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ABSTRACT 
Growing animals of four species, including mice, rats, guinea pigs, and 

rabbits were treated with thyroactive preparations varying in amounts 
from r~latively large dosages which were toxic to very small dosage which 
apparently did not affect growth or wer~ so ~mall in amount that it appeared 
impractical to attempt further reduction m dosage. 

The growth rate of mice was consistently and significantly increased by 
treatment with a rather wide, range in dosage (0.01 to 0.04 mg. thyroxine
sodium daily or 0.04 to 0.32 per cent thyroactive iodocasein in the ration 
while maximum size attained by control and treated animals was un
changed. Feed intake of mice was increased by treatment. The treated 
animals stored more protein and more body weight per unit of feed con
sumed than controls while control animals were more efficient in storage of 
fat and energy. 

The effect of feeding thyroactive iodocasein to rats was variable with 
strain and sex. There was some evidence of slight acceleration of growth 
in weight of a few females due to feeding thyroactive iodocasein, but for 
the most part body weight was unaffected or depressed. The nose-anus 
length of male rats of one strain (Sprague-Dawley) was increased due to 
treatment, but was not observed in any of the other animals. Male rats 
were less tolerant of thyroactive preparations than female. 

The growth r ate of male guinea pigs was slightly accelerated by mild 
treatment (0.0025 to 0.0075 per cent thyroactive casein in the ration) for a 
short period of time, but the sam.e treatment later became toxic with 
increase in age and arrival of warm weather. Growth rate of f emale 
guinea pigs was not affected for a few weeks, after which time treated 
animals ceased growing and lost weight. ' 

Small amounts of thyroactive casein (0.0025 to 0.02 per cent of the ration) 
apparently did not affect growth of rabbits while larger amounts caused a 
depression of growth. 

The effect of thyroactive casein on the organ weight of rats was studied. 
Extremely small dosages given to males did not affect the weight of any of 
the glands or organs weighed, although the thyroids of treated animals 
showed histological evidence of inactivity. Larger dosages given to either 
sex resulted in hypertrophy of heart, liver and kidneys. The effects on 
other glands was variable with strain and sex of animals. 

The thyrotropic potency of the pituitaries of animals was markedly 
lowered by feeding thyroactive iodocasein. 
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The Effects of Mild Hyperthyroidism on 
Growing Animals of Four Species 

MARVIN KOGER AND C. W. TURNER 
It has long been known that the thyroid gland plays an important 

role in the metabolic processes which regulate growth and other 
biological transformations. During recent years, however, it has 
become evident that the pituitary gland occupies an even more im
portant place, in that it appears to integrate the entire endocrine 
system. 

The control of the pituitary gland over thyroid function by means 
of the thyrotropic hormone is well known. Likewise, pituitary func
tion is influenced by the thyroid gland as evidenced by decreased thyro
tropic hormone secretion resulting from excess thyroid activity. 

Other interrelationships of the two glands have not received much 
attention, but there is considerable evidence that the effects of the 
thyroid hormone are mediated by way of the pituitary as well as by 
its effect on metabolism per se. 

If the thyroid glands are removed from a growing animal, growth 
rate declines rapidly and eventually ceases completely. Growth in 
such an animal can be restored either by replacement of thyroid hor
mone or by administration of pituitary extracts. Conversely, removal 
of the pituitary results in immediate cessation of growth and 
thyroid has no beneficial effects on growth of such animals. Adminis
tration of pituitary extract causes restoration of growth which can be 
further augmented by simultaneous treatment with thyroid hormone. 

From these observations it would appear that the thyroid influences 
the secretion by the pituitary of the growth hormone, or hormones. 
There are also reports, which are reviewed later, that the thyrotropic 
potency of the pituitary is greatest during periods of rapid growth 
when growth hormone secretion would presumably be high. The 
hypothesis that the thyroid hormone influences the organism in ways 
other than by a mere increase in metabolic rate is further supported 
by the fact that such agents as dinitrophenol elicit none of the features 
of thyroid treatment other than an increase in metabolism. 

The concepts generally held concerning the relation of the thyroid 
gland to growth have arisen largely as a result of observations of 
changes which accompany absence of thyroid activity and to changes 
occurring when the thyroid becomes extremely hyperactive. The re
sults of only a slight departure from normal activity of the gland, 
however, are not agreed upon and considerable confusion is evident 
in reports dealing with the effects of mild hyperthyroidism produced 
by administration of thyroid materials. 

A few scattered reports, which will be reviewed in a later section, 
have indicated that mild hyperthyroidism is favorable in the sen.:;e 
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that rapid growth is induced, while many others have reported un

favorable effects. The incongruity of these .reports appears to have 
arisen in part from a lack of appreciation, by most experimenters, of 

the sensitivity of organisms to thyroid materials and to the great 

variability in potency of thyroid preparations. 
Consideration of these reports gave rise to the question of the 

consistency and nature of the effects of mild hyperthroidism on growth 
of young animals. The question appeared to be of practical signifi

cance due to possible applications in animal husbandry. If certain 

types of animals should be found to respond uniformly to thyroid 
treatment by acceleration of growth, as certain experimental re

sults would indicate ·to be possible, the recent discovery of cheap 

methods of producing thyroactive materials would make the treat

ment of animals on a commercial scale feas.ible. 
Information concerning the effects of mild hyperthroirlism in 

different laboratory animals has been obtained by giving thyroid 
material in dosage ranging from very small amounts which did not 

affect the animals, to larger dosages which were inhibitory to growth. 
It was planned originally to determine, in addition to the effects on 

growth, the growth hormone content of pituitaries of the differently 
treated animals, but no assay sufficiently sensitive to determine growth 

potency of small amounts of pituitary was developed. 
The investigations reported herein have been concerned mainly 

with the · effects of different )evels of thyroid treatment on the growth 
rate of young animals of four different species. Included also are ob

servations on changes in certain organs due to the administration of 

varying amounts of thyroactive preparations. 

EFFECT OF MILD HYPERTHYROIDISM ON GROWTH 
Review of Literature 

Historical.-Most writers prior to the fifteenth century, includ
ing Hippocrates and Plato, ascribed to the thyroid the function of 

lubricating the trachea, larynx and pharynx (Schneider, 1939). * 
Thomas Wharton first published a good anatomical description of 

the thyroid in 1656, but he still attributed to the gland functions 
that seem rather fantastic. He listed its functions as (1) heating 

the hyoid cartilage which would otherwise be cold, (2) lubrication of 
the larynx, and (3) giving rotundity and beauty to the neck. He gave 
a careful description of the anatomy of the gland and placed emphasis 
on its great vascularity. 

Little new information was added to that presented by Wharton 

until 1850 when Curling noted in two cases of typical cretinism in 
humans that the thyroid glands were atrophied or absent. This paper 

of Curling's was the first in a long series which contributed to a better 

understanding of thyroid function. In 1855, Claude Bernard pub

lished his epoch, "Lecons de Physiology Epermimentale,'' in which 
*For list of references se·e page 69. 
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he differentiated between glands of external secretion and those of 
internal secretion. Four years later Bernard (1859 ) described the 
thyroid as a gland of internal secretion. One year after Bernard's 
first paper, Schiff (1856) published the results of the first attempt 
to study the function of the thyroid by surgical removal of the gland 
from dogs. A few of his operated animals lived for several weeks 
after operation, but most of them soon went into tetany and died. In 
all cases growth stasis occurred. It is now known that the lethal 
effects of thyroidectomy observed by Schiff were due to concomitant 
removal of the parathyroid gland$. 

The lethal effect of surgical removal of the gland .from animals in 
these early attempts was a handicap to further progress since there 
was no known way to experimentally produce a hypothyroid condi
tion. As a result, it remained for the next real progress to be made as 
a result of surgical removal of the gland from humans. Kocher (1878) 
was the first to practice surgical removal of the thyroid for treat
ment of goiter. A few years later, Kocher (1883) and Reverdin and 
Reverdin (1883) published papers dealing with pathological conditions 
arising a few months after total thyroidectomy. Kocher termed the 
condition "cachexia strumiprivia" and described a condition similar to 
myxedema. Reverdin and Reverdin described the condition as "oper
ative myxedema." Neither of the authors apparently recognized the 
parallelism of myxedema and cretinism. During the same year Lom
bard (1883) reviewed the previous literature on the thyroid indi
cating that the gland was essential for proper development of chil
dren and that its integrity was essential for normal mentality and 
~ppearance of adults. 

In 1884 Horsley reported that thyr oidectomy of young monkeys led 
to myxedema and pointed out the similarity of the condition to 
that described by Schiff arising from thyroidectomy of dogs, the 
"cachexia struml.privia" of Kocher · and "operative myxedema" of 
Reverdin and Reverdin (Paget, 1919) . He concluded further that 
the conditions arising from thyroid removal closely paralleied the 
condition found in clinical myxedema . 

. The pathol\ogical features appearingr after the removal of the 
thyroid from human patients naturally led to attempts at replacement 
therapy. The first attempt reported, however, was made by the 
physiologist Schiff (1884). In 1884 he published an important paper 
reporting that part of the harmful effect s of thyroidectomy could be 
relieved by transplanting a gland from another dog. He even ven
tured the suggestion that similar r esults might have been secured by 
injection of an extract or by ingestion of thyroid glands. Murray 
(1891), following the suggestion of Schiff, found that myxedema in 
humans was relieved by injection of an extract of sheep thyroids. The 
following year, Fox (1892) successfully treated a case of myxedema 
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by giving thyroid by mouth. The technique of studying the physiology 
of a gland by removal, followed by replacement therapy; was firmly 
established. 

About that time Magnus-Levy (1897) added another method of 
approach. He reported upon the feeding of thyroid to normal sub
jects and studied the effect on oxygen and nitrogen metabolism. He 
also studied the metabolism of myxedematous patients and those who 
had been treated successfully by thyroid therapy. Moussu (1899) 
reasoned that if a small amount of thyroid is nec·essary for growth, 
would not ~ little extra result in more rapid growth? Acting upon 
this hypothesis, he fed fresh thyroid to dogs and observed rapid 
skeletal growth with early maturity. 

Thus, knowledge of the physiology of the thyroid gland was be
ginning to expand rapidly. By 1900 publications on the gland were 
numerous and investigations extended into many branches of biology 
and medicine. The thyroid was beginning to attract the attention of 
chemists, also. As early as 1820 iodine was shown to relieve certain 
types of goiter (Harington, 1933), and Baumann (1896) had shown 
that iodine was a normal constituent of the thyroid. 

The developments along the different types of investigation have 
given rise to a multitude of reports, a review of which is quite be
yond the scope of a dissertation such as this. This review will con
sequently be confined to subjects with which this investigation has 
been concerned. 

Effects of Hypothyroidism. Clinical Observations on Humans.
The literature is in agreement that hypothyroidism, whether induced 
or spontaneous, is detrimental to growth. Curling (1850) first as
sociated the absence. of the thyroid with the characteristic condition 
known as cretinism in humans. In such individuals body growth in 
general is subnormal with characteristic disproportions of the body. 
The individual is extremely short · with coarse features, dry, rough 
skin and hair, and usually a typical "pot belly". There is an accumu
lation of fluid in the intercellular spaces of the body giving the· c:tiar
acteristic myxedema of hypothyroidism (Lerman, 1941). 

If the deficiency develops early in life the skeleton is also affected in 
a striking manner. The long bones are shorter and frequently more 
dense than normal (Aub, Bauer, Heath and Ropes, 1927). There is a 
marked delay in appearance of the ossification centers and in epiphyseal 
unions, resulting in a subnormal "bone age." If the deficiency de
velops after gro~h has heen attained, skeletal derangements are not 
necessarily noticeable but myxedema, along with mental derangement, 
rough, dry skin, and coarse hair, are soon manifest (Kocher, 188.3; 
Reverdin and Reverdin, 1883). 

Experiments With Laboratory Animals.-The features of hypo
thyroidism in animals are analogous to · those observed in humans. 
Schiff (1856) first thyroidectomized dogs and a few lived long enough 
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to develop conditions resembling myxedema in humans. Dott (1923) 
thyroidectomized dogs, taking precautions to leave the parathyroids 
intact, and kept the animals alive for long periods of time. They 
grew subnormally, assumed a dull, lethargic appearance, and skeletal 
development was markedly reduced as shown by radiograms. Similar 
results with dogs were reported by Binswanger (1936) from an ex
tensive study of thyroidectomy of young puppies. 

Kojimi (1917) thyroidectomized growing rats and observed re
tarded growth, reduced calcium and nitrogen retention, and decreased 
feed intake. Hammett (1927a, b) observed like effects and also re
ported that both relative and absolute weights of the heart, liver, 
lungs, kidneys, and spleen were below that of normal controls. Salmon 
(1938) reviewed the literature indicating that thyroidectomy of young 
animals results in more acute symptoms of hypothyroidism than if 
the operation is performed on older animals. She thyroidectomized 
rats at birth and observed early growth stasis with such animals 
reaching a maximum weight of about 30 grams. Replacement therapy 
started at time of operation resulted in practically normal growth, 
whereas theapy begun later was ineffective. 

Simpson (1924) thyroidectomized one each of 17 pairs of twin 
lambs and left mates as controls. When the operation was performed 
two or three weeks after birth, marked stunting resulted with the 
controls reaching a weight three times that of the operated animals. 
The experimental animals showed the usual short legs, short dished 
face, slipped wool, and "pot belly". If operation was delayed until 
the animal was three or four months of age, retardation of growth 
was only slight. 

Similar symptoms of hypothyroidism have been recorded for a 
great number of animals, including the mouse (Davenport and Swingle, 
1927), the guinea pig (Silberberg and Silberberg, 1940; Williams 
et al.; 1941), the cat (Dott, 1923), the rabbit (Kunde, 1926; Basinger, 
1916), the goat (Simpson, 1924; Reineke and Turner, 1941) , the cow 
(Brody and Frankenbach, 1942) , and the monkey (Fleischmann, 
Schumacker and Straus, 1943). 

The above are only a few of the many papers that have appeared 
on the general effects of thyroidectomy: (For more complete reviews 
see Kojimi, 1917; Schneider, 1939; Hoskins, 1927; Hammett, 1923; 
Salmon, 1938; Kendall, 1929; Haringt on, 1933). Apparently the 
results of hypothyroidism are analogous in all mammals and in, gen
~ral are more severe the earlier in life the thyroid function is im
~aired. Hammett (1929) has expressed the belief that thyroidectomy 
is more severe in older animals, but he stands alone in this view. . 

The effect of hypothyroidism on the histophysiology of tissues 
has not been studied extensively. Simpson (1927) studied the 
skeletal muscle of thyroidectomized sheep and reported that the 
development of the cytoplasm had been arrested and· that the cells 
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resembled those of much younger sheep. In vitro studies of Maeda 
(1927) indicated that thyroidectomy resulted in a lowered oxygen 
consumption of all tissue. Hammett (1926) expressed the belief 
that thyroid deficiency resulted in decreased size of the cells, but 
had no good evidence in support of his theory. The work of Von 
Haam and Cappel (1940) with heart tissue in vitro showed that the 
rate of cell division of heart tissue is accelerated by thyroid treat
ment. 

Activity of the growth zones of the bones is clearly depressed 
by hypothyroidism. Dott (1923), concluded that epiphyseal activity 
in the thyroidectomized dog was reduced by 81 per cent as judged 
by radiograms of the ends of the long bones. He reported that there 
were no degenerative changes which took place and that the result 
was simply an arrest of cell activity. To all appearances the bones 
remained in much the same state as those of younger dogs. Boe
tiger and Osborn (1938) likewise found the epiphyseal picture of 
70 day old dwarf mice to be much the same as 25 to 30 day old 
normals. Thyroid treatment restored the picture to normal. Todd, 
Wharton and Todd (1938) made an extensive study of skeletal 
maturation of sheep thyroidectomized at one to five months of age. 
They found deficient growth and modelling of the epiphysis and 
when ossification was as completed as would be possible in operated 
animals, the epiphysis was abnormal in character and was inade
quate to cap the growing end of the shaft. The long bones were 
short due to decreased velocity of growth, and duration of growth 
was not extended to compensate for this deficiency. The authors 
stated that the skeletal proportions were similar to those of primi
tive wild sheep. Laqueur, ·Dingemanse and Freud (1941) observed 
similar derangements in bones of you;ng rats thyroidectomized 
at an early age. The detailed histological studies of Silberberg 
and Silberberg (1940) on guinea pigs and of Becks, Ray, Simpson 
and Evans (1942) on rats have shown that thyroidectomy results 
in virtually a cessation of proliferation of the epiphyseal cartilage. 
Thus the evidence is clear that hypothyroidism suppresses bone 
growth. It is of interest that Konig (1937) has reported that 
thyroid preparations have been used successfully in treatment of 
slow healing bone fractures. 

Effects of Hypothyroidism on Metabolism and Utilization of Nu- · 
trients.-It is well known that oxygen uptake is low in hypothyroid
ism. Blood flow is reduced and anemia is usually present (Kendall, 
1929; Abramson and Sidney, 1942). 

Feed intake is low in hypothyroid animals including man (Kojimi, 
1917; Kunde, 1926; Johnston and Maroney, 1939; Richter, 1933), 
and as would be expected, nitrogen retention is decreased below 
that of normal. The efficiency of utilization of nitrogen by hypo
thyroid animals is not established. Protein requirement is low in 
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hypothyroidism and nitrogen excretion is usually lower than in 
normal individuals (Kendall, 1929) . Johnston and Maroney (1939), 
however, have reported a case of cretinism in which nitrogen 
excretion was further lowered by administration of a small amount 
of thyroid. Nitrogen retention was increased in others but was 
accounted for by increased nitrogen ingestion. , 

The effect on endogenous metabolism of nitrogen has not been 
studied extensively. Palladin and Savrow (1927) reported that 
thyroidectomy does not change the excretion of creatinine. Allison 
and Leonard (1941), working with thyroidectomized rats, observed 
a decrease in creatine excretion with no change in creatinine. Glaser 
(1942) thyroidectomized rats with like results and found further 
that the operated animals had a greater tolerance for injected 
creatine. Since the injected creatine could not be accounted for 
by changes in creatinine excretion or by storage in tissues they sug- . 
gested that the thyroid exerts some unknown influence on creatine 
metabolism. 

Kendall (1929), Harington (1933) and Lerman (1941) have 
reviewed the literature on the effects of hypothyroidism on carbohy
drate metabolism which indicates that the results have been quite 
variable. There is a tendency for blood sugar to be low (Bodansky, 
1942) and liver glycogen is frequently low. Increased sugar tol
erance is usually associated with hypothyroidism, but Harington 
(1933) has suggested this may be due to decreased absorption from 
the gut. This suggestion is supported by the report of Althausen 
and Stockholm (1938) that dextrose absorption from the intestines 
is low after thyroidectomy. They have suggested that the rate of 
sugar absorption may be used as a criterion of thyroid function. 

Fat metabolism is altered also in hypothyroidism. There is a 
tendency for fat to be stored in the tissues (Harington, 1933) and 
apparently the fat cannot be oxidized for energy as in normal 
animals (Kommerell, 1929). Blood lipids are high (Schmidt and 
Hughes, 1938; Lawson, Fleischmann and Block, 194la, b ; Entenman, 
Chaikoff and Reichert, 1942) and vitamin A is poorly ut ilized (Patek 
and Haid, 1941; Lerman, 1941). The ability to transform carotene 
into vitamin A is also impaired (Salter, 1940). 

Andrews and Bullard (1940) reported rapid fattening and good 
gains of steers which were thyroidectomized. Zorn and Brugger
mann (1939) reported like results following thyroidectomy of 30 
to 40 kg. pigs, while older pigs gave no such response. They reported 
the fattening to occur at the expense of inefficient utilization of 
feed and probably represented a shift from muscle and skeletal 
growth to a less efficient fattening process. 

The early work of Koeppen (1892) and of Aub and co-workers 
(1927) with toxic goiter led to the generally accepted belief that 
hypothyroidism was accompanied by a decreased calcium and phos
phorus excretion as opposed to increased excretion in' hyperthyroid-
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ism (Hunter, 1930, 1934). More recent work, however, has changed 
this view. As early as 1897 Magnus-Levy noted a decrease in 
calcium excretion following treatment of myxedematous patients 
with thyroid. Continued treatment, however, led to increased ex
cretion. Since no intake values were given, this increase may have 
been due to ·increased ingestion. Silvestri and Tossati (1907) also 
reported reduced excretion of calcium following administration 
of thyroid to patients with low metabolic rates. It is clear that 
total calcium retention is low in hypothyroidism and the available 
evidence indicates that utilization of available minerals is lower 
than normal. Thus, Breitbarth (1940) has reported that calcium 
excretion of thyroidectomized dogs was lowered by administration 
of small amounts of thyroid. At the same time calcium inta}{e 
was increased. 

Other Effects of Hypothyroidism.-In addition to subnormal 
growth, hypothyroidism causes a depression of other processes such 
as lactation (Graham, 1934a; Preheim, 1940), egg production (Win
chester, 1939) and growth of hair (Chang, 1926). Thus, hypothyroid
ism appears to be unfavorable to all the "anabolic" processes. 

Variability in Response to Thyroidectomy . ...,-Although in general the 
effects of hypothyroidism have been rather uniform, the results of 
thyroidectomy of rats have been somewhat inconsistent in that some 
animals, which to an indications have been completely thyroidecto
mized, continue to grow at a rapid rate while others show severe 
hypothyroid symptoms. This inconsistency may be explained by the 
finding of Reinhardt (1942) that certain thyrodectomized rats, which 
at autopsy show no remnants of thyroid tissue, store radio-active 
iodine in the cervical region. This would indicate that areas of 
thyroid tissue too smalI to be recognized histologically may be present 
or that tissue other than that having typical thyroid structure may 
be capable of synthesizing active agents. A small amount of thyroxine 
is synthesized in thyroidectomized animals by direct combination of 
iodine with blood proteins (Morton, Chaikoff, Reinhardt and An
derson, 1943). This would not appear, however, to explain the great 
variability in response to thyroidectomy. 

Effects of Hyperthyroidism. · Severe Hyperthyroidism.-The effects 
of severe hyperthyroidism are well known and will be mentioned only 
briefly here. (For reviews see Schneider, 1939; Cameron and Car
michel, 1920) . Thyroid in large amounts is toxic, resulting in loss of 
nitrogen, extreme emaciation and hyperirritability. Given in large 
enough quantities, the unusual finding of reduced oxygen consump
tion and feed intake may be encountered (Kojimi, 1917), followed 
quickly by death. Usually, however, food intake and gaseous meta
bolism are increased. 

The early work of Koeppen (1892), Magnus-Levy (1897) and Aub 
and co-workers (1927) led to the generally accepted belief that hyper-
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thyroidism was accompanied by loss of calcium leading to osteoporosis 
and decalcified bone. Some early reports on the effects of hyperthy
roidism on experimental animals lent support to this assumption 
(Parhon, 1912). Parhon, however, cited examples in which this 
finding has not been reported. Hunter (1934) likewise stressed the 
point that the finding was not universal in clinical hyperthyroidism. 
More recent work with experimental animals inaicates that uncom
plicated hyperthyroidism does not lead to decalcification of bone. 
Calcium retention, however, is low or nil (Drill, 1941; Smith and 
McLean, 1938). Since excessive hyperthyroidism is toxic, the reactions 
of an organism to the conditions are nonspecific and a study of the 
severe hyperthyroid state actually contributes little to the under
standing of normal thyroid ,Physiology. Failure to reckon with this 
fact coupled with a lack of appreciation of the potency of thyroid 
materials, especially thyroxine, has led to a great mass of literature 
which is difficult to evaluate and in many cases is practically meaning
less as relates to normal thyroid function. 

Most of the experiments that have been reported have dealt with 
relatively large doses of thyroid material. Parhon (1912) early empha
sized the point that dosage largely determines the effect to be expected 
and suggested that a small amount is "anabolic", whereas a larger 
amount is "katabolic". Still most workers failed to appreciate thy
roid potency and in many cases worked with severe hyperthyroidism. 
Aub and co-workers (1927) actually criticized early work that had 
shown small amounts of thyroid to cause an increase in calcium re
tention (Silvestri and T~ssati, 1907) because dosage was "too low." 

There are several papers dealing with mild thyroid treatment, 
however, and these will be reviewed in more detail. 

Evidence Indicating that Mild Hyperthyroidism May be Conducive to 
Rapid Growth. (1) CLINICAL OBSERVATIONS ON HUMANS.-Topper and 
Cohen (1928) fed thyroid to children who showed no gross signs of 
hypothyroidism. They observed no increase in metabolic rate but a 
spurt in growth occurred. Dor.ff (1935) administered small amounts 
of thyroid to growing children and obtained results similar to those 
of Topper and Cohen. To explain the respon(>e of children with 
apparently normal thyroid function, he postulated the condition of 
"masked hypothyroidism". Molitch and Poliakoff (1938) treated 43 
boys of subnormal stature, but with no other signs of hypothyroidism, 
with thyroid alone or in combination with pituitary extract. One grain 
of thyroid per day resulted in an average growth o{ 1.25 inches in 
six months as compared to 0.75 inches for untreated boys. Variation 
within the groups cast doubt on the significance of t}le results, but 
they were suggestive. Wilkins (1940) has stated in a general dis
cussion of thyroid medication of children that growth is more rapid 
when hypothyroid cases are made slightly hyperthyroid than when 
metabolism is merely raised to normal. 



14 MISSOURI AGRICULTURAL EXPERIMENT STATION 

The above reports have all come from treating children with some 
evidence of retarded growth and no results have been reported with 
strictly normal children. Hertz and Galli-Mainini (1941) and Reilly 
(1942), however, have presented eviderice that a cardinal symptom 
of hyperthyroidism of children is rapid skeletal growth during child
hood and adolesence but that maximum stature is no greater than 
that of normal individuals. Body weight was not mentioned but would 
presumably be somewhat below normal due to thin condition. Rapid 
skeletal growth of dogs fed fresh thyroid has been observed by Moussu 
(1899). 

Johnston and co-workers (Johnston and Maroney, 1939a, b; John
ston, 1941) have studied the effect of mild thyroid treatment . on 
nitrogen and calcium retention of children. In certain cases they 
have observed greater retention of both elements when small amounts 
of thyroid were administered to children with X\Ormal metabolic rates. 
Calcium retention was influenced to a greater extent than nitrogen. 
They have stressed the point, however, that if the metabolic rate is 
raised much above normal, decreased retention, especially of nitrogen, 
will occur. Nitrogen excretion was usually increased by thyroid 
medication but was compensated for by increased food intake. 

(2) GROWTH EXPERIMENTS WITH ANIMALS.-Moussu (1899) rea
soned that if small amounts of thyroid were essential for normal 
growth, would not a little extra thyroid result in growth above normal? 
He used paired littermate dogs and cats and fed small amounts of 
fresh horse thyroid to one of each pair. He concluded that thyroid 
in small amounts always resulted in faster growth in young dogs. 
They became less fat, however, and never reached more than normal 
stature. He . used height as an index of growth and stressed the 
finding of long limbs. He did not mention the cat in his results. Dott 
(1923) confirmed Moussu's report of rapid growth of dogs following 
thyroid medication. He reported that growth stopped prematurely 
and that the dogs never reached the maximum stature of the controls. 

Bircher (1910) fed rats small amounts of thyroid and reported ac- , 
celerated skeletal growth but body weight was slightly below normal. 
Schafer (1912) fed small amounts of thyroid to growing rats and 
observed increased rate of growth and feed intake of females. The 
males were apparently unaffected. Herring (1917) fed 0.1 to 0.2 
grams of fresh sheep thyroid to female rats. On the average, growth 
rate was not greatly affected. Some animals grew rapidly and to a 
large size while others were retarded. Hoskins (1916) fed 10 mg~ daily 
of dry thyroid to growing rats and from his observations stated that 
"the treated animals averaged slightly heavier than controls but the 
difference is perhaps too slight to be significant. If the loss in fat of 
the thyro{d fed animals be taken into account, an increa~ed weight of 
the remainder of the body appears." Dulzetto (1928) injected 20 to 
25 day old animals with a thyroid extract (not described) and ob-
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tained slight, but probably insignificant, gain above controls. Evans, 
Simpson and Pencharz (1939) injected small quantities of thyroxine 
into rats and showed growth curves of treated rats that were slightly 
above those of controls, but the differences were insignificant. 

The effect of mild thyroid treatment on growth of mice was studied 
by Robertson (1928) . In a series of trials he found that both males 
and females responded to feeding of 1.9 mg. fresh thyroid per day by 
increased rate of growth early in life. The animals reached the same 
maximum weight as controls but obtained this weight in a shorter 
period of time. Mean life duration was reduced by about 15 weeks or 
to about 85 per cent the life span of controls. 

No reports have appeared which would indicate that thyroid treat
ment of guinea pigs or rabbits might lead to 'accelerated growth. 
Parhon (1912) and Stefanescu (1926) reported that "subtoxic" levels 
inhibited growth rate, but they still used amounts that markedly in
creased metabolism. Increased mitotic activity in the epiphyseal 
cartilages of both rabbits (Coryn, 1939) and guinea pigs (Silberberg 
and Silberberg, 1940) has been observed following thyroid treatment, 
but in these cases general body growth was not reported upon. 

Since this investigation was started, evidence has been presented 
that the growth rate of chicks during early life can be increased to 
a limited extent by feeding small amounts of thyroid while feathering 
is markedly improved (Parker, 1943; Irwin, Reineke and Turner, 
1943). 

(3) EFFECT ON FEED INTAKE, AND ABSORPTION.-Zanasi (1934) first 
reported that mi:d thyroid · treatment . stimulated gastric motility in 
laboratory animals. He also found that several other hormones caused a similar response and attached little significance to this property of 
thyroid materials. Increased peristalsis of stomach and intestines 
has been reported also by Rossiiskii (1937), Althausen (1939), Mor
rison, Samuel and Feldman (1939, 1940) and Castleton and Alvarez 
(1941). 

Eidinova (1936) fed small amounts of thyroid to dogs and by means 
of Pavlov and Heidenhain pouches determined that the flow of gastric 
juices was increased abov~ normal and that the "digestive power" of 
the juices was also increased. Overdoses of thyroid inhibited gastric 
flow. 

Althausen and Stockholm (1938) reported that administration of 
thyroxine resulted in increased absorption from the intestines of dex
trose, xylose, galactose and oleic acid, but not . of alanin. They sug
gested that the increased absorption · was due to stimulation of 
prosphorylation. Fecal excretion of calcium was increased under the 
same conditions (Althausen, 1939) and was attributed to increased 
peristalsis. Other drugs which caused increased· peristalsis also caused 
increased calcium excretion while morphine, which inhibits peristalsis, 
decreased calcium excretion. Glaser (1942) confirmed the work of 
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Althausen on carbohydrate absorption but observed injury of the 
liver due to the treatment. 

(4) NUTRITIVE BALANCE STUDIES.-Most investigators have reported 
increased nitrogen excretion upon thyroid administration. This find
ing has been universal in treatment of myxedema patients and repre
sents nitrogen lost in connection with diuresis. At the same time the 
fluids in the tissues are reduced and the urine nitrogen is thought to 
indicate a loss of "deposit protein" (Lerman, 1941; Harington, 1933): 
This increased excretion of nitrogen disappears upon continued treat
ment. Similarly, a smaller amount of nitrogen may be lost upon ad
ministration of thyroid to normal individuals. Rudinger (1908) 
stressed the point that increased nitrogen excretion did not occur in 
states of moderate hyperthyroidism provided sufficient carbohydrate 
is available to meet the energy requirements of the increased meta
bolism. Thus, Weymuller, Wyatt and Levine (1932) administered 
thyroid to well-fed infants and observed no increase in nitrogen excre
tion and in some cases excretion was actually decreased. Johnston 
and Maroney (1939) have shown ·that small amounts of thyroid ad
ministered to children lead to increased nitrogen retention so long 
as metabolism is not raised much above normal. The above reports 
are not evidence of beneficial effects of mild hyperthyroidism, but do 
emphasize the fact that ample thyroid activity is essential for optimal 
nitrogen retention. 

Terroine and Babad (1939) reported increased retention of nitro-
. gen by rats even though ~hyroxine was given in amounts to cause an 
actual loss in weight. Marx, Magy, Simpson and Evans (1942) have 
presented evidence that rats receiving "purified thyrotropic" prepara
tions stored more nitrogen than controls but failed to note a similar 
retention after short periods of thyroxin injection. It is of interest 
that Zitowskaya ( 1939) found that · livers of thyroid-treated dogs had 
the ability to synthesize amino acid from pyruvic acid and ammonia 
in vitro at a markedly faster rate than livers of control dogs. · 

There have been no reports of increased calcium and phosphorus 
balance due to thyroid treatment of normal humans or experimental 
animals. However, thyroid medication of hospital patients with ap
parently normal thyroid function has led to improved calcium balances 
(Silvestri and Tossati, 1907; Johnston, 1941). Again Johnston has 
emphasized the point of keeping the metabolic rate near to normal if in
creased balances are to be expected. The finding of increased skeletal 
growth of dogs, mice and children in states of mild hyperthyroidism 
would suggest that the condition is not unfavorable for calcium and 
phosphorus retention. 

(5) OTHER INDICATIONS.-There are several theoretical considera
tions suggesting that an active thyroid state is· associated with rapid 
growth: (a) The thyrotropic potency of the anterior pituitary is 
highest during the period of rapid growth of rats (Turner and Cupps, 
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1940), rabbits (Bergman and Turner, 1941), cattle (Reece and Tur
ner, 1939) and swine (Elijah and Turner, 1942). (b) In rats, a 
species wherein the male grows more rapidly than the female, the 
thyrotropic potency of the anterior pituitary is higher in the male 
than in the female (Turner and Cupps, 1940), whereas the thyro
tropic potency of the two sexes is similar in rabbits, a species in which 
the growth rate of the two sexes is similar (Bergman and Turner, 
1941). (c) The pituitaries of slow-growing strains of swine have 
been reported to be lower in thyrotropic potency than those of faster 
growing strains (Elijah and Turner, 1942). 

It has been well established that treatment of cows or goats with 
moderate amounts of thyroid will increase milk and fat production 
for short periods of time (Graham, 1934a, b; Ralston et al., 1940; 
Reineke and Turner, 1942). No long-term experiments have yet been 
reported. 

Hair and feather growth have also been shown to be affected. Chang 
(1926) reported that undernourished rats showed a retardation of 
hair growth. Thyroid fed to such animals kept on a semi-starvation 
diet improved hair growth in spite of further decreased body weight 
due to treatment of the originally deficient animals. 

Evidence that Mild Thyroid Treatment is Unfavorable to Organisms. 
The evidence in the preceding section does not suggest that mild 
thyroid treatment is always favorable to growth but it does em
phasize that the reactions of organisms to mild hyperthyroidism 
have not been appreciated by most investigators. Such factors as 
genetic constitutio11 , environmental conditions and species dif
ferences undoubtedly affect the response to treatment and var iation 
in response of individual animals is to be expected. The reports 
mentioned suggest that the problem is deserving of further inves
tigation. It appears possible that some species or strains of animals 
may · show a uniformly favorable xesponse to mild thyroid treat
ment. 

In contradiction to the positive evidence of the preceding section, 
there are a host of reports which have shown "subtoxic" levels of 
thyroid treatment to be uniformly inhibitory to growth. These 
publications have been reviewed fully elsewhere (Hoskins, 1916; 
Cameron and Carmichel, 1920; Kojimi, 1917; Schneider, 1939). 

Critical evaluation of these reports, however, indicates that in 
nearly all cases, even though "subtoxic" levels were used, metabolism 
,was increased to the extent that a state of relatively severe hyper
ithyroidism was produced. Cameron and Carmichel (1920) seem 
:to be the only investigators to have studied the effects of car efully 
graded amounts of thyroid material. Working with rats they gave 
as low as 1 mg. of dried thyroid per ·20 grams of body weight. Only 
a very few animals were given the lower dosages and in this case 
growth was not appreciably affected. Larger amounts, of course, 
inhibited growth. Parhon (1912) , working with rabbits and Stef-
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anescu (1926) with guinea pigs, fed graded amounts of thyroid, 
but their lowest dosages were in the toxic range. 

The work of Herring (1917), Hoskins (1916), Dulietto (1928), 
Da Costa and Carlson (1933), Evans, Simpson and Pencharz (1939) 
and Korenchevsky, Hall and Claphan (1943) with mild treatment of 
rats, while not showing small amounts of thyroid to be detrimental 
to animals, failed to show any marked or consistent growth above 
that of controls. 

Variability in Response to Thyroid Treatment.-One common obser
vation of great interest is the variability in tolerance of animals 
of the same species to thyroid material with environmental and 
feed factors being constant. Peizer (1906) fed heavy doses of thy
roid to rats and observed that in groups where the dosage was 
usually lethal, some individuals survived the treatment and showed 
a steady gain in weight. Hoskins (1927) found the response within 
litters to be fairly uniform but a marked difference occurred between 
different litters. Work done in the Department of Dairy Husbandry, 
University of Missouri, bears out these observations on mice, rats, 
guinea pigs, rabbits and chickens. At present there are no indications 
as to the cause of this variation in thyroid tolerance. It does offer 
a possible explanation of the contradictory results that have been 
reported in some instances. It suggests also that there may be a 
similar variation in response to milder treatments with thyroid 
materials. 

Thyroid Activity and Vitamin Requirements.-The literature has 
been reviewed recently citing numerous reports of an "antagonism" 
between thyroid hormone and vitamins A, C and the B complex 
(Korenchevsky, Hall and Clapham, 1943). This supposed "antagon
ism" has been assumed to explain the finding that hyperthyroidism 
is relieved to a limited extent by vitamin therapy and that thyroid 
treatment exaggerates vitamin deficienr.ies . Korenchevsky et al. 
(1943) interpreted these findings, logically it seems, to indicate 
that vitamin requirements are increased by thyroid treatment due 
to increased metabolism. This suggestion is in keeping with the 
well-established fact that the vitamin B1 requirement is propor
tional to the rate of metabolism of the tissues (Drill, 1938). 

Korenchevsky, Hall and Clapham (1943) fed rats on a normal 
ration and found that mild thyroid treatment did not greatly affect 
the animals while larger doses of thyroid were toxic. Fortifying 
the ration with cod liver oil, crystalline vitamins C and B and yeast 
extract relieved the toxic effects. With a vitamin-deficient ration 
which barely supported control animals, mild thyroid treatment 
was toxic. Addition of crystalline vitamins relieved the toxic symp
toms c-0mpletely . 

. Thus, it seems well established that thyroid treatment increases 
the requirements of most vitamins. It would appear logical to as
sume that many of the contradictory reports on the effects of small 
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amounts of thyroid can be explained on the basis of failure to 
recognize this fact. 

Experimental 
Four different species of laboratory animals, including mice, rats, 

guinea pigs and rabbits, were used to determine the effect of mild 
thyroid treatment on the rate of growth of young animals. Both 
males and females of the four species were used to determine any 
sex differences in response. 

The general procedure was to treat first a few animals of each 
species with a wide range in dosage in order to gain some indication 
as to the tolerance of thyroid material. Most of these exploratory 
tests have been omitted from the data presented. From the infor
mation gained in these preliminary tests, a series of dosages were 
calculated which at the highest level would be inhibitory to growth. 
This amount was decreased stepwise, usually by one-half, until 
a level was reached which apparently did not affect the animals 
or else to the point where it seemed impractical to reduce the 
dosage further. If any level appeared to increase rate of growth, 
the dosage was repeated to obtain sufficient numbers to test signifi
cance. 

Four different thyroidally active preparations were used in the 
course of these experiments: 

1. Synthetically prepared thyroxine-sodium (British Drug House). 
This material was used only with mice and was given as a subcu
taneous injection of 0.1 cc. of solution at the isoelectric point. 
The dry powder was dissolved in dilute NaOH, brought to its 
isoelectric point by addition. of HCl, and then made up to volume. 
The suspension was kept stored in a refrigerator and a new stock 
was prepared once every 30 days. 

The other materials used were three lots of thyroactive iodocasein 
prepared by the method described by Reineke and Turner (1942). 
These preparations will be referred to hereafter as thyroactive pro
teins, or simply as thyroprotein. 

2. Thyroactive protein lot I was a highly potent preparation con
taining 7.14 per cent iodine and having 10.3 per cent the potency of 
synthetic thyroxine-sodium on a weight basis when injected into tad
poles, or 4.0 per cent the activity of thyroxine-sodium when assayed 
by oral administration to guinea pigs. This material was used in 
Experiment 9 with mice and was injected at its isoelectric 'point. · · 

3. Thyroactive protein lot II was a less potent lot containing 1.8 per 
cent the activity of thyroxine-sodium when injected into tadpoles. It 
was used only in E::x:periment 7 with mice, the material being finely 
ground and incorporated into the ration. 

4. Thyroactive protE;lin lot III contained 7.24 per cent iodine and 
possessed 9.3 per cent' the potency of thyroxine-sodium as assayed by 
tadpoles, or about 3.0 per cent the activity of thyroxine when given 
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orally to guinea pigs. This batch of material was used in Experiment 
9 with mice and exclusively in all experiments with rats, guinea pigs 
and rabbits. 

Experiments with Mice. Procedure.-The animals used in the mice 
experiments were all purchased from one commercial breeder and 
were reported to be descended from a single pair of mice. It is claimed 
that the strain has been maintained without introduction of outside 
breeding stock for 37 years. The mice weighed 10 to 14 grams when 
received and were allowed a few days of recovery from shipment 
before being placed on experiment. Individual records were kept on 
all animals and weights were taken one or more times weekly. 

The mice were fed a stock diet used in this laboratory supplemented 
with a commercial dog feed. This stock ration was made up of: 

Ground corn . . . . . . . . . . . . . . . . . . . . . . . . . . . . 200 parts 
Ground oats . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 150 parts 
Wheat shorts . . . . . . . . . . . . . . . . . . . . . . . . . . . . 220 parts 
Linseed meal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 150 parts 
Cottonseed meal . . . . . . . . . . . . . . . . . . . . . . . . . . 50 parts 
Soybean meal . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 parts 
Skim milk powder .. .. ... . .............. . . 150 parts 
Steamed bone meal . . . . . . . . . . . . . . . . . . . . . . . . 20 parts 
Salt . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 parts 

In Experiments 0, 1, 2, 3, 5 and 6 (Table 1), the stock ration was 
fed _in jars and the dog feed in pellet form. In Experiments 4, 7, 8 
and 9, the pellets were ground and added to the stock feed to the 
amount of 50 per cent of the ration. All feed was given ad libitum. 
The ration has been successful in maintaining good reproduction in 
mice and rats in this laboratory and does not appear to be deficient 
in nutritional factors. Records of feed intake by groups were kept 
in Experiments 4 and 7. 

The . animals were kept in elevated wire bottom cages and no more 
than 12 mice were kept in one cage. They were housed in basement 
laboratories where the temperature was usually maintained between 
78° and 85° F. 

Ten ditferent trials were conducted involving a total of 493 mice 
(Table 1). ·in the first seven experiments, synthetic thyroxine-sodium 
was used as the test substance '8-nd injected subcutaneously in 
amounts ranging from 0.007 mg. to 0.04 mg. daily, or twice those 
amounts on alternate days. In the remaining three experiments, 
three batches of thyroactive iodocasein were used as the thyroidally 
active agent. Lot I was injected at its isoelectric point while lots II 
and III were finely ground and mixed with the feed. Male animals 
were used in Experiment 6 a:ad females in all others. 
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TABLE 1. GENERAL INFORMATION CONCERNING EXPERIME;NTS WITH MICE 

Date !Jate No . of Animal::; Trdatweut Star ted Ended At Sta r t H Ena 

Exper . 
No. 

0 Control females 7/14/41 8/2/41 12 10 0.01 mg. thyroxine injected daily 7/ 14/41 8/2/41 12 3 
Control females 8/ 5/41 9/9/41 12 9 0.04 mg. thyroxine injected daily 8/5/41 9/9/41 12 11 0.02 mg. thyroxine injected daily 8/5/41 9/9/41 12 11 O. 009 mg. thyroxine 1nj ected daily 8/5/41 9/9/ 41 12 11 0.007 mg. thyroxine injected daily 8/5/41 9/ 9/41 12 12 

1 

Control females 9/25/41 1/9/42 30 29 0.015 mg. thyroxine injected daily 9/ 25/ 41 1/9/42 30 28 

2 

g~gjr~~ 6~~61::. (l) thyroxine injected g~1~tr ~~5~13 15 13 
15 15 alternate days 

3 

g~gn~ ~~~61::. <1)thyroxine injected l~l§~il ~m~il 10 10 
10 8 alternate days 

4 

g~gjr~~ 6~~61!~. (l)thyroxine injected 
2/6/42 3/13/42 10 9 
2/6/42 3/13/42 10 9 alternate days 

Control males 2/6/42 3/30/42 20 16 0.06 mg. thyroxine i njected alternate 2/6/42 3/30/42 20 14 da)'S 

6 

Control females 2/28/42 4/4/42 11 11 0.15% lot II th)'roprotein in ration 2/ 28/42 4/4/42 11 11 0.30% lot II t hyropr otein in ration 2/28/42 4/4/42 11 8 0.60% lot II thyroprotein in ration 2/28/42 4/4/42 11 8 

7 

Control females 4/3/42 5/8/42 10 7 0.;48 mg. lot I thyroprotein injected 4/3/42 ; /8/42 10 7 alternate days 
4/3/42 5/8/42 1.096 mg. lot I t hyroprotein injected 10 3 

8 

alternate days 

Control females 9/10/ 42 10/ 15/42 30 22 0.02jll lot III t hyroprotein· in ration 9/ 10/ 42 10/15/ 42 30 22 0.04% lot III t hyroprotein in ration 9/10/42 10/ 15/42 30 24 0.08% lot III thyroprotein in ration 9/10/42 10/ 15/ 42 30 22 0 .16% lot III thyroprotein in ration 9/10/42 10/15/42 30 20 0.32% lot III t hyr oprotein in ration 9/10/42 10/15/42 15 11 

9 

(l) Dosage was increased on 10th day of treatment. 

Observations on Growth.-The data obtained on growth are sum
marized in Table 2 and Figs. 1 and 2. Preliminary trials showed 
thyroxine in amounts larger than 0.06 mg. daily to be toxic, resulting in 
a depressed rate of growth and high mortality (Experiment 0) . When 
the dosage was reduced to 0.007 mg. t hyroxine d~ily, growth was not 
appreciably affected. Dosages ranging from 0.01 to 0.04 mg. daily, 
however, resulted in a marked increase in growth above that of con
trols for a period of approximately five weeks (Fig. 1, Experiment 
1). Repeated trials with the dosage maintained from 0.015 to 0.03 
mg. daily (Experiments 2, 3, 4, 5 and 6) showed a consistent difference 
in gain in favor of the treated animals. The difference in gain over 
a five-week period amounted to approximately 28 per cent and was 
found to be statistically highly significant (Table 3). Male mice 
responded in a manner similar to females (Experiment 6). 
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TABLE 2. AVERAGE WEIGHTS OF MICE AT INTERVALS WHILE ON EXPERIMENT 

Exp er. 
Av. wt. of GrouI! (fll!!s.) !lo. I:!:eatmenj; 

7/l4(1) 7/21 7/28 8/2 0 Control females 15.l ± l.Ol 17.6 18.l 20.l O.Ol mg. tbyroxine 15.6 :t. 0.851 17.8 16.l 14.2 injected daily 

8/5(l) 8/12 8/19 8/26 9/2 9/ 9 l Control females 15.9 :t. l.03 (3) 18.0 18.7 18.9 20.4 20.9 i 2.4(3) 0.04 mg. thyroxine 16.5 ±. 1.24 18.5 20.l 17.3 20.7 23.6 .t. 2.71 injecti:d daily 
20.6 19.6 24.9 .t. 1.58 0.02 mg. thyroxin~ 17.4.J:.0.75 20.l 22.9 injected daily 

19.6 22.6 24.6 .t. 1.10 O. 009 mg. thyroxine 17.3 i l.27 21.2 20.7 injected daily 
20.8 22.4 .±. l.87 0. 007 mg. thyroxine 16.7 .±. l.18 19.3 20.9 21.5 injected daily 

9/25(l) 10/4 10/10 10/18 10/24 10/31 l / 9 2 Control females 15. 7 .:t. l.36 17.8 19.0 19.6 20.4 21.4 .±. 1.89 23.0 0.03 mg. thyroxine l4·9 .±. 1.30 17.4 19.l 19.4 20.2 21.9 ±. 1.68 23.1 alternate days 

12/l(l) 12/8 12/ 15 12/22 12/29 1/5 3/3 3 Control females (2) 15.0 i 1.18 16.9 17.8 18.6 19.l 20.3 .t. 2.41 22.5 0.03 to .0.06 mg. 14-5 ± 1.54 16.8 18.1 20.4 20.8 21.7 ± 3.12 23.5 thyroxine alter-
nate days 

l/19(l) 1/26 2/ 3 2/9 2/16 2/25 4 Control females (2) 14.2 ± 1.07 15.2 16.l 16.9 17.7 17.8 .±. 2.13 0.03 to 0.06 mg. 13.9 ± 0.91 15.3 16.9 17.7 18.4 ±. 2.98 thyroxine alter-
nate days 

2/6(1) 2/17 2/21 3/3 3/9 3/13 5 g~~jr~~ ~~~~::.(2) 14.1 ± 1.34 16.7 17.l 18.9 19. 6 19.9 .i 1.81 13.7 ± 0.70 16.9 18.2 19.2 20.2 20.9 .t. 2.39 thyroxine alter-
nate days 

6 
2/6(1) 2/17. 2/21 3/3 3/9 3/13 Control males 15.5 ± 1.00 18.2 19.5 21.0 21.5 22.l .±. 1.71 0.06 mg. thyroxine 15.5 ± 0.82 20.0 21.5 22.0 22.7 23.9 ±. 1.82 alternate days 

2/28(1) 3/3 3/14 3/21 3/30 4/4 7 Control females 12.l .t. 0.75 lJ.2 17.2 18.l .19.3 19. 7 .±. l.86 0.15% lot II thyro- 11.8 .t. 0.81 12.9 16.3 17.7 19.0 19.l .t. 1.93 protein in ration 
0.30% lot II thyro- 12.2 .t. 0.63 13.5 18.3 19.5 19.8 20 .8 .±. 2.08 ~otein 1n ration 
o. % lot Ir thyro- 12.J ± 0.76 11.9 18.3 19.8 20.8 21.5 .i 2.03 protein in ration 

8 
4/3(l) 4/11 4/ 17 4/22 5/2 5/8 Control females 13.i ±. l.03 15.4 16.9 18.2 19.4 19.8 .t. l . 72 0.548 mg. lot I thy- 13. .t. 1.23 15.6 17.8 20.2 21.l 21.5 ±. 2.08 roprotein inject-

ed alternate days 
l.096 mg. lot I thy- 13.6 .i 0.79 15.2 16.9 17.0 16.l roprotein inject-

ed alternate days 

9/10(1) 9/16 9/23 10/3 10/10 10/15 9 Control females 13.l ± 1.00 l4·4 15.9 17.9 18.2 19.5 .t. 2.16 0.02% lot III thy- 13.0 ± 1.16 13.9 16.0 17.7 18.0 19.3 .t. l.7J roprotein in ration 
0.04% lot III thy- 12.9 .±. 1.27 13.9 16.7 19.5 19.7 20. 4 .±. 1.81 roprotein in ration 
0.08% lot III thy- 12.6 .i 0.86 l4-l 16.0 19.4 1?:5 20.0 ±. 2. 30 roprotein in ration 
0.16% lot III thy- 13.5 ± 1.13 l4.3 16.7 19.0 19.9 21. l .i 2.84 roprotein in ration 
0.32% lot III thy- 13.9 ± l.J8 15.l . 17.7 20.4 20 . 7 21.8 ± 2.09 roprotein 1n ration 

m 
Date weights were taken. 
Dosage was increased on 10th day of treatm~nt. All such figures are s tandard deviations. 
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Fig. 2.-Growth curves of mice. 

Animals treated for longer than five weeks continued to be heavier 
tnan the controls for a period of several weeks, but the difference be- . 
tween control and treated animals gradually became less after the 
animals reached an average · weight of about 20 grams. By the time 
the treated animals reached a weight of 23 grams, the controls had 
overtaken them and the maximum size attained was the same in 
the two groups (Table 2,. Experiment 2). 

Feeding or injecting thyroactive iodocasein gave results comparable 
to injection of thyroxine (Experiments 7, 8 .and 9). When dosage 
was reduced to a· row level, · growth was not appreciably affected al
though there was a tendency for animals on low dosage to be slightly 
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TABLE 3.-SUMMARY OF GAIN IN BODY WEIGHT MADE BY CONTROL AND 
TREATED MICE DURING A FIVE-WEEK PERIOD. 1 

Treated Difference 
Controls Animals in Gain P Value 

Thyroxine treated females 
Gain in weight (gm.) 5.4 6.8 1.3 l Standard deviation (gm.) 1.94 1.97 
No. of animals 70 105 

Thyroxine treated males 
Gain in weight (gm.) 6.6 8.4 1.8 5 Standard deviation (gm.) 1.95 2.06 
No. of animals 16 14 

Thyroprotein treated females 
Gain in weight (gm.) 6.8 7.8 1.0 1 Standard deviation (i;:m.) 2.05 2.02 
No. of animals 40 100 

'Mice in Experiment 0, those receiving 0.15% thyroprotein in Experiment 7, l.096 mg. thyroprotein in Experiment 8, and 0.02% in Experiment 9, were excluded because the dosages were out of range of response. 

lighter than controls ( 0.15 % in Experiment 7, 0.02 % in Experiment 
9). Heavy dosage resulted in depressed rate of growth and high 
mortality (1.096 mg. injected in Experiment 8). Amounts between 
these extremes resulted in a significant increase in gain during a 
five-week period (Table 3). Skeletal growth, as measured by length 
of mice, was likewise significantly increased above that of controls 
(Table 4). 

TABLE 4.-SUMMARY OF GAIN IN BODY LENGTH MADE BY CONTROL AND 
THYROACTIVE PROTEIN-FED MICE DURING A FIVE-WEEK PERIOD.1 

Gain in length (mm.) 
Standard deviation (mm.) 
No. of animals 

Controls 
19.0 
4.0 

40 

Treated 
Animals 

23.0 
4.l 

100 

Difference 
in Gain 

4.0 
P Value 

1 Animals receiving 1.096 mg. of thyroprotein in Experiment 8 and those rece1vmg 0.02% in Experiment 9 were excluded because dosages we're out of range of response. 

Thus, our observations confirm the report of Robertson (1928) 
that mild thyroid treatment increases the rate of growth of mice 
early in life but that the maximum size attained is not increased. 
Robertson reported a decrease of 15 per cent in mean duration of 
life, but the short time experiments used in these trials showed no 
appreciable difference in mortality (Table 1). 

The question naturally arises whether the average increase in 
gain of the treated animals could be attributed to stimulation of 
slow-growing mice, to a general increase in gain of all animals, 
or to some change in the distribution of gains. Tabulation of the 
igains made by the treated and control animals showed that the 
'minimum and maximum gains made by the two groups were similar. 
Extremely small gains were somewhat more frequent in the control 
animals, however, and the modal gain of the treated animals was 
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approximately 1 gram heavier than t he modal gain of t he controls 
(Fig. 3). 
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Fig. 3.-Frequency polygons of g ains made by contr ol and ti·eate<l mice. 

Effect of Thyroid Treatment on Composition of Carcass.-The com
position of whole ground carcasses (with feed content of gut removed) 
of ·three different groups of control and treated mice is shown in 
Table 5. These data have been published in more detail pr eviously 
(Koger, Hurst and Turner, 1943) and will be summarized here. During 
the period of accelerated growth of the treated animals the average 
protein and moisture content of the t issues, on a percentage basis, 
was increased above that of the controls, whereas the fat and energy 
content was lower than normal. These differences became less with 
continued treatment. 

One observation of considerable interest is that while the absolute 
amount of protein and fat contained in t he carcasses was different in 
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TABLE 5. COMPOSITION OF TISSUES OF CONTROL AND TREATED MICE 

Carcass ry -reatmen't wt. llatter N. Prot·. Calories 
gm. per 00 glll. 

Controls 15.7 . 36.3 3.14 19.6 11.0 3.9 ~i Thyroxine for 27 days 16.9 34.3 3.27 20.5 9.0 3.5 
Controls 17.2 37.5 2.86 17.9 11.a 3.4 232 Thyroxine for 43 days 18.0 34.3 2.95 18.4 10.7 3.4 218 

Controls 21.0 36.7 2.95 18.4 9.8 3.4 2li Thyroxine for 93 days 22.0 35.4 2.96 18.7 9.4 3.7 20 

control and treated mice, the average total energy content of the two 
groups was found to be almost identical in three different observations 
(Table 6). 

TABLE 6. ABSOLUTE AMOUNTS OF DRY MATTER, PROTEIN, FAT 
AND ENERGY CONTAINED IN THE CARCASSES OF CONTROL AND 

TREATED MICE 

Dry Tota Treatment Matter Protein Fat Calories 
gm. gm. gm. 

Controls 5.70 3.06 1.73 35.2 Thyroxine for 27 days ;.so 3.46 1.51 34.9 
Controls 6.44 3.08 2.10 39.9 Thyroxine for 43 days 6.17 3.31 2.03 39.3 
Controls 7.49 3.87 2.05 41+.8 Thyroxine for 93 days 7.58 4.10 2.07 45.4 

Feed Intake and Utilization.-Feed intake was positively correlated 
with rate of gain. Dosages of thyroid material which increased the 
rate of growth caused a corresponding increase in feed intake, whereas 
a small dosage that resulted in gains slightly lower than normal 
caused a decrease in feed intake (Table 7). Dosages that accelerated 
growth rate caused an increase in feed intake from 20 to 30 per 
cent above that of controls. 

TABLE 7.-AVERAGE DAILY FEED INTAKE AND DAILY GAINS MADE BY 
CONTROL AND TREATED MICE. 

Exper. 
No. Treatment 

4 Controls . . .... . . ............................ .... . . 
0.03 mg, thyroxine daily ....... ... ..... .. . ..... . .. . 
Cont rols ........ ... . ... . ...... .. .. . . . . , ... ....... . 
0.15 % thyroorotein in ration . ..... . ... . . . ... ..... . 
0.30% thyroprotein in r a tion .. . ...... . . . .... .... . . 
0.60 % thyroprotein in ration ....... . ... . .. ... .... • 

Weight 
Gain 

gm. 
.IO 
.13 
.22 
.21 
.25 
.26 

Feed 
Intake 

gm. 
3.6 
4.6 
3.3 
3.0 
3.8 
4.2 
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The quantity of protein, fat and energy stored per unit of feed 
intake was calculated for two different lengths of treatment (Table 
8). During the period in which the growth rate of the treated animals 
was more rapid than the controls, the treated animals stored more 
protein and gained more in body weight per unit of feed intake than 
the untreated controls. During this same time the controls stored 
more fat and total energy per unit of feed intake. Since continued 
thyroid treatment maintained an increased feed intake and growth 
was stimulated for only a limited period of time, the efficiency of the 
treated animals decreased rapidly, and following the period of ac
celerated growth the treated animals stored less of all nutrients 
per unit of feed intake than the controls. 

TABLE 8.-GAIN IN BODY WEIGHT AND AMOUNTS OF NUTRIENTS STORED 
PER 100 GRAMS FEED INTAKE BY CONTROL AND TREATED MICE. 

Body Weight 

gm. 

Controls . . . . . . . . . . . . . . . . . . . . . . . 8.8 
Thyroxine for 27 days ... ... ... , 8.6 
Controls ............... , . . . . . . . 2. 7 
Thyroxine for 48 days . . . . . . . . . . 2. 7 

Protein 
gm. 

0.75 
0.90 
0.44 
0.48 

F.at 

gm. 

0.66 
0.21 
0.59 
0.49 

Calories 

10.9 
8.1 
9.3 
7.1 

Experiments with Rats.-The general information concerning 
the experiments with rats is shown in Tables 9 and 10. The thyroid 
preparation used was lot III thyroactive iodocasein and was ordinarily 

TABLE 9. GENERAL INFORMATION CONCERNING EXPERIMENTS WITH MALE RATS 

!iper. Date Date No. o'1! An!iiiiia Per Cent No. Treatment Starttc1 Endtd At Sta:t At End Survival 
l Controls, Missouri ~!;ain 9/9/42 10/17/42 12 ll 92 0.01% thyroprotein 1n ration 9~9~42 10/17/42 12 l2 100 

0.02~ thyroprote1n 1n ration 9 9 42 10/17/42 12 ll 92 
.0.04~ t~yroprote1n 1n ration 9/9/42 10/17/ 1+2 12 10 83 
0.08~ thyroprote1n 1n ration 9/9/1+2 10/17/1+2 12 10 83 
0.16~ thY,roprotein 1n ration 9??2 10/17/1+2 12 ll 92 0.32% thyroprote1n 1n ration 9 9 42 10/17/1+2 12 ll 92 

2 Controls, llis souri strain 10/10/42 l/29/1+3 18 16 89 0.01% thyroprotein 1n ration 10/10/42 l/29/43 18 14 78 
0.02~ thyroprote1n 1n ration • 10/10/42 l/29/1+3 18 15 8.3 o.og thyroprote1n 1n ration 10/10/1+2 l/29/l+.3 18 14 78 0.0 thyroprote1n 1n ration 10/10/42 l/29/1+3 J.8 15 83 

.3 Controls, llissouri strain ll/ 20/42 3/ll/1+3 20 20 100 0.005% thyroprote1n 1n ration· ll/20/42 3/11/l+.3 20 20 100 
4 Control's, llissoui:'i strain 12/1/42 3/21/1+2 15 l4 9.3 0.0075% thyroprotein 1n ration 12/l/42 3/21/1+2 15 13 87 0.0100% thyroprote1n 1n ration· 12/l/42 3/21/ 1+2 15 12 

5 Controls, Sprague-Dawley strain 12/20/42 4/13/l+.3 8 7 88 0.005% thyroprote1n 1n ration 12/20/1+2 4/13/43 8 5 63 0.010% thyroprote1n 1n ration 12/20/42 4/13/1+3 8 8 l.00 0.020% thyroprote1n 1n ration 12/ 20/42 4/l.3/1+3 . 8 7 88 0.040% thyroprote1n 1n ration 12/20/42 4/13/43 8 5 63 4.000 mg. thyroprote1n injected 12/20/42 4/l.3/43 8 7 88 daily 

(l)Thyroactive .Protein lot III 



TABLE 10. AVERAGE WEIGHTS OF MALE RATS AT INTERVALS WIDLE ON EXPERIMENT 

er. 
Bo. Treatment Average weight of group (gms.) 

9/9 ) 9/l.7 9/24 l.O/l. l.O/l.O l.O/l.7 (l.) ]. Control.s, llissouri strain l.74 ± ].3(l. l.77 l.89 207 22l. 230 i 33 O.Ol.~ thyroprotein 1n ration l.80 ± l.5 l.77 l.93 209 2l.5 228 ± 13 0.02% thyroprotein 1n ration 181 ± l.9 177 182 203 216 223 i 35 0.04~ thyroprotein 1n ration 174 ± 12 165 181 201 201 220 ± 18 o.o~ thyroprotein 1n ration l.74 ± 20 160 l.75 186 198 195 i 31 0.16%.tllyroprotein 1n ration 183 ± 14 172 183 189 192 191 ± 27 
~ 

0.3~ thyroprotein 1n ration 166 ± 16 137 144 152 153 156 i 25 --- -- --- ---
11!1 10/10 l.0/27 11/l 11/l.2 ll./22 l.2/l. 12/19 l./5 l./l.7 1/29 rn 
t<l 2 Controls, llissouri strain 83 ± 8 l.23 155 190 215 233 ± 14 249 257 265 268 ± ;.;4(l) > 0.01% tllyroprotein 1n ration 73±14" 102 123 152 177 201±15 232 236 240 ffii i 27 ~ 0.02~ thyroprotein 1n ration 76 ± 11 109 131 159 179 l.99 ± 23 219 234 245 2 ± 38 a o.o~ thyroprotein 1n ration 68±14 95 113 l4l 172 187 i 16 204 216 215 219 i 20 ::x: o.o thyroprotein· in ration 68 ± 12 75 89 l.09 127 l.51 i l.9 180 182 180 185 ± 'i.7 ttl 

ll/20 ll./28 12/11 1/1 1/9 1/21 1/30 2/16 2/25 3/ll c:: 
t< 3 Controls, llissouri strain 67 ± 12 101 l-48 213 233 249 i 26 262 278 282 289 i. 32 ~ 0.005% thyroprotein in ration 71 ± 10 105 158 218 231 255 i. 24 268 283 282 £91 i 26 
>-i ..... 2/1 2/10 l.2/1 1.2/7 1.2/22 l./5 l./20 ---- 3/11 3/21 z 4 Controls, llissouri strain 77 ± l.O 107 l.60 ·217 229 248 i. 20 255 --- 270 276 ± 28 c.o 0.0075% thyroprotein 1n ration 75 ± 8 108 157 213 230 247 ± l.5 257 ---- 265 267 ± 14 . ...:) 0.0100% thyroprotein in ration 78 ± 9 107 155 209 220 23l. ± 26 242 ---- 245 244 ± 37 ...:) 

l.2/20 l./2 l./9 1/16 1/23 2/9 2/16 2/25 Jill 4/13 5 Controls, Sprague-Dawley strain 35 i 3 94 130 168 199 251±17 269 282 290 304 ± 40 . 0.005~ thyroprotein in ration 37 i 2 99 139 l.75 213 257 i. 8 260 269 275 283 ± 17 0.01~ thyroprotein in ration 36 .t 4 100 139 168 ·194 220 i. 28 241 260 275 289 i 35 0.02~ tbyroprotein in ration 35 ± 3 99 1.38 172 204 248 ± 20 257 263 277 286 i. 9 0.040% thyroprotein in ·ration 36 i. 3 95 131 152 179 220 i 21 228 235 242 254 .t JO 4.0 mg. thyroprotein injected daily(2) 36 ± 2 98 125 156 189 185 i 32 205 227 2.32 266 ± 40 

(l)All such figures are standard deviations. 

(2)InJection stopped .3/l0/42. 

!:..:> 
(0 
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fed incorporated into the ration. The material was injected into 
one group each in Experiment 5 with males and Experiments 9 and 10 
with females in order to check its effectiveness by inject ion. In this 
case it was given as a subcutaneous injection at its isoelectric point. 

The ration used was identical with that described in the section de
voted to mice and consisted of one-half a standard ration used in this 
laboratory and one-half ground commercial dog pellets, fortified with 
cod liver oil. 

The animals used came from two different sources. The rats used 
in Experiments 1 to 5 with males and Experiments 1 to 8 with females 
were . bred at this Station and were of a strain maintained in the 
Department of Agricultural Chemistry, University of Missouri. They 
will be referred to hereafter as the Missouri strain. The remaining 
animals were of the Sprague-Dawley strain purchased from that firm 
at weaning age. 

The ra~s were housed in well-ventilated basement laboratories 
(with one exception which will be explained later) where the tem
perature usually remained between 78° and 85° F. They were caged 
in elevated wire bottom cages in groups of three to five rats per cage. 
Individual records were kept on all animals and weights were taken 
usually at weekly intervals. To simplify presentation, many of the 
weekly weighings will be omitted. 

Both males and females were used and since the response of the two 
sexes was different, the work with each will be described separately. 

Experiments with Males.-Five separate experiments involving 307 
animals were conducted with male rats (Tables 9 and 10, Figs. 4 and 
5) . Experiment 1 was exploratory in nature, and almost mature rats 
were treated with a wide range of dosages to determine the tolerance 
to the thyroid material. It was evident that amounts larger than 
0.08 per cent in the ration were toxic (Table 10), with no significant 
changes appearing with smaller amounts. 

In Experiments 2, 3 and 4, young rats weighing . 65 to 85 grams 
were used and dosages ranged from 0.005 per cent to 0.08 per cent 
of the ration. At the levels of 0.005 and 0.0075 per cent, body weight 
was not affected (Figs. 4 and 5) but amounts in excess of 0.0075 
per cent caused a progressive . depression of growth rate. Skeletal 
development; as reflected in nose-anus length, was also depressed but 
not to as great an extent as body weight (Table 22) . 

Young rats of the Sprague-Dawley strain weighing from 30 to 35 
grams were placed on 0.005, 0.01, 0.02 and 0.04 per cent thyroprotein 
in the ration · (Experiment 5). In this instance the responses were 
somewhat different from those observed in the Missouri strain. Prac~ 
tically no effect was observable until the animals reached a weight of 
approximately 150 grams. At this point the growth curves .separated 
rapidly (Fig. 5) and the controls continued to grow more rapidly 
than animals on any treatment. Feeding at the level of 0.005 per 
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cent caused a depression in growth in this strain which was not observed in the Missouri strain (Experiment 3). In addition to the feeding levels mentioned above, one group of the Sprague-Dawley rats were injected with 4.0 mg. per rat daily for three months. This produced about the same inhibition of growth as 0.04 per cent in the ration. When the injections were terminated, growth rate increased (Fig. 5). 
The effects of thyroprotein on the skeletal development of the Sprague-Dawley rats were different from those observed in the Missouri strain. At the termination of the experiment, the average nose-anus length of controls was 23.5 cm. while treated animals averaged 23.5, 24.0, 25.0 and 25.1 cm. for the respective levels of 0.005, 0.01, 0.02 and 0.04 per cent thyroprotein in the ration (Table 23). Statistical treatment by analysis of variance showed a probability of 5 per cent that the observed differences were due to chance variation. Such a difference would ordinarily be considered probably significant. Thus, while weight was significantly depressed by all levels of thyroprotein ·fed to Sprague-Dawley male rats, the skeletal development was somewhat greater on the higher levels of feeding than that of the controls. While the difference in length in favor of the treated animals was not highly significant for the number of animals involved, it appears that the difference was not due to chance variation. 

It is interesting to note that while the Sprague-Dawley rats were more sensitive to thyroid treatment as regards depression of weight, they showed an accelerated skeletal development which was not observed in the Missouri strain. 
Experiments with Females. Ten different trials involving a total of 486 animals were conducted with female rats (Table 11). As with the males, both Missouri and Sprague-Dawley strains were used. Treatment, feed, etc., were identical with that of the males except that dosage levels were varied. 
Experiment 1 (Table 12) was a preliminary trial to determine the tolerance to thyroid treatment. From this trial it was evident that 0.32 per cent in the ration was toxic, with some indication that 0.04 and 0.08 per cent caused a slight increase in gain above the controls. In Experiments 2, 3 and 4, groups of 10 animals each were used, and dosage varied from 0.01 to 0.08 per cent of the ration. In all three trials the growth curves of the animals on 0.04 and 0.08 per cent ;were somewhat above the controls (Figs. 6 and 7). The gains made by 'rats in these experiments over a period of two and one-half months !were treated statistically by analysis of variance to test the significance of the difference between control and treated animals (Table 13). The probability value was siightly less than 5 per cent, being suggestive, but not conclusive, of a significant di.fference in favor of the treated animals. 



34 MISSOURI AGRICULTURAL EXPERIMENT STATION 

TABLE 11. GENERAL INFORMATION CONCERNING EXPERIMENTS WITH FEMALE RATS 

Exper. Date Date No .. Animals Per cent 
No. Treatment Started Ended At start At end Survival 

1 Controls, Missouri sjrain 9/12/42 11/20/42 12 12 100 
0.01% thyroprote1n (l in ration 9/12/42 11/20/42 12 12 100 
0.02% thyroprotein in ration 9/12/42 11/20/42 12 11 92 
0.04% thyroprotein in ration 9/12/42 11/20/42 12 . 11 92 
0.08% thyroprotein in ration 9/12/42 11/20/42 12 7 58 
0.16% thyropr.otein in ration 9/12/42 11/20/42 12 7 58 
0.32% thyroprotein in ration 9/12/42 11/20/42 12 6 50 

2 Controls, Missouri strain 10/24/ 42 2/13/42 10 10 100 
0.01% thyroprotein in ration 10/24/ 42 2/13/43 10 10 100 
0.04% thyroprotein i n ration 10/24/ 42 2/13/ 43• 10 7 70 
0.08% thyroprotein in ration 10/ 24/42 2/13/43 10 6 60 

3 Controls, Missouri strain 11/7/42 3/15/43 10 8 80 
0.04% thyroprotein in ration 11/7/42 3/15/43 10 6 60 
0.08% thyroprotein in ration 11/7/42 3/l5/4J 10 7 70 

4 Controls, Missouri strain 11/7/42 3/15/4J 10 8 80 
0.04% thyroprotein in ration 11/ 7/ 42 J/15/4J 10 6 60 
0.08% thyroprotein i n ration 11/7/ 42 J/l5/4J 10 6 60 

Controls, Missouri strain 11/ 20/42 3/16/4J JO 28 93 
0. 08% thyroprotein in ration 11/ 20/42 J/16/4J JO 2 7 90 

6 Controls, Missouri strain 11/:20/42 J/16/43 30 27 90 
0. 04% thyroprotein in ration 11/20/ 42 J/16/ 43 30 27 90 

7 Controls, llissouri strain 11/20/42 3/16/43 25 23 92 
O. 02% thyroprotein in ration 11/20/42 3/16/43 25 23 92 

8 Contr6ls, Missouri strain 12/10/42 3/6/43 12 10 83 
0.16% thyroprotein in ration 12/ 10/42 3/6/43 12 7 58 
0.32% thyroprotein in ration 12/ 10/42 3/6/43 12 5 42 

9 Controls, Sprague-Dawley strain 12/20/ 42 4/20/ 43 8 7 88 0.04% thyroprotein in ration 12/20/42· 4/20/43 8 5 63 
0.08% thyroprotein in ration 12/ 20/ 42 4/20/ 43 8 4 50 
0 .16% thyroprotein in ration 12/ 20/42 4/20/43 8 3 J8 
O.J2% thyroprotein in ration 12/ 20/42 4/20/43 8 2 25 4.0 mg. thyroprote1n injected daily(2) 12/20/42 4/20/43 8 6 75 

10 Controls, Sprague-Dawley strain 1/12/43 5/ 13/43 8 7 88 0.04% thyroprotein 1n ration 1/12/43 5/13/43 8 6 75 
0.08% thyroprotein in ration 1/12/43 5/13/43 8 3 JS 
0.16% thyroprotein in ration 1/12/43 5/13/43 8 3 38 
0. 32% thyroprotein 1n ration 1/12/43 5/13/43 8 2 25 4.0 mg. thyroprotein injected daily(2) l /lit./43 5/13/43 8 7 88 

m Thyroactive iodocasein lot III 
Injection ceased on 3/10/43. 



TABLE 12. AVERAGE WEIGHTS OF FEMALE RATS AT INTERVALS WHILE ON EXPERIMENT. 
Exp er. 
No. Treatment Average weight of grouE {gms.} 

9/12<1>c ) 9/21 9/26 10/8 10/19 10/24 11/6 ---- ---- 11/20 0 • 
1 Controls, 1l1ssouri strain 142 i 16 2 146 153 162 167 172 i 12 177 ---- ---- 186 i 16(;<) 0.01% thyroprotein in ration 146 ±. 8 153 161 172 177 179 ± 8 185 ---- ---- 194 ± 11 0.02% thyroprotein in ration 139 t 18 138 150 161 167 169 ± 20 175 ---- ---- 181 i 16 0.04% thyroprotein in ration 139 ±. 20 141 153 155 171 176 ± 21 178 ---- ---- 189 .i 11 0.08% tbyroprotein in ration 138 :t 18 128 146 159 168 170 ± 16 190 ---- ---- 198 ± 18 0.16% thyroprotein in ration 149 + 17 141 151 165 179 181 ± 15 187 ---- ---- 188 i 2[5 0.32% thyroprotein in ration 141 I 12 134 140 150 160 130 ± 17 154 ---- ---- 154 i 19 

l0/24(l) 11/6 11/19 11/28 12/5 1/1 1/9 1/21 1/30 2/13 2 Controls, Missouri s train 112 t 8 144 160 165 172 189 i 10 19.3 199 203 205 ± 22 0.01% thyroprotein in ration 111 ±. 11 146 162 169 174 195 ± 9 202 203 208 215 !. 10 0.04% thyroprotein in ration 108 ± 6· 133 150 163 176 194 i 13 200 206 210 211 i 18 0.08% thyroprotein in ration 113 t 7 145 163 179 186 195 ±. 11 193 208 209 220 ± 15 
~ 11;7(l) 11/14 11/29 12/5 1/1 1/9 1/21 1/30 2/25 3/15 t;zj 
Ul 

3 Controls, 11issouri strain 112 ±. 6 130 154 162 178 184 .!:. 12 191 196 198 197 :f 15 t;zj 0.04% thyroprotein in ration 110 ±. 4 134 161 170 180 187 .t. 8 193 197 201 201 ± 12 > 0.08% thyroprotein in ration 113 ± 7 121 142 163 185 191 i 9 197 208 214 217 i 10 :.i 
('} 4 Controls, Jtlssouri strain 62 ±. 4 85 126 138 164 172 ± 11 176 177 in 195 ± 14 µ: 0.04% thyroprotein in ration 60 ±. 3 76 117 139 175 189 i 7 185 193 193 191 ±10 to 0 . 08% thyroprotein in ration 67 .!:. 3 94 135 152 180 184 i 9 190 198 203 200 i 11 C! 

11120<1> 11/28 12/11 1/9 1/21 1/30 1/25 3/16 
I:" 12/5 l/l I:" 5 Controls, llissouri s train 67 ±. 3 101 125 135 168 175 i 9 190 198 208 210 J:. 17 t;zj 0.08% thyroprotein in ration 68 ±. 3 91 116 125 160 167 ± 11 178 185 188 195 i 16 >"! z 6 Controls, Missouri strain 34 :I: 1 57 85 97 146 158 i 13 163 172 183 183 ± 15 
~ 

0.04% thyroprotein in ration 33 ± 2 51 73 89 131 143 ± 12 163 175 186 187 i 17 -::i 
-::i 156 ± 10 168 178 186 

7 Controls, llissouri strain 51 ±. 4 79 102 117 148 189 i 13 0.02% thyroprotein in ration 50 ± 1 74 100 111 149 153 i 7 165 175 181 - 183 .i 11 
i2/10(1) 12/31 1/9 1/16 1/23 l/30 2/ 14 2/20 ---- 3/6 8 Controls, llissouri strain 48 ±. 3 101 111 123 132 143 1 10 151 155 ---- 158 ± 14 0.16% thyroprotein i n ration 48 :t 2 88 100 105 114 124 i 17 130 132 ---- 145 i 20 0.32% thyroprotein in· ration 49 ±. 4 84 92 98 107 123 i 14 136 141 ---- 150 ± 24 

1 (3) 13 20 ·27 
1~3 

51 67 81 108 121 9 Controls , Sprague_..:Dawley strain 35 ± 2 94 124 144 184 i 11 202 211 223 226 ± 15 and 0.04% thyroprotein in ration 34 ± 2 87 109 127 142 164 i 10 176 184 190 1.97 ± 14 10 0.08% thyroprotein in ration 33 ±. 3 77 97 105 115 130 .t 13 133 137 163 155 ± 16 0.16% thyroprotein in ration 35 ± 2 81 96 111 126 152 i 16 152 146 147 155 ± 21 0.32% thyroprotein in ration 34 ± 3 74 91 97 109 123 ±. 20 127 143 145 187 i 23 4.0 mg. thyroprotein injected dail.y 34 ± 2 81 97 120 133 156 J:. 21 158 1~5 187 200 ± 16 
co 
01 ~l~ Date weights were taken. 2 Standard deviation. 

3 Days on experiment l{hen weighed . 



EXPERIMENT . N02 FEMALE RATS, MISSOJRI STRAN EXPERIMENT N0.3 FEMALE RATS, MISSOURI STRAIN 
.___ COHTRCl5 
.____. 0.01~ THY RO PROTEIN IN RATION 
--o.04~ 

-------0.08~ 

/ 
/ 

/ 

I 

'? 
I 

I 

I 
I 

i 
I 

I 

~coNTR(l5 

.-o.04% 
- ·---4 0.0&% 

THYROPROTEIN IN RATION 

---·--------~ >----·---· 
// / ____ 
//~ 

// 
/ . 

b 

OCT 1-NCH-1-oo:-1-JAN-l-FE8- -NOY---.1.__m~1-JAN-1- rrn-l~MAR-

TIME TIME 

Fig, 6.-Growth curves of female rats. 

to 
O"> 

~ 
H 
Ul 
Ul g 
~ 

> 
§ 
(') 

c:: 

~ 
I:" 

M 
><I 

~ 
~ 
t'1 z 
~ 

U1 

~ ...... 
0 z 



EXPER.MNT t-0.4 FrMALE RATS, MISDJR.I SJRAIN 
-CUllTIOS 
-·- 0.04'1' THY RO PlllTEIH IN RAllOR ___. o.o&'J. " " ·· " 

- lf:N-1-00:~1-JAN-1--rnr------1 

TIME 

EXPER.MENT t-0.5 fEM/lJI RATS, MISSOURI STRAIN 
-COHlIDlS 
--~ o .o8'/. THY RO Pll'.JIEIH IN RATl'.lN 

/ 
(/ 

i 
I 

I 

~ 

/ 

// 
// 

,r· 

/" 
/ 

,,,...r. 

/ ~-- - - --·-- ---

1«11Jio-l.__llC~l~-1-n:e--l..._MAIDI_ 

TM 

Fig. 7.-Growth curve; of female rats. 

@' 

~ 
::i: 
txl 

§ 
z 
C>) 
-:i 
-:i 

C>) 
-::i 



38 MISSOURI AGRICULTURAL EXPERIMENT STATION 

TABLE 13.-SUMMARY AND .VARIANCE TAJ3LE .. OF GA.INS MADE BY 
, FEMALE RATS IN EXPERiMENTS 2, 3 AND 4 DURING 

Exper. No 

2 
3 
4 

Total 
Average 

i;;ource 

Controls-treated 
Error 

Two AND ·ONE-HALF MONTHS. 

Average Gains (a;m.) 

Controls 0.04% in Ration 
77 
72 
92 

244 
80 

Variance Table 
Degrees Freedom 

l 
65 

86 
77 

129 

292 
97 

420 

' F = 4.42, P = less than 5 per cent. 

0.08% in Ration 
82 
78 

117 

277 
92 

Variance 

4201 

952 

'Error variance was calculated from the' individual gains as described by Snedecor (1939), 
pp. 235 to 288. 

Larger numbers of more uniform animals were available for Ex
periments 5 and 6. In these experiments, 0.08 per cent in the ration 
resulted in a depressed rate of growth as compared to controls (Fig. 
8), while 0.04 and 0.02 per cent caused no appreciable change in growth 
rate. Casual examination would indicate that these experiments are 
in direct contradiction to trials 2, 3 and 4. A more detailed study of 
mortality in the different trials, however, shows that in Experiments 
2, 3 and . 4 the mortality rate of the treated animals was greater than 
that of controls while in the latter the mortality rate was similar' to 
that of the untreated animals (Table 11). Since the animals that 
died on experiment were, on the average, lighter in weight than 
the remainder of the group (Table 14), it appears that the positive 
results in Experiments 2, 3 and 4 may have been spurious due to a 
greater number of light animals dying among the treated animals 
than among the controls. In Experiments 5 and 6 the mortality 

TABLE 14.-MORTALITY RATE AND RELATIVE WEIGHT OF FEMALE RATS 
DYING ON EXPERIMENTS 2 TO 6. 

Exper. No. 

3 

4 

5 

6 

•A ve'rage, of t he ratios : 

Treatment 
0.04% 
0.08% 
Control 
0.04% 
0.08% 
Control 
0.04% 
0.08% 
Control 
0.08% 
Control 
0.04% 

weight of dead animal 

Mortality 

% 
30 
40 
20 
40 
30 
20 
40 
40 
10 
18 
10 
lO 

average weight of group 
Animals dying first. two weeks of experiment· were n ot included. 

A verage ~ 
Relative Weight 

84 
80 
83 
82 
79 
7 9 
81 
80 
81 
82 
85 
82 
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rate was similar among the different groups, and it would appear 
that results obtained in the latter . more nearly reflect the average 
effect of thyroid treatment than the results in the former trials. 

In Experiment 8 the animals were housed in different quarters from 
those in all the other experiments. Temperature was variable with 
weather conditions and time of day. The building was not usually 
heated and therefore the mean temperature was much lowe_r than in 
the laboratory where the other experiments were conducted. It was 
thought that the increased metabolism due to thyroid treatment might 
be beneficial under such environment. The growth of the controls was 
subnormal while 0.16 and 0.32 per cent thyroprotein in the ration 
further depressed the rate of gain (Fig. 9). . 

Young animals of the Sprague-Dawley strain were used in Experi
ments 9 and 10. Rats weighing from 30 to 40 grams were pl1:1.ced on 
amounts ranging from 0.04 to . 0.32 per cent of the ration and in 
addition one group in each trial received injections of 4.0 mg. thyro
active iodocasein until March 10, 1943. In each case the controls 
grew at a significantly faster rate than animals on any thyroid treat
ment. The severity of growth depression paralleled roughly the level 
of thyroprotein in the ration. Injection of 4.0 mg. of the material 
caused about the same depression of growth as 0.04 per cent in the 
ration. 

The skeletal development of female rats and the various levels of 
thyroprotein treatment followed the same trend as body weight (Table11 
22 and 24). 

Thus the results with female rats leave several questions concerning 
the response to mild thyroid treatment unanswered. The Sprague
Dawley rats were clearly more sensitive to thyroid treatment than 
the Missouri strain, and it seems likely, in view of their sensitivity, 
that smaller amounts than those employed would not have accelerated 
growth rate. On the other hand, the results with the Missouri strain 
are not so clear. Even though the high mortality rate in the treated 
animals may possibly explain the positive results obtained in Experi
ments 2, 3 and 4, the fact remains that the results . are suggestive of 
certain animals responding to mild thyroid treatment by limited ac
celeration of growth. 

The Effect of Thyroprotein Feeding on Metabolism of Rats. The 
carbon dioxide production of four animals on each level of thyroid 
treatment in . Experiment 5 with male .rats and Experiment 12 with 
females was determined by means of a modified Haldane metabolism 
unit. Carbon dioxide ·production by each animal was measured on 
three consecutive days and rats were fasted five to eight hours before 
determinations were made. The temperatu:re in the metab~lism unit 
was maintained at 29 ° C. 

The total energy metabolism was not calculated for the reason that 
carbon dioxide production appeared to. be a valid index for group 
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comparisons under the conditions used, and avoided the errors in
curred in indirect calculation of energy metabolism. Also, the carbon 
dioxide output was not determined under basal conditions but each 
group was given identical treatment, other than thyroid treatment, 
to insure comparable results. Resting metabolism is of more interest 
than basal rate in these experiments. 

The results have been summarized in Tables 15 and 16. Feed
ing thyroprotein at the levels of 0.005, 0.01 and 0.02 per cent in 
the ration to males did not apparently affect carbon dioxide production. 
F:eeding 0.04 per cent in the ration caused a significant rise in carbon 
dioxide production while injection of 4.0 mg. caused an even greater 
increase. It is of interest to compare the effects of growth rate with 
that on metabolism. Thyroprotein feeding at the levels of 0.005, 0.01 
and 0.02 per cent in the ration caused a significan~ depression .in rate 
of body weight gain, whereas the carbon dioxide production, at least 
of the animals tested, was not apparently affected on these levels. 

TABLE 15.-CARBON DIOXIDE PRODUCTION OF FEMALE RATS. 

Mg.COz/hr./100 gm. 
Body Weight 

Average Weight Animal No.• 
Treatment of Animals 2 3 4 Average•• 

gm . 
Controls 209 209 248 232 201 218 
Thyroprotein-fed 

0.04% in ration 180 348 305 315 312 320 
0.08% in ration 171 439 406 402 395 411 
0.16% in ration 121 489 464 456 456 466 
0.32% in ration 129 689 484 724 635 633 
4.0 mg. injected 137 458 451 583 484 494 

*FiguJ::"e for each anim('al represents an average of determinations on 3 consecutive days. 
**The difference between means necessary for a probability of 5 per cent is 96 mg., for 

1 per cent 132 mg. 

TABLE 16.-CARBON DIOXIDE PRODUCTION OF MALE RATS. 

Mg.CO,/hr./100 gm. 
Body Weight 

Average Weight Animal No. 
Treatment of Animals 2 3 4 Average•• 

gm. 
Contrc.Js 284 213 208 184 201 202 
Thyroprote'in-fed 

0.005 % in ration 245 197 173 174 223 192 
0.01% in ration 256 166 189 245 149 187 
0.02% in ration 267 179 196 195 207 194 
0.04% in ration 211 305 2!f4 300 274 293 
4.0 mg. injected 203 539 514 505 506 516 

*Figure for each animal represents an ~verage of determinations on 3 consecutive days. 
**The' difference between means necessary for a probability of. 5 per cent is 63 mg., for 1 

per cent, 86 mg. · 

The carbon dioxide production by females was increased by all 
levels of thyroprotein given in Experiment 12 and roughly paralleled 
the dosage employed (Table 17) . Injection of 4.0 mg. thyroprotein 
and feeding 0,04 per cent in the ration caused an increase in carbon 
dioxide production of females comparable to the increase in males 
caused by the same treatment. 
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TABLE 17. GENERAL INFORMATION CONCERNING EXPERIMENTS WITH GUINEA PIGS 

Exper. Date Date Per C<nt No. Sex and Treatment Started Ended otAt Start At End Survival 
1 C<1ntrol males 11/21/42 5/27/43 8 6 75 0.0025% thyroprotein in ration 11/21/42 5/27/43 8 8 100 

Control females 11/21/42 5/27/43 8 8 100 0.0025% thyroprotein in ration 11/21/42 5/27/43 8 8 100 

2 Control males 11/28/42 5/27/43 8 8 100 O. 005;; thyroprotein in ration ll/<!8/42 5/27/43 8 6 ·75 
Control females 11/28/42 5/27/43 8 8 100 0.005% thyroprotein in ·ration 11/~8/4~ 5/27/43 8 4 50 

3 Control males 12/5/42 5/27/43 8 8 100 Q.01% thyroprotein in ration 12/5/42 5/27/43 8 8 100 
Control females 12/5/42 5/2.7/43 8 8 100 
a.al~ thyroprotein in ration 12/5/4<! 5/27/43 8 4 50 

4 Control males ' 12/13/42 5/27/43 8 7 88 0.02% thyroprotein in ration 12/1)// .. 2 5/27/43 8 4 50 
Control females 12/13/42 3/16/42 8 8 100 0.02% thyroprotein in ration 12/13/42 3/16/42 8 0 0 

Experiments with Guinea Pigs.-Preliminary experiments (not 
reported in this paper) showed that guinea pigs were more sensitive 
to thyroid materials than mice or rats and that about 0.02 per cent 
thyroactive casein (lot III) in the ration was all that guinea pigs 
would tolerate. In addition it was found necessary to take precau
tions against animals selecting feed. 

Using this information as a guide, four experiments were set up 
with dosages ranging from 0.0025 per cent to 0.02 per cent thyro
protein in the ration (Table 17). Technical difficulties encountered 
in mixing small amounts of thyroprotein into the feed made it seem 
impractical to attempt further reduction of dosage. The thyroactive 
iodocasein was incorporated into a ration made by mixing 75 parts 
of a finely ground standard rabbit concentrate feed with 25 parts of 
alfalfa leaf meal. This feed was not as palatable as might be desired 
and growth rate was not rapid. The pigs remained in a thrifty, vigor
ous condition, however. Fresh cabbage was fed daily to supply vita
min C. 

The anim.als were kept' in a building which was usually unheated 
and the temperature varied with weather conditions. In extremely 
cold weather the building was heated to prevent bursting of water 
pipes and the mean temperature was usually above freezing during the 
winter months. 

The animals used were purchased from a commercial breeder as 
soon as they were old enough to withstand shipment. The ancestry 
of the guinea pigs is not known, but they were judged as a heterogen
ous lot as to color and uniformity of conformation. Individual records 
were kept ancl. the animals were weighed weekly. 
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The responses of the two sexes to thyroid treatment were different 
and will therefore be discussed separately. · 

Results with Males.-In the first three experiments, the growth 
curves of the treated animals on 0.0025, 0.005 ,and 0.01 per cent 
thyroprotein were consistently slightly above the curves of their re
spective controls until about March 15, 1943 (Table XVIII, Figs. 10 
and 11). At this time the growth rate of the treated animals became 
depressed and by May 1, 1943, the treated animals were losing weight 
while the controls continued to grow. It appears likely that the in
crease in temperature with the approach of spring was at least partly 
responsible for the depression of growth during the latter part of the 
experiments. It is possible that the factor of age also affected the re
sponse. 

TABLE 18. AVERAGE WEIGHTS OF GUINEA PIGS AT INTERVALS 

per. 
Av. Wt. of GrOUE (gms.) No. Sex and Treatmllllt 

ll/21 12/5 l/4 l/25 2/16 3/9 3/30 4/20 5/4 5/27 l Control males 163 ± 15 247 370 438 515 575 .±. 7 645 700 757 787 ± 12 O. 00 25% in ration 168 ±. ll 237 404 454 550 613 ±. 40 656 662 670 614 ± 53 
Control females 165 ± 8 244 357 420 483 548 ±. 28 620 670 704 721 ± 31 0.0025% in ration 168 ± 3 227 342 402 463 526 ±. 65 571 587 598 556 ± 27 

ll/28 12/29 l/18 2/9 2/23 3/9 .3/30 4/20 5/4 5/27 2 Control males 154 .±. 5 282 330 432 490 498 ±. 40 587 626 670 683 ± 61 0.005% 1n ration 155 .i 9 319 376 462 493 518 ±. 10 571 608 605 562 ± 37 
Control females 160 ±. 9 270 336 ·420 460 481 .± 70 531 593 613 635 .:!:. 72 0.005% 1n ration 165 ±. lo 286 340 415 467 475 .±. 33 489 511 503 467 ± 53 

12/5 12/29 l/18 2/9 2/23 3/9 3/.30 4/20 5/4 5/27 3 Control males l6l .±. 9 276 316 406 421 45.3 ±. 50 548 573 614 620 ± 69 0.01% 1n ration 160 ±. 7 284 351 439 484 481 ± 37 559 565 594 554 .:!:. 35 
Control females 166 ±. 8 278 332 398 432 468 .±. 34 538 579 608 613 ± 13 0.01% 1n ration 167 .t 9 281 319 405 452 467 .±. l.3 541 520 550 469 ± 20 

12/l.3 l/4 l/25 2/9 2/23 3/16 . 4/6 4/20 5/4 5/27 4 Control males 149 ± 4 261 357 388 421 471 .t 63 550 622 687 694 ± 19 0.02% in ration 146 ±. 3 210 239 307 339 366 % 12 .358 34l 407 355 ±. 23 
Control females 133 ± 17 229 284 340 389 446 ± 88 0.02% in. ration l.38 ±. 9 201 240 324 345 

The fact that slight acceleration of growth during the first part 
of the experiment occurred in all three trials would indicate that the 
response was due to thyroid treatment and not to variation. Statistical 
treatment of gains made during the first 45 days on Experiments 1, 2 
and 3 showed the difference in favor of the treated animals to be 
significant (Table 19). 

Thus, under the conditions used in these experiments, it appears 
that 0.0025, 0.005 and 0.0~ per cent thyroprotein in the ration caused 
a slight but probably significant acceleration of growth for ·a short 
period of time. Continued treatment at the same levels caused a de
pression of growth and an actual loss of weight with the advent of 
warmer weather. It would be of interest to know whether this de-
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TABLE 19.-SUMMARY AND VARIANCE TABLE OF GAINS MADE BY MALE GUINEA PIGS DURING THE FIRST 45 DAYS ON EXPERIMENT. 

Exper. No. 

l 
2 
s 
Total 
Average 

Source 
Controls-treated 
Error 

Average Gain in Weight (gm.) 
Controls 

207 
176 
155 
538 
17'9 

Variance Table 
Degrees Freedom 

1 
38 

Sx2 
1980 

•F = 5.66, P = less than 5 per cent. 

Treated 

236 
221 
190 
647 
216 

Variance 
1980* 
350•• 

••Error variance was calculated from individual gains as described by Snedecor (1939). 
pression would have occurred if temperature had remained constant, but conditions used in these experiments left this question unanswered. Schmidt and Genther (1938) have reported that guinea pigs are more sensitive to thyroid treatment in a warm environment. Thyroid material at the level of 0.02 per cent of the ration depressed growth at all times (Fig. 11). 

Results with Females.-No evidence of accelerated growth rate was noted in females on any level of thyroprotein ·feeding. Feeding 0.0025, 0.005 and 0.01 per cent in the ration did not affect noticeably the rate of growth during the first period of the experiments, but by March 15, growth of the treated animals began to be depressed (Figs. 12 
and 13). About May 1 the females began losing weight in a manner similar to males. 

Feeding at the level of 0.02 per cent of the ration resulted in death of all treated females in approximately 45 days. 
A marked difference in tolerance of thyroid material of the two sexes as observed in rats was not evidenced in guinea pigs. Judging from effects on growth curves, there was no great difference in the tolerance of male and female guinea pigs to thyroid treatment. The mortality rate of treated animals was greater in the females, however, than in the males. 
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Experiments with Rabbits.-Three different experiments were 
conducted with young rabbits with the dosage of thyroactive iodoca
sein (lot III) ranging from 0.0025 to 0.08 per cent of the ration 
(Tables 20 and 21). New Zeland White rabbits weighing from 600 
to 1200 grams were purchased for experimental animals, both male 
and female animals being used. 

The animals were maintained in individual cages in a building 
which was heated only enough to prevent freezing of water pipes, 
and the temperature varied according to the weather conditions and 
time of year. The ration consisted solely of a commercial complete 
rabbit feed. Tlie thyroprotein was passed through a number 100 
screen, mixed with a small amount of dry, finely ground grain and 
then incorporated into the complete ration. The feed was given 
ad libitum to all animals. 

TABLE 20. GENERAL INFORMATION CONCERNING EXPERIMENTS WITH RABBITS 

Exper. Date Data No. of Animals p,er Cent No. §ex and Ireatmen~ Started Ended At Start At End Survival 
l Control males 9/19/42 12/5/42 4 4 100 0.0025% thyroprotein in ration 9/ 19/4'.I. 12/5/42 4 3 75 0.0075% thyroprot ain in ration 9/19/42 12/5/42 4 4 100 0.020% thyroprotein in ration 9/ 19/ 42 l:.!/5/42 4 3 75 0.040% thyroprotein in ration 9/19/42 12/5/42 4 4 100 

Control femal es 9/19/42 12/5/42 4 4 100 0.0025% thyroprotein in ration 9/19/ 42 12/5/42 4 4 100 0,0075% thyroprotein in ration 9/19/ 42 12/ 5/42 4 4 100 0.020% thyroprotein in ration 9/19/42 12/5/ 42 4 4 75 0.040% thyroprotein in ration 9/ 19/ 42 12/5/42 4 4 100 0.080% thyroprot ein in ration 9/19/42 12/5/42 4 0 0 
2 Control males 10/20/42 3/6/42 4 3 75 0.005% thyroprotein 1n r ation 10/20/ 42 3/6/42 4 4 100 0.010% thyroprotein 1n ration 10/20/42 3/6/42 4 4 100 

Control females 10/20/42 3/6/ 42 4 4 100 0.005% thyroprotein in ration 10/20/42 3/6/42 4 4 100 0.010% thyroprotein in ration 10/20/42 3/6/42 4 4 100 
3 Control females 12/13/42 5/l/43 8 8 100 0.005~ thyroprotein in ration 12/13/42 5/ l / 43 8 8 100 0.010% thyroprotein in rat.ion 12/ 13/42 5/l/43 6 5 83 

Experiment 1 with rabbits was started in September 1942. Animals 
of both sexes were placed on rations containing 0.0025, 0.0075, 0.02, 
0.04 and 0.08 per cent thyroactive iodocasein, and on control feed con
taining no thyroactive protein. 

There was no apparent difference in the response of males and 
females to thyroid treatment so the weights of the two sexes were 
averaged for plotting growth curves (Fig. 14). Feeding thyroprotein 
at the levels of 0.0025 and 0.075 per cent of the ration did not greatly 
affect the growth rate of the rabbits while 0.02 per cent and larger 
amounts caused a progressive depression of growth (Fig. 14) . The 



TABLE 21. AVERAGE WEIGHTS OF RABBITS AT INTERVALS 

Exper. 
.No. ·Treatment and Sex 

l Controls 9/19 10/7 10/14 10/17 10/30 11/ 17 11/30 12/16 1/5 Males 921 ±. 96 1454 1619 1716 2090 ± 70 2553 2777 3192 3491 ±. 102 Females 1137 .± 50 1514 1711 1871 2113 ± 60 2574 2791 3204 3498 .t 40 Bot h sexes 1029 1484 1665 1794 2102 2564 27B4 3198 3490 0 . 0025% thyroprotein in rati on 
Mal es 1017 .± 93 1562 1781 1896 2359 i 120 2833 2944 3365 3619 .i 111 Femal es 1001 i 74 1441 1531 1594 1942 ± 116 2524 2716 3175 3477 ±. 150 Both sexes 1009 1502 1656 1745 2151 2678 2830 3270 3548 0.0075% thyroprotein in r ation 
llal e s 1028 .± 79 1487 1672 1766 2107 ± 150 2535 2810 3272 3538 i 127 

~ 
Females 991 ±. 34 1365 1555 1685 2025 i 80 2506 2780 3290 3526 i 131 

t<I Both sexes 1010 1426 1614 1726 2C66 2521 2795 3281 3532 Ul 0 .0020% thyroprotein i n r a tion 
t<I Males 927 ±. 96 1170 1420 1500 1783 ±. 206 2305 2438 2709 2953 ± 250 ~ Females 1070 .± 83 1356 1518 1653 1849 i 315 "153 2568 2853 3061 i 195 ::0 
0 Both sexes 999 1263 1469 1577 1816 2229 2503 2781 . 3007 ::i:: 0.0040% thyroprotei n in r a t i on 

2559 .± 271 td 
llal es 1061 .± 126 1225 1458 1579 1717 ± 204 1903 2037 2453 Females 1061 .± 133 1221 1618 1700 1844 ± 237 2277 2179 2663 2581 i 300 c: 

!:"' 
Bot h sexes 1061 1223 1538 1640 1776 2040 2108 2558 2570 

!:"' 0 .008% t hyroprotein i n rati on 
t<I Females 989 ± 69 1173 1217 1119 1230 i 63 1124 1120 1132 ---- >'3 ..... 

2 Control s 10/20 11/6 11/ 17 11/29 12/14 1/9 2/6 2/20 3/6 z 
co Males 915 ± 124 1248 1664 2071 2515 .± 100 2966 3343 3335 3377 i 306 -'l Females 819 ±. 42 1108 1314 1678 2255 .± 38 2697 3155 3198 3419 .± 97 -'I Both sexes 867 1179 1489 1875 2385 2832 3249 3267 3398 0.005% thyr opr ot ein i n r ati on 

Mal es 717 .:t. 31 1248 1671 2134 2549 i 63 3076 3461 3349 3549 i 123 Females 723 i 15 1168 1480 1765 2:339 i 98 2785 3210 3340 3503 i 116 Bot h sexes 720 1208 1576 1950 2444 2931 3)36 3354 3526 0.01% thyroprotei n i n rati on 
llales 951 ± 76 1503 1759 2123 2652 i 119 2893 2953 3024 3063 i 84 Females 943 .± 48 1327 1722 2040 2535 ± 205 2962 3343 3415 3423 i 132 Both sexes 947 1415 1741 2082 2594 2928 3148 3220 3243 

3 12/13 12/29 1/9 l/23 2/6 3/6 4/3 4/17 5/1 Control f'emales 753 ± 73 1367 1676 2037 2446 ± 201 2921 3502 3749 3823 ± 298 0.05% t hyr oprotein in r ati on 766 ± 64 1414 1611 1956 2295 i 266 3019 3469 3710 3718±178 0 .01% thyr oprotein in r ation 764 ± 39 1408 1700 2015 2449 i 165 3069 3434 3625 3635 i 216 
C11 .... 
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EXPERIMENT f\0.1 RABBITS) t 6 ~ 
--- CONTROIS 
-- 0.0025% THYRO PROTEIN IN RATION ___ ..., 0.0015% " " " 

-·- o.o2% 
- o.o4% 
-- o.oB% 

----;)l~j.__NOV-j +--l;f.C~l ,.__JAN --.. 

TIME 

Fig. 14.-Growth cµrves of rabbits. 

level of 0.08 per cent was extremely toxic and resulted in death of 
all animals within three months. 

From the beginning of this experiment, it was evident that 0.02 per 
cent thyroprotein in the ration was slightly inhibitory to growth, but 
the animals on 0.0025 and 0.0075 per cent grew slightly faster than 
controls. This difference could easily be accounted for by chance 
variation, but it seemed desirable to test more animals on dosages 
that were not inhibitory to growth. It appeared impractical to re
duce the dosage below 0.0025 per cent due to difficulties in securing 
a homogeneous mixture with such small amounts of t hyroprotein. 

Accordingly, Experiments 2 and 3 were instituted with thyro
protein being fed at the levels of 0.005 and 0.01 per cent of the ration. 
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At these levels of feeding thyroprotein, growth was almost identical 
with that of controls (Fig. 15) with any differences easily explained 
by chance variation. 

The results of the rabbit experiments indicate that feeding small 
amounts of thyroprotein did not affect the growth rate of animals 
used in these experiments, while feeding at the level of 0.02 per cent 
of ration and larger amounts progressively depressed growth. 

-Briefly, the results obtained from the growth experiments indicate 
that the growth rate of male and female mice was consistently and 
significantly increased by administration of a rather wide range in 
dosage of either synthetic thyroxine-sodium or of thyroactive iodoca
sein. These levels of thyroid treatment also caused an increase in 
feed intake. The maximum size finally attained by control and treated 
mice was similar. 

The effects of feeding thyroprotein to rats were variable with dif
ferent strains and sexes. In the Missouri strain, small amounts of 
thyroactive protein caused no noticeable effects on rate of growth, on 
the average, but there was some evidence of slight acceleration of 
growth of a few females. The rate of gain in body weight was de
pressed in both sexes of the Sprague-Dawley strain by all levels of 
thyroprotein given. The nose-anus length of males, however, was 
greater in the treated animals than in the controls. 

The growth rate of male guinea pigs was slightly accelerated by 
low levels of thyroprotein during the early periods of the experiments. 
The same dosages were toxic when the weather became warm. Growth 
of female guinea pigs was depressed by all levels of treatment. 

Small amounts of thyroprotein did not affect the rate of growth of 
rabbits, while larger amounts caused progressive depression of growth. 

EFFECT OF THYROPROTEIN FEEDING ON ORGAN WEIGHTS 
The effects on weight of most organs due to feeding relatively large 

amounts of thyroid material have been fairly well established. The 
effects of mild thyroid treatment, however, have not been investigated 
extensively. The internal organs were removed from many animals 
on various levels of treatment at the termination of the growth ex
periments described in the preceding section and the data obtained 
from weighing these organs will be presented. 

Review of Literature 
Hypertrophy of the heart, liver, spleen, kidneys and adrenals fol

lowing administration of· thyroid to experimental animals is well 
known (Hoskins, 1916; Herring, 1917; Hewitt, 1920; Cameron and 
Carmichael, 1920; Addis, Karnofsky, Lew and Poo, 1938; Sternheim.er, 
1939; Korenchevsky, Hall and Clapham, 1943). This finding has been 
almost universal among experimenters and apparently, large amounts 
of thyroid material are not required to elicit this response. The in-
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crease in weight of these organs appears to be due to true growth 
since it is accompanied by increased nitrogen content of the tissues 
and increased mitotic figures (Addis et al., 1938; Sternheimer, 1939). 

The pancreas has been reported also to undergo hypertrophy follow
ing thyroid treatment. Kojimi (1917) reported that the islet tissue 
of the pancreas underwent hypertrophy as judged by increased num
bers of mitotic figures in pancreas from animals which had undergone 
thyroid treatment. Florentin and Wolff (1940) confirmed the report 
of Kojimi. Cameron and Carmichel (1920) reported that the weight 
of rabbit pancreas was increased by thyroid feeding and cited several 
earlier reports confirming this response. Fraenkel-Conrat et al. 
(1942) reported an increased insulin content of normal rat pancreas 
following thyroxine injection. The insulin content of pancreas of 
hypophysectomized rats was decreased by the same treatment. 

The available evidence indicates that the weight, and to a greater 
extent, the activity, of the thyroid gland is depressed by thyroid ad
ministration (Cameron and Carmichael, 1920; Hewitt, 1920; Kamiov
ski, 1938; Azerad et al., 1939; Irwin, Reineke and Turner, 1943; 
Korenchevsky, Hall and Clapham, 1943). 

The few reports concerning the effects of thyroid feeding on the 
pituitary are not in complete agreement. It seems well established 
that the basophilic cells are increased while the relative number of 
acidophils are reduced (Severinghaus et al., 1934; . Campbell and 
Wolfe, 1934). These observations were made following large doses 
of thyroid. 

Most reports indicate that the weight of the pituitary is decreased 
by thyroid feeding (:flerring, 1917; Campbell and Wolfe, 1934; Evans 
and Simpson, 1930). However, Hoskins (1916); Herring (1917) and 
Cohen ( 1935), working with small numbers of animals, reported in
creased weight of pituitaries of male rats following thyroid feeding. 
Irwin, Reineke and Turner (1943) observed a slight reduction in 
pituitary weight of male chicks due to feeding small amounts of thyroid 
while the effect in females was inconclusive. 

The e·ffects of feeding thyroid on the thymus, testes and ovaries 
are not well known and reports are conflicting in most instances, the 
matter of dosage likely being the confusing issue. 

Reinhardt and Wainman (1942) reported that small amounts of 
thyroxine caused an increase in size of the thymus in rats. Their data 
showed that the effect was unmistakable in castrate animals, but the 
effect on normal unoperated rats was inconclusive. The average 
weight in the controls was 222 mg. as compared to 235 mg. in thyroid 
treated animals, a difference easily within limits of chance variation. 
Korenchevsky, Hall and Clapham (1943) noticed no consistent e.ffect 
of small amounts of thyroid on the thymus of male or female rats. 
Toxic dosages resulted in a decrease in relative and absolute size of 
thymus. Calvin (1936) fed thyroid to pregnant rats and reported a 
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subnormal size in thymus of the offspring. Irwin, Reineke and Turner 
(1943) fed nontoxic amounts of thyroid to growing chicks and ob
served a slight decrease in size of the thymus in males, while in 
females the effects were variable and inconclusive. 

Apparently the effect of thyroid on the testes is variable with dosage 
and species. Hoskins (1916) and Da Costa and Carlson (1933) re
ported a depre'ssion in both absolute and relative weight of rat testes 
following moderately large doses of thyroid. Cameron and Carmi
chael (1920) and Azerad et al. (1939), feeding smaller amounts of 
thyroid to rats, reported an increase in the size of the testes. Smelser 
(1939) gave varying amounts of thyroxine or thyroid to rats and 
observed decreased activity of the testes and a slight reduction in 
size in most cases. Irwin, Reineke and Turner (1943) have observed 
a depression in weight of testes of growing chicks fed small amounts 
of thyroactive protein. 

Ovarian function is abnormal in both hypo- and severe hyperthyroiC!.
ism, but the effects of mild hyperthyroidism on the ovary has not 
been studied to any extent. Kraatz (1939) reported that brief treat
ment of virgin female rats with thyroid previous to mating, resulted 
in increased litter size if thyroid treatment was carried out in a 
cool environment. Treatment during hot weather reduced the litter 
size. Herring (1917) and Korenchevsky, Hall and. Clapham (1943) 
reported hypertrophy of the ovaries of female rats due to thyroid 
treatment. Luteinization was pronounced in most cases. W eichert 
and Boyd (1933) have reported that typical pseudo-pregnancy was 
produced in rats by feeding dried thyroid. Kamiovsky (1938) fed 
large amounts of thyroid to rats and reported a depression of ovarian 
weight. 

Experimental 
The data on organ weights reported herein were obtained from 

rats used in the previously described growth experiments. The ani
mals were killed at the end of the growth experiments or else con
tinued on the experimental rations until such time as the animals could 
be killed. 

The animals were killed with ether, their organs quickly removed, 
trimmed and we.ighed. The small glands were weighed immediately 
upon removal from the animals. The larger glands and organs were 
maintained in a saturated atmosphere in petri dishes to prevent drying 
until weighing. All organs were weighed within two or three hours 
after removal from the animal. 

The data obtained by weighing the glands and · organs are sum
marized in Tables 22 to 25, inclusive. 

Comparison of the effects produced by various levels of thyropro
tein treatment presents a difficult problem due to the fact that the 
body weights of the animals in the different groups varied. Since 
the normal relationship of body weight to organ weight was known 
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TABLE 22. ORGAN WEIGHTS OF MALE RATS OF MISSOURI STRAIN 

Treatment 

Controls 0.002 
Thyroprotein fed 1n ration, % 

0.01 0.02 o.o~ o.os 0. 16 o.~2 

Number of animals 49 20 25 26 22 23 11 11 

Weight of animals, 5~~:(l) 255 277 234 231 225 199 200 156 
42 26 27 38 27 35 27 25 

Length of animals, cm. 22.s 23.3 22.7 22.5 22.7 21.8 21. 7 121.4 S.D. 1.6 1.0 1. 7 2.0 1.8 1 .9 1.3 1.2 
Weight of organs 

Pituitary, mg. 7.6 s.4 7. 5 7.1 7.8 7. 5 7. 9 6.9 S.D. l.2 1 . 5 1.6 l.3 0.9 1.3 l.4 .51 
Thyroid, mg, 18. 5 18. 2 19.6 17.6 16.7 16. 2 16.0 16.6 S.D. 4.1 2. 9 3. 6 4.5 3.6 4. 4 4. 1 2.7 
Adrenal, mg. 27.5 27. 0 30.2 30.7 32 . l 35 . 3 39.9 38.0 s.o., 10.3 3. 9 8.6 7.1 6. 9 6.3 7.2 9.4 
Thymus, mg. 445 375 440 335 416 335 S.D. 46 61 31 60 77 86 
Testes, gm. 3.10 3.0 3. 2 J.l 3.2 2. 9 2. 9 2.3 S.D. . 42 . 48 . 35 . 39 .27 . 56 . 39 .41 

Weight of organ par 10 cm. of length. 
Pituitary, mg. 3.3 3 ,6 3. 3 3. 2 3.4 3.4 3.6 3.2 Thyroid, mg. 8.1 7.8 8.6 7. 8 7.4 7. 4 7. 4 7.8 Adrenal, mg. 12.l 11 .6 13.3 13.6 14.l 16.2 18.4 17. 7 Thymus , mg. 195 337 194 149 183 15 .4 Testes, gm. l.4 1.3 1 . 4 l.4 1.4 l.3 l . 3 l.l 

(l)Standard deviat ion 

only for the Sprague-Dawley females (Lauson, Golden and Sevring
haus, 1942) and for the pituitary in males of the Missouri strain 
(Mixner and Turner, 1942) comparison to normal values was not 
possible in most cases. Furthermore, the lowered weight in the treated 
animals was due largely to an absence of fat and comparison to a 
normal relationship would not be valid. Comparison based on organ 
weight in relationship to body length would appear to be more logical. 
Consequently, the organ weights were divided by body length to 
correct for differences in size of animals. This procedur e is subject 
to criticism due to the fact that organ size does not vary directly 
with body size, but the range in body length was small and the er ror 
introduced by this factor was negligible. This correction was not 
necessary in Tables 23 and 24 since body length varied only slightly. 
Statistical comparison of such data is of doubtful value ; t herefore, 
conclusions reached regarding the effect of various levels of treatment 
are based on knowledge of the variability within groups of similarly 
treated animals and general trends produced by increasing amounts of 
thyroprotein. 
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TABLE 23. ORGAN WEIGHTS OF SPRAGUE-DAWLEY MALE RATS 

Treatment 
Thyroprotein fed in ration, % 

Controls 0.002 0.01 0.02 0.04 

Number of animals 7 4 7 7 5 

Weight of animals, gm.(l) 330 293 285 283 271 
S.D. 40 17 35 9 30 

Length of animals, cm. 23.5 23.5 24.0 25.0 25.l 
S.D. l.O 0.4 o.6 0.6 0.6 

Organ weights 
Pituitary, mg. 9.3 9.5 9.7 8.3 8.8 

S.D. l.5 0.5 1.2 0.7 l.O 

Thyroid, mg. 16.6 14-1 14.5 17.l 16.9 
S.D. 2.5 2.3 2.0 2.1 l.4 

Adrenal, mg. 50.0 45.0 32.8 24.0 48.0 
S.D. 9.8 6.3 13.0 4.6 

Thymus, mg. 348 325 312 352 325 
S.D. 50 37 44 40 53 

Testes, gm. 3.08 3.17 3.10 3.12 3.10 
S.D• .06 .28 .31 .21 .14 

Heart, gm. l.06 l.04 J..09 l.07 l.28 
S.D. .14 .06 .ll 0.04 0.07 

Liver, gm. ll.2 ll.O lJ..3 ll.9 13.l 
S.D. 2.0 0.3 J..4 0.5 2.7 

Kidney, gm. , 2.58 2.54 2.47 2.49 2.88 
S.D. 0.22 0.40 0.35 0.13 0.24 

(1) 
Standard deviation 

TABLE 24. ORGAN WEIGHTS OF FEMALE RATS OF THE MISSOURI STRAIN 

Treatment 
Thyroprotein fed in ration, % 

Controls 0.01 0.02 0.0£; 0.08 0.16 o.;a2 
Number of animals 125 20 3:C: 46 46 6 5 

Weight of animals, gm. (1) 197 202 181 l~~ :.WO 187 li~ S.D. 22 22 16 18 26 
Length of animals, cm. 20.7 20.8 20.6 20.8 20.9 :.W.9 19.9 

S.D. 1.5 1.6 1.3 1.4 1.4 1.7 1.6 
Organ weights 

Pitui-ary, mg. 11.4 10.3 10.3 10.l 10.8 11.2 8.9 
S.D. 2.3 2.1 1.5 2.3 l.6 2.1 1.2 

Thyroid, mg. 19.3 1?·4 20.1 19.2 21.5 25.1 20.9 s.o. 4.9 4.3 5.1 5.4 4.3 4.0 5.2 
Adrenal, mg. 38.2 31.5 49.9 46.0 52.7 63.7 . 48.7 

S.D. 10.3 11.0 10.9 8.5 7.1 10.6 7.2 
Thymus, mg. 213 227 216 240 

S.D. 87 41 57 61 
Ovary, mg. 67.2 64.6 64.8 76.7 83.9 122.6 48.0 

S.D. 15.6 14.1 16.0 14.6 15.0 21.6 12.5 

(!)Standard Deviation 
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TABLE 25. ORGAN WEIGHTS OF SPRAGUE-DAWLEY FEMALE RATS 

Treatment 

Controls 
Tbyroprotein fed in ration, % 

O.O!t 0.08 0.16 o.~2 

NUJ11ber of animals ll 8 6 6 4 

Weight of animals, gm.(l) 229 179 168 162 119 
S.D. 15 . 14 16 21 19 

1.ength of animals, cm. 22.9 22.l 21.5 2i.2 21.l 
s.D. o.9 0.7 1.0 0.8 1.1 

Organ weights 
Pituitary, mg. 13.l 8.0 6.8 6.7 7.7 

. S.D. 1.1 0.6 0 . 6 0.9 0.8 

Thyroid, mg. 14. 1 11.1 12.2 10.4 12.2 
S.D. 2.0 3.2 3.4 1.1 2.8 

Adrenal, mg. 51.8 63.0 74.0 59.4 57.4 
S.D. 4.2 10.0 14.0 6.7 5.0 

Thymus, mg. 165 264 272 235 218 s.n; 79 90 7l 92 35 

Ovary, mg. 73.6 63.9 70.6 54.1 49.s s.n. · 10.8 12.8 20.0 20.0 5.7 

Heart, mg. 764 943 1000 935 995 
S.D. 43 64 90 70 100 

Liver, gm. 9.6 10.7 11.7 12.l 11.3 
S.D. 0.6 1.3 o.8 l.5 l.8 

Kidney, gm, 1.86 2.38 2.57 2.59 2. 57 
S.D. 0.24 0.34 0.32 0 • .36 0.41 

Organ weight per 10 cm. of length. 
Pituitary, mg. 5.7 3.6 J.2 3.2 3.7 
Thyroid; mg. 6.2 5.0 5.7 4.9 5.7 
Adrenal, mg. 22.6 28.5 34,4 28.0 27.2 
Thymus, mg. 72 119 127 lll 103. 
Ovary, mg. 32.1 28.9 32.8 2;.5 23.6 
Heart, mg. .3.34 427 465 441 472. 
Liver, gm. 4.2 4.8 5,4 5.7 5.4 
Kidney, gm. .81 1.07 . 1.20 l.22 l.22 

(l)Standard deviation 

'raking into consideration the limitations of the data mentioned 
above, the effects of feeding thyroprotein on the various glands and 
organs were as follows : 

Effect on Pituitary.-The size of the pituitaries of male rats 
was not affected by the levels of thyroprotein used in these trials. 
There was a slight indication of depression of the size of the pituitary 
in females of the Missouri strain and a marked depression in females 
of the Sprague-Dawley strain due to thyroprotein feeding. 
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Effect on Thyroid.-Any differences in size of the thyroids of 
the different groups of animals were within limits · of experimental 
error due to the great variability of size of the gland within groups of 
similar treatment. However, there was a tendency for the thyroids 
of treated animals to be slightly lighter than those of cop.trols, es
pecially in females of the Sprague-Dawley strain. Histological exami
nation of the glands showed the thyroids of all treated animals to be 
inactive and filled with colloid. 

Effect on Adrenals.-Marked hypertrophy of the adrenals oc
curred in both sexes of the Missouri strain and in females of the 
Sprague-Dawley strain due to thyroid treatment. The extent of hy
pertrophy paralleled roughly the level of thyroprotein fed. This re
sponse confirms numerous reports in the literature. Surprisingly, 
however, the adren:ils of males of the Sprague-Dawley strain were not 
enlarged by any dosage employed. In fact, although showing no 
general trend due to dosage, the adrenals of some groups of t):i.e treated 
animals were statistically significantly lighter than those of the con
trols. This point should be investigated further, because if this find
ing should be · substantiated, it will be of great interest due to the 
unusual response. . 

Effect on Thymus.-Thymus weights of treated animals in males 
of ei_ther strain or of females of the Missouri strain did not vary 
significantly from the controls, nor was any general trend due to 
treatment evident. In females of the Sprague-Dawley strain, the 
thymus pf treated animals was consistently and significantly greater 
than that of the controls. The average thymus weight of the controls 
agreed closely with the value reported by Lauson, Golden and Sev
ringhaus (1942) for normal females of the same strain. Their data 
showed that maximum thymus size was reached when the animals 
weighed approximately 120 grams and thereafter declined. It would 
appear, therefore, that the enlarged thymus observed in treated fe
males in these trials was due in part to the smaller size of the animals 
and also to failure of the thymus to regress as in normal controls. 

Effect on the Ovary.-Feeding thyroprotein at the levels of 0.01, 
0.02 and 0.04 per cent of the ration to females of the Missouri strain 
did not apparently affect the weight of the ovaries. Feeding at the 
levels of 0.08 and 0.16 caused an increased weight of the ovaries with 
histological evidence of intense luteinization. This observation agrees 
with certain reports in the literature. Feeding thyroprot ein at the 
level of 0.32 per cent of the ration, an extremely toxic dosage, resulted 
in ovaries somewhat lighter in weight than in the controls. The 
ovaries of the Sprague-Dawley strain were depressed on all levels 
of treatment. Sexual immaturity may possibly account for this re
sult since the treated animals were smaller in size. 

Effect on Testes.-Moderate amounts of thyroprotein did not 
result in any apparent change in the size of the testes. Feeding 
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thyroprotein at the level of 0.32 per cent in the ration, an extremely 
toxic dosage, to males of the Missouri strain resulted in a relatively 
light testis. Whether this was due to an active depression on the 
testes or simply a non-specific result of depressed growth is not 
known. 

Effect on Heart, Liver and Kidneys.-Both absolute and relative 
weight of these organs was increased due to thyroprotein f eeding of 
male and female Sprague-Dawley rats. The degree of enlargement 
paralleled the amount of thyroprotein fed. With the smallest dosages 
in males, no noticeable effect occurred. 

It should be pointed out that conclusions based on a study of this 
sort should be accepted with a great deal of reservation. In order 
to get .a clear picture of the changes in endocrine glands due to thyroid 
treatment, it would be necessary to follow the changes from early life 
to maturity to determine any shift in sequence of changes. Further
more, statements that thyroid treatment produces certain changes 
should be qualified by levels of treatment with which these changes 
occur. For example, it is well known that thyroid produces enlarge
ment of the heart, liver and kidneys, and the data from these ex
periments bear out the fact. On the other hand, the lowest dosages 
given to male rats did not bring about this response (Table 23) . 

The lowest levels of thyroprotein treatment given male rats ap
parently did not affect the weight of any of the glands or organs 
weighed. Larger amounts in either sex resulted in hypertrophy of 
the heart, liver and kidneys. The adrenals were enlarged in most 
cases, but males of the Sprague-Dawley strain failed to show this 
response. The pituitary weight of females was depressed by thyro
protein treatment, while in males, pituitary size was unaffected. The 
weight of the thyroid was not significantly altered, but there was a 
tendency for thyroids of treated animals to be reduced in size and 
they showed histological evidence of inactivity. The ovaries were 
enlarged by moderate levels of thyroprotein in the Missouri strain 
while larger dosages caused a depr ession. Ovaries of t he Sprague
Dawley strain were depressed by all levels of treatment . Moderate 
amounts of thyroprotein did not affect testes weight, while large 
amounts caused a r educed weight. The thymus was enlarged in thyro
protein-fed females of the Sprague-Dawley strain, but was unaffected 
in the other animals. 

Thus, the effects of thyroprotein feeding on organ weights was 
variable with dosage, sex and strain of animals. 
EFFECT OF THYROPROTEIN FEEDING ON HYPOPHYSEAL 

THYROTROPIN AND GONADOTROPIN 
A knowledge of the effects of thyroid activity on the hormones of 

the pituitary will be necessary for a better understanding of thyroid 
physiology. Direct experimental evidence on this point is meager at 
the present time. 
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When the animals were killed at the end of the experiments de
scribed in the preceding sections, their pituitaries were removed, 
weighed and kept frozen until enough pituitary substance for assay 
purposes became available: The results of the assays made on 
these pituitaries will be reported. 

Review of Literature 
Although there is good indirect evidence that thyroid activity in

fluences the pituitary hormones, very few assays of pituitaries from 
animals with varying levels of thyroid activity have been reported. 

Reineke, Bergman and Turner (1941) and Stein and Lisle (1942) 
have reviewed the available evidence concerning the effects of thy
roidectomy on the .pituitary hormones. The reports concerning thyro
tropin and lactogen are inconclusive and no very marked departure 
from normal concentrations has been reported. Reports agree that 
gonadotropin is reduced in hypothyroidism. Reineke et al. (1941) 
reported that the pituitaries from thyroidectomized goats showed a 
marked decrease in the factor which elevates blood sugar and in 
gonadotropin, while lactogen and thyrotropin were unchanged. 

It would be expected that the thyrotropric potency of the pituitary 
would be reduced following thyroid treatment and Kuchinsky (1933) 
and Hohlweg and Junkmann (1933) have reported this to be the 
case. There is indirect evidence also that hyperthyroidism results in 
decreased thyrotropin secretion. The stimulation of thyroid glands 
of test animals by injection of thyrotropic hormone is reduced by 
simultaneous injection of thyroxine or feeding of thyroid (Aron 
et al., 1931; Loeser and Thompson, 1941). Loeb and Seibert (1930) 
fed thyroid to partially thyroidectomized guinea pigs and reported 
that the thyroid remnant failed to hypertrophy and that the acinar 
epithelium was low and the acini filled with hard colloid. A decrease 
in thyrotropic hormone content of blood and urine has been reported 
in thyrotoxicosis (Cope, 1938), although the evidence is not conclu
sive. Reforzo-Membrives (1943) has reported a thyroid-inhibiting 
principle in pituitaries .from animals receiving thyroid treatment. He 
injected normal and hypophysectomized guinea pigs with pituitaries 
from thyroid-fed rats and reported that the weight of the thyroid 
glands and metabolism of these guinea pigs were reduced below that 
of control animals. 

Increased gonadotropic potency of the pituitary due to thyroid 
feeding has been reported by Evans and Simpson (1930), Van Horn 
(1933) and Cohen (1935). No other reports on the effect of thyroid 

'feeding on pituitary gonadotropin were encountered. Smelser (1939), 
however, reported that experimental hyperthyroidism did not affect 
the gonadotropic hormone in the blood of castrate rats. 

Only one report concerning the effect of thyroid feeding on pitui
tary lactogenic hormone is available. Reece and Turner (1937) 



RESEARCH BULLETIN 377 63 

found that injection of 0.01 mg. thyroxine daily into rats produced 
. no significant change in pituitary lactogen, while larger doses which 

were toxic .caused a marked depression. Hurst et al. (1941) injected. 
thyroxine into goats in amounts which increased milk flow, but ob
served no change in the lactogenic hormone excreted in the urine. 

Experimental 
The pituitaries were removed from the animals at the end of the 

growth experiments previously described and kept frozen until suffi
cient quantity of substance became available for biological assay. It 
was planned originally to assay the pituitaries for growth ho:i:.mone 
potency but no suitable assay method was developed. A part of the 
pituitaries was lost accidentally and as a result only a limited amount 
of material was available for assay. This was assayed for thyro
tropic and gonadotropic potency by the method of Bergman and Turner 
(1939) using day old male White Leghorn chicks as the assay animals. 
The pituitary material was ground in a smaller mortar and suspended 
in distilled water before injection into chicks. 

Pituitaries from control animals and animals receiving various levels 
of thyroprotein in the ration were available from male and female 
rats of the Missouri strain and female rabbits. The assay data are 
summarized in Table 26. 

TABLE 26. DATA OBTAINED FROM PITUITARY ASSAYS 

Av. Wt. Av. Vlt. 
No. llgm. of of 

Treatment Given Chicks of Pit. Chick Chick 
Chicks InJected Th;a:oids Gonads 

Control chicks 15 8 2.88 10.3 
Injected with pit. from male rats 

6.26 17.9 Control rats 14 8 
0.005% thyroprotein in ration 10 8 4.12 15.3 
0.020% thyroprotein in ration 11 8 3,48 14.2 
0.040% thyroprotein in ration 14 8 2.58 15.8 
0.080% thyroprotein in ration 15 8 2.70 15.7 

Control chicks 14 10 3.01 8.7 
Injected with pit. from female rats 

8.6 Control rats 13 10 5.44 
0.01 and 0.02% thyroprotein 1n ration 12 10 4.51 12.8 
0.08:% thyroprotein in ration 14 10 3,97 8.8 
0.1? and 0.32% thyroprotein in ration 13 10 3.43 13.l 

Control chicks 15 15 3.48 12.6 
Injected with pit. from female rabbits 

Control rabbits 14 15 4.38 21.8 
0.005% thyroprotein in ration 13 15 4 .. 1+7 20.5 
0.010% thyroprotein 1n ration 12 15 4.08 18.4 

Pituitary material from each type of animal was injected at a 
constant level so that the thyroid weight of chicks receiving pituitary 
from control animals could be compared' directly with the weights of 
those receiving pituitary from the thyroprotein-fed animals. Units of 
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thyrotropic and gonadotropic hormone contained in the various groups 
of pituitary were not calculated for the reason that the level of 
stimulation was out of the range of sensitive response in many cases. 
Direct comparison of the weight of chick glands appears to be 
suitable for comparative purposes. 

The effect of feeding thyroprotein on the thyrotropic potency of 
rat pituitaries· was unmistakable, resulting in a marked depression 
in thyrotropic potency in every instance, with the extent of de
pression being positively correlated with dosage of thyroprotein 
employed. Apparently, the thyrotropic potency of male rat pituitaries 
was depressed more by a given level of thyroprotein than the potency 
of the female pituitaries. The higher levels of thyroprotein treatment 
resulted in pituitaries which, at the levels given, caused no stimulation 
,whatever of the chick thyroids. There was no significant difference in 
stimulation due to the various batches of rabbit pituitary. The 
amount of pituitary substance given was too low for a sensitive assay, 
however, so the results were inconclusive. 

The injection of pituitary substance from control and thyroprotein
fed animals resulted in chick gonads of comparable weight in all three 
assays. Thus, there was no indication of a change in gonadotropic 
potency of the pituitaries due to the thyroprotein feeding of the 
animals used in these trials. This observation agrees with the report 
of Smelser (1939), of unchanged gonadotropic potency of the blood 
of castrate rats following thyroid treatment. It fails to confirm the 
several early reports of increased pituitary gonadotropin following 
thyroid treatment, and it is suggested that the age and sexual activity 
of the animals involved may have influenced the results. Gonado
tropin secretion in animals at the height of sexual activity, as in 
these experiments, would not be expected to be increased easily. 

These assays have demonstrated clearly that treatment with thyro
active preparations result in decreased thyrotropin content of the 
pituitary. Gonadotropic potency of pituitaries was not affected by 
thyroprotein feeding in these trials. 

DISCUSSION 
Probably the most striking feature arising from these investigations 

has been the marked variability in response Of different animals to 
thyroid treatment. Differences in species, strains and sexes were very 
evident. Furthermore, there was a marked variability in the re
sponse of similar animals within a subgroup. This was noted es
pecially in groups of animals treated with rather large amounts of 
thyroactive material which were toxic in effect. In such groups, the 
growth of the majority of the animals was markedly depressed and 
most of the individuals assumed an unthrifty appearance. There 
were occasional animals, however, which survived such treatment 
apparently unharmed, grew normally, or nearly so, and had a thrifty 
appearance. 
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The marked variability in response undoubtedly accounts for much 
of the confusion existing in the literature concerning the effects of 
thyroid treatment. In fact, many of the conflicting reports have 
been confirmed in the course of this investigation. This variability in 
response emphasizes the danger in generalization of results and ex
trapolation from one type of animal to another. Determination of the 
underlying causes of these variations in response will add much to 
the knowledge of animal physiology and is a fertile field for future 
investigation. 

Mice used in these experiments responded uniformly over a rather 
wide range in dosage with an accelerated rate of growth. This re
sponse confirms the report of Robertson (1928). It is significant, 
however, that Dr. J . A. Cameron of the Medical School University of 
Missouri (unpublished data) has fed 0.08 per cent thyroactive casein 
in the ration to a cancer strain of mice (Strong A) and observed 
inhibition of growth. The same amount induced accelerated growth 
in mice used in these experiments (Experiment 9). 

The only other indications of accelerated growth in body weight 
occurred in male guinea pigs and inconsistenly in female rats of the 
Missouri strain. During the first few weeks of the guinea pig ex
periments, the growth curves of treated males on low levels of treat
ment were slightly above those of controls. This difference was 
eventually reversed, however, and the treated animals actually lost 
weight with the advent of warm weather. The growth rate of control 
guinea pigs was slow throughout the experiments due to a relatively 
unpalatable ration, and it is doubtful if the same response to thyro
protein feeding would have occurred on a better ration. 

Results were inconclusive with female rats of the Missouri strain, 
but the earlier experiments indicated a slight acceleration of growth 
of certain females. Experiments repeated later did not confirm 
these indications, however. Thyroprotein feeding at any of the 
levels employed was inhibitory to body weight gain in both sexes 
of Sprague-Dawley rats. At the end of the experiments, however, 
male rats , of the Sprague-Dawley strain had a greater nose-anus 
length than controls. Bircher (1910) has likewise observed increased 
skeletal growth with reduced body weight of male rats treated with 
thyroid tissue. 

The response to thyroid treatment is undoubtedly influenced by 
environmental conditions, and it is emphasized that the results ob
tained in these trials might have . been different had environment 
(temperature and humidity) been changed. Another factor that should 
be considered is the increased sensitivity of organisms to thyroid 
materials with increased age. Treatment during these trials was 
held relatively constant so that the degree of hyperthyroidism in
creased with age. This change in sensitivity should be considered 
when thyroid materials are given over a period of . time. 
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Apparently, the homeostatic mechanism of the animals was im
paired somewhat by treatment with thyroactive preparations, and the 
treated animals were more sensitive to environmental changes than 
controls. The indication was present even with dosages which did 
not inhibit growth and is illustrated well in Experiment 1 with mice 
(Fig. 1). There was a tendency for the growth curves of treated 
animals to be more uneven throughout than those of controls. It 
would appear that small amounts of thyroid material which would no 
more than replace the thyroxine produced by the animal's own thyroid, 
would not produce unfavorable effects so long as environmental condi
tions are favorable since it seems well established that excessive 
thyroid activity results in depression of the animal's own thyroid. 
However, this adjustment removes one of the factors which contributes 
to the steady state of the animai, and unfavorable environmental 
conditions cannot be met by such animals as effectively as by normal 
animals. Thus, animals receiving nontoxic amounts of thyroactive 
materials may be at some disadvantage in adjusting themselves to 
high environmental temperature. 

Mice and female rats were relatively tolerant of thyroactive prepa
rations while male rats and to a greater degree guinea pigs and rabbits 
were relatively intolerant of such. materials. A comparison of the 
sensitivity of mice and male rats is interesting since a priori consid
erations might suggest the two species would react similarly. Mice 
receiving 0.32 per cent thyroprotein in the ration (Experiment 9) 
consumed an average of approximately 12 mg. of thyroprotein daily 
and grew at a markedly accelerated rate. Male rats receiving 0.04 per 
cent in the ration consumed not more than 10.0 mg. thyroprotein daily 
and their growth was greatly depressed by this amount. Thus, mice, 
about one-tenth the size of male rats, not only tolerated amounts. of 
thyroprotein which were toxic to rats,. but actually· thrived upon it. 
The tolerance of mice for thyroactive materials is therefore re
markable, and it is suggested that this response may be influenced 
by the ability to dissipate heat. 

Another interesting observation was the failure of low levels of 
thyroprotein to increase the metabolism of Sprague-Dawley male 
rats. Since the thyrotropic hormone of the pituitary and thyroid ac
tivity were decreased by thyroprotein feeding, it might be suggested 
that the small amount of thyroid activity contained in the thyropro
tein consumed merely replaced the reduced output of the thyroid, 
and that net thyroid activity remained unchanged. This assumption 
would not explain the reduced rate of gain in body weight, however. 

The results of this investigation indicate that there are certain 
strains of some species of animals that will respond to· mild thyroid 
treatment by acceleration of growth rate. This was illustrated well 
in the experiments with mice. On the other hand, the response of 
rats, rabbits and guinea pigs to treatment would indicate that the 
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welfare of most growing animals cannot be improved by administra
tion of thyroactive materials and that in certain cases, treatment at 
any level may be d.etrimental. Thus, treatment of male Sprague
Dawley rats with extremely low dosages caused a depression of body 
weight gains and unthrifty appearance. This indicates that in many 
animals, their own thyroid produces all the thyroxine that is com
patible with the well-being of the individual during growth. Certain 
individuals, and even strains of animals that have been developed 
under artificial conditions, are probably hypothyroid and small amounts 
of thyroid may be beneficial. 

SUMMARY 
· Four different species of animals, including mice, rats, guinea pigs 

and rabbits, have been treated with graded amounts of thyroactive 
preparations to determine the effects of mild hyperthyroidism on 
growing animals. The dosage for each species extended over a range 
which at the lowest level did not apparently affect the growth of the 
animals, and at the highest level, inhibited growth. 

It has been demonstrated that · feeding or injecting thyroidally 
active iodocasein produces effects comparable to synthetic thyroxine. 

The rate of growth of young mice was consistently accelerated by 
injecting 0.01 to 0.03 mg. crystalline thyroxine-sodium daily or by 
feeding 0.04 to 0.32 per cent thyroactive iodocasein in the ration. 
The period of accelerated growth extended for a period of approxi
mately five weeks, after which time the controls gradually overtook 
the treated animals and the maximum size attained by the two 
groups was similar. Larger amounts of thyroprotein or thyroxine 
were toxic and inhibited growth. Smaller amounts did not affect 
growth greatly, although there was a tendency for the treated animals. 
to grow somewhat slower than normal. Feed intake was increased by 
treatment. 

The percentage of water and protein in the tissues of treated mice 
was increased, and fat content was decreased as compared to the com
position of the tissues of untreated mice. The average total energy 
contained in the carcass was similar in the control and treated animals. 

Thyroactive iodocasein fed up to the level of 0.04 per cent of the 
ration apparently did not affect the growth rate of female rats of 
the Missouri strain. Fed .at the levels of 0.04 and 0.08 per cent of the 
ration, it caused indications of a limited acceleration of growth in 
some females of the Missouri strain, but for the most part their 
growth rate was not affected or else was depressed. Larger amounts 
resulted in marked inhibition of growth. Growth rate of males of 
the Missouri strain was not affected by the lowest levels of thyropro
tein and was depressed by larger amounts. The rate of gain in both 
sexes of Sprague-Dawley rats was inhibited by all levels of thyroprotein 
fed. The nose-anus length of the males of this strain, however, was 
slightly increased in the thyroprotein-fed animals. 
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The growth rate of male guinea pigs was slightly accelerated dur
ing the early periods of the experiments by small amounts of thyro
active iodocasein. The same dosages became toxic with the arrival 
of warm weather. Growth of female guinea pigs was depressed on 
all levels of thyroprotein given. 

The growth rate of male or female rabbits was unaffected by ex
tremely small amounts of thyroprotein, while larger amounts caused 
progressive depression of growth. 

The different animals ranked in order of their ability to tolerate 
thyroid treatment are as follows: mice, female rats, male rats, rabbits 
and guinea pigs. 

The lowest levels of thyroactive protein fed to male rats apparently 
did not affect the weight of any of the glands or organs weighed. 
Larger amounts fed to either sex resulted in hypertrophy of the 
heart, liver and kidneys. The adrenals were enlarged due to treat
ment in most cases, but males of the Sprague-Dawley strain failed to 
show this response. The pituitaries of females were depressed by 
thyroprotein feeding, while male pituitaries were unaffected. The 
weight of the thyroid was not significantly altered, but there was a 
tendency for thyroids of treated animals to be reduced in size. 
The ovaries were enlarged by moderate levels of thyroprotein in 
the Missouri strain, while larger amounts caused a depression. The 
ovaries of Sprague-Dawley animals were depressed by all levels of 
thyroprotein given. Small or moderate amounts of thyroprotein did 
not affect the weight of the testes, while larger amounts resulted i'.11 
a reduced weight. The thymus was enlarged in treated females of 
the Sprague-Dawley strain, but was unaffected in the other animals. 

The thyrotropic potency of rat pituitaries was reduced by thyro
protein feeding, while gonadotropic potency apparently was not af
fected by any level of treatment. 
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