). The values shown in Fig. 1 are the average
points of three replieate determinations.

RESULTS

Table 1I suimnarizes the results of the
first group of experiments. The ingredients,
except for the ferric citrate and vitamins,
of Dicts 2, 4, 5, 6, 7, and 12 were mixed
with an cqual volume of water and auto-
claved  for approximately 15 min. at
126.7°C". The autoclaved diets were then
spray dried and the vitamins and iron
added. Diets 1 and 10 were dry blended using
e.p. grade rather than commercial sourees of
arbohydrates and fats. The commereial ma-
terials apparently contained more jodine
than the e.p. reagents.

Numerous attempts were made to de-
termine the iodine contents of the final

TABLE IT
Errect OF THE ADbITION oF Porassium [oping To A SoYBEAN INvFaxT Foop oN THE SIZE AND ON THE
DIsTRIBUTION OF TopoamMiNo Acips 1x Paxcrearic Dicests oF THE THYROID GLANDS OF RaTse

Diet No. ‘\‘ Protein source
|
|
|
|

‘ .
10 | Sov flour, raw “ 0.8
1 Soy flour, toasted 0.7
2 | Soy flour, toasted, diet sus- 2.1
} pended in water and auto-
| claved
12 ‘ Diet 2 + 0.1% w/v thiouracil - 2.1
4 Diet 2 + 40 pg.Cp T as KI 36.2
5 ! Diet 2+ 80 ug.% I as KI i
6 Diet 2 4+ 160 pg.9% I as K1 g
7 Diet 2 + 320 pg.% T as KI | 279
9 Purina Dog Chow 786

Todine
content of
diet/100 g.

‘Ratio of thyroidal

(Throid i g Dhyraidal | lodouming acids
animal ?‘fcll)g](llg’ . body weight )II"I‘ + DIT
‘ 1 Te + T3
ny mg. HE :
S 0 0T 3.5
[ T S T 1 S R | 6.2
T S 0 3.6
| f |
‘ 86 78 L5 3.6
16 9 19.5 19.0
3 15 8 204 | 10.0
| IEN T 207 9.0
i 13 6| 18.0 7.3
9 5.6

5| 7 15
i |

= The iodine determinations (standard deviation 7% relative) in the diets were CtLI‘I'iO(Vl out in the
Endocrinology Laboratories, Slovak Aeademy of Seience, through the kindness of Dr. V. Stole.
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TABLE IV

Iirrect oF TaE AbDITION OF KI 10 A DIgT Basup upox Raw Sovseans (LINCOLN) ON THE DISTRIBUTION
or Jopoamixo Acips IN THE SERUM AND IN DiGEsTS oF THE THYROID GLAND®

Diet No.

Number of animals

Protein source

Iodine content/100 g. diet

Average gain in weight per rat in 7 weeks

Thyroid weight per animal

Thyroid weight/100 g. of body weight

PBI in 100 ml. serum

Todotyrosine iodine/100 ml. serum

Todothyronine iodine/100 ml. serum

Todotyrosine iodine/g. of thyroid tissue

Jodothyronine iodine/g. of thyroid tissue

Ratio of iodine in iodotyrosines:iodothyro-
nines in the thyroid

|
\
|
\'

1B 5B
55 18
Lincoln soybeans ¢ 1B + 10 ug. I/g. protein
1.09 MrE. { 251 MmE.
08.2 g. 95.7 g.
63.5 mg. 12.5 mg.
42.8 mg. 8.6 mg.
0.9 ug. 5.5 pg.
0.46 ug.b 1.7 pgt
0.46 ug.? 3.8 ug.b
0.35 &= .04 ug. 110 &+ 17 pg.
0.19 =+ .01 pg. 9.2 4+ 1.8 pg.
1.8 11.9

@ The iodine determinations (standard deviation 4=79% relative) in the diets were carried out in the
Endocrinology Laboratories, Slovak Academy of Sciences, through the kindness of Dr. V. Stolc.

® Duplicate determinations.

diets, but without success either in our
laboratories or in any of the best-known
commercial laboratories in the United
States. The ilodine values shown in Table 11
were carried out in the laboratory of Dr.
V. Stole, Institute of Endoerinology, the
Slovak Academy of Sciences, Bratislava,
Czechoslovakia, Although Dr. Stolc did not
have any idea of the iodine content of the
dicts, it is apparent that his results are
in excellent agreement with the thyroid
weights.

Although the absolute weight of the
thyroid glands in the animals on the iodine-
deficient regimens (Diets 1, 10, 2, and 12)
varied considerably, when the thyroid
weights were calculated per 100 g. of final
body weight, this variation was reduced.
The largest glands were produced by the
rats fed soy proteins plus thiouracil.

The quantity of iodine in the thyroid
glands/kg. of body weight and the dis-
tribution of the iodoamino acids in digests
of the glands are also presented in Table
I1. The goitrous glands contain less than
one-tenth the amount of total iodine/kg.
of body weight of the normal glands.

Table III summarizes the results ob-
tained on feceding four varieties of un-
processed, raw soybeans, soy flour, soy
protein (glveinin), four commercial soy-

bean infant formulas, casein, and dog
chow. The ecffect of the different diets on
the thyroid size and the distribution of
the iodoamino acids in the sera and the
thyroid gland digests are presented. The
thyroid weights were obtained from the
average weight of six male and six fe-
male rats. The PBI and thyroidal iodine
values were calculated from the quantity
of iodotyrosine and iodothyronine iodine in
the elutriates from the cellulose columns
and conscquently are subject to the errors
of the methods used. In those cases where
the standard deviation is given, the values
arc based upon three replicate oxidations.
It is scen that the standard deviation of
the Scehoniger method (11, 12) as adapted
to the small quantities of lodine involved
in this study is approximately 10% of the
absolute value.

Table TV shows that although the ad-
dition of iodide to a diet based upon raw,
unprocessed sovbeans did not improve the
rate of growth, there were marked changes
in the size of the thyroid gland as well as in
the distribution of the iodoamino acids.

Table V summarizes the results obtained
when the rats were placed on an iodine-
deficient soybean ration (Diet 2) and when
this regimen was replaced by the same diet
with added KI (Diet 6). The rapid response
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of thyroid size to the presence or absence
of sufficicnt iodine is apparent. Although
Diet 2 in this experiment did not result in
as large goiters as in the earlicr experi-
ment (Table 1T}, it was sufficiently goitro-
genie to show that the glands reached their
maximum size, per 100 g. of body weight, in
about 2 weeks and that the thyroid gland
regressed to “normal” in 3-4 weeks when
the ration was supplemented with iodide.

DISCUSSION
(YOITROGENICITY OF SOYBEANS

In agreement with the findings of Sharp-
less (4) and others (14-16), the feeding
ol soybeans to rats in the absence of added
iodide produces goiter. Goiter is also pro-
duced when raw or processed soybean meal
or isolated soy proteins are fed as the sole
source of protein in an iodine-deficient
diet. In fact, the wet weight of the thyroid
olands doubles or triples in size when the
animals arc fed an autoclaved diet based
upon toasted, solvent-extracted soybean
meal. The addition of approximately 0.2 mg.
iodine as KI/100 g. diet quickly restores the
oland to its normal size (Table V). These
findings arc in agreement with the majority
of papers in the literature. The only exeep-
tion which came to our attention is the re-
port by MeCarrison (17) that the ingestion
of 1 g soybeans daily would produce
thyroids three times the normal size even
though the growing rats ingested approxi-
mately 1.5 mg. iodine/day. The failure of
MeCarrison to cure thyroid enlargement
alter feeding KI may be aseribed to a dietary
inadequacy other than iodine, to excessive
dosage of iodine, or to both. Tt should be
noted that MeCarrison fed approximately
100 times the quantity of iodine per day
found adequate in these experiments (Table
V.

The presence of a true goitrogen in soy-
heans has not, as yet, been demonstrated.
Greer (3) and Shepard et al. (18) suggest
that the goitrogenicity of soybean diets may
bhe simply the result of iodine deficieney.
This may be the case and is, undoubtedly, a
major cause of sovbean goiter when proce-
ex=ed sov products are fed. However, in
agreement with Sharpless et al. (14), the

TABLE V
PropUCTION OF (GOITER ON A SOYBEAN DIET AND
Its AvneviaTiox BY TOE Appirion or KI

Thyroid weight/100 g. of body weight

Weeks ) . o
on diet i .
Dyict 2 Diet ¢ Diet 2 Dict u*
mg. ny. mg. ng.
0 9.2 — —
1 1.6 - — 7.2
2 16.5 — - 7.0
3 3.8 13.8 6.7
4 15.5 9.1 — 5.6
5 13.8 8.8 — 6.1
6 4.7 7.3 - 5.2
7 14.8 0.3 5.0
s - 6.1 6.1¢ £.9
9 — 6.7 8.3 1.9
10 - 6.7 10.2 5.7
11 — 5.5 10.7 5.4

e Diet 6 is Diet 2 plus 160 pg.% iodide as KL
Diet 9 is the control ration.

b KI introduced.

¢ KI removed.

evidence presented in Table III indicates
that raw sovbeans produece larger glands
than either toasted soy flour (Diet 6A) or
isolated soy proteins (Diet 8A) even though
there appears to he more total lodine in
the raw soy dicts.? A factor which may con-
tribute to goitrogenicity of raw and proe-
essed soybeans is found in the reports of
Van Middlesworth 119) and of Beck (20)
who observed an incrcased fecal loss of
thyroxine when rats were fed soy.

The absence of thyroid enlargement, when
purified casein (Labeo vitamin-free) was
fed, is In accord with the findings in the
literature fef. (2)] that MIT and traces
of DI arc present in milk proteing, It
Is interesting to note that although the
purified casein (Dict 9A) contributed only
30 pg. lodine/100 g. dict, no evidence of
goiter 1s apparent.

ToporyrosINES 1IN Rar SeruM

Tables TIT and IV show the quantities of
iodotyrosines and 1odothyronines found in

*This conclusion ix apparently not justificd on
the basis of the thyroid weights given in Table 1T
but is confirmed by the quantity of thyroidal iodine
and the ratio of thyroidal iodoamino acids.
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the pooled sera from the rats on each diet.
The apparent presence of appreciable quan-
tities of iodotyrosines in serum is in agree-
ment with previous studies on human and rat
blood (8, 21) which have been confirmed on
human sera by Beale and Whitehead (22)
using double isotope dilution chromatog-
raphy. The ratio of iodothyronines to iodo-
tyrosines in the seruimn of the rats on Diet
15A, which is the only one that may be con-
sidered a usual stock diet, is the same as
that which we reported previously (8) for
rats reared at the College of Physieians and
Surgeons. Kono et al. (23) and Dimitriadou
et al. (24) were unable to find iodotyrosines
in human serum. Their failure to do so may
be due to differences in the methods of
separation of the iodoamino acids from
the other constituents in serum employed
by these investigators and by ourselves (7,
8. 10).

Kono et «l. (23) and Dimitriadou et al.
i24) found that thiourea, thiouracils, and
chloride ions reduce the ceric sulfate-arse-
nious acid reagent on paper chromatograms
and that the sulfhydryl compounds reduce
this reagent in vitro at a rate similar to
that of the iodoamino acids (24). Both
groups believe that the presence of a thiou-
racil in our preparations led us to an cr-
roncous conclusion. However, thiouraeil,
ehloride, and iodide are separated from the
iodoamino acids by absorption of the latter
on Dowex 50W at pH 4.6 (10). The separa-
tion of thiouracil from the iodoamino acids
was confirmed in the following manner: A
large excess (15 mg.) of thiouracil contain-
ing approximately 70,000 counts/min. thiou-
racil-8%% was added to 20 ml. serum, and
the mixture was processed as deseribed
above; over 99¢; of the thiourwell was re-
moved as indicated by the distribution of
8% in the cffluent and in the cluate from
the ion-exchange column, Paper chromatog-
raphy of the iodoamino acids in the eluate
with 2-butanol-3¢/ (w/v) aqueous NHj,
3:1 (v/v), on Whatman No. 3 paper (for
chromatography) showed the presence of
MI™27T and DI (10) and the complete
absence of thiouracil-S%%. Although thiou-
racil (Rpep 0.71-0.76), if present, might
be confused on paper chromatograms de-
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veloped with 2-butanol-3% (w/v) NHj,
with MIT (Ryep 0.64-0.71), its location on
the paper is far removed from DIT (Rpep
0.31-0.38). Furthermore, thiouracil is only
onc-fortieth as effective as sodium iodide
i the catalyses of the reduction of ceric
sulfate by sodium arsenite under the con-
ditions employed in this study. Kono et al.
{23} and Dimitriadou et al. {24) also re-
port that althoueh thiouracil may move in
the iodotyrosine area on paper chromato-
grans, propylthiouracil (PTU) moves in the
1odothyronine arca. We have reported the
apparent presence of MIT and DIT
human sera cither after the addition of
thiouracil, PTU, or without the inclusion
of any reducing agent (8, 21). Although it
wus not made clear m the previous publica-
tions (8, 21), the great majority of the hu-
man sera studied were stabilized with PTU,
the rat sera with thiouracil. Furthermore,
gera from ten apparently normal human
beings as well as gera from the many rats
used in this experiment were found to yield
a substanee, presumably lodine, which cata-
[yzes the cerie sulfate-arsenious acid reagent
alter combustion of the iodotyrosine frac-
tion. Thiouracil in amounts which ranged
{rom 10 to 50 times that of the iodotyrosines
did not reduce the cerie sulfate after com-
bustion.

Because of the small quantity of iodine
present in the sera of the goitrous rats, the
values given in Table IIT arc based upon
single oxidations. The crror of an individual
determination is approximately 25%. In
spite of this error, it is apparent and cx-
peeted that the PBI of the normal rats is
considerably higher than that of the animals
with goiter. Differences in the ratios of
iodotryosines:iodothyronines in the serum
of normal and goitrous animals arc less clear
cut. 1lowever, the average ratio of iodo-
tyrosines:iodothyronines is approximately
1:4 for the normal animals and approxi-
mately 1:1 for the goitrous rats. Differences
in the distribution of iodoamino acids in
the sera of normal and of goitrous rats are
confirmed by the data in Table IV. The
decrease, hoth absolute and relative, in the
circulating jodothyronines in the goitrous
animal may he cxplained by the assump-
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tion that the tissues of the iodine-deficient
animal are avid for whatever thyroid hor-
mone is available and consequently remove
as muech T, and Ty as possible from the
circulation. The absolute quantities of eircu-
lating thyroid hormone in the goitrous and
the cuthyroid animals are in the range
reported by Whitchead and Beale (25) for
hypothivroid and euthyroid individuals.

TopoaMiNe AciDs 1IN DIGESTS OF
TryroID GLANDS

The distribution of iodotyrosines and io-
dothyronines in panereatic digests of the rat
thyroid glands is given in Tables II, II1;
and IV, The results are in agreement with
the literature (26-28), that thyroid digests
contain  more iodotyrosines than iodo-
thyronines. The data demonstrate that the
absolute quantity of thyroidal iodine per
aram of tiszue i the goitrous animals 1s but
a small fraction of that in euthyroid glands
{Tables TIT and IV). The ratios of 1odo-
tyrosines to iodothyronines vary considera-
hly among the different groups presuimably
due in lavge part to the experimental error;
however, the results suggest that the lodo-
thyronines may account for a greater pro-
portion of the thyroidal iodine mm the
coitrous animals than in the iodine-fed
group. The =hift in this ratio on addition
of KI to the raw sovbean dicts is striking;
thus digests prepared from the glands of the
animals on Lincoln soyvbeans (Diets 1A
and 1B) show ratios of iodotyrosines:iodo-
thyronines of 15:10 and 18:10 respectively;
when K1 is ineluded in the diets (5A and
513}, the ratios are 106:10 and 119:10. The
results on the chronie iodine-deficient rat
differ from the effeet of acute stimulation
of the thyroid of animals on a diet ade-
quate 1 iodine with thyroid-stimulating
hormone (10 units T.S.H./day /guinea pig).
Costa of al. (29) found that the 1odoty-
rosine:iodothyronine ratio rose from 3.8 to
9.8 after 10 days" treatment. These changes
in  the lodotyrosine:iodothyronine ratios
may be explained as follows: T.S.H. causes
the liberation of Ty and Ty at a faster
rate than they ean be synthesized from MIT
and DI in the gland. The shift in the op-

posite direction of the iodotyrosine:iodo-
thyronine ratio on chronic iodine deficiency
may, likewise, be explained on the assump-
tion that the production of MIT and DIT
is limiting due to the lack of iodine in the
diet.
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