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Effects of Added Casein on Goitrogenic Action of Different 
Dietary Levels of Soybeans.” (27535) 

FREDERIC W. NORDSIEK~ (Introduced by W. H. Sebrell, Jr.) 
Institute of Nutrition Sciences, Columbia University, New York Ci ty  

In a t  least 14 papers, from 1933 onward, it 
has been reported that diets containing soy- 
beans (Glycine max) or soybean products 
cause enlargement of the thyroid gland in the 
rat, chick, guinea pig, rabbit or human. Greer 
(1,2) has reviewed many of these findings, 
and has suggested that soybean diets may 
be goitrogenic simply because they have a 
low iodine content. Some of the soybean 
diets reported as goitrogenic contained only 
a small proportion of beans. Hence in these 
studies it seems possible that the goitrogenic 
effect of the beans was not manifested, with 
the result that the thyroid enlargement seen 
could have been due solely to iodine defi- 
ciency. To shed light on these questions, one 
of the experiments in the present study was 
designed to measure and compare the goitro- 
genic effects of low and high dietary levels of 
soybeans. 

An observation on which there has been 
unanimity is that heating of soybeans re- 
duces or obliterates their goitrogenic prop- 
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erty(3). Moreover, the best studied of the 
known toxic factors of the soybean, the tryp- 
sin inhibitor, is similarly reported to be heat 
labile (4). This similarity raises a question 
as to whether the two effects might have the 
same basis, and has suggested the remaining 
experiments reported here. These experi- 
ments were designed to determine whether 
protein supplementation of raw soybeans, as 
is known to reduce or eliminate the growth- 
retarding effect of the soybean trypsin inhibi- 
tor(4), has an effect on the goitrogenic prop- 
erty of soybeans. 

Ii!4aterials and methods. The soybeans 
used were obtained from an oil processing 
plant (courtesy of Dr. H. W. Howard, The 
Borden Co.) .  The beans, of a small, yellow, 
black hilum variety, were ground in the lab- 
oratory, with care to avoid frictional heating. 
Soybean meal made from the same lot of 
beans was also obtained. This meal is the 
residue from fat extraction of soybeans, after 
which the meal is “toasted” and ground. 

The diets designated 35 and 35CAS (Table 
I) contained 35% by weight of raw soybeans; 
those designated 60 and 60CAS contained 
60% of raw soybeans. To equate the fat and 
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crude fiber levels of these diets, 5% of corn 
oil (Nazola, Corn Products Refining Co.) 
and 6% of cellulose (Alphacel, Nutritional 
Biochemicals Corp. ) were included in diets 
35 and 35CAS. 

Casein (Purified, Nutritional Biochemicals 
Corp.) was included in 2 of the diets; 17c/( 
in diet 35CAS and 1554 in diet 60CAS. All 
diets included 47$ of U.S.P. XI11 No. 2 salt 
mixture (which contains no iodine salts) and 
2.2tL of a complete vitamin mixture tritur- 
ated in glucose (Diet Fortification Mixture, 
Nutritional Biochemicals Corp.) . The re- 
mainder of each diet was made up of corn 
starch (Argo, Corn Products Refining Co.) . 

As Table I indicates, the control diet was 
the diet designated 60MEAL. This diet dif- 
fered from diet 60 only in that it contained, 
in place of 607k of raw soybeans, 49.6% of 
soybean meal plus 10.4% of corn oil to re- 
store the fat level to that of whole soybeans. 
Extraction of this meal had subjected it to ap- 
proximately 75°C for one-half hour, after 
which it was subjected to moist heat at  110" 
for 25  minutes. There is a consensus in prior 
publications( 3,5,6) that this much heating 
destroys the positive goitrogenic property of 
soybeans. Hence diet 60JIEAL may be con- 
sidered to have no goitrogenic effect other 
than that produced by its low iodine content. 
T o  verify this assumption, an experiment 
(not reported here for the sake of brevity) 
was conducted with the same experimental 
design as described in the present report, com- 
paring thyroid weights of rats fed diet 60. 
MEAL with those of rats fed the Remington 

diet(7), a standard formulation known to 
produce an uncomplicated iodine deficiency 
goiter (8). The fresh and dry thyroid weights 
of animals fed one or the other of these diets 
did not differ significantly. 

All 5 diets were found to contain 0.W or 
0.005 pg of iodine per g, and hence provided 
less than 2% of the normal rat's iodine re- 
quirement (Table I). Iodine in diets and in 
thyroid glands was determined by the method 
of Chaney (9).  

Male albino rats, descendants of the 
Sprague-Dawley strain (from S & K Animal 
C'o., Jamesburg, N. J.) were weaned at  3 
weeks of age when their body weights ranged 
from 4 1 to 5 5  g and averaged 48 g. Ten rats 
were assigned, by statistical randomization, 
to each experimental group. The animals 
were housed in separate metal cages with wire 
mesh bottoms, were provided ad libitum with 
water from an ion exchange column (Barn- 
stead Bantam) and were fed one of the 5 diets 
ad libitum for 7 weeks, while records of in- 
dividual food intake and body weights were 
kept. Then the animals were killed with 
ether and the fresh weights of their thyroid 
glands determined individually. T'hyroid 
gland weights were expressed in terms of mg 
per 100 g of total weight (Table I) because 
the weight of the thyroid gland in this strain 
and sex of rats has been found to bear an ap- 
proximately linear relationship to total 
weight, at  weights ranging from 87 to 328 g 
(10). 

Weight of dry matter in each gland was 
determined by drying to constant weight in a 
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convection current oven at 105°C. The thy- 
roid glands of the 10 animals in each experi- 
mental group were finally pooled to provide 
enough material for iodine assays. 

The animals fed diet 60 (60% 
raw soybeans) had significantly heavier thy- 
roid glands than those fed the control diet 
60MEAL, whether judged by fresh weight of 
the glands (P = 0.01) or by dry weight (P 
= 0.005). The thyroid glands of animals 
fed diet 60 also had a lower iodine content 
than the controls. 

The thyroid glands of animals fed diet 35 
(35% raw soybeans) did not differ signifi- 
cantly from those of control animals in fresh 
weight, but were significantly heavier in dry 
weight (P = 0.05). Iodine assay of the thy- 
roid glands of animals fed diet 35 gave the 
anomalous result of a higher iodine level than 
the controls. 

Adding casein to diets containing 35% or 
60% of raw soybeans increased the rate of 
body weight gain. Such additions of casein 
also entirely obliterated the thyroid gland ef- 
fects of the soybean diets. Thus the thyroid 
glands of animals fed diet 6 K A S  were sig- 
nificantly lighter than those of animals fed 
diet 60 (P  = 0.02, fresh or dry weights) ; and 
not significantly different from those of ani- 
mals fed the control diet 60MEAL. As the 
effect of 3570 of raw soybeans was seen only 
in increased dry weight of the thyroid gland 
of animals fed diet 35, it is not surprising to 
note that the sole significant effect of adding 
casein to a 35% soybean diet was on this 
parameter. Thus fresh thyroid weights of 
animals fed diets 35 and 35CAS did not dif- 
fer significantly, whereas dry thyroid weights 
of animals fed diet 35CAS were significantly 
lighter than those of animals fed diet 35 (P 
= 0.02). Thyroid gland weights of animals 
fed diet 35CAS did not differ significantly 
from those of animals fed the control diet 
6OIMEAL. Animals fed the diets with casein 
had thyroid glands containing more iodine 
than those of animals fed the corresponding 
soybean level without casein. 

Discussion. The minimum proportion of 
raw soybeans in the diet capable of producing 
a goitrogenic effect might be expected to de- 
pend upon the goitrogenic potency of the par- 

Results. 

ticular beans used, as well as perhaps upon 
the species studied and the nature of the re- 
maining dietary constituents. Sharpless ek al. 
( 5 )  reported that rats fed a 35% unprocessed 
soybean flour diet had thyroid glands about 
half as big, containing about twice as much 
iodine, as those fed a diet containing 75% of 
this soybean material. Halverson ct al. (6) 
found no goitrogenic effect when a 107% raw 
soybean diet was fed to rats, but observed 
goiters when a 30% soybean diet was fed. 
Wilgus ek aZ.( 11) used chicks, considered to 
be more sensitive to goitrogenic influences 
than rats; but they fed expeller process soy- 
bean oil meal which would be expected to 
have low goitrogenic potency as i t  is heated 
vigorously during manufacture. These inves- 
tigators could offer no explanation for their 
observation that 12% or 30% of meal in the 
ration produced equal enlargement of the thy- 
roid gland, whereas 60% produced goiters 
twice as large. Their diets were reported to 
contain less than 0.1 pg per g of iodine. Thus 
it seems likely that their 127b or 30% soy- 
bean meal diets produced a simple iodine de- 
ficiency goiter, whereas 60% of soybean meal 
produced a positive goitrogenic effect. 

These previous workers measured goitro- 
genesis solely by fresh weight of the thyroid 
gland. Hence it is of interest that in the 
present study the effect of 35% raw soybeans 
in the diet was apparent only in increased dry 
weight of the thyroid gland, whereas 60% of 
raw soybeans caused increases in both fresh 
and dry weights. 

Casein has generally been reported to have 
an antigoitrogenic effect (12). This property 
has been held variously to be due to iodine in 
the casein( 7)  or not to be due to iodine( 13). 
The antigoitrogenic effect of casein in soy- 
bean diets is clearly seen in the present ex- 
periments, where it appears not to be due to 
iodine introduced by the casein, as diets 
35CAS and 60CAS were assayed to have io- 
dine contents as low as, or lower than, diets 
35 and 60. 

The sole protein in diets 35 and 60 was 
raw soybean protein, known to have low bio- 
logical value( 4). Hence the addition of case- 
in, a protein having high biological value, 
may have served to reduce the goitrogenic ef- 
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fect by providing proteins to aid humoral 
transport of thyroid hormones( 14) or per- 
haps to aid in reabsorption of thyroid hor- 
mones from the gut in the enterohepatic cy- 
cle ( 15) .  These possibilities raise a question 
as to whether the soybean goitrogenic effect 
may be related to, or even identical with, the 
soybean antitrypsin effect. 

The goitrogenic effect of raw 
soybeans was seen in significant increases of 
both fresh and dry weights of thyroid glands 
when a diet containing 60% of beans was fed 
to rats, and a significant increase in the dry 
weight only of the gland when a diet contain- 
ing 3514 of raw soybeans was fed. The goit- 
rogenic effect of 35% or 60c/r of raw soybeans 
in rat diets was obliterated by adding casein 
to the diets. This result was not attributable 
to iodine in the casein. 

Summary. 
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O-Aminophenol : A Urinary Product of Tryptophan Metabolism 
in the Human.* (27536) 
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Recently, interest in the relationship of dis- 
eases to the metabolites of tryptophan has 
intensified ( 1 ) . 3-Hydroxy-anthranilic acid 
and 3-hydroxykynurenine, known tryptophan 
metabolites, have demonstrated carcinogenic 
behavior in mice(2) and appear in elevated 
quantities in the urine of patients with blad- 
der tumors, anemias and leukemias ( 1 ) . More 
recently, o-aminophenol has been identified 
in the urine of humans(3), and appears in 
elevated quantities in the urine of bladder 
tumor patients(3). However, whether tryp- 
tophan was the precursor of this urinary 
aminophenol is not known. We present here 
evidence of the conversion of tryptophan to 
o-aminophenol (Fig. 1 )  in the human. 

Energy Commission. 
*This research was supported by U. S. Atomic 

Experimental. A female patient with mul- 
tiple-myeloma was given orally in a gelatin 
capsule 39.376 mg of DL-Try~tophan-7a-C’~t 
containing 51.3817 pc of C14. The patient’s 
respiratory C1400a was collected for 12 hours. 
Vrine was collected for a 24-hour period un- 
der toluene in a refrigerated dark bottle. Ali- 
quots of urine were analyzed for C14 content 
( 4 ) ,  and 100 ml of urine was used for isola- 
tion of the o-aminophenol. 

A column of Amberlite IR-45-agf resin 22 
mm >( 34 cm was used for the isolation. The 

4 This DL-Tryptophan-7a-Cl4 was synthesized in 
the laboratory of Dr. L. M. Henderson, Oklahoma 
State Univ., Stillwater. 
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