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The study of the tqsio1ogy of differencee between the two 
80XG9 is of much interest fron a tt*orstical epproach and often of 
con8iderQble etonoelo value. In beat cattle bulls usually gain 
faster axt rqutre less feed per unit gain than geztically eiilsx 
heifor5 wKor identical conditions. Thrse trials wtt. beef cattle 
were conducted, atudying the effects of nel. horaonea on feed-lot 
performance, carca as charac ten tic s, .et cbaracteris tic3, h ortonal 
activity of th pituitary az thrroLd glrxis, size of certain orans 
i.nd glands, and developeent of reculinity. The ettccti re atudied 
in steers and heifers in two triais and in steers only in ox trial. 
In the l950-1 trial, three sire progeny groups of tour helfe rs and far 
ethers each pere allotted to ihr.. rcsipe so that one beifer and oiw 
steer fron each sts sru in lech ot two tre&tent groupa, and two 
hsiters ar two .teeru fzoa each eire 'are in the control grip. 
oI tzuataent ,oup received weekly intrazøcular injectionn of i 
w4:/kg of body weight of tentosteroz iii scqueoi, suspension. The 
e.cori trsatnent group received weekly intrueouiar tnjectior of 
ethyi sxxLrostensdiol in acquaous epeneion at the rate of 3. ag/Iq 

of body 'iht. [n the l9l- trial, tbree aire pro eny roun. 
of four heifor and four steers re allotted so that two heifer. 
aixi two steers from each efre were in the tithsterone roup and tao 
of each sex were in the control rap. injections re tart.d st s 
ueight of OL pourxiB and contirRd until the .nbnel. reached ßo pouzis 
live weight with y.00rd kept irtm this period. Calves wars individually 
fed and feed consumption was recorded. Thur wse slaughtered at 000 
round and carcass data, and orz;an ar gland weights wero collected. 
The pituitary ;;laM was assayed tor content of gonadotropic and thyro- 
tropic hormones aixi the thyroid ¿land was aasared for thyrozin content, 
bservations were made on aascuith. appesr*z*e and bhavior. In the 

third triLl eetrl , fed in the concentrate aixture at 
the ratee of 0.00, 0.25, 0.9.), and 1.00 n/kg of anil 'night per wek. 
Similar inioziiation was tssn as in the l95O-i and 195142 trials with 
tssteterone. Fhyical nd chemical tests were run on saaples of teat 
fr caivee in the 191-52 trial. 



Testosterone, athiniatered under these conditions, increased the 
averae daily gain and decreased the total diestib1e nutrients renuired 
per 1)0 PCLIXZB of gain of steer and heifer cal ges. The responses sere 
Rreater in the heifers than in the steers for each of these traits, 
Testosterone a egrod to decrease the percent of fat, the dressin.; percent, 
and the percent of hizduarter of heifer calvas. It increased the thyro- 
tropic ho.tione content and a'aritly decreased the :onadotropic hormone 
content of the anterior pituitazy ,lands of calves. 

Aethyl androstenediol at the level used had a depressin effect on 
average daily feed intake durin the last of the trial and a: have in- 
creased the ,onadotropic hornone content of the anterior pituitary 
gland. re were no other apparent effects on the characteristics of 
the calvee. 

4athyl testosterone, orally adiiniater.d at the levels of 0.25, 
0.9, and 1.00 ma/kg body wight pr mk had no effect on rate of 
gain and efficiency of gain, increased the thyrotropic activity of the 
anterior pituitary, decreased percent of fat and increased the percent 
of lean in the carcas s, and increed the size of the seminal vesicles 
in steer calves. 

Testosterone, in increasinj daily gain, feed efficiency, and protein 
contnt of th carcass may be effective through iti action in st1nu1atin; 
the secretion of thyrotropic hornons by the anterior pituitary. this 
hl)i thyretroric hormone level results in a stisulation of the t'yroid 
gland tc produce more thyroin thus stinu1atin the basal metabolic rate 
nich is conducive to fat metabolisni and protein araboli. 
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THE RESPONSE OF GßNETICALLY RELATED GROUPS 
OF YOUNG BEEF CATTLE TO ADMINISTERED MALE HORMONES 

INTRODUCTION 

One of the first differences noticed between animals in a group 

as the casual observer becomes slightly critical is that between 

male and female animals. Often there are many traits which make the 

members of the two sexes a great deal unlike. In many species size 

alone is a sufficient criterion for differentiation. Among the 

numerous other sex-influenced traits are behavior, color of hair coat 

or plumage, voice, activity, external genitalia, appetite, and body 

form. In addition to these more obvious, outer traits, there are a 

multitude of less distinct differences concerned with the develop- 

ment and physiology of body function which further act to characterize 

the particular sex. It is these developmental and physiological 

characteristics with which one must deal if an accurate recording 

is to be made of the cause-and-effect mechanisms which are capable 

of producing sexual dimorphism. 

The genetic determination of sex is normally accepted. A quite 

long breach exists, however, between the union of egg and sperm to 

form potential male and female zygotes, and the adult animals which 

make up the reproducing population of the next generation. 1he 

study of the secretion, transportation, and action of the so-called 

sex hormones serves to lessen this breach of the unknown and to 

supply hints toward the knowledge of sex differentiation. The 

tremendous interplay of sex hormones with glands, organs, enzymes, 

and other hormones of the body present an intriguing problem in all 
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phases of development and physiology. Vlhat are the limits of 

sex hormone influences in the body; how does the normal physiolor 

complement, compensate, and nullify the actions of the sex hormones; 

how much are sex hormones the determiners of differences between 

sexes; what are the quantitative responses to sex hormones? These 

are simply a few of the questions which arise as the study of sex 

characteristics reaches beyond the visible exterior, 

From a purely practical viewpoint the differences between sexes 

of animals become important to the human race. Ian, at least many 

men, have a certain portion of their diet made up of animal products 

and, often, distinct and noteworthy differences exist between car- 

casses of animals of the two sexes as to their availability and 

desirability for use as human food. The question then arises as 

to the possibility and practicality of changing some characteristics 

of an animal of one sex whose carcass may be less desirable toward 

those of the other sex whose carcass may be more desirable by the 

use of sex hormones. 'actors which differentiate the sexes and 

are important in the supplying of human food are palatability and 

tenderness of the meat, proportion of waste products, rate of growth 

of the animal and efficiency of converting feeds into human food. 

The economics of food production demand that if improvement of this 

sort is possible, it must be financially profitable if it is to be 

applied in commercial practice. 

The following material is presented with a possibility of con- 

tributing somewhat to our general knowledge of sexual differenti- 

ation particularly with the use of administered male hormones in 
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beef cattle and to study the effects on growth of animals under these 

treatment conditions. The producer of market beef is usually aware 

of many differences in heifer and steer calves in growth rate, con- 

ditioriing and other measures of feed-lot performance which have 

considerable economic importance to him. Less in±orination is avail- 

able, however, on dressing percent, carcass grade, percent of 

edible parts, palatability, and tenderness of carcasses of heifers 

and steers. From the more applied viewpoint a survey will be made 

as to the possibilities of using male hormones in the commercial 

production of market beef. 

A further aspect under consideration in this work is the study 

of similarities and differences between animals due to common 

ancestors; an estimation of the effects of genetics and the inter.- 

action of genetics with male hormones and sex. This comparison 

makes possible a more accurate basis for the recommendation of 

the uses of male hormones in genetically different groups of 

animals within a species and also provides a basis for comparing 

the relative value of genetical improvement and male hormone 

administration in the production of meat. 



REVIEW OF LITERATURE 

A review of the literature of sorne of the pertinent work 

which has been done with the administration of male hormones is 

presented in an effort to show the backgro.md and theoretical 

basis for the use of male hormones irr growing beef cattle. The 

difference between males and females, and between gonadectormized 

and intact animals offers very excellent measures of the effect 

of hormones at all-or-none levels and many of the conditions 

which are produced experimentally can be expected to duplicate 

these differences. The measurement of thyrotropic hormone activity 

of the pituitary may well serve as an indication of the metabolic 

activity of the animal. The ability of the male hormones to stimu- 

late the thyrotropic activity of the pituitary may show a possible 

route of its action on other parts of the animal body. The 

gonadotropic activity of the anterior pituitary offers a further 

indication of the action of testosterone on this important gland. 

The response to male hormones in laboratory animals 

The first exoerimental demonstration of hormonal action by the 

testis according to Burrows (is, p.l77) was reported by Hunter in 

l79L when he showed that the rudimentary spur of a hen would 'ow 

into a good masculine spur if transplanted into the leg of a cock, 

whereas the small spur of a young cock would undergo no such 

development when implanted into the leg of a hen. The first 

testicular extracts were probably prepared by Brown-Sequard (108, 
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p.33L) who made extravagant claims of increased vigor and bodily 

well-being from subcutaneous injections of these extracts. A 

lipoid concentrate of fresh bull's testes was prepared by LcGee 

in 1927 (108, p.335) which was capable of inducing measurable 

growth of the capon's comb and of repairing castrate atrophy in 

the rat and guinea pig. The term, male sex hormone, is used to 

define the material secreted by the testis which is necessary for 

the development of the male sex traits (108, p.335). The use of 

the term, androgen, is preferred by some authors (15, p.121) in 

that male sex hormone cormnotates the restriction of material to 

one sex and its secretion to only the appropriate gonads. The 

most potent androgen which has been obtained is testosterone which 

is thought to be very similar, if nct structurally identical with, 

the hormone secreted by the testis (106, p.336). 

The male sex hormone present within the normal male organism 

is derived from the testes although the ovary and the adrenal 

cortex also seem to be capable of releasing androgenic compounds 

(23, pp.180-l82). The site of secretion of androgenic hormone of 

the testis is assumed to be the interstitual tissue according to 

Dorfman (23, p.160) as determined from the lack of effect of atrophy 

of seminal epithelium in cryptorchidisrn or under adequate dosage of 

x-rays. On the other hand, the administration of pitch to rodents 

caused damage to the interstitual tissue and parallel atrophy of 

secondary sex glands with seminal epithelium remaining normal. A 

series of androgenic compounds and related substances have been 



reported in the urine (23, p.186) sorne of which may be considered 

as normal urinary constituents and some of which are considered 

artifacts of degradation, substitution or dehydration of secreted 

androgens. 

The activity of the androgens reported by the various workers 

in the field are d±scussed under the following groups: sexual 

activity, sex glands and reproduction, sex accessory glands, 

secondary sex characters, retention of urinary metabolites and 

protein anabolism, and enzymes. 

The male guinea pig was used by Grunt and Young (38, pp.239- 

2Li6) to demonstrate the response in sexual behavior to testosterone 

propionate injections. The following normal sequence of mating 

behavior of the male was noted: nibbling, nuzzling, mounting, intro- 

niission, and ejaculation - these descriptive terras being used to 

designate the various phases of the courtship procedure. rTormal 

male animals were scored on the basis of activity in each of these 

phases and each animal on the basis of these scores placed in one 

of the following groups: high drive, medium drive and low drive. 

Subsequently the animals were tested for sexual behavior at weekly 

intervals. Castration of adult males resulted in the loss of 

seventy-five percent of their sex drive within fourteen weeks. The 

administration of daily dosages of testosterone propionate at 12.5, 

25, 50, lOO gamma led to the demonstration that the strength of sex 

drive displayed during therapy is similar to that shown prior to 

castration; high drive animals showing their former characteristic 

high drive and low drive animals returning to their low level of sex 
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drive. An increase in the sexual activity of the male rabbit with 

the daily injection of O. mg. and 3 mg. of testosterone propionate 

during a ten-day test period was observed by Cheng and Casida (17, 

pp.LO-L2). A decrease in reaction time and an increase in number 

of attempts at ejaculation were shown by the hormone-treated animals 

both during treatment and during a ten-day posttreatment period. 

Castration of male rats results in an immediate reduction in the num- 

ber of animals which will attempt to mate with receptive females 

according to work by Beach and Levinson (io, p.16). The athninis- 

tration of 7 gamina of testosterone propionate daily was sufficient 

to maintain the normal copulatory activity for the twenty-eight 

day test period while the 2 and the gamma dosage levels resulted 

in a gradual loss of copulatory activity during the twenty-eight 

day period. The precocious development of sexual maturity in the 

rhesus monkey was demonstrated by van Wagenen (112, p.Lh). By 

treatment of imiature female monkeys with 7. mg. of testosterone 

propionate per kilo of body weight per week, the age of first 

menstruation with subsequent menstrual cycles was reduced from two 

years to approximately one year. 

A definite reduction in the size of the testis of adult rats 

with the injection of small doses of testosterone propionate (2 ing. 

per day for twenty days) was found by Selye and Friedman (96, p.130). 

The injection of large doses (10 mg. daily for twenty days) re- 

sulted in no reduction in testis size. In all cases, however, there 

was atrophy of the Leydig cells. No inhibiting effects of 



testosterone propionate was found on the weight of testes of young 

or adult hypophysectonrLzed male rats receiving 3 mg. of the hormone 

daily for twenty-four days according to observations by Cutuly 

and Cutuly (20, p.SO). However, there was a marked degeneration 

of the tubular elements of the testis not found in the hypo- 

physectomized control. The injection of large doses of testosterone 

and testosterone prooionate (o.o to 20 mg. daily for eighteen to 

twenty days) resulted in decrease in testis weight and severe 

damage to the interstitual cells of the testis of male guinea pigs 

during the peak of the annual sexual cycle, (uL, pp.Ì9-b6l). A 

pronounced effect of testosterone propionate on the ovaries of young 

and adult female rats is reported by Laqueur and Fluhniann (62, pp. 

98-99). Ovaries of rats which were injected vith L mg. of 

testosterone propionate on alternate days beginning during diestrus 

contained no recent corpora lutea but many follicles at various 

stages of development or atresia. hen the injections were begun 

during estrus, however, the ovaries were large and contained hyper- 

trophied corpora lutea. Thus there appeared to be a prevention of 

the formation of corpora lutea but not of follicular growth with 

the injection of testosterone propionate. However, the injection of 

testosterone propionate in female rats from birth is reported by 

Laqueur (61, p.268) to arrest follicular development beyond the 

antrum stage and results in the complete absence of corpora lutea 

in the ages studied (from seven to two hundred thirty-two days). 

Stimulation of the accessory sex organs by androgens has been 



reported frequently and is often used as a measure of the level of 

physiological dosage of the androgen (l1, p.113). The weight of 

the prostrate gland of the male rat is suggested by Ludwig (72, 

p.1169) as an index of the level of testosterone which has been ab- 

sorbed particularly in the method of hormone pellet implantation. 

Increases in the weight of the seminal vesicle of castrated male 

rats by the injection of O. mg. of testosterone propionate for 

seven, fourteen and twenty-one days were observed by Almquist and 

Andrews (, pp.127,129). However, the seminal vesicles of hiber- 

nating castrate male hamsters were dependent upon the resumption 

of hibernation in their response to androgenic hormones according 

to Lyman and Dempsey (73, p.6Li8). Hamsters which returned to 

hibernation after receiving mg. of testosterone had seminal 

vesicles much smaller than those animals which did not return to 

hibernation. In either instance of hibernating animals, the 

response was much less than the response from non-hibernating 

hamsters. The stimulation of the inguinal bursa of the scrotum of 

the male rat by testicular secretion is demonstrated by Wells and 

Overholser (ll, p.113) by the method of unilateral castration. 

Stimulation of contractility and weight of the rat scrotum by the 

use of testosterone propionate in mature rats is suggested by 

Almquist and And.rews (, p.132) as a demonstration of the role of 

the male hormone in thermoregulation of the testis. 

No depressing effect of testosterone propionate on 

spermatogenesis of male rats receiving O.O, 1.0, or 3.0 mg. daily 



of this hormone l'or thirty days was found by Ludwig (72, p.l8) 

although in the group getting the dosage of 0.1 mg. daily sperm were 

present in reduced numbers and were less active. When testicular 

implants of testosterone were made at the time of beginning of 

testosterone injection, Ludwig (72, p.t72) found local maintenance 

of spermatogenesis in male rats even when the level of testosterone 

propionate injection was 0.1 ing. daily. The suggestion is made that 

low levels of androgens act only through the pituitary resulting in 

decreased secretion of gonadotropins and thus indirectly injure the 

testis while large doses are capable of exerting a stimulation to the 

seniferous tubules directly to permit normal spermatogenesis despite 

a lowered level of gonadotrophic hormones. The daily subcutaneous 

injection of from to 20 mg. of testosterone and testosterone 

propionate did not reduce the number of spermatozoa produced by the 

testes of male ground squirrels according to observation made by 

;7ells (litt, p.L6l). Local maintenance of spermatogenesis in hypo- 

physectomized male rats is reported by Dvoskin (2t, p.112) using 

intratesticular implants of testosterone pellets which permitted 

an absorption of an average of l2. gaimiia daily. This evidence 

indicates a local maintenance of spermatogenesis by the hormone 

rather than through the pituitary mechanism. 

Effects of androgens on glands other than the pituitary and 

gonads and on various organs of the body are extremely significant 

in studying the role of these hormones. Chronic treatment of male 

rats with large doses of methyl testosterone was found by Selye, 
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Rowley and 1-lau (97, p.1l3) to produce changes in the adrenal cortex 

characterized by an involution of the glomerulosa, marked thickening 

of the connective tissue and deposition of coarse fat granules in 

the cells of the fasiculata and reticularis. Although the adrenals 

of rats lose weight and atrophy after hypophysectomy (102, p.222), 

the injection of 1.25 mg. of testosterone propionate daily in 

hypophysectonrized rats gave a partial maintenance in adrenal weight 

for a ten day period (70, p.303). A slight involution of the cortex 

of the adrenal of rats following the daily injection of 2 mg. of 

testosterone propionate was found to result in reduction of adrenal 

weight (77, p.392). The injection of mg. of testosterone 

propionate in immature rats was found to increase the number of 

mitoses in the thyroid and parathyroid gland and also to increase 

the functional activities of these glands as indicated by- histo-. 

logical examination (83, p.738). 

Daily administration of mg. of testosterone propionate to 

adult mice during a period of twenty days was found to have very 

pronounced results upon several organs and glands according to ob- 

servations made by Selye (9g, p.213). The thyroids of these 

treated mice were larger (about twenty percent) than the controls 

and histologically appeared to show some increase in the height of 

follicular epithelium and some colloid absorption. The adrenals of 

testosterone-treated mice were about two-thirds as heavy as adrenals 

from control mice. Atrophy of the entire gland was present although 

due chiefly to involution of the cortical cells. The liver and 
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spleen of these mice showed no significant histological changes 

due to the treatment with male hormone. The kidneys of mice receiv- 

ing the testosterone propionate viere greatly enlarged due to the 

hypertrophy of the cells of the proximal and distal convoluted 

tubules and of the parietal lamina of Bowman' s capsules. Korenchevsky 

and coworkers (60, p.398) reported that androsterone and testosterone 

propinate produced hypertrophy both in actual and in relative weights 

of the liver and heart in young male and female rats after two months 

when these hormones were injected at the rate of to 2S and 1 to 

10 mg. per week respectively. The male hormones had a masculinizing 

effect reflected in the weight of liver and heart of female rats 

which approached that of normal males. Slight hypertrophy of liver 

cells in both sexes and of heart muscle fibers in males resulted 

from these treatments. Mo alterations in the weights of the adrenals 

or thyroids were found by Leathem (67, p.1i2) due to the tn-weekly 

injections of l.2 mg. of testosterone propionate for twenty or 

thirty days into male rats forty and one hundred fifty days of age. 

No effects of testosterone propionate on the weight of the thyroid 

gland of mature male rats receiving . mg. of the hormone daily 

were found by Leathem (6L, pp.30,31) either when injected into 

normal rats or rats on a ration including .% of thiourea or 

thiouracil. A synergistic activity was found by Grad and Leblond 

(36, p.261) between the male hormone and thyroxine in the 

proliferation of the serous tubules of the submaxillary glands of 

the rat. This synergism resulting from the injection of both 
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testosterone (twice daily injections of .2 mg. for forty-seven 

days) and thyroxine (twice daily injections of 3 micrograms of DL- 

sodium thyroxine) also resulted in an increased weight of the 

heart and kidney in hypophysectomized, castrated male rats. 

The injection of male hormone into normal male and female 

rats produced a depressing effect on the gonads of both sexes by 

Moore and Price (79, p.2) and this effect is interpreted by these 

workers as due to the decrease in secretion of gonadotropic hormones 

by the hypophysis caused by the male hormone injection. Degranu- 

lation of the basophil cells of the anterior pituitary was found in 

immature female rats receiving 2 to 8 mg. of testosterone propionate 

daily for ten or twenty days by Wolfe and Hamilton (119, p.83). 

However, after chronic administration of this hormone for ninety 

days the weights and number of eosinophiles and granular basophiles 

of the anterior pituitary of these immature female rats were more 

comparable to the glands of litter mate brothers than of litter 

mate sisters. The gonad-sti:iulating content of the anterior 

pituitary of castrate female rats was found to increase directly 

with the time of autopsy after castration by Lauson, Golden and 

Sevringhaus (63, p.51). Their animals were twenty-four weeks old 

at autopsy and the pituitaries of animals which had been castrated 

sixty days prior had a gonad-stimulating content of 2.7 times that 

of normal intact females. In the bird, Payne (87, p.l2) reported 

that there is a general enlargement and increase in number of the 

basophiles and a degranulation and regression of the acidophiles of 
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castrate male and female 7hite Leghorn fowls. 

The injection of male hormone extracted from urine into castrate 

dogs was found to cause a marked drop in urinary nitrogen and a 

slight subsequent rise both due to changes in urea nitrogen by 

Kochakian and Murlin (7, p.L57). Accompanying this change in nitro- 

gen excretion was an increase in fat metabolism, a decrease in 

protein metabolism, and a slight increase in body weight. The ad- 

ministration of aridrostenedione (8, p.656) and later testosterone 

and testosterone acetate (2, p.751) were found to produce nearly 

identical effects on urinary nitrogen retention in castrate male dogs 

to those observed due to injection of urinary male hormone. In none 

of these studies with castrate dogs was there found an effect on the 

basal metabolic activity indicate a calorigenic effect of the 

male hormones. A demonstration of a similar effect of male hormones 

in the human was given by Kenyon (SO, p.133) who reported that the 

prolonged administration of 2 mg. of testosterone propionate daily 

to eunuchoids resulted in marked increase in body weight in addition 

to stimulation of the genitalia. In a later paper (1, p.152) the 

effect of testosterone propionate upon the nitrogen, electrolyte, 

water and enerr metabolism of these patients is discussed, A con- 

sistent decline in urinary nitrogen, a decline in urinary sodium, 

usually a retention of chloride and a weight gain due largely to 

water held in association with sodium and nitrogen were striking ef- 

fects of this hormone. The decrease in urinary total nitrogen is 

reflected completely in the urinary urea and is unaccompanied by 
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any regular change in the urinary creatinine or by increase in the 

non-protein nitrogen, plasma proteins, or hemoglobin of the blood. 

Vlork by Papanicolaou and Falk (86, p.239) demonstrated a definite 

proliferation of the temporal muscle of the guinea pig due to the 

prolonged administration of testosterone propionate. The muscular 

development of females and castrate males was said to approach that 

of the normal male, which is described as being rounded arid protrubant 

as compared to the small, flat musculature of non-masculine animals. 

The fat content of the carcass of young Angora female rabbits on a 

wet weight baais was 5.8 percent while the fat content of young 

Angora male rabbits was 1.7 percent according to observations made 

by 'Íilson and Norris (117, p.57). 

A consistent increase in the basal metabolic rate of all 

patients receiving methyl testosterone was reported by cCu1lagh 

and Rossmniller (75, p.506). This increase in metabolic activity 

was accompanied by gains in weight in nearly all of these clinical 

cases. With the withdrawal of therapy the basal metabolic rate 

dropped off abruptly. The development of prominent musculature was 

found to accompany the increase in body weight of eunuchoid patients 

maintained for several months on orally administered methyl 

testosterone according to observations of cCullagh and Rossmiller 

(76, p.507). These workers were also able to stimulate growth in a 

dwarf patient through the use of methyl testosterone (76, p.510). 

Increased rate of growth was reported by Webster and Hoskins (113, 

p.7ti) in hypogonadal boy-s receiving from 75 to 125 mg. of 
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testosterone propionate per week. The therapeutical use of methyl 

testosterone and testosterone propionate are discussed by Goldzieher 

(3g, p.927) in the stimulation of growth and increase of body weight 

in humans. The suggestion is made that a substance capable of pro- 

ducing the proliferation of cells involving epitheliu.m, stroma, and 

muscle tissue, consistent with the androgenic activity of the male 

hormones, actually represents a general growth-stimulating factor, 

having a special affinity for, but not restricted to the genital 

organs. 

The administration of testosterone propionate to castrate male 

rats (Si, p.262) produces an effect on urinary nitrogen similar to 

that observed in dogs except that about one week after the beginning 

of injections, the nitrogen excretion gradually returns to normal 

despite continued injections. The replenishment of protein in 

starved castrate rats was found to be materially increased by the 

injection of 2. mg/day of testosterone propionate. However, in 

intact male rats, Geiger and El Raw-i (3t, p.1)i7) were unable to show 

a significant effect of 2 mg. of testosterone propionate injected 

on alternate days in either protein depletion on a fifteen day test 

period or in protein repletion in a subsequent sixteen day test period. 

A prolonged retention of nitrogen resulted from the intravenous 

injection of lO-2OO mg. of testosterone to normal young men (116, 

p.8)10). maximum nitrogen retention occurred during the second 

day and a positive nitrogen balance was maintained for about eight 

days. A retention of phosphorus and water accompanied the nitrogen 

retention. Within twenty-four hours after injection, seventy to 
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as excess 17-ketosteroids in the urine. 

The demonstration of the renotropic effect of many of the male 

hormones has been accompanied by a demonstration of increase in body 

weight in many cases (L,.297-3Ol). The anabolism of protein is 

not confined to one type of tissue but is associated with many or all 

parts of the body. The increase in weight of the assessory sex organs 

account for a portion of this increase (si, p.lL7) but only a rela- 

tively small percent of the total gain. The effect of irale hormones 

on muscular development was first reported in the guinea pig by 

Papanicolaou and Falk (86, p.236) and verified later by several 

workers in other species. The excessive stimulation of the levator 

ani muscle which has an anatomical association with the penis was 

noted by Scow (9t, p.0) when testosterone injections were given to 

gonadectomized male mice. There were no differences found in the 

percentage of carcass protein due to the injection of testosterone. 

Studies have been made on the protein constituents of the blood 

in an attempt to obtain information concerning the protein fabrication 

processes apparently stimulated by the steroid hormones. The increase 

in plasma globulin observed in castrate niale rats was found to be 

prevented by the administration of 0.1 mg. of testosterone propionate 

daily (6g, p.L63). However, the increased level of plasma globulin 

and plasma non-protein nitrogen associated with hypothyroidism re- 

sulting from antithyroid drugs was not influenced by the use of 

testosterone propionate (66, p.1286). In the trials, there was also 



no effect of testosterone propionate upon the protein and water con- 

tent of the liver of the hypothyroid rat. Subnormal plasma protein 

levels of rats caused by feeding high protein diets were not 

affected by the administration of l.2S m. of testosterone propionate 

three times weekly according to the further work of Leathem (68, 

p.76). However, the slight increase in liver protein induced by 

high protein levels tended to be counteracted by this dosage of 

androgen. 

The administration of testosterone propionate in weekly amounts 

of 0.2 mg., 0.8 ing., and 3 mg. in immature mice was reported by 

Silberberg and Silherberg (98, pp.98-107) to accelerate ageing of 

the epiphyseal cartilage of the upper end of the tibia. This age- 

ing was manifested by inhibition of proliferation and increasing 

regressive changes. Castration resulted in a delay in growth, arid 

was also followed by a reduction in the rate of proliferation. The 

use of testosterone therapy in small doses in these castrate mice 

resulted in a restoration of both development and growth of the 

epiphyseal cartilage. The response to androgens of endochondral 

ossification in males is less marked than in females, Except for 

the earlier appearance of the os penis and the ischial tuberosity, 

Turner, Lachmann and Hellbauin (ill, p.1i26) found no changes in the 

time of appearance of the ossification centers of a great number 

of bones in rats injected from time of birth with 0.2 to 2.0 mg. 

per day of testosterone propionate. No apparent effect on the 

time of appearance of ossification centers of the several bones of 



19 

the rat was found by Noback and associates (8I, p.60) after the 

injection of 12 micrograms of testosterone propionate daily 

from birth to ten days of age. 

The action of androgens in hemopoiesis of rats is discussed by 

Crafts (19, pp.LO-t11). The castration of the normal male re- 

suits in a temporary drop in hemoglobin, slight decrease in total 

erythrocyte count, slight hypochromla and rnicrocytosis. The ad- 

ministration of 2.0 mg. of testosterone propionate daily for 

% days to castrate males resulted in a significant hyperplasia 
of the bone marrow with an increase of erythroid elements to 

63.6 percent of all cells counted as compared with 8.1 percent 

for normal controls and 61.6 percent for castrate controls. The 

injection of 2.0 mg. of testosterone propionate daily to h3rpo_ 

physectomized male rats prevented the decrease in total erythrocyte 

count, the increase in total white cell count, and the hypoplasia 

of the bone marrow normally foflowing hypophysectonr. 

The injection of 2O micrograms of testosterone twice daily 

for L2 to 17 days in hypophysectornized, castrated male rats was 

reported by Eartly, Grad and Leblond (26, pp.680-683) to increase 

both the Maiphigian and cornified layers of the integuement and 

to increase the number of mitoses per unit length of the basement 

membrane of the integument. The regression of number of mitoses 

on opidermal thickness was highly significant indicating that the 

effect of these hormones on thickness of the epidermis may be 

mediated by way of their action on cell production. A study of 
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the tensile strength of whole skin of the leg of chickens by 

Herrick (J4, p.lL6) revealed that skin from chickens receiving 

mg. of testosterone propionate on alternate days for ten days 

had a much greater (two times) breaking strength than did non- 

treated controls. A higher amount of collagen nitrogen was found 

in the skin of the hormone-treated birds. The skin of the hormone- 

treated birds also had more abundant and 'ore completely dif- 

ferentiated fibers. The measure of the tensile strength of the 

gastrocnentius muscle of these birds gave a similar response to 

that of the skin; the hormone-treated chickens have a reat deal 

stronger gas trocnemius muscle. 

Vhen either normal or castrate male mice were treated for 

thirty-five or one hundred fifteen days with a subcutaneous pellet 

of testosterone propionate (&-12 mg. absorbed), Kochakian and Fox 

(6, p.670) found a decrease in total ualkalinee (pH9.8) phos- 

phatase and an increase in "acid" (pH phosphatase of the kid- 

neys, however similar enzymes of the liver and intestine were 

aparent1y not affected. This response of the enzymes to the male 

hormones continued for a considerable time after the nitrogen 

retention response had passed, perhaps indicating a closer 

association with protein anabolism than nitrogen retention as such. 

As in the case of phosphatases the arginase contents of the liver 

and intestine of mice were not affected by the ancìrogens, while the 

arginase content of the kidney was found to be quite sensitive 

according to observations by 1ochakian (3, pp.116-122). The level 

of arginase of the kidneys of castrated mice was found to vary 
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directly with the amount of ancirogen absorbed in a thirty-day 

period. Variable responses from different aridrogens were noted, 

the less active of the steriods actually resulting in decreased 

arginase content of the kidney. The level of nutrition was not 

found to interfere with the determination of arginase content of the 

kidney by the various steroids. In a summary of work done with the 

phosphates and arginases of the kidney, liver, and inestines, 

Kochakian (, p.212) concludes that the metabolic effects of pro- 

tein anabolic steroids are mediated at least in part through the 

kidneys since the enzyme activities of this tissue are markedly 

altered by the various steroids while the enzyme activities of 

the liver and intestine are not. The ability of testosterone 

propionate to stimulate the kidney arginase activity of rats was 

not apparently inhibited by the experimental production of 

phiorizin or alloxan diabetes (9, pp.226-227). Testosterone 

propionate was found by Grunt and Leathem (37, p.220) to definitely 

increase the cytoplasmic alkaline phosphatase in the Lollicular 

cells of the mouse thyroid when daily dosages of O. ing. or more 

were used. It is significant that although testosterone was not 

effective in altering alkaline phosphatase of the thyroid in the 

presence of thiouracil or thyroglobulin, the thiouradil (.2) 

virtually eliminated alkaline phosphatase whereas thyroglobulin 

caused a follicular cell atrophy without loss of the enzyme. 
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The response to male hormones in farm animals 

In addition to the effect of male hormones on sexual behavior 

of breeding males, the administration of male hormones has been 

used in farm animals for the purpose of increasing gains in body 

weight, efficiency of feed utilization, and carcass quality. The 

intraiiuscu1ar injection to weanling pigs with i mg/kg. of body 

weight weekly of testosterone propionate for six weeks and then 

biweekly resulted in an increased gain of O.l pounds per day during 

a one hundred fifty day feeding period, according to the work by 

Sleeth and coworkers (99, p.601). The carcasses from treated pigs 

showed no significant differences from control pigs in average 

thickness of backfat, tenderness, and carcass scores. The 

organoleptic ratings of roasts from treated animals indicated that 

the levels of testosterone injection used did not measurably affect 

the palatability. In a second trial by Sleeth and associates 

(99, p.801), the pigs weighing forty six pounds at the beginning of 

treatment received O, ing. of testosterone propionate biweekly. 

After thirty nine days the average daily gain of the testosterone 

propionate and the control groups were practically identical. Rate 

of nain, feed efficiency, and several carcass characteristics were 

not significantly affected by the implantation of two l mg. pellets 

of testosterone at twelve week intervals in growing-fattening pigs 

according to work by oehling and coworkers (118, pp.890-891). 

'[eight gains of the pigs during successive growth. periods indicated 

no significant difference between treatment groups. 
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The subcutaneous implantation of a 10 ing. pellet of testosterone 

in wether lambs was found by Andrews and associates (7, pp.79-582) 

to increase the average daily gain arid efficiency of feed utilization 

of wether lambs during a sixty eight day feeding period. Lambs 

receiving an additional 10 mg. pellet of testosterone forty three 

days after the first implantation, however, were not significantly 

different from control 1aiibs in average daily gain in body weight. 

The quality of carcass of the testosterone-treated lambs appeared 

to be higher than that of control lambs. Testosterone had no 

significant effect on the daily feed consumption of treated lambs 

as compared with that of control lambs. The implantation of a 12 

mg. pellet of testosterone in ewe and wether lambs resulted in no 

significant change in rate of gain or feed efficiency when compared 

with control lambs under sinilar feeding conditions according to 

work by OtMary and coworkers (8S, p.66?). In a second trial, 

O'Mary and associates (85, p.667) found that weekly injections of 

20 mg. of testosterone significantly increased the average daily 

feed consumption and average daily gain of ewe and wether lambs. 

A significant interaction existed between the hormone treatment 

and the sex of the lambs, the treated wethers (20.2 gms.) having 

slightly more exterTlal fat than control wethers (19.2 gms.) while 

the treated ewes (21.6 gms.) having considerable less external fat 

than control ewes (27.2 gins.), in a representative meat sample. 

The subcutaneous implantation of pellets containing a total of 30 

mg. of testosterone into lambs weighing seventy four pounds and 
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eighty one pounds at beginning of the test period resulted in in- 

creased rate of gain and feed efficiency during ten and twelve 

week feeding period according to work done at the Purdue station 

(78, p.179). 

A temporary growth stimulus and increased daily feed consumption 

was reported by Dinusson, Andrews and Beeson (22, pp.323-32) in 

beef heifers receiving an intrarrniscular injection of O mg. of 

testosterone propionate in oil, followed by a second injection of 

32. mg. of testosterone propionate fifty six days later. However, 

average daily gain and efficiency of feed utilization were not 

significantly different from those of control calves. In a second 

trial by Dinu3son, Andrews and Beeson (22, pp.32b,32) the sub- 

cutaneous implantation of a 50 ing. pellet of testosterone propionate 

in beef heifers had no significant effect on rate of gain, efficiency 

of feed utilization, or average daily feed intake. A short growth 

stimulus also resulted in the second trial with beef heifers, but 

the overall growth rate, carcass quality and dressing percentage 

were apparently not affected by that treatment of testosterone 

propionate. Yearling steers receiving a 180 gm. pellet of 

testosterone implanted subcutaneously at the beginning of the test 

period were found by Andrews, Beeson and Johnson (8, p.677) to not 

differ significantly from control steers in growth rate, efficiency 

of feed utilization, or carcass grade. 
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The thyrotropic activity of the anterior pituitary gland 

A direct association of the thyroid gland with the anterior 

pituitary gland was suggested by the demonstration of atrophic 

changes in the thyroid gland after removal of the anterior 

pituitary in two species of frogs, Rana boylel (loi, p.63) 

and Rana pipiens (ti, p.).i86). The overafl size of the thyroid 

gland was mkedly reduced as was the size and number of cofloid 

masses present in the gland. Metamorphosis in the axolotl larva 

of the ì.iexican salamander was induced by Spaul (lOs, p.t3O) using 

an acetic acid extract of the anterior pituitary of the ox. 

Extracts of the posterior lobe of the oxw'e found to retard or 

to have little effect on the metamorphosis of the larva. Hyper- 

trophy of the thyroid gland in guinea pigs was produced by Loeb 

and l3assett (71, p.86l) using injections of alkaline extracts of 

bovine pituitary. 1ith this hypertrophy of the thyroid gland 

there was an accompanying loss of weight in the heavier animals 

and absence of weight increases in all animals treated. The 

injection of acid extract of the anterior pituitary of the bovine 

was found by Thurston (107, p.77) to produce parallel effects in 

several species of animals including hypertrophy of acinar 

epitheliuin, the proliferative activity as indicated by the number 

of mitoses, the absorption of colloid, and the change in size and 

shape of the acini. The effects of the acid extract were in 

principle the same in all species studied, but the intensity of 

effects varied a great deal. The foflowing species are arranged 
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in order of increasing thyroid response: (i) mouse, (2) rat, 

(3) rabbit, (14) cat, () pigeon, and (6) guinea pig. Many methods 

have been suggested for the measurement of relative capacity of 

anterior pituitary material or extracts to produce thyroidal stimu- 

lation. Liany of the early methods were dependent on histological 

examination and were based on the guinea pig since it had been found 

to be most responsive to treatment. Ftabinovitch (88, p.602) made 

a quantitative estimate of the degree of hypertrophy by a numerical 

determination of the mitosis present in the stimulated thyroid 

glands. The hypertrophy of the thyroid is correlated with a 

marked increase in the number of mitoses. Direct measurement of 

the increased height of acinar epithelium of the stimulated 

guinea pig thyroid was proposed by Rawson and Starr (90, p.729) 

as a quantitative measurement of thyrotropic activity of anterior 

pituitary gland material. Hypophysectornized rats were used for 

assay of thyrotropic hormone in body fluids by Hertz and Oastler 

()6, p.S2) who observed that the administration of thyrotropic 

hormone prevents the atrophy in cell histolor following hypo- 

physectomy. Administration of thyrotropic hormone in hypo- 

physectomized rats is followed immediately by the formation of 

colloid droplets in the thyroid, however, according to Dvoskin 

(2g, p.68) toxic dosages of typhoid vaccine, histamine and 

pilocarpine and dosages of human blood sera gave numerous positive 

responses quite unrelated to the thyrotropic activity of the 

material used. 
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Stimulation of metabolic rate in rats by the injection of a 

thyrotropic extract of the anterior pituitary was observed by 

Anderson and Collip (6, p.680). These workers used as a unit the 

smallest amount of hormone which given to a hypophysectoimized rat 

wi.11 give a twenty percent increase in metabolism in ninety-six 

hours when administered twice daily-. Stimulation of time of 

metamorphosis in the frog tadpole has been suggested by D'Angelo, 

Gordon and Charipper (21, p.22L) who described a tadpole unit of 

thyrotropic activity as the minimal amount of hormone which when 

given to the totally starved, non-metamorphosing animal in 

intraperitoneal injections on alternate days vrill stimulate the 

thyroid gland, increase the hind-limb length and cause a body 

weight loss fifty percent greater than that in water-injected 

controls. 

The loss of iodine from the thyroid following the administration 

of the thyrotropic hormone was found to be a suitable method of 

bioassay according to Stiminel, .IcCullagh and Ficha (106, p.52) 

using guinea pigs weighing between two hundred twenty five and 

two hundred seventy five grams. The use of radio-active iodine 

( L9, p.1!8) may provide a much more efficient method for the measure- 

ment of iodine loss under thyrotropic hormone injection and the up- 

take of iodine by the depleted thyroid. An increased content of 

radio-active iodine was observed by Leblond (69, p.237) in rats 

receiving anterior pituitary extract within fifteen hours after the 

administration of radio-active iodine. This qualitative test may 



have definite quantitative applications under controlled conditions. 

awson (89, p.t9L) observed the following effects, in the order 

given, in thyroids of cockerels treated with thyroid-stimulating 

hormone: loss of thyroid iodine, increase in thyroid-acinar-cell 

height, increase in thyroid weight, and finally an increased 

capacity to concentrate radio-active iodine. The determination of 

uptake of radio-active phosphorous by the thyroid of guinea pigs 

following administration of varying aiiounts of thyrotropic hormone 

was found by Borell and Holingren (12, p.3tjO) to be a very sensi- 

tive measure of' activity since the anunt of phosphorous taken up 

by the gland increased ten-fold with a doubling in cell height due 

to thyrotropic stimulation. 

The gravimetric method based on the increase in weight of the 

thyroid gland accompanying thyrotropic stimulation was suggested 

by Rowlands and Parkes (92, p.1831) as a possible method of bio- 

assay of this hormone. The response curve of weight of thyroid 

gland to dosage level in guinea pigs did not deviate greatly from 

a straight line when transformed on the logarithmic scale. The 

thyrotropic unit suggested by Reece and Turner (91, p.12) was that 

amount of hormone which would elicit a fifty percent increase in 

the weight of thyroid glands of four male guinea pigs weighing be- 

tween one hundred forty and one hundred seventy grains when injected 

subcutaneously daily for four days and the animals sacrificed on the 

fifth day. The extensive use of the weight of the guinea pig 

thyroids as a basis for thyrotropic activity brought about the 
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definition of a guinea pig unit (11, p.66i) as the total amount of 

hormone administered over a five day period, with subcutaneous 

injection once each day which cL11 cause a mean weight increase of 

fifty percent (to about 26.t) in the thyroids of ten male guinea 

pigs weighing an average of 1 gms. The response to increasing 

dosage was found most sensitive in the region of fifty percent 

response. The thyroids of day-old chicks were found to be very 

sensitive to the thyrotropic hormone by Smelser (loo, p.L35) who 

reported that the thyroid gland of the chick responds by an in- 

crease in weight to one-tenth the amount of material necessary to 

produce hypertrophy in the guinea pig. Furtherrore the assay 

range, based on chick thyroid weight, is much longer, the maximum 

response obtainable with one hundred times the minimal stimulating 

dose. The chick thyroid is capable of a weight increase of ten to 

eleven times in a five day injection period while the guinea pig 

thyroid increased only four to five times in weight under similar 

conditions. The work of Bergman and Turner (li, p.66L) also 

demonstrated the efficiency of the day-old chick as an assay animal 

for thyrotropic hormone. The Bergman-irner male chick unit was 

defined as the total amount of hormone, administered over a four 

day period with subcutaneous injection once each day which will 

cause a mean weight increase of fifty percent (to about .Li. mg.) 

in the thyroids of twenty chicks weighing an average of fifty five 

grams This chick unit was found to be about one-quarter as much as 

the Bergman-Turner guinea pig unit. 
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The methods of bioassay described are based either on the 

direct or indirect action of the hormone upon the thyroid gland. 

The direct methods have as their criteria of activity alterations 

in histological appearance of the thyroid glands, changes in iodine 

content of the thyroid arid increases in weight of the thyroid under 

stimulation by the thyrotropic hormone. The indirect methods of 

assay involve measurement of effects produced through the mediation 

of the thyroid gland. These effects may include increased uptake 

of iodine and phosphorous, increased metabolic rate, and inducement 

of precocious metamorphosis in the larve of amphibia after the in- 

jection of certain amounts of thyrotropic hormone. Many of these 

indirect effects illustrate very specifically the dependence of 

thyroid function on a supply of thyroid stimulating hormone. 

The relative potency of thyrotropic hormone in the anterior 

pituitary of a large number of species has been estimated by 

Adams (i, p.6) in a review article. The following animals are 

listed in order of decreasing potency per given anunt of tissue 

according to this order: "bullfrog, leopard frog, chicken (age?), 

sole, rat, mouse, dog, pig, sheep, toad, cattle (beef), turkey, 

men, horse, rabbit, cat, pigeon, young chick, guinea pig, hen". 

This author also indicates that the thyroids of aninmls low in 

thyrotropic hormone are most responsive to low levels of thyrotropic 

hormone dosage and therefore the most desirable assay animal from 

this viewpoint. The variation of thyrotropic potency of the 

anterior pituitary between species of animals appear to have no 
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fundamental relation to the phylogenetic position of the animal. 

Variations in thyrotropic activity of cattle between age groups, 

sex groups, and between beef and dairy cattle were found by Reece 

and Turner (91, p.96) using the guinea pig as the assay animal. 

They report that the thyrotropic potency in cattle increases from 

26.)O guinea pig units in one gin. of fresh gland from calves to 

32.13 and 38.36 units in four to ten month old heifers and bulls, 

respectively, and then drops at eleven-twenty three months to 

units in open heifers and 3.O2 units in bulls. A similar 

change in the anterior pituitary of the rat is indicated by 

Turner and Cupps (110, p.62) who indicate that the potency 

of the thyrotropic hormone per grani of fresh pituitary tissue 

reaches a mad.mum in both males and females between one hundred 

thirty and one hundred eighty days of age and rapidly falls off 

after that age. During this period of rapid growth, the glands 

of female rats were much lower in thyrotropic hormone per unit 

of fresh tissue than were those of male rats. The thyrotropic 

activity per pituitary in rabbits was found to decrease from young 

iimature females ( ten-seventy days ) to young mature females and 

still further in old mature females (Saxton and Greene, 93, p.O2). 

In albino mice Adams and ìiothes (2, p.3') have found an increase 

in thyrotropic hormone of the pituitary gland from pre-puberty to 

puberty in both males and females with a subsequent reduction with 

the establishment of sexual maturity. The thyrotropic hormone of 

the female mice was greater than that of the male at pre-puberty 
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and puberty but became less that that of the male upon nearing 

sexual maturity. In a discussion Adapts and iothes (2, p.31) 

indicate that the rapid increase of thyrotropic activity found 

with the onset of puberty and then subsequent decline with matur- 

ity found in their albino mice has been reported for several other 

species: rabbits (93, p.02), rats (110, p.62), and cattle (91, 

p.96). 

The influence of the various sex hormones on the thyrotropic 

activity of the anterior pituitary is suggested by the assay of 

pituitaries of cattle by Bates, Riddle and Lahr (9, p.26l) who 

found that the thyrotropic activity of adult bull pituitaries is 

much greater than that of adult steer pituitaries. Equivalent 

amounts of extract of bull and steer anterior pituitaries 
increased 

the weight of thyroid glands of doves ninety three percent 
and 

sixty one percent respectively. Anterior pituitary lobe tissue 

of bulls was found to contain fifty percent more of te thyro- 

tropic hormone per unit weight than similar tissue from steers 

(91, p.00). Castration of young rats was reported by Turner and 

Cupps (109, p.lOIi.3) to reduce thyrotropic activity of males forty 

seven percent and females eighteen percent by twenty days post- 

operative and ninety three percent in males and one hundred per- 

cent in females by sixty six day post-operative. 
When these castrate 

rats were given two hundred gamma of testosterone propionate 
daily 

for twenty days, the female rapidly regained a normal level of 

thyrotropic hormone while the thyrotropic hormone content 
of the 
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castrate male pituitary apparently was not affected by this dosage. 

Stimulation of the thyroid gland by the injection of five mg. of 

testosterone propionate to immature female mice has been reported 

by Nathanson, Brues and Rawson (83, p.738) who indicated that this 

stimulation may be due to stimulation of the anterior pituitary by 

the male hormone. 

Methods of assay of thyrotropic hormone in body fluids are at 

present very unreliable according to Albert (3, p.l7)4). This worker 

reports that methods of assay suitable for determining thyrotropic 

hormone levels in the anterior pituitary are entirely inadequate for 

determining the urine or blood content where the hormone is present 

in very minute amounts and in many cases may be entirely lacking. 

The gonadotropic activity of the anterior pituitary gland 

The extensive investigations of Smith and Engle (103, p.212) 

definitely established the presence of specific gonad-stimulating 

materials in the anterior pituitary tissue of several species. By 

the implantation of anterior pituitary glands into sexually immature 

inice and rats of both sexes, these workers were able to induce 

precocious sexual maturity in the female as evidenced by the changes 

characteristic of seoial maturity in normal animals and to induce 

similar changes to a lesser degree in male animals. The Third 

International Conference on Standardization of Hormones held in 

Geneva in 1938 adopted the term gonadotropin or gonadotropic hormones 

for substances which have specific gonad-stimulating effects. 
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The gonadotropic hormones which are produced by the anterior 

pituitary gland are termed hypophyseal gonadotropins. According 

to much existing evidence hypophyseal gonadotropin is not a 

single factor but is composed of at least three hormones: (1) 

a hormone stimulating the growth of follicles in the ovary and 

the germinal epitheliun in the testis - the garnetokinetic or 

follicle-stimulating hormone (FSH); (2) a hormone responsible for 

thecorpus luteum development and stimulating the interstitial 

testicular tissue - the luteinizing hormone (LH); (3) a luteo- 

trophic hormone maintaining the function of the corpora lutea 

(39, p.l7). Thus the extraction of two gonadotrophic hormones 

from dried anterior pituitary tissue was accomplished by Fevold, 

Hisaw arid Leonard (32, p.293) by the use of acqueous pyridine - 

one havinr a follicular crrowth stimulating capacity, the other 

stimulating lutein growth. 

Accurate biological assay of gonadotropic hormones is conpli- 

cated by several conditions which modify the actions of the hormones 

and, hence, interfere with determinations of their presence and 

potency. These conditions include the synergism or interaction 

between certain gonadotrophins, the augmentation of the gonado- 

tropic effect exerted by non-hormonal substances, and the insta- 

bility of gonadotropic solutions. An instance of synergism be- 

tween the follicle stimulating hormone and the luteinizing hormone 

was found by Fevold and Hisaw (31, p.665) who showed that these two 

hormones are dependent on the action of each other in producing 
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effects on the weight and appearance of the ovary which are much 

greater than the results expected on the basis of injecting each 

hormone individually into different animals. Further synergistic 

activity was observed by Fevold (30, p.36) who found that, while 

luteinizing hormone was unable to stimulate the ovaries to form 

estrogen, in the presence of follicle stimulating hormone the 

addition of luteinizing hormone in very small amounts greatly in- 

crease the output of estrogen by the ovary. A similar synergism 

was found in their exoeriment between the gonadotrophic hormones 

in the effect on the weights of the ovary and uterus. Augmentation 

of the hypophyseal gonadotrophic effects is discussed by Casida, 

Meyer, and McShan (16, p.89) who list numerous materials having an 

augmentative effect but which apparently have no common chemical 

characteristics. Examples of these materials are tannic acid, 

copper and zinc salts, male urine, egg albumin, merthiolate, 

blood serum, and recrystallized heme. Apparently this augmentation 

is dependent, in some cases, upon a delayed absorption of the 

hormone by the target tissues. A third condition affecting the 

complexity of gonadotrophic hormone assay is treated by Maddock 

and Heller (71, p.18l) who illustrate the rapid loss of gonado- 

tropic activity from solution due to shaking or normal temperatures 

of 37°C. These workers have found the addition of tIprotectorsI 

such as whole blood, egg white, testis slices or aluminum hydroxide 

prevents the inactivation of rat pituitary gonadotrophin which 

often occurs from shaking at 37°C. for 2. hours. 
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The biological assay of gonadotrophins is normally based on the 

effect on the gonads a the target organ or in sonie cases on the 

secondary effect on the accessory organs (seminal vesicles, pro- 

strate, uterus, vagina, etc.). Normal intact adult animals are 

not often suitable for the assay of gonadotropic hormones since 

their reproductive organs are already under heavy stimulation of 

gonadotrophin from the anima1s own hypophysis. Exceptions to this 

are those animals ovulating only after copulation or those animals 

which exhibit a seasonal quiessence during time the reproductive 

organs receive little or no hypophyseal stimulation. The induction 

of ovulation in the estrus rabbit was used by Hill, Parkes, and 

White ().7, p.38) to measure the potency of the ovulation producing 

hormone present since in the presence of adequate amounts of 

follicle stimulating hor:one, the luteinizing hormone causes 

ovulation. A method of approximate assay of the amounts of follicle 

stimulating hormone and luteinizing hormone is suggested by Fevold 

(29, p.Lili3) based on the observation that increase in ovarian 

weight of rats with only a follicular response is due chiefly to 

follicle stimulating hormone, while increase in weight of the 

seminal vesicles is due chiefly to stimulation of luteinizing 

hormone when the u.nextracted pituitary material is injected. The 

use of acqueous suspensions of anterior pituitary tissue was pre- 

ferred by Heller, Lauson and Sevringhaus (Liii, p.366) over the 

implantation of pituitary sections in obtaining a more accurate 

and uniform absorption by the test animal. By using the increase 
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in weight of the uterus of immature female rats, these workers 

were able to attain an increase in sensitivity about eight times 

that of the ovarian weight method. Because of the rapid increase 

to a maximum weight, the uterine assay is restricted in use to 

quite a narrow range of dosages. 

The use of hypophysectomized animals has been recommended for 

gonadotrophic assays because the animaJ.)s own hypophysis is there- 

by ruled out as a possible secretor of active gonadotrophins. In 

this manner the stimulus to the target organs is entirely of an 

outside source assuming no other organ of the body is secreting 

gonad-stimulating materials. The use of female rats hypophysec- 

tomized at twenty six to twenty eight days and used six to eight 

days postoperative, is described by Evans and coworkers (27, p.29). 

The rats are injected daily for three days and observation made on 

the resumption of follicular growth for follicle stimulating 

activity and on the repair of deficient interstitual tissue of the 

ovary for luteinizing activity of the injected material. These 

workers (27, p.37) also reported a synergistic activity between 

the two hormones in their effects on ovarian tissue. The use of 

hypophysectoaized cocks has been indicated by lialbandov, 1Ieyer, 

and McShan (82, p.103) who were able to assign specific responses 

of the cock to each of the two hormones. Pure follicle stimulating 

hormone produced only increase in testis size while pure luteinizing 

hormone produced both comb growth and testis growth. If the follicle 

stimulating hormone is contaminated by only a small anunt of 



luteinizing hormone both comb growth and testicle growth result, 

the two materials acting synergistically. 

The physiological hypophysectomy of the cock with implanted 

stilbestrol pellets results in a complete inactivation of the 

anterior pituitary gland to produce gonadotrophic hormones accord- 

ing to Nalbandov and Baum (81, p.378). These workers suggest 

this experimental animal for the biological assay of gonado- 

trophic hormones. The est.rogenized cock is as sensitive as the 

hypophysectoinized cock and the operation is much simpler in the 

case of estrogen implantation. 

By- the implantation of ovaries into the spleen so that estrogen 

produced was secreted into the portal circulation and thus pass 

directly to the liver and undergo inactivation there, Jungck, 

Heller and Nelson (t8, p.11) were able to demonstrate a normal 

level of gonadotrophic hormones in the anterior pituitary of 

female rats in the absence of circulating estrogen. These workers 

have suggested that the normal levels of gonadotropins are maintained 

by a constant inactivation by the ovaries rather than the accepted 

explanation of estrogenic control of the pituitary. These implanted 

ovaries increased three-fold in weight after thirty - fifty seven 

days transplantation over their original weight at the time of 

operation. This development is interpreted by Heller and Jungck 

().3, p.lL) to result from the lack of estrogen inhibition rather 

than the usual concept of gonadotroDhic hormone stimulation for 

ovarian growth. This interpretation is substantiated by the decrease 
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in weight resulting from injection of estradiol benzoate. The 

unilateral-castration of the male chick was reported by Brenernan 

(13, p.128) to produce no effect on the weight of the pituitary 

gland when compared with normal male chicks until ninety five 

days post operative. After ninety five days, the pituitary o± the 

unilateral-castrated chick was slightly larger than the normal 

male. The pituitary of caponized chicks was con3istently larger 

than either the normal male chick or the unilateral-castrated chick. 

The administration of O.O mg. of testosterone propionate daily 

for ten days to caponized male chicks resulted in a marked reduction 

in pituitary size but the sinlar treatment of unilaterally- 

castrated chicks and normal male chicks had no effect on pituitary 

size (Th, p.LiOti). At a daily injection of fifty gamma of 

testosterone propionate daily, the gonadotropic hormone content 

of these caponized chicks appeared to be completely inhibited. 

The pituitary glands of castrate rats are reported by Heilbaum 

and Greep (L.l, p.298) to stimulate the development of corpora lutea 

in the ovaries of normal or hypophysectomized rats in addition to 

stimulating follicular development while pituitaries from normal 

males are capable of only follicular stimulation. A similar 

phenomena was found in the horse by Ilellbaum (140, p.16) who re- 

ported that the pituitaries of stallions stimulated follicular de- 

velopment while the pituitaries of geldings and young non-pregnant 

adult females produced luteinized ovaries in assay rats. Ovaries 

of assay animals injected with pituitary powder from young female 
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horses and geldings were about four times as large as ovaries of 

assay animals receiving stallion pituitary powder. Immature female 

rats receiving i mg. of testosterone propionate on alternate days 

and autopsied on the tenth day of treatment showed follicular stimu- 

lation of the ovaries but there were no corpora lutea present in 

either treated or control groups (18, p.9l). Using both hypo- 

physectomized and intact female rats as assay animais, ellbaum 

and Greep (L2, pp.3t.-3) found that the pituitaries of castrated 

male rats receiving O. mg. of testosterone propionate daily for 

thirty - forty five days failed to produce corpora lutea in the 

ovaries of over eighty percent of the test animals. Pituitaries 

from untreated castrate male rats induced the formation of corpora 

lutea in ovaries of all the assay animals. The content of follicle- 

stimulating hormone in the blood sera of these testosterone-treated 

castrate males was about half concentrated as the hormone in the 

sera of untreated castrate maies, The relative luteinizing activity 

of sera of the castrate, normal male, and testosterone propionate- 

treated castrate was calculated from a measure of the number of 

corpora lutea present after the injection of a given amount of 

follicle stimulating hormone and a given quantity of blood sera. 

The amount of luteinizing hormone in the blood sera appeared to be 

increased by the injection of testosterone propionate after fifteen 

and thirty days of treatment by not after forty five days of treat- 

ment. The pituitaries of normal male rats were found to contain 

primarily follicle-stimulating hormone while the blood serum of these 



I.l 

animals contains luteinizing hormone and small amounts of follicle- 

stimulating hormone. 'ollowing castration, the luteinizing hormone, 

as well as follicle-stimulating hormone, are markedly increased in 

the pituitary; the follicle-stimulating hormone in the blood stream 

is also present in large amounts whereas the luteinizing hormone 

appears to be decreased. 
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MATERIALS AND MEHOI 

Three trials were conducted in an effort to determine the 

effects of administered male hormones in beef cattle with special 

emphasis being placed on rate and efficiency of production and 

changes in body form and function. These trials were: (1) the 

l95O-l9l trial; (2) the 1951-1952 trial and (3) the methyl 

testosterone trial. 

The 1950-1951 trial 

Twenty-four grade Hereford calves were fed out in the 1950- 

1951 trial. This group of calves were made up of progeny groups 

of four heifers and four steers each from three purebred Hereford 

sires - Sire l, Sire 17 and Sire 71. These three bulls were 

half-brothers, being out of the same sire. The dams of these 

calves were from a herd of seventy-five cows at the Northrup 

Experimental Area (Oregon) . These calves were born in the spring 

and suinaer of 1950 and raised until weaning at the Northrup 

Experimental Area. At weaning the calves were moved to the Oregon 

Agricultural íixperiment Station, Corvallis, Oregon, where they re- 

mained during the trial period. From weaning until the calves 

reached five hundred pounds, they were kept in the feeding pens 

(described below) and trained to being tied during feeding. 

The following treatment groups were established: methyl 

androstenediol, testosterone and control. Calves were randomly 

allotted to each treatment group from the sex and sire groups. 
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One heifer and one steer from each sire progeny were placed in the 

methyl androstenecLiol group and received weekly intramuscular 

injections of i mg. per kg. of body weight of methyl aridrostenediol 

in acqueous suspension (Methostan, Schering Corporation). One 

heifer and one steer from each sire progeny group were placed in the 

testosterone treatment group and received weekly intramuscular in- 

jections of 1 mg. per kg. of body weight of testosterone in the form 

of acqueous suspension of micropellets (Oreton - F, Schering 

Corporation). both treatments were injected intramuscularly begin- 

ning when the calf reached five hundred pounds and continuing 

throughout the feeding period until the calf reached eight hundred 

pounds. Two heifers and two steers from each sire progeny group 

were placed in the control group and received no injections or 

other treatments in addition to routine feeding and care. 

The feeding trial began when each calf reached five hundred 

pounds. At this time the calf was weighed, photographed and scored 

on body conformation by a committee of five scorers. The calf was 

then placed on individual feed test and records kept of feed con- 

sujiiption. The calves were restricted to pens in groups of six during 

the entire feeding period - steers and heifers were fed in separate 

pens. T'ne calves were fed twice daily, at 7 A.M, and 2 P.1. approxi- 

mately. Before feeding each calf was tied to his cornpart'nent at 

the manger and remained tied for about three hours, or until the 

majority of calves had finished eating. ihen the calf was untied, 

it was allowed the freedom of its pen and access to water at all 
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times, but to no feed. The grain was fed to all calves and then 

the hay was fed, each being weighed for individual animals. Re- 

fused feed was stored in burlap bags in front of each calf and 

weighed back at seven day intervals, both for the purpose of 

correcting feed consumption records and as a basis for increasing 

the daily ration. Live weights of all calves were taken at four- 

teen day intervals between 10 and U A.M, on alternate Saturdays. 
Feed and consiuiption and gains were summated for each period on in- 

djvjdual record f orins and entered into the master record for each 

two week period. 

The test ration consisted of roughage and a grain concentrate. 

The roughage fed was high-quality alfalfa hay, chopped to facilitate 

weighing and to avoid waste. The concentrate mixture consisted of 

the following ingrediente: rolled barley, 60%; ground oats, 20ì; 

dried beet pulp, 10%; wheat bran, %; soybean meal, 2.5,; linseed 

meal, 1%; dried skim milk, .; bone meal, .%; salt, .L and 

irradiated yeast, .0. The plan of feeding was to maintain a 

ratio of one pound concentrate to three pounds of hay in the ration 

of calves during the five hundred to six hundred pound weight period; 

a ratio of one pound concentrate to two pounds hay in the ration of 

calves during the six hundred to seven hundred pound weight period; 

and a ratio of one pound concentrate to one pound hay in the ration 

of calves during the seven hundred to eight hundred pound weight 

period. Since a portion of the roughage was refused more frequently 

than the grain, the roughage consumption usually determined the total 
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daily ration. Hay was fed slightly in excess of consumption in 

order for calves to show the ability to utilize large quantities 

of feed particularly roughage. 

At eight hundred pounds body weight, the calf was taken off the 

feeding trial. Again it was photographed and scored by the scoring 

coniit tee. 

During the fo1lowin week, the animal was taken to a nearby 

slaughterhouse and slaughtered after a twenty-four hour shrink 

period. The animals were usually slaughtered on the iednesday 

following their being taken off the feeding test. At the time of 

slaughter the following glands and organs were taken out, trimmed, 

and weighed: pituitary, thyroid, ath'enals, liver and heart. A 

measurement was taken of the length of the extended small intestine 

after adhering fat and connective tissue had been separated away. 

Sections of the thyroid, adrenals, and small intestine were taken 

for histological observation and fixed in Bouin's fixative. After 

fixation the samples of tissue were washed, dehydrated in alcohol 

and dioxan, cleared in xylol, infiltrated and imbedded in paraffin. 

Sections were cut at 10 micro thicimess and mounted on micro slides. 

The sections were stained with Harris' haematorlin and eosin. 

Linear measurements of thyroid colloid dimensions were made with a 

micrometer eyepiece calibrated with a micrometer slide. The 

pituitary gland was placed in the freezing compartment of a refri- 

gerator for biological assay. 

Weights were taken on the cold carcass after the animal had 



been hanging in the cooler for approximately five days. The left 

side of the carcass was then cut into the wholesale market cuts 

and weights of these parts taken. Measurement was taken of the 

widest width and the length of the rib eye muscle at the twelfth 

rib on the prime rib cut. 

The individual feed consumption, pounds gain, and days on feed- 

Ing test were computed on the basis of the master record. Average 

daily gain is computed as the total weight gain divided by the 

number of days on test. Feed efficiency is expressed as the pounds 

of total digestible nutrients consumed per one hundred pounds 

gain and is computed from the total digestible nutrients consumed 

divided by the total gain in pounds divided by one hundred. Total 

digestible nutrients of the feed was computed from Lorrison's tables 

of feed composition (80, pp.l086-1130). 

The l9l-l92 trial 

The trial conducted in l9l-l92 was quite similar to the 

trial conducted in l90.-l9l. The following conditions are notable 

exceptions. A portion of the cows were bred to Sire l and Sire 

71 was not used at the Northrup Experimental Area in that year. Thus 

the sire progeny groups are from Sire 1h, Sire 1 and Sire 17. The 

calves and their darns were moved to the Camp Adair area near 

Corvallis about August 1, l9l and remained there until they were 

weaned. The methyl androstenediol treatment group was discontinued 

and the twenty-four calves divided into two treatment groups of 
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of twelve animals each, one receiving the descrined testosterone 

treatment and the other serving as a control group. Again, however, 

calves from the sire progeny and sex groups were randomly allotted 

to the treatment groups. 

At the time of slaughter the ovaries were dissected out and 

placed in Bouin's fixative. Observations were taken at time of 

slaughter on follicular and luteal development and these were con- 

firmed by later dissection and examination. The size and number 

of follicles and corpora lutea in the ovaries were determined by 

observation of the preserved specimens after all the organs had been 

collected. The seminal vesicles were dissected out at the tihie of 

slaughter and weighed; specimens were fixed in i3ouin's fixative for 

histological study and references. A representative sample of the 

thyroid gland tissue was secured and placed in the freezing corn- 

partrEnt of a refrigerator for biological assay. The diameter of 

the penis at the attachment of the penis retractor muscle was also 

taken. 

In addition to the carcass data taken in the hormone trial in 

19S0-1951, the prime rib was secured for chemical analysis and 

evaluation of quality. A one-half inch thick slice was taken from 

between the twelfth and thirteenth rib for protein, water, fat, and 

ash determination. The 10-11-12 rib roast cut was cooked and analysis 

and scoring made on the cooked meat. The 6-7-8-9 rib roast cut 

was boned out and weights taken on the relative amounts of bone and 

flesh. 



The meat was cooked in the following way. The roasts were placed 

in individual, uncovered pans and a thermometer inserted with the 

bulb centered in the rib eye muscle, The roasts were seared at an 

oven temperature of 200°C. for twenty minutes. The temperature 

was then lowered to 12S°C. for the remainder of the cooking period. 

The roasts were cooked for three and one half to four hours, until 

an interior temperature of 73°C. was reached. At this temperature, 

and vdth this method of cooking, the meat was mediuri-rare in degree 

of doneness. When sliced, each roast appeared to be uniformly 

cooked. Weights were taken of meat and pan before and after cooking. 

Drip and evaporation losses were calculated front these weights as 

a percent of the weight of the raw meat. Samples of the rib eye 

zrniscle were used for judging, press fluid and shearing strength 

determinations. The judging panel vías composed of faculty and 

advanced students in the Departments of Animal Husbandry and Honte 

Economics, The press fluid determinations were made by subject.- 

ing a sample of cooked lean meat to a pressure of eight thousand 

pounds per square inch at LO°C. for five minutes and measurement 

made of the amount of juice pressed out of the sample. Shearing 

strength determinations were calculated by the force required to 

shear a one-inch sample of cooked meat when a uniform shearing 

speed of twenty inches per minute was applied. 

The methyl testosterone trial 

Twenty-four grade Hereford steer calves with an average weight 
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oÍ four hundred fifty pounds at the beginning of the trial were 

randomly allotted to four treatnent groups. These groups received 

the following amount of methyl testosterone per one hundred pounds 

of concentrate mixture; none, l. grams, 3.0 grams, and 6.0 grams. 

The concentrate mixture was fed at the rate of 0.8 pounds per day 

per hundred pounds of body weight and as much good quality alfalfa 

hay was fed as the calves woulo consume. The calves were all in- 

dividually fed under the same conditions described for the l9SO-1 

and l95l-2 trials. The concentrate feed consumed resulted in the 

following average weekly intakes of methyl testosterone per one 

hundred pounds live weight for the four treatment groups none, 

O.2 mg., O.EO mg., and 1.00 mg. The calves in this study were 

fed to a weight of nine hundred fifty pounds and then slaughtered 

at a nearby slaughterhouse. Weights were taken of the pituitary, 

thyroid, and adrenal glands and the heart and liver. The pituitary 

glands of these calves also were bioassayed for thyreotropic and 

gonadotropic hormone content. One steer in the treatment group 

receiving 3.0 grams methyl testosterone per one hundred pounds feed 

was a chronic bloater and did not finish the test, therefore the 

3.0 gram group contains only five animals. 

Biological assay for gonadotropin and thyrotropin content of the 

anterior pituitary 

A very short time after the calves had been slaughtered, the 

pituitary glands were placed in the freezing compartment of a 



refrigerator and kept frozen until shortly prior to the assay period. 

On the day before injections were to start the pituitary glands, 

each handled individually, were taken from the cold storage and 

weighed. The pituitary was then divided into two approximately 

equal halves by a longitudinal section to aid in nechanical 

separation. The posterior pituitary ai-id that portion of the dura 

mater covering the anterior pituitary were dissected away from 

each half leaving the anterior pituitary with a minimum amount of 

external fibrous covering. The anterior pituitary of each calf 

was ground in a mortar with a pestle until thoroughly macerated 

and then distilled water was added to the tissue until a volume of 

l2. cubic centimeters was attained. This water was added as a 

series of two rinses of the grinding apparatus in order to remove all 

possible tissue from the motar and pestle. By this procedure it was 

possible to grind the pituitary tissue into small particles which 

would remain suspended in the water solution for several hours. 

The acqueous solution was placed in the freezing compartment of the 

refrigerator until used. 

The calves in the l95O-1 hormone trial were divided into 

groups of four each as follows. All animals of one sex from one 

sire were placed together in one group. Thus one group would in- 

clude four heif ers from one sire, one of which received testosterone 

treatment, one received methostan treatment arid two were controls 

The four animals in each of these groups and a bull calf were 

then assigned to the sub-lots of twenty chicks. 



The procedure was very similar in the testosterone trial in 

l9Sl-2 with the exception that the groups of calves consisted 

of four animals from one sire, two heifers and two steers, one 

of each sex having been treated with testosterone and one of each 

sex having been a control animal. 

The procedure for the steers receiving methyl testosterone in 

their feed during l91-52 was also very similar with the exception 

that the groups of calves each consisted of four animals, one 

being selected from each of the treatment groups: 6.0 grains, 

3.0 grams, i.; grams and control. 

The assay animals used in this experiment were White Leghorn 

cockerel chicks from commercial flocks. These were supplied by 

the Heisdorf Nelson Farms at Kirkland, Washington, who had chicks 

available from weekly hatches continuously throughout the year. 

The chicks were removed from the incubator on the twenty-second 

day of incubation, sexed, packaged and delivered to the college 

usually on the twenty-third day. The chicks were thus on the 

average two days old when delivered. They were immediately placed 

in a room with temperature controlled at 2t°C. and a three hundred 

watt bulb with reflector suspended about fourteen inches above 

the floor. The chicks were allowed feed (commercial chick mash) 

and water at all times throughout the assay period. 

Lots of chicks of approximately one hundred each were found 

to be the most desirable number to work with from the standpoint 

of equipment available, time available for treatment and time 



available for autopsy. These hundred chicks were banded with 

wing tags numbered consecutively. Numbers were randomly allotted 

to each chick. Each lot of one hundred chicks was divided into 

five equal sub-lots each composed of twenty chicks consecutively 

numbered. Thus numbers one to twenty inclusive were in sub-lot 

I, twenty-one to forty were in sub-lot II, forty-one to sixty 

were in sub-lot III, sixty to eighty were in sub-lot IV, and 

eighty-one to one hundred were in sub-lot V. Those chicks having 

numbers ending in one, two and three received daily injections 

of 0.02 cc. of the acqueous anterior pituitary solution described 

above, numbers ending in four, five and six received doses of 

0.0)4 cc., and numbers encLing in seven, eight and nine received 

doses of 0.08 cc. daily. Thus of each sub-lot of twenty chicks 

six received the 0.02 cc. dosage, six received the 0.0)4 cc. dosage 

and six received the 0.08 cc. dosage. The above dosage levels 

were given by subcutaneous injection in the breast area for four 

consecutive days beginning when the chicks were four days old. 

This method is an adaption of that given by Evans for gonadotropin 

assay (27, p.1006), and that for thyrotropin assay (9, p.66)4). 

The acqueous solution of the anterior pituitary of the calf 

assied to each sub-lot was injected in the chicks in that sub-lot. 

Thus the response of each pituitary was measured in eighteen chicks. 

All chicks having numbers ending in O and those in excess of one 

hundred birds served as a negative control and were not injected 

with any material. 



Approximately twenty-one hours after the last injection the 

chicks were weighed; weights being taken to the nearest gram. 

Chicks were then killed by chlorofonn in groups of about ten each, 

the order of ki11in rìd autopsy apparently random. The thyroid 

glands were dissected out onto micro slides and then the testes 

were dissected iiay as soon as the thyroids had been roved from 

each chick. Attempts were made to remove a large portion of the 

non-glandular material which tended to adhere to these glands be- 

fore weighing. The glands were weighed very quickly after separation 

in order that loss due to evaporation be kept to a minimum. 

Yïeights were taken on a Roller-Smith tension balance which is to 

be recorrunended for this type of work because of the speed which 

is essential and a degree of accuracy which is quite acceptable. 

All chicks were autopsied twenty-one to twenty-eight hours after 

the last injection. 

The chicks used in this trial were sexed cockerels and a 

very small percentage of them were u].. The measurements on 

the thyroids of pullets were discarded since there was considerable 

evidence that there was a differential response to thyrotrophic 

hormone due to sex differences. There was also a very low death 

loss during the various treatment period among the chicks. Thus 

the average number of chicks per sub-lot receiving injections is 

slightly less than the eighteen allotted to each sub-lot. At 

the time of slaughter, the chicks were approximately eight days 

old and none were less than seven days old, the exact age being 



dependent on the differences between individuals in the group, 

purely a chance condition which may or may not have significance. 

Biological assay of thyroid hormone content in the thyroid gland 

The sample of thyroid gland of calves in l95l-2 trial was 

placed in the freezing compartment of a refrigerator and stored 

at freezing temperatures until it was to be used. Sariples of' 

thyroid tissue from all calves in the progeny group of Sire lI 

were macerated in a V(aring blender for approximately ten minutes 

and the material diluted with distilled water to a volume of 7. 

cc. for each gram of tissue. The mixture was thoroughly mixed in 

the blender and strained through a doubled cheese cloth. This 

material was then placed in the freezing cornpartnient of a 

refrigerator and held until used (up to a week). This material 

was then injected into mice ten weeks of age which had been on 

a ration of 0.1 percent thiouracil in the feed for the previous 

four weeks. The thyroid material from each calf was injected sub- 

cutaneously into three male and four female mice. One injection 

of 0.2 cc. of the thyroid suspension was given and the mice killed 

thirty-six hours post-injection. The mice were asphyxiated in 

one-half pint jars sealed with mason lids. The tire required for 

complete asphyxiation and death was recorded for each individual 

mouse. The time required for asphyxiation is used as an indication 

of ogen consumption and respiration rate. 
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Statistical treatment of data 

The analysis of variance described by Snedecor (ioL, pp.2Th, 

253) was used to determine the significance of treatment means. 

The following sequence of testing for significance was used through- 

out the various trials. When F values exceeded those given by 

Snedecor for the F distribution at the .05 level, the differences 

were deemed significant. The error mean square was used to test 

the second order interaction. If the second order interaction 

was siificant, it was used to test all first order interactions. 

If the second order interaction was not significant, the error and 

second order interaction sums of squares and degrees of freedom 

were pooled to give the new Pooled error (1) which was used to 

test all first order interactions. if any first order interactions 

were significant they were used to test their main effects. The 

non-significant interactions were then pooled with the error to 

give Pooled error (2) which was used to test the main effects. 

The analysis of covariance was used to adjust the sums cl' 

squares of deviations of total digestible nutrients per one hundred 

pounds gain for the effects of average daily gain (33, p.270). 



EXPERIMENTAL RES UL2B 

In determining the response of beef calves to administered 

male hormones, several characteristics must necessarily be ob- 

served, measured and recorded. Sorne of the various factors which 

have been recorded are feedlot performance, carcass characteristics, 

meat characteristics, glandular size and activity and induced 

sexual development. Many of these traits Lll have definite 

physiological implications which will aid in elanation of the 

various other treatment effects. Some will possibly have value 

chiefly from the economical aspect. The careful integration of 

these results is necessary before comprehensive and accurate 

conclusions can be made. 

Measures of feedlot performance 

Average daily gain, total digestible nutrients required per 

one hundred pounds gain, and total digestible nutrients consumed 

per day are important measures of feedlot performance. These 

three factors - rate of gain, efficiency of gain and feed intake, 

are very important considerations in determining whether the pro- 

ducer of market beef will make money year after year. The follow- 

ing results are given to demonstrate the effects of genetic and 

environmental conditions on the ability of beef calves to grow 

rapidly, gain efficiently, and consume amounts of feed adequate for 

these purposes. 



Average daily gain 

The average daily gains in pounds per day during the 

entire test period for calves in the various treatments, sire 

and sex groups and subF'roups in the 19O-.1 trial are given in 

Table 1. Similar information is presented in Table for calves 

in the 19l-2 trial. The analysis of variance of the effects 

of these sorces of variation is shown in Table 2 for the l90- 

51 trial and in Table 6 for the 1951-52 trial. The average daily 

gain during the 675 to 800 pound weight period is presented in 

Table 3 for calves in the various treathents, sire and sex 

groups and subgroups in the 1950-51 trial. Similar information 

is given in Table 7 for calves in the 1951-52 trial. Analysis 

of variance of the effects of these sources of variation is 

given in Table )4 for the 1950-51 trial and in Table 8 for the 

1951-52 trial. 

Effect of methyl androstenediol 

The weekly intramuscular injection of 1 mg/kg of body 

weight of methyl androstenediol during the test period had 

no significant effect upon the average daily gain during the entire 

test period (Table 2) as is shown by the analysis of variance. 



Table 1. The effect of methyl androstenediol and testosterone 
treatments, sire, and sex upon the average daily gain 

of calves in the l90-1 trial 

Sire and sex Treatment íoups Sire and sex 
groups Methyl Averages 

Control Testosterone Androstenediol 
Average daily gain (pounds) 

Sire ]J. 

Heifers 2.03 2.63 2.00 2.17 
Steers 2.214 2.66 1.86 2.2 

Average 2.13 2.614 1.93 2.21 

Sire 17 
Heifers 2.01 2.73 l,9S 2.17 
Steers 2.68 2.91 2.36 2.66 

Average 2.3 2.82 2.16 2.42 

Sire 71 
Heifers 1.99 2.26 1.88 2.03 
Steers 2.26 2,Li.8 2,1414 2.36 

Average 2.12 2.37 2.16 2.19 

Treatnent Averages 
Heifers 2.01 2.f1t 1.9!'. 2.12 
Steers 2.39 2.68 2,22 2,142 

Average 2.20 2.61 2.08 2.27 

Table 2. Analysis of variance of the effect of methyl androstenediol 
and testosterone 

daily gain 
treatments, sire 
of calves in the 

and sex upon the 
1950-Sl trial 

average 

Source of Degrees of Iean 
Variation Freedom Square F. 
Treatments 2 .14836 10.21* 

Testosterone vs. others i .9106 19.22* 
iethostan vs. control i ,066 1.20 

Sires 2 .12140 2.62 
Sexes i ,296 11.18* 
Treatments x sires 14 .03814 .82 

Treatments x sexes 2 .0286 .1 
Sires x sexes 2 .06S2 1.81 
Treatments x sires x sexes 14 .02S14 .141 

Error 6 .0617 
Pooled error (i) 10 .Ob72 
Pooled error (2) 17 .0LL714 

* Indicates statistical significance at .0 
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Table 3, The effect of methyl androstenediol and testosterone 
treatments, sire, and sex upon the average daily gain 
during 675-800 pound weight period of calves in the 

1950-51 trial 
Sire and sex Treatment groups Sire and 
groups Methyl sex 

Control Testosterone Androstenediol Averages 
Average daily gain (pounds 

Sire 114 

Heifers 2.29 3.07 1,98 2.141 
Steers 2.36 2,90 1.914 2.39 

Average 2.32 2.98 1.96 2.140 

Sire 17 
Heifers 2.21 2,57 1.98 2.214 
Steers 3.32 3.614 2,55 3.21 

Average 2.77 3.11 2.27 2.73 

Sire 71 
Heifers 2.23 2,50 1.98 2.23 
Steers 2.33 3.51 2.53 2.68 

Average 3.01 2.26 2.146 

Treatment Averages 
Heifers 2.214 2.71 1.98 2.30 
Steers 2.67 3.35 2,314 2,76 

Average 2.146 3.03 2.16 2.53 
Table 14. ÄháI,rsis of variance of the effect of methyl androstenediol 

and testosterone treatments, sire and sex upon the average 
daily gain during 675-800 pound weight period of calves 

in the 1950-Sl trial 
Source of Degrees of Mean 
Variation Freedom Square F. 
Treatments 2 1.1967 7.7O 

Testosterone vs. others 1 2,01466 13.17* 
1.ethostan vs. control 1 .31467 2.23 
Sires 2 .2566 1.65 
Sexes i 1.2765 8.22* 
Treatments x sires 14 .0566 .37 
Treatments x sexes 2 .03314 .22 
Sexes x sires 2 .b893 3.21 
Treatments x sexes x sires 14 .08514 .143 

Error 6 .1971 
Pooled error (1) 10 
Pooled error (2) 18 .l5S14 

* Indicates statistical significance at 



Table 5. The effect of testosterone treatment, sire and sex upon 

the average daily gain of calves in the 1951-52 trial 

Sire and Treatment groups Sire and sex 

sex groups Control Testosterone averages 

Average daily gain (pounds) 

Sire 114 

Heifers 2.21 2.61 2.141 

Steers 2.141 2,914 2.69 

Average 2.32 2,78 2.55 

Sire 15 
Heifers 2.09 2.79 2.1114 

Steers 2.91 2.58 2.714 

Average 2,50 2.68 2,59 

Sire 17 
Heifers 1.99 2.1414 2.21 

Steers 2.61 2.70 2.66 

Average 2.30 2.57 2.L14 

Treatment averages 

Heifers 2.09 2.61 2.35 

Steers 2.65 2.714 2.70 

Average 2.37 2.68 2.52 

Table 6. Analysis of variance of the effect of testosterone treat- 

ment, sire and sex of 
of calves 

calf upon the 
in the 1951-52 

average 
trial 

daily gain 

Source of Degrees of Mean 

variation Freedom Square F. 

Treatment 
Testosterone vs. control) 1 .5597 5.149* 

Sires 2 .05Th .50 

Sexes i .7056 6.92* 

Treatments x sires 2 .0375 22 
Treatments x sexes 1 2760 14.68 

Sires x sexes 2 .0150 .09 

Theatments x sires x sexes 2 .1651 14.11* 

Error 12 0L02 
Pooled interaction error 7 .1019 

* indicates statistical significance at .0 
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Table 7. The effect of testosterone treatment, sire and sex upon 
the average daily gain during the period from 675-800 
pounds live weight of calves in the 1951-52 trial 

Sire and Treatment groups Sire and sex 

sex groups Control Testosterone averages 

Average daily gain Çpounds) 

Sire 1)4 

Heifers 2.37 3.0L 2.71 

Steers 2.80 3.19 2.99 

Average 2.58 3.12 2.85 

Sire 15 
Heifers 2,2)4 3.06 2.65 

Steers 2.99 3.23 3.11 

Average 2.62 3.15 2.88 

Sire 17 
Heifers 2.17 2.35 2.26 

Steers 2.61 3.15 2.88 

Average 2.39 2.75 2.57 

Treatment averages 

Heifers 2.26 2.82 2.5)4 

Steers 2.80 3.19 2.99 

Average 2.53 3.00 i ¡ 

Table 8. Analysis of variance of the effect of testosterone treat.- 

ment, sire 

the period 
and sex upon the average daily gain during 

from 675-800 pounds live weight of calves in 
the 1951-52 trial 

Source of Degrees of Mean 

Variation Freedom Square F. 

t'iatments i 1.3L55 26,76* 

Sires 2 .2)410 

Sexes 1 l.25L5 2I.89* 

Treatments x sires 2 .0202 .37 

Treatments x sexes 1 .0Lj2)4 .77 

Sires x sexes 2 .0555 1.02 

Treatments x sires x sexes 2 .1131i. 2.5)4 

Error 12 .0)4)47 

Pooled error (i) 1)4 .05)45 

Pooled error (2) 19 .050)4 

* Indicates statistical significance at 
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The average daily gain of calves receiving methyl androstenediol 

was slightly lower than that of the control calves (Table 9). 

Table 9. The effect of methyl androstenediol on the average daily 
gain (in pounds) of heifers and steers 

Treatment Fleif ers Steers Both sexes 

Methyl and.rostenediol l.9 2.22 2.08 

Control 2.01 2.39 2.20 

Advantage of control 0.07 0.17 0.12 

The average daily gain of steers receiving methyl aridrostenediol 

was reduced somewhat more than the average daily gain of heifers 

receiving methyl androstenediol when these groups are compared with 

the control group. During the period of gain from 67 to 800 

pounds the average daily gain of the methyl androstenediol-treated 

calves was not significantly different from the control calves 

(Table Lt). The methyl androstenediol-treated calves gained less per 

day during the period from 675 to 800 pounds live weight than did the 

control calves (Table lo). 

Table 10. The effect of methyl androstenediol on average daily gain 
(in pounds) during the period from 675-800 pounds live 

weight 

Treatment groups Heifers Steers Both sexes 

Methyl androstenediol 1.98 2.3) 2.16 

Control 2.2b 2.67 2.146 

Advantage of control 0.26 0.33 0.30 
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iieifers receiving methyl androst..enediol gained 0.26 pounds per day 

less than control heifers in this period, while steers receiving 

methyl androstenediol gained 0.33 pounds per day less than control 

steers, The average daily gain in weight during consecutive two- 

week periods after the beginning of the feed test is given in 

Table 11 for heifers and steers in the control and methyl 

androstenediol-treatment groups. The trend of these average daily 

gains is shown graphically in Figure 1. The average daily gain of 

steers receiving methyl androstenediol appears to follow very 

closely the average daily gain for control steers for consecutive 

two-week periods. The heifers in these two groups, however, show 

rather wide fluctuations in daily gain in corresponding two-week 

periods. 

Table 11. The effect of methyl androstenediol and testosterone 
treatments on the average daily gain (in pounds) of 

steers and heifer calves in the l9O-1 trial 
freatent groups 

Weeks after 
beginning Control Methyl androstenediol Testosterone 
of test Heifers Steers Helf ers Steers Heifers Steers 

2 1.76 1.82 2.12 1.88 2.O 2.33 
b 2,01 2.69 1.02 2.26 2.83 2.02 

6 2.58 2.b3 l.)41 2.05 1.79 2.7b 
8 1.30 1.91 2,bl 1.93 3.)40 2.60 

lo i.6b 2.07 2.05 2.2b 2.55 2.10 
12 1.80 2.35 2.lh 2.b3 l.b3 3.10 
1)4 2.31 3.08 2.19 2.95 3.]li. 2.57 
16 1.99 2.88 2.1)4 1.86 2.86 3.83 

Effect of testosterone 

The weekly intramuscular injection of 1 mg/kg of body weight of 
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testosterone during the test period had statistically significant 

effects on average daily gain during the entire test period in 

both years in which the trials were conducted (Tables 2 and 6). 

Control calves (heifers and steers combined) gained 2.20 pounds 

per day during the entire test period, while calves receiving 

testosterone injections gained on the average 2.61 pounds per day 

during the entire test period in the l90-.l trial (Table 12). 

Table 12. The effect of testosterone on average daily gain (in 

pounds) of heifers and steers in the l90-51 trial 

Treatment groups 

Testosterone 

Control 

Advantage of testosterone 

Helf ers Steers Both sexes 

2. 2.68 2.61 

2.01 2.39 2.20 

0.3 0.29 

The heifers receiving testosterone gained 0.3 pounds more per day 

than did control heifers while the testosterone-treated steers gained 

0.29 pounds more per day than did control steers. In l9l-52 the 

testosterone-treated calves gained 2.6e pounds per day on the average 

while the control calves gained 2.37 pounds per day, an advantage 

in favor of the testosterone calves of 0.31 pounds in average daily 

gain (Table 13). The testosterone-treated heifers gained 0.2 

pounds more per day than did control heifers, while testosterone- 

treated steers gained 0.09 pounds more per day than control steers. 

The much greater response of the heifers as compared to steers to 

the injection of testosterone propionate suggests an interaction 



Table 13. The effect of testosterone on average daily gain (in 

pounds) of heifers and steers in the 1951-52 trial 

Treatment groups 

Testas terone 

Control 

Advantage of testosterone 

Heifers Steers Both sexes 

2.61 2.7L 2.68 

2.09 2.6 2.37 

0.2 0.09 0.31 

between the sexes and the hormone treathent, This interaction was 

not statistically significant in either the 19S0-51 (Table 2) or 

1951-52 trials (Table 6). 

The aerage daily gain in weight during consecutive two- 

week periods after the beginning of the feed test is given in 

Table 11 for heifers and steers in the control and testosterone- 

treated groups in the 1950-51 trial and in Table 11 for heifers 

and steers in the 1951-52 trial. The trend of these average daily 

gains is plotted in Figures 2 and 3 for the 1950-51 and 1951-52 

trials, respectively. 

Table lIi. The effect of testosterone on the 

(pounds) in weight of steer and h 

________________________- 1951-52 trial 

Weeks after Treatment 

beginning of Control 

test Heifers Steers 

average daily gains 
ifer calves in the 

groups 
Testosterone 

ieifers Steers 

2 1.93 2.57 2.38 1.98 

) 1.79 2.27 2.29 1.91 

6 1.71 2.36 2.10 2J5 
8 1.96 2,91 2.71 2,75 

lo 2.81 2.50 3.31 3.06 

12 1.77 2.60 2.L2 2.9L 

1)4 1.89 2.85 2.66 2.93 
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The heifers receiving testosterone treatment showed ratner con- 

3istently fTeater rains than control heifers during consecutive 

two-week periods. This trend was particularly well illustrated 

by the heifers in the l9l-2 trial (Figure 3) . The steers re- 

ceivin testosterone s:lo'Med considerable fluctuation in rate of 

gain and were not consistently higher in average daily gains in 

successive two-week periods. thiring the 67g-800 pound gain period, 

the testosterone-treated calves gained more rapidly than control 

calves in both the l90-1 trial and the l95l-2 trial (Tables 

h and 8). In the l950-1 trial, steer calves receiving testos- 

terone treatment gained 0.68 pounds more per day than did control 

calves during this period, while the heifer calves receiving 

testosterone gained 0.b7 pounds more per day than control helf ers, 

Table l, The average daily gains of nearly all calves was higher 

Table l. The effect of testosterone on average daily gain (in 
pounds) during the period from 67g-800 pounds live 
weight in the l90-1 trial 

Treatment groups 

Testosterone 

Control 

Advantage of testosterone 

Helf ers Steers Both sexes 

2.71 3.3 3.03 

2.2b 2.67 2.L6 

0.b7 0.68 0.7 

during this period than the average daily gains for the entire 

feeding period (Tables i and 3). The testosterone-treated steers 

were gaining 0.68 pounds per day more than the control steers 
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during this period compared with a corresponding advantage of 0.29 

pounds per day for the entire feeding period (Table 12) indicating 

that the response during this period was greater than during the 

earlier part of the test for the steer calves. In the l9l-52 

hormone injection trial (Table 16) the testosterone-treated heifers 

and steers gained faster during the 67 to 800 pound gain period than 

did the corresponding control calves. The steers receiving testos- 

terone gained 0.39 pounds more than control steers, whereas the ad- 

vantage of testosterone steers over the control steers for the 

entire feeding period was 0.09 pounds per day (Table 13). 

Table 16. The effect of testosterone on average daily gain (in 

pounds) during the period from 67 to 600 pounds live 

weight in the 19l-2 trial 

'freatment groups 

Testosterone 

Control 

Advantage of testosterone 

iffect of methyl testosterone 

Helf ers Steers Both sexes 

2.82 3.19 3.00 

2.26 2.80 2,3 

o.S6 0.39 0.L7 

The feeding of methyl testosterone at the rate of 0.2 mg., 

0.0 mg., or 1.00 mg. per kg. of body weight per week had no signi- 

ficant effect on the average daily gain of steer calves (Table 18). 

The average daily gain for calves in the methyl testosterone trial is 

given in Table 17. The average daily gain for each of the methyl 



Table 17. The effect of various levels of 
on the average daily gain (in 
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rl testosterone 
of steers 

Individual Averages Weekly intake of hormone (mg/kg body weight) 

0.00 0.25 0.50 1.00 

2,91 2.12 2,87 2.30 
2.2)4 2.10 2.)40 2.1)4 

2.16 2.03 2.23 1.93 

2.30 1.9)4 2.03 2.L2 

2.]J. 2.1)4 2.33 2.09 
2,50 2.75 - - 2.20 

Treatment Averages 2.38 2.18 2.37 2.18 

Advantage of the 
ontrol Groui - - 0.20 0.01 0.20 

Table 16. The analysis of variance of the effect of various levels 
of methyl testosterone on the average daily gain of steers 

Source of I)egrees of Eean 
Variation Freedom Square F. 

Treatments 3 77)4.07 1.08 

Error 19 718.02 

testosterone-fed groups was slightly less than the average daily 

gain of the control group. No tendency toward increased or decreased 

gains was present, with the increasing levels of methyl testosterone 

in the ration. 

Effect of sires 

The average daily gains of the three sire-progeny groups in the 

hormone trials conducted in 1950-51 (Table 2) and in 1951-52 (Table 

6) were not significantly different. A range of 0.23 pounds in 
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average daily gain occurred in the 19O-1 hormone trial between 

the sire progeny groups; in the 191-2 trial the range in average 

daily gain between the fastest and slowest gaining groups was 

o.15 pounds (Table 19). Although there were no significant dif- 

ferences in average daily gain during the period from 675-800 

pounds live weight in the 1950-51 trial a:ong the three sire 

progeny groups (Table 14), a significant difference occurred 

among these groups in the 1951-52 trial (Table 8). During this 

growth period a range of 0.33 pounds in average daily gain existed 

between the fastest and slowest gaining sire groups in the 1950-. 

51 hormone trial; while in the 1951-52 trial the range in average 

daily gain was 0.31 pounds (Table 20). 

Table 19. The effect of sire of calves on average daily gain 
(pounds) 

Year of hormone trial Sire ]J Sire 15 Sire 17 Sire 71 

1950-Sl 2.21 - - - 2.Lt2 2.19 

191-S2 2.5 2.9 2.)4 - - - 

Table 20. The effect of sire on average daily gain in body weight 
(pounds) during the period from 675-800 pounds live weight 

Year of hormone trial Sire 11 Sire lS Sire 17 Sire 71 

1950-Sl 2.10 - - - 2.73 2.)6 

191-2 2.85 2.88 2,7 - - - 

Effect of sex 

Steer and heifer calves were significantly different in average 
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daily gain in the 190-1 hormone trial (Table 2) d in the 19S1- 

2 hormone trial (Table 6). The increase in average daily gain in 

heifers and steers produced by testosterone injection is shown in 

Tables 12 and 13 and is discussed in the section on the effects of 

testosterone on average daily gain. Steer calves gained 0.30 

pounds and O.3 pounds more per day in the 1950-51 and 1951-52 

trials, respectively, than did heifer calves (Table 21). 

Table 21. Average daily gain (pounds) of heifers and steers 

Sex 1950-51 trial 1951-52 trial I3oth trials 

Heifers 2,12 2,35 2,21j 

Steers 2.)2 2.70 2.56 

Advantage of steers 0.30 0.35 0.32 

The control steers had a much higher average daily gain than the 

control heifers (Tables 12 and 13), while a relatively smaller 

difference was found between the testosterone-treated heifers and 

steers. During the 675-800 pound gain period, the steers made 

significantly greater daily gains than the heifers in both the 1950- 

51 trial (Table I) and the 1951-S2 trial (Table 8). 

Table 22. Average daily gain (pounds) of heifers and steers during 

the period from 67g-800 pounds live weight 

Sex 1950-Sl trial 1951-2 trial Both trials 

Heifers 2.30 2.5t4 2.b2 

Steers 2.76 2.99 2.88 

Advantage of steers 0.)46 0.15 0.L6 
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Although the average daily gain of all calves during the 67-8OO 

pound gain period was somewhat greater in 19S1-S2 than in l9O- 

l, the superiority of steers over heifers was practically the 

saine in both years (Table 22). 

Total digstible nutrients required per 100 pounds gain 

The average amount of total digestible nutrients required for 

one hundred pounds gain in live weight during the entire test period 

is given in Tables 23 and 27 for calves in the various treatment, 

sire and sex groups and subgroups in the 190-1 and 19l-2 trials 

respectively. Analysis of variance of the effect of these sources 

of variance is given in Table 2I for the 190-51 trial and in 

Table 28 for the 191-2 trial. The average arount of total diges.- 

tibie nutrients required for one hundred pounds gain during the 

period from 67g-800 pounds live weight in the 190-1 triai is 

shown in Table 2 for calves in the various treatment, sire and 

sex groups and subgroups in the l90-1 trial. Analysis of variance 

of the effects of these sources of variaLion is presented in Table 

26 for the 190-1 trial and in Table 3D for the 19l-2 trial. 

Effect of methyl androstened.iol 

The injection of methyl androstenedi.ol had no significant effect 

on the total digestible nutrients required for each 100 pounds gain 

in body weight during the overall test period (Table 2Li). The 

heifer calves receiving methyl androstenediol were only slightly 
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Table 23. The effect of methyl androstenediol and testosterone 
treatments, sire, and sex upon the total digestible 
nutrients required per 100 pounds gain of calves in 

the l9O-1 trial - 

Treatment groups 
Sire and 

- 
sex Methyl Sire and 

groups Control Testosterone Androstenediol sex 
Averages 

Total digestible nutrients per 100 pounds gain (pounds) 
Sire 114 

Heif ers 1491 376 1480 1459 
Steers 1458 362 512 14148 

Average 1475 369 1496 1453 

Sire 17 
Heifers 515 376 502 1477 
Steers 389 357 1418 388 

Average 1452 366 1460 1433 

Sire 71 

Heifers 5114 1429 523 1495 
Steers 14143 376 1430 1423 

Average 1478 1402 1477 1459 

Treatment Averages 
Heifers 507 393 Sol 1477 
Steers 1430 36S 1453 1420 

Average 1468 379 1477 14148 

Table 214. Analysis of variance of total digestible nutrients required 
per 130 pounds gain of calves in the 1950-Sl trial - 

Source of Degrees of Mean 
Variation Freedom Square F. 
Treatments 2 19,33)4 13.32* 

Testosterone VS1 others 1 36,351 26.143* 
Metho8tan vs. control i 317 .22 

Sires 2 1,560 1.03 
Sexes 1 19,832 13.67* 
Treatments x sires 14 358 .23 
Treatments x sexes 2 1,2514 .80 
Sires x sexes 2 3,266 2.09 
Treatments x sires x sexes 14 800 .39 
Error 6 2,073 
Pooled error (1) 10 1,5614 
Pooled error (2) 18 
* Indicates statistical significance at .0 



76 

Table 2. The effect of methyl androstenediol and testosterone 

treatments, sire, and sex upon the total digestible 

nutrients requi.red per 100 pounds gain from 67 to 

600 punds of calves in the l90-1 trial 
Sire and sex Sire and 

groups ¡.ethyl sex 

Control Testosterone Androstenediol Averages 

Total digestible nutrients (pounds) per 100 pound gain 

Sire 1)4 

Heifers l2 376 2l )480 

Steers ¿485 370 5)47 ¿472 

Average ¿498 373 53)4 ¿476 

Sire 17 
Heifers 530 1419 559 510 

Steers 371 322 ¿416 370 

Average ¿451 371 1487 ¿4)40 

Sire 71 
Heifers 55)4 ¿433 562 526 

Steers ¿469 302 ¿4)47 ¿422 

Average 512 367 50)4 147)4 

Treatment Averages 
Heifers 532 ¿409 5)47 505 

Steers ¿4)42 331 ¿470 ¿421 

Average 1487 370 508 ¿463 

Table 26. Analysis of variance of total digestible nutrients required 

per 100 pounds gain from 675 to 800 pounds 
the 1950-51 trial 

of calves in 

Source of Degrees of an 

Variation Freedom Square F. 

Treatments 2 35,1472 8.99* 

Testosterone vs. others i 69,111 17.52* 

Methostan vs. control 1 1,833 

Sires 2 3,277 .83 

Sexes i )42,1i28 10.76* 

Treatments x sires ¿4 980 .20 

Treatments x sexes 2 118 .02 

Sires x sexes 2 9,135 1.88 

Treatments x sires x sexes ¿4 7)47 .10 

Error 6 7,596 

Pooled error (1) 10 ¿4,857 

Pooled error (2) 18 3,9)4)4 

* Indicates statistical significance at .0 
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Table 27. The effect of testosterone treatnent, sire and sex upon 

the total digestible nutrients req'iired per 100 pounds 
gin of calves in the 1951-52 trial 

Sire and Treatment groups Sire and Sex 
sex rouDs Control Testosterone Averages 

Total digestible nutrients (pounds) per 100 pound gain 
Sire lit 

Heif ers 1481 360 1421 

Steers 141)4 352 383 

Average 356 1402 

Sire 15 
Hejfers 1493 373 1433 

Steers 372 383 378 

Average 1432 378 1405 

Sire 17 
Heifers 521 1402 1462 

Steers 1407 371 389 

Average 14614 387 1425 

Treatment averages 
1498 379 

Steers 398 369 383 

Average 14148 3714 Ltll 

Table 28. Analysis of variance of total digestible nutrients re- 
quired per 100 pounds gain of calves in the 1951-52 trial 

Source of 
Variation 

Degrees of 
Freedom 

Lean 
Square F. 

Treatments 1 3308.5 2.66 
Sires 2 130.0 1.30 
Sexes 1 1832.7 1.147 
Treatments x sires 2 71.0 .66 
Treatments x sexes 1 12142.7 11.50* 
Sires x sexes 2 61.6 .57 
Treatments x sires x sexes 2 67.8 .59 
Error 12 1114.8 
Pooled error (1) 1)4 108.1 
Pooled error (2) 18 99.8 

* Indicates statistical significance at .05 
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Table 29. The effect of testosterone treatment, sire and sex upon 

the total digestible nutrients required per loo pounds 

gain during the period from 675-800 pounds live weight 

of calves in the 1951-52 trial 

Sire arid 'eatment groups Sire and Sex 

Sex Groups Control Testosterone Averages 

Total digestible nutrients (pounds) per 100 pound gain 

Sire 1t 

Heifers 5oI 357 )431 

Steers bU 356 38b 

Average 1i58 357 b07 

Sire 15 
Heifers 519 391 1i55 

Steers 395 3b8 372 

Average b57 370 ¿113 

Sire 17 
Heifers 525 ¿163 

Steers ¿163 356 liii 

Average ¿110 ¿152 

Treatment averages 
Heifers 516 bOb ¿160 

Steers ¿123 35b 

Average ¿170 379 b2b 

Table 30. Analysis of variance of total digestible nutrients re- 

quired per 100 pounds gain from 675-800 pounds live 

- 
weight of calves in the 1951-52 trial 

Source of 
Variation 

gres of - 
Freedom 

Mean 
Square F. 

Treatments 1 149,266 ¿11.56* 

Sires 2 ¿1,779 ¿1.06* 

Sexes 1 30,2h6 25.70* 

Treatments x sires 2 157 .13 

Treatments x sexes 1 2,856 2.30 

Sires x sexes 2 888 .71 

Treatments x sires x sexes 2 2,731 2.7b 

Error 12 996 

Pooled error (1) lb 1,2U 
Pooled error (2) 19 1,177 

* indicates statistical significance at .0 
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more efficient than control heifers, Table 31, while methyl aridros- 

tenediol-treated steers were slightly less efficient t1an control 

steers. During the 67-8OO pound rain period, the heifers as well 

as the steers receiving methyl androstenediol were slightly less 

efficient in converting feed intake to body weight than were the 

corresponding heifer arid steer control groups, Table 32. As is 

indicated in Table 27, this difference between the control and 

methyl androstenediol-treated groups was not statistically significarL 

Table 31. The effect of methyl androstenediol on total digestible 
nutrients (in pounds) required per 100 pounds gain 

Sex Groups 
Treatment groups helf ers Steers Both Sexes 

Methyl aridrostenediol Ol 1477 

Control S07 1430 1468 

Advantage of control - 6 23 9 

2able 32. The effect of methyl androstenediol on the total digestible 
nutrients (in pounds) required per 100 pounds gain during 
the period from 67g-800 pounds live weight 

Sex Groups 
Treatment groups Heifers Steers Both Sexes 

Methyl androstenediol 147 1470 o8 

Control 32 14142 1467 

Advantage of control 1 28 23. 

The average total digestible nutrients consumed for each 100 pounds 

gain during consecutive two-week periods after beginning of the test 

is given in Table 33 for heifers and steers in the control and methyl 



aridrostenediol treatment groups. The trend of these efficiency 

estimates is shovm graphically in Figure Li. The total digestible 

Table 33. The effect of methyl androstenediol and testosterone 
treatments on the average total digestible nutrients 
(pounds) required for 100 pounds gain in weight of 
steers and heifers in the 19O-1 trial 

Treatment Groups 
Víeeks after 
beginning of 

tes t 
Control 

Heif ers Steers 
Iethy1 and.rostenediol Testosterone 
Heifers Steers Heifers Steers 

2 181 382 1i51 339 37 
327 811 398 306 b33 

6 351t 396 597 L32 517 335 
8 705 525 359 I91 287 36)4 

10 5)46 )462 399 
12 532 )46o )463 )4io 718 3)45 
11 37)4 )481 356 336 
16 552 )41)4 59)4 366 283 

nutrients required per 100 pounds gain of tl methyl androstenediol- 

treated and control steers did not deviate greatly from each other 

for consecutive two-week periods from the beginning of the trial 

except during the sixteenth week period. The control and methyl 

androstenediol-treated heifers, however, deviated greatly between 

the treatment groups and between consecutive two-week periods in 

total digestible nutrients required per 100 pounds gain. The resem- 

blance between trends of rate of gain and feed efficiency in these 

respects are quite striking. 

Effect of testosterone 

The injection of testosterone resulted in a considerable reducti 

in feed required per 100 pounds gain as is indicated in Table 3)4 for 



Lt' 

$ 

FI 
I 

s 

Si 

4iiI 

8OO 

z 

6OO 

Ö 

!rh1ij 

200 

HEIFERS 
1950-51 

THYL 
ANDROSTE('EDIOL 

2 4 6 8 IO 12 14 16 

WEEKS AFTER BEGINNING OF TRIAL 

STEERS 
1950-51 

P 
I 

METHYL 

CONTROL ANDROSTENEDIOL 

2 4 6 8 10 12 14 16 

WEEKS AFTER BEGINNING OF TRIAL 

FIGURE 4. THE Eti-hCT 0F METHYL 
ANDROSTENEDIOL ON TOTAL DIGESTLE 
NUTRIENTS REQUIRED PER lOO 
POUNDS GAIN. 



Table 3L. The effect of testosterone on total digestible nutrients 

(in pounds) required per 100 pounds gain in the 1950-5]. 

trial 
Sex Groups 

Treatment groups ITif ers Steers Both Sexes 

Testosterone 393 365 379 

Control 507 L30 li.68 

Advantage of testosterone fl)4 65 89 

the 1950-51 trial and in Table 35 for the 1951-52 trial. 

Table 35. The effect of testosterone on total digestible nutrients 

(in pounds) required per 100 pounds gain in the 1951-52 

trial 
Sex Groups 

Theatment groups ileifers Steers Both Sexes 

Testosterone 379 369 37)4 

Control )498 398 

Advantage of testosterone 119 29 7)4 

The testosterone-treated and the control groups were significantly 

different in the amount of total digestible nutrients required for 

each 100 pounds gain in body weight in the 1950-51 trial (Table 2)4). 

In the 1951-52 trial, a significant interaction of sex and hormone 

treatment existed in their effects on total digestible nutrients 

required per 100 pounds gain in body weight (Table 3)4). In the 1950- 

51 trial, Table 3)4, the testosterone-treated calves required 89 pounds 

less total digestible nutrients than did non-treated control calves 

for each 100 pounds increase in body weight during the entire test 

period. Heifers treated with testosterone gained each 100 pounds 



on 11)4 pounds less total digestible nutrients than control heifers, 

while testosterone-treated steers gained each 100 pounds on 65 

pounds less total digestible nutrients than were required by control 

steers. In the 1951-52 trial, the testosterone-treated calves 

gained each 100 pounds on 37)4 pounds of total digestible nutrients 

while the control calves required )41 pounds for each 100 pounds 

of gain (Table 35). he heifers receiving testosterone treatment 

required 119 pounds less total digestible nutrients per each 100 

pounds of gain than did control heifers. Steer calves treated 

with testosterone required 29 pounds less total digestible nutrients 

than control steers for each 100 pounds increase in body weight. 

Testosterone-treated steers had an advantage of only lO pounds of 

total digestible nutrients on this basis over the testosterone- 

treated heifers, while control steers had an advantage of 100 

pounds over the control heifers. 

During the period from 675 to 600 pounds live weight, the 

calves in the 1950-51 trial which received testosterone required 

370 pounds of total digestible nutrients per 100 pounds of gain 

while the control calves required )487 pounds for an equal gain 

(Table 36). The advantage of testosterone-treated steers over 

control steers was 111 pounds of total digestible nutrients re- 

quired per 100 pounds gain, while the advantage of testosterone- 

treated heifers over control heifers was 123 pounds. The testos- 

terone-treated steers were more efficient during the period from 

675 to 800 pounds live weight than during the entire test period, 



Table 36. The effect of testosterone on total digestible nutrients 
(in pounds) required per loo pounds gain during the period 
from 675 to 800 pounds live weight in the 1950-51 trial 

Treatment groups ers otfl sexes 

Testosterone tO9 331 370 

Control 532 42 )487 

Advantage of testosterone 123 111 117 

(Tables 3L and 36), while the other treatment arid sex subgroups were 

less efficient during this period than for the overall test period. 

The amounts of total digestible nutrients required for each 100 

pounds gain in this period for the testosterone-treated and control 

groups differed significantly in the 1950-51 trial (Table 26) and 

in the 1951-52 trial (Table 30). Calves receiving testosterone in 

the 1951-52 trial consumed, on the average, 379 pounds of total 

digestible nutrients per each 100 pounds gain during the period 

from 675 to 800 pounds live weight, while the comparative consump- 

tion of control calves was L70 pounds (Table 37). 
r 

reduction 

Table 37. The effect of testosterone on the total digestible 
nutrients (in pounds) required per 100 pounds gain during 
the period from 675 to 800 pounds live weight in the 

1951-52 triai. 
Sex Groups 

Treatment groups Heifers Steers Both Sexes 

Testosterone )40)4 35)4 379 

Control 516 L23 t70 

Advantage of testosterone 112 69 91 



of total digestible nutrients required per 100 pounds of gain by 

testosterone treatment was 69 pounds for steer calves and 112 

pounds for heifer calves during the period from 67 to 800 pounds 

live weight. 

The average total digestible nutrients consumed for each lOO 

pounds gain during consecutive two-week periods after beginning of 

the feed test period is presented in Table 33 for heifers and steers 

in the l9O-1 trial and in Table 38 for heifers and steers in the 

l95l-2 trial. The trend of these feed utilization estimates is 

shown graphically in Figures 5 and 6 for the 1950-51 and 1951-52 

trials, respectively. The total digestible nutrients required per 

Table 38. The effect of testosterone on the average total digestible 
nutrients 
of steers 

(pounds) required for lOO pounds gain 
and heifers in the 1951-52 trial 

in weight 

Weeks after Theat'nent groups 
beginning Control Testosterone 
of test Heifers Steers Heifers Steers 

2 I57 3L8 361 tj$2 

529 b03 389 i6l 
6 573 toL !j.19 369 
8 502 357 31t 359 

10 368 300 3)42 

12 607 )4O )430 370 
1)4 557 )4.1O LL25 392 

100 pounds gain of the testosterone-treated groups is generally con- 

siderably lower than that of comparable control groups. The differ- 

ence in this irait between the two sexes does not show a consistent 

upward or downward trend with the successive two-week periods. 
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Effect of methyl testosterone 

No significant differences in the total digestible nutrients 

required per loo pounds gain existed between the four treatment 

groups in the methyl testosterone feeding trial (Table 110). The 

group of control calves required !j.Wi pounds of total digestible 

nutrients for each 100 pounds gain in body weight (Table 39). 

Table 39. The effect of various levels of methyl testosterone 
on the total digestible nutrients required per 100 
pounds gain of steer calves 

Weekly intake of hormone (mg/kg body weight) 

Individual 0.00 0.2S O.0 1.00 
Average 387 01 1427 1i81 

1466 147)4 1438 1466 

1477 1479 28 

14147 23 1470 14)46 

1450 141)4 14143 14141 

1439 367 - - 14814 

Treatment 
Average 141414 1460 1461 1463 

Advantage of 
Control Group - 16 17 19 

Table ho. Analysis of variance of the effect of various levels 
methyl testosterone on the total digestible nutrients 
required per 100 pounds gain 

Source of Degrees of Mean 
Variation Freedom Square F. 

Treatments 19 1429 .26 

Error 3 1,6)48 

Each of the hormone-fed treatment groups were slightly less efficient 

than the control group, requiring more feed for each unit of gain. 



The deviations were so slight as not to be a good indication of 

trend in efficiency with increasing levels of hormone treatment. 

Effect of sires 

Total digestible nutrients consumed for each unit gain for the 

three sire progeny groups in the l9%-1 trial (Table 2t) and in 

the l95i-2 trial (Table 28) were not significantly different. 

The difference between the most efficient and least efficient 

progeny groups in the l90-1 trial was 26 pounds of total dVes- 

tibie nutrients while in the l95l-2 trial the range was 20 

pounds of total digestible nutrients (Table iii). 

Table Lil. The effect of sires on the total digestible nutrients 
(in pounds) per 100 pounds gain in body weight 

Year of 
hormone Sire groups 
trials Sire ili Sire 15 Sire 17 Sire 71 

1950-51 )453 - - )433 L59 

1951-52 102 ).o5 L25 - - 

During the period from 675 to 500 pounds live weight no signi- 

ficant differences existed between the total digestible nutrients 

required per unit gain for the three sire groups in the 1950-51 

trial (Table 26). However, in the 1951-52 trial a significant dif- 

ference was found between the three sire groups (Table 30). The 

most efficient sire group in the 1950-51 trial required 36 pounds 

less total digestible nutrients than the least efficient, while in 

the 1951-52 trial the most efficient sire progeny group required 



L5 pounds less total digestible nutrients per hundred pounds gain 

than the least efficient (Table )42). The calves of Sire 1)4 were 

the least efficient group in converting feeds to body gain in the 

l90-1 trial, but were the most efficient group in the l9l-2 trial. 

Table )42. The effect of sires on the total digestible nutrients (in 
pounds) required per 100 pounds gain in body weight dur- 
ing period from 675 to 800 pounds live weight 

Sire groups 

1950-51 trial 

1951-52 trial 

Effect of sex 

Sire 1)4 

)476 

)407 

Sire 15 

Ll3 

Sire 17 

)4)40 

)45 2 

Sire 71 

)47)4 

A significant effect due to sex differences in feed requirements 

per unit gain in body weight in the overall test period occurred in 

the 1950-51 trial (Table 2)4) and in the 1951-52 trial (Table 28). 

The effects of sex differences in the response to injection of 

testosterone are shown in Tables 3)4 and 35 above. Steer calves 

required 57 and 55 pounds less total digestible nutrients in the 

1950-51 and 1951-52 trials, respectively, for each 100 pounds in- 

crease in body weight than did the heifer calves in the corresponding 

trials (Table tt3). These advantages of the steers over heifers in 

efficiency of feed utilization result in ai advantage of 56 pounds 

of total digestible nutrients of the steers for both trials. A 

similar condition exists during the period from 675 to 800 pounds 
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Table 13, The effect of sex of calf upon the total digestible 
nutrients (in pounds) required per 100 pounds gain 
in body weight 

Sex 1950-Sl trial 1951-S2 trial Both trials 

Heifers 177 1i38 1j58 

Steers t20 383 Lt02 

Advantage of steers 55 56 

live weight where a significant difference occurred between the 

efficiency of feed utilization for body gains of heifers and steers 

in both the 1950-51 and 1951-52 trials (Table 1tD. Steer calves 

Table ¿41.. The effect of sex of calf upon the total digestible 
nutrients (in pounds) required per 100 pounds gain in 
body- weight of heifers and steers during the period 
from 675 to 800 pounds live weight 

Sex 1950-Sl trial 1951-52 trial Both trials 

Hejfers 505 16o L83 

Steers li21 389 105 

Advantage of steers 8h. 71 78 

gained each 100 pounds on 81 pounds less total digestible nutrients 

than heifer calves during this period in the 1950-51 trial and on 

71 pounds less total digestible nutrients in the 1951-52 trial during 

this period (Table tL). The heifers were much less efficient during 

this later period than during the overall test period, while the 

steers were about as efficient in this period as in the overall 

test period (Tables 13 and t1). 



Average daily gain 

The regression of total digestible nutrients required per 100 

pounds of gain on the average daily gain in the l9O-1 trial was 

equal to -178 indicating that for each increase of one pound per 

day in average daily gain, there was a corresponding average decrease 

of 178 pounds of total digestible nutrients required for each 100 

pounds of gain. In the 191-52 trial, this regression was equal to 

-166 indicating that for each increase of one pound per day of 

average daily gain, there was a corresponding average decrease 

of 166 pounds of total digestible nutrients required per 100 

pounds of gain. This source of variation accounted for 9Li% and 

8t of the variance of total digestible nutrients required per 100 

pounds gain in the 190.-51 and 19l-S2 trials, respectively. The 

analysis of covariance of total digestible nutrients required for 

each hundred pounds gain adjusted for the effect of average daily 

gain for the 190-1 hormone trial is given in Table ) and for 

the 195l-2 trial in Table L6. The data in Table ) indicate that 

after adjustment for the effect of average daily gain, a signi- 

ficant interaction exists between sires and treatments in the 

19O-1 trial. The data in Table L6 indicate that after adjust- 

ment for the effect of average daily gain on total digestible 

nutrients per 100 pounds gain, a significant effect of hormone 

treatments on feed efficiency still exists, However, the effects 

of sex on total digestible nutrients required per 100 pounds gain 

adjusted for differences due to average daily gain were not 
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sip'nificant in either the l9O-1 or 19S1-52 trials. 

Table L. Analysis of covariance of the effect of testosterone and 

methyl androstenediol treatments, sire, and sex upon total 

di.gestible nutrients required per 100 pounds gain adjusted 

for rate of gain of calves in the l90-]. tria]. 

Source of variance Degrees of Adjusted Mean 
Freedom Square F 

Treatments 2 706.13 1.79 

Sires 2 3O,1 .78 

Sexes 1 261.89 3.33 
Treatments x sires 39Li.3b 14.99* 

Theatnients x sexes 2 .67 

Sires x sexes 2 100.62 1.28 
Treaents x sires x sexes 14 120.148 2.614 

Error 
Pooled error (1) 9 78.93 

Pooled error (2) 13 78.62 

* Indicates statistical significance at .05 

Table 146. Analysis of covariance of the effect of testosterone, sire, 

and sex upon total digestible nutrients required per 100 

pounìds gain adjusted for rate of gain of calves in the 

1951-52 trial 
Source of variance Degrees of Adjusted Mean 

Freedom Square F 

Theatanents 1 6,2g6.68 2.70 

Sires 2 282.146 .60 

Sexes i l,171i..02 .50 

Treatments x sires 2 196.614 .142 

Treatments x sexes 1 2,327.88 14.97* 

Sires x sexes 2 186.17 .!iO 

Treatanents x sires x sexes 2 1482,214 

Error 11 1466.31 

Pooled error (i) 13 1466.76 

Daily intake of total digestible nutrients 

The average daily intake of total digestible nutrients during 

the entire test period is given in Table 147 for calves in the 

various treatment, sire and sex groups in the 1950-51 trial. 
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Corresponding information for calves in the 191-52 trial is given 

in Table ;i. The analysis of variance of factors contributing to 

the variations in average daily intake of total digestible nutri- 

ents for the entire feeding period is given in Table L8 for the 

l9O-1 trial and in Table 2 for the l9l-2 trial. The average 

daily intake of total digestible nutrients during the period from 

67 to 800 pounds live weight for calves in the various treatment, 

sire and sex groups in the 1950-51 trial is given in Table L.9, 

and for calves in the 1951-52 trial in Table 53. The analysis of 

variance of the effects of these sources of variation on average 

daily intake of total digestible nutrients is given in Table 50 

for the 1950-51 trial and in table 5t for the 1951-52 trial. 

Effect of methyl androstenediol 

The injection of methyl androstenediol had no significant effect 

on the average daily intake of total digestible nutrients in the 

overall feeding period (Table L8). The average daily feed consump- 

tion for calves receiving methyl androstenediol was, however, 

slightly less than that of the other treatment groups (Table 55). 

The average daily intake of total digestible nutrients by the 

methyl androstenediol-treated calves during the period from 675 to 

800 pounds live weight was significantly lower than the intake of 

control calves (Table 50) during the same period. The control 

calves (Table 56) had an average daily intake of 11.56 pounds of 

total digestible nutrients during this period while the methyl 
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Table L7. The effect of methyl androstenediol and testosterone 
treatments, sire, and sex upon the daily intake of 
total digestible nutrients of calves in the 1950-51 tria]. 

Sire and sex rfreatment groups Sire and 

groups Methyl Sex 

Control Testosterone Androstenediol Averages 

Average daily intake of total digestible nutrients (pounds) 

Sire lii. 

Heifers 9.90 9.88 9.59 9,82 

Steers 10.02 9.60 9.53 9.79 

Average 9.96 9.7)-i. 9.56 9.81 

Sire 17 
Heifers 10.35 10.2)-i. 9.77 10.15 

Steers 10.141 10.140 9.07 10.27 

Average 10.38 10.32 9.82 10.22 

Sire 71 
Hejfers 10.21 9.67 9.81 9.98 

Steers 10.00 9.32 10.50 9.95 

Average 10.10 9.50 10.15 9.96 

Treatment Averages 
Heifers 10,1)-t 9.77 9.97 10.01 

Steers 10.15 9,93 9.72 10.00 

Average 10.15 9.85 9.81. 10.00 

Table 1.8. Analysis of variance of the effect of methyl androstenediol 

and testosterone treatments, 
intake of total digestible 

1950-51 trial 

sire and sex upon 
nutrients of calves 

the daily 
in the 

Source of Degrees of Mean 

Variation Freedom Square F. 

Treatments 2 .2656 2.91 

Sires 2 .356L 3.91 

Sexes 1 .001). .02 

Treatments x sires 1. .1796 2.30 

Treatments x sexes 2 .0617 .79 

Sires x sexes 2 .0092 .12 

Treatments x sexes x sires 14 0689 .82 

Error 6 .081.2 

Pooled error (1) 10 .0781 

Pooled error (2) 18 .0912 
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Table )9. The effect of methyl ancirostenediol and testosterone 
treatments, sire, and sex upon the daily intake of total 

digestible nutrients during period from 675 to 800 

pounds live weicht of calves in the l90-Sl trial 
Sire and sex Theatrnent groups Sire and 

groups Methyl sex 

Control Tes tos terone Andros tenediol Averages 

Average daily intake of total digestible nutrients (pounds) 

Sire 1h 
Heifers 11.7)4 11.56 10.3)4 11.35 

Steers 10.9)4 10.70 10.58 10.79 

Average 11.3)4 11.13 io.)46 11.07 

Sire 17 
Heifers 11.73 10.77 U.08 11.33 

Steers 12.33 11.7)4 10.60 11.75 

Average 12.03 11.26 10.8)4 11.5)4 

Sire 71 
Heifers 11.7)4 10.81 11.15 11.36 

Steers 10.90 10.61 11.30 10.93 

Average 11.32 10.71 11.23 11.1)4 

eatment averages 
Heifers 11.7)4 11.05 10.86 11.3)4 

Steers 11.39 11.02 10.83 11.16 

Average 11.56 11.03 10.8)4 11.25 

Table 50. Analysis of variance of average daily intake of total 

digestible nutrients during period from 675 to 800 pounds 

of calves in the l950-1 trial 
Source of Degrees of Mean 

Variance Freedom Square F. 

eathents 2 1.2323 

Testosterone vs. others i .3813 l.)40 

Methost.an vs control i 2.0832 7.6)4* 

Sires 2 .5119 1,88 

Sexes 1 .2128 .78 

Treatments x sires h .2987 1.23 

Treathents x sexes 2 .0755 .31 

Sires x sexes 2 .5672 2.3)4 

Theathents x sexes x sires )4 .3058 1.52 

Error 6 .2006 

Pooled error (1) 10 .2)427 

Pooled error (2) 18 .2726 

* Indicates statistical significance at .05 
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Table 1. The effect of testosterone treatment, sire and sex upon 

the daily intake of total digestible nutrients of calves 
in the l95l-2 trial 

Sire and Treatment groups Sire and sex 
Sex routs Control Testosterone Averages 

Average daily intake of total digestible nutrients (lbs 
Sire 1)4 

Helf ers 10.61 9.h.0 10.00 
Steers 10.06 10.36 10.21 

Average 10.3)4 9.88 10.11 

Sire l 
Heifers 10.28 l0.h.l 10,3)4 
Steers 10.76 9.88 10.32 

Average l0.2 10.1)4 10.33 

Sire 17 
Heifers 10.27 9.81 10.0)4 

Steers 10.61 9.92 10.27 

Average l0.t)4 9.67 10.1 

Treatment averages 
Hejfers 10.39 9.89 10.13 
Steers io.)8 10.0 10.26 

Average 1OJi.3 9.96 10.20 

Table 2. Analysis of variance of the effect of testosterone treat-.. 

ment, sire and sex upon the 
tibie nutrients of calves in 

daily intake 
the l9l-2 

of total diges- 
trial 

Source of Degrees of Mean 
Variation Freedom Square 
Treatments i 1,3179 Lj.11 

Sires 2 .11)41 .36 
Sexes 1 .1091 .3)4 

Treatments x sires 2 .0191 
Treatments x sexes 1 .0117 .03 
Sires x sexes 2 .0038 .01 
Treatments x sires x sexes 2 .8787 2.0 
Error 12 .310 
Pooled error (1) 1)4 

Pooled error (1) 19 .3208 
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Table f53. The effect of testosterone treatment, sire and sex upon 

the daily intake of total digestible nutrients during 
the period from 675 to 800 pounds live weight of calves 
in the 1951-52 trial 

Sex and freatment groups Sire and sex 
sire groups Control Testosterone Averages 

Average daily intake of total digestible nutrients (lbs) 
Sire 1)4 

Heifers 11.91 10.85 11.38 
Steers 11.52 11.36 ll.)4i 

Average 11.71 11.10 ll.)4]. 

Sire 15 
Heifers 11.63 11.89 11.76 
Steers 11.82 11.23 11.52 

Average 11.72 11.56 11.6)4 

Sire 17 
Heifers 11.36 10.77 11.06 
Steers 12.08 11.19 11.63 

Average 11.72 10.98 11.35 

Treatment averages 
Heifers 11.63 11.17 11.)4o 

Steers 11.81 11.26 11.53 

Average 11.72 11.21 li.)46 

Table 5)4. Analysis of variance on daily intake of total digestible 
nutrients during period from 
in the 1951-52 trial 

675-800 pounds of calves 

Source of Degrees of Mean 
Variation Freedom Sq,uare F. 

Treatments 1 1.525 5.37* 
Sires 2 .192 .68 

Sexes 1 .100 .35 
Treatments x sires 2 .181 .58 

Treatments x sexes 1 .012 .0)4 

Sires x sexes 2 .330 1.06 
Treatments x sires x sexes 2 )405 1.37 
Error 12 .296 

Pooled error (1) 1)4 .312 
Pooled error (2) 19 .28)4 

* indicates statistical significance at 



androstenediol-treated calves had an average daily intake of lO.81i. 

pounds. The average daily intake of total digestible nutrients 

Table 5. The effect of male hormones on the average daily intake 

of total digestible nutrients (in pounds) 
Irr'r r', t,r'1 r" 

Methyl androstenediol 9.8L - - - 

Testosterone 9.3 9,96 

Control lO.l lO.L3 

Table 6. The effect of male hormones on the average daily intake 

of total digestible nutrients (in pounds) during the 

period from 67 to 800 pounds live weight 

Treatment l95O-1 trial l9l-2 trial 

Methyl androstenediol lO.8t - - - 

Testosterone 11.03 11.21 

Control ll.6 11.72 

during consecutive two-week periods after beginning of the feed test 

is given in Table 7 for heifers and steers in the control and 

methyl androstenediol treathent groups. The trend of average daily 

feed intake for these periods is presented craphicaUy in Figure 7. 

The average daily feed intake of the methyl androstenediol-treated 

steers was quite consistently lower than that of control steers after 

the fourth week of the trial. The methyl androstenediol-treated 

heifers were lower in daily intake of total digestible nutrients 

than control heifers for the first eight weeks of the trial. For 

the next eight weeks the daily feed consumption of control heifers 

was lower than that of methyl androstenediol-treated heifers. 
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Table 7. The effect of methyl androstenediol and testosterone 
treathents on the average daily intake of total 

digestible nutrients (pounds) of heifer and steer 

calves in the l9O-1 male trial 
Yieeks after Treatment 'oups 

beginning Control Testosterone Methrl androstenediriL 

of test Heifers Steers Heifers Steers Heifers Steers 

2 8.h7 8.12 8.)8 8.32 8.10 8.)48 

8.93 8.78 8.67 8.77 8.31 9.00 

6 9.l 9.61 9.27 9.18 8.38 8.8 

8 9.l 10.00 9.78 9.L6 8.6ti 9.Li7 

10 8.97 lO.0 lO.l 9.9 9.L6 9.97 

12 9.6 10.79 10.26 10.69 9.91 9.96 

lL lO.L2 10.3 10.26 10.91 10.53 10.52 

16 10.97 10.93 11.03 lO.8li 11.03 11.03 

Effect of testosterone 

The effects of testosterone on the average daily intake of total 

digestible nutrients were not significant either in the 1950-51 trial 

(Table L8) or in the 1951-52 trial (Table 52). The average daily 

intake of total digestible nutrients was lower, however, for the 

testosterone-treated calves than for the control calves in both 

trials conducted (Table 55). Du-ring the period from 675 to 800 

pounds live weight, the average daily intake of total digestible 

nutrients of testosterone-treated calves was not siificantly 

different from that of control calves in the 1950-51 trial (Table 

50). In the 19l-2 trial, a significant difference existed be- 

tween tile average daily intake of total digestible nutrients of 

these treatment groups during this period (Table 5l). '1he testos- 

terone-treated calves consumed 0.53 and 0.51 pounds less total 

digestible nutrients daily in the 1950-51 trial and the 1951-52 
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trial, respectively, than the corresponding control calves (Table 

6), during the period from 67 to 800 pounds live weight. The 

average daily intake of total digestible nutrients during con- 

secutive two week periods after b eginning of the feed test is given 

in Table 7 for heifers and steers in the control and testosterone- 

treated groups in the 1950-51 trial and in Table 56 for heifers and 

steers in the 1951-52 trial. he trend of average daily feed in- 

take of these groups is presented graphically in Figures 8 and 9 

for the 1950-Sl and 19S1-2 trials, respectively 

Table 58. The effect of testosterone on the average daily intake 
of total digestible nutrients 
heifer calves in the 19l-2 

(pounds) of 
trial 

steer and 

Weeks after Treatment groups 
beginning Control Testosterone 
of test Heifers Steers Heifers Steers 

2 8.81 8.96 6.60 8.9t. 
Li 9.Li5 9.16 6.90 8.78 
6 9.97 9.1 8.78 9.53 
8 9.86 10.37 9.32 9.88 

10 10.33 11.11 9.91i io.L6 
12 10.76 ll.Ll 10.39 10.88 
i1 10.52 11.67 11.28 11.Li8 

Effect of sires 

A siiificant difference existed h etween the average daily in- 

take of total digestible nutrients of the three sire groups in the 

19S0-51 trial (Table Li8). During the overall feeding period there 

was a .Li.1 pound difference between the high and low sire ;roups 

in daily intake (Table 58). Calves of sire 17 had the highest 
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average daily intake of total digestible nutrients, 10.22 pounds 

(Table 59), the 'eatest average daily gain, 2.Li2 pounds (Table 

19), and the least requirements of total digestible nutrients per 

pound of gain, L33 pounds (Table Ll) of the three sire groups in 

the l9O-1 trial. A significant difference of sire groups in 

average daily intake of total digestible nutrients was also found 

in the l95O-1 trial during the period from 67 to 800 pounds live 

weight (Table so). Progeny of sire 17 had the eatest average daily 

intake in this period (Table 60) as well as during the entire test 

period. In the l9l-2 trial, the average daily intake of total 

digestible nutrients for the sire groups was not significantly 

different in either the period from 67 to 800 pounds live weight 

(Table ), or in the overall feeding period (Table 2). The 

Average daily intake of the sire groups for these period are given 

in Tables 9 and 60. 

Table 9, The effect of sire upon the average daily intake of tota]. 
digestible nutrients (in pounds) 

Year of trial SIre l!j Sire l Sire 17 Sire 71 

l90-1 trial 9.8]. - - - 10.22 9.96 

191-2 trial 10.11 10.33 l0,1 - - - 

Table 60. The effect of sire upon the average daily intake of total 
digestible nutrients (in pounds) during the period from 
67 to 300 Dounds live weight 

ear 

l90-1 trial 

e 

11.07 - - - 11.L 11.1i 

191-2 trial 11,)il 1l.6L 11.35 - - - 



Effect of sex 

The average daily intake of heifers and steers did not differ 

significantly in either the l90-5l trial (Table liB) or in the 

l9l-2 trial (Table 2). The average daily intake of heifer and 

steer groups during the period from 67 to 800 pound live weight 

was not significantly different in either the l90-5l trial (Table 

o) or in the l9l-2 trial (Table Data in Tables 61 and 62 

indicate that there is little difference between the heifer and 

steer groups in average daily intake of total digestible nutrients 

in these trials. 

Table 61. The effect of sex upon the average daily intake of total 
digestible nutrients (in pounds) 

ex or calves 

Heifers 9.90 10.13 

$teers 10.01 10.26 

Table 62. The effect of sex upon the average daily intake of 
total digestible nutrients (in pounds) during period 
fron 67 to 800 pounds live weight 

Sex of calves l90-1 trial l9l-2 trial 

Helf ers 

steers 

11.3L 11.)40 

11.16 1l.3 

Hormonal alteration of carcass characteristics 

The traits which determine the value of the live animal for 

human consumption are best measured by carcass observations after 

slaughter. Perhaps the first consideration is dressing percent 
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since this represents the percent yield of marketable meat. The 

s1au:hter grade based on conformation and condition in a given 

market class determines under present conditions the value per 

pound of The percent of round, hindquarter and chuck 

represent the weight distribution arid, therefore, percent of the 

certain marketable cuts. The percent of fat in the carcass de- 

termines finish and therefore price, but high finish also means 

more waste fat products. The percent of flesh to bone-plus-flesh 

gives a measure of the relative amounts of meat and bone and is of 

importance in determining the food value of meat. A study of 

these carcass characteristics also gives valuable information on 

the ability of treatment conditions to change the normal dis- 

tribution of meat, fat, and bone in the aiimai. body. Thus, for 

example, if differences exist between the two sexes in percent 

of round, the use of sex hormones might be expected to affect the 

percent of round. The effect of hormones and sex on dressing 

percent and percent of hindquarter, round and chuck are given in 

Tables 63 and 6)4 for the 1950-51 and 1951-2 trials, respectively. 

Carcass grades of the calves in these trials are given in Table 

65. 

Effect of methyl androstenediol 

The methyl androstenediol-treated calves were not significantly 

different from control calves in any of these traits. The 

difference between the control and methyl androstenediol-treated 



Table 63. The effect of methyl androstenediol and testosterone treatments and sex on various carcass 
characteris tics 

Control group Testosterone Methyl androstenediol 
Heifers Steers Average Heifers Steers Average Heifers Steers Average 

Dressing percent 61.1 5.5 60.0 59.7 55.2 55.9 55.3 55.6 55.5 
Percent of hindquarter O.9 L9.Lt 0.1 0.O 149.2 149.6 50.14 148.8 149.6 
Percent of round 20.1 22.1 21.1 22.9 214.7 23.8 20.9 21.14 21.2 
Percent of chuck 25.5 27.5 26.5 27,8 27.0 27.14 25,1 26.9 26.0 

Table 614. The effect of testosterone treatment on various carcass characteristics 
Control group - Testosterone 

Helf ers Steers Kverage Heifers Steers Average 
Dressing percent 60.7 59.7 60.2 59.7 60.1 59.9 
Percent of hindquarter 51.0 149.8 50.14 50.14 148.9 149.6 
Percent of round 19.8 21.6 20.7 21.8 21.0 21.14 
Percent of chuck 26.0 27.1 26.6 27.1 25.0 27.6 
Percent of flesh to flesh-and-bone 85.3 83.1 814.2 83.6 83.2 83.14 



groups is, however, indicative of a possible effect of this hormone 

in lowering dressing percent. 

Effect of testosterone 

A significant interaction existed between the sexes and the 

testosterone treatment in the effect on dressing percent in the 

19l-52 trial. The testosterone-treated heifers were 1,0 percent 

lower in this trial than control heifers, while control and 

testosterone-treated steers were very similar in dressing percent. 

The aoparent reduction of dressing percent by testosterone treat- 

ment in the l90-1 trial was not significant. 

The testosterone-treated calves were significantly lower 

in percent of hindquarter than control calves in the l91-2 

trial, The testosterone-treated calves were 0.!5 and 0.8 percent 

lower in hindquarter than control calves in the l90-1 and 19l- 

2 trials, respectively. No significant differences between treat- 

ment groups in percent of hind quarter occurred in the l90-1 

hormone trial. 

The percent of round of testosterone-treated calves was 

significantly greater than that of control calves in the l90-1 

trial. '1ìe rounds of testosterone-treated calves were 2.7 per- 

cent greater than those of control calves in the l90-1 trial. 

A significant interaction between the effect of testosterone 

treatments and sex on the percent of round existed in the 19l-2 

hormone trial. The percent of round of testosterone-treated 
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heifers was greater than that of control heifers, while the per- 

cent of round of testosterone-treated steers was less than that 

of control steers. 

A significant difference occurred between the percent of 

chuck of testosterone-treated and control calves in the 19l-2 

trial. The chuck of control calves was 1.0 percent less than 

that of testosterone-treated calves in that trial. In the 1950- 

51 trial there was a significant interaction between the hormone 

treatments and sex in their effects on percent of chuck. The 

percent of chuck of testosterone-treated heifers was greater than 

that of control heifers, while the percent of chuck of testosterone- 

treated steers was less than that of control steers. Testosterone 

produced no significant e±Tect on the percent of flesh to flesh- 

and bone in the 9-10-11-12 rib roast in the 1951-52 trial. 

Effect of sex 

Heifers had a significantly higher dressing percent than 

steers in the 1950-51 trial. In the 1951-52 trial, the difference 

between sexes in dressing percent was not significant but a signi- 

ficant interaction existed between sex and testosterone treathent. 

The dressing percent of heifers was 1.Li. percent higher than that 

of steers in the 1950-51 trial and 1.3 percent higher in the 1951- 

52 trial. 

The percent of hindquarter of heifers was significantly higher 

than that of steers in both the 1950-51 and 1951-52 trials. 4ie 
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hindquarter of heifers was 1.3 and l.L. percent greater than that 

of steers in the 1950-51 and 1951-52 trials respectively. 

The percent of round of steers was significantly greater than 

that of heifers in the 1953-51 trial, but not in the 1951-52 trial. 

In each case the percent of round of steers was greater than that 

of heifers (1.6 and 0.5 percent in the 1950-51 and 1951-52 trials). 

There was, however, no effect of sex on the percent of chuck. 

A significant difference between the two sexes in the percent 

of flesh to flesh-plus-bone occurred in the 1951-52 trial. The 

percent of flesh to flesh-plus-bone of rib roasts from heifer 

calves was 8tt.Li%, while that from steer calves was 83.2%. 

Carcass grade 

Calves receiving methyl androstenediol were quite similar to 

control calves in carcass grade (Table 65) and there was apparently 

no effect of this hormone treatment on finish or conformation. The 

carcass grades of calves receiving testosterone treat'îient were 

sliçht1y lower than those of control calves. 

Table 65. The effect of methyl androstenediol and testosterone 
treatments on carcass grades of calves 

Theatment groups l90-5l trial 1951-52 trial 

Control 1 prime, 11 choice 8 choice, L good 

iAethyl androstenediol 6 choice 

Testosterone 5 choice, 1 good ) choice, 8 gpod 
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Alteration of meat characteristics 

The value and desirability of a sample of meat for human food 

depends upon the physical and chemical properties of that sample. 

An entirely objective evaluation of the sample may be a very poor 

measure of such abstract characteristics as palatability, flavor, 

texture, and tenderness. However, the mechanical measure of cer- 

tain traits is desirable when it is known that these traits affect 

the food value, or have an effect on any of the above character- 

istics. Protein and caloric content can he determined by chemical 

analysis. The tenderness is a function of the shearing force re- 

quired to sever a core sample of constant diameter. A portion of 

the cooking losses can be measured by determination of the amount 

of evaporation and the amount of drip accumulated during cooking. 

Evaporation loss 

The loss due to evaporation is given in Table 66 for meat sain- 

ples from calves in the treathent and sex groups in the 19l-.2 

trial, No significant differences in evaporation loss occurred 

betveen the sex groups or the treatment groups. 

Drip loss 

The loss due to drip is given in Table 66 for meat samples from 

calves in the treatment and sex groups in the l95l-2 trial. A 

significant interaction occurred between sex and the testosterone 
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treatment in the effect on drip loss. The drip loss of meat sam- 

ples from heifer calves was reduced from .6 to 2.8 by testos- 

terone treatment, while the drip loss of steer calves was only 

reduced from 2.5 to 2.% by the testosterone treatment. 

Press fluid 

The percent of press fluid of meat samples of calves in the 

treatment and sex groups in the 191-52 trial is given in Table 

66. Sex and treatment had no significant effect on the press 

fluid of the meat samples. 

Shearing strength 

The average force in pounds required to shear a one-inch 

diameter core sample of cooked meat from calves in the sex and 

treatment groups in the l9l-2 hormone trial is given in Table 

66. A significant interaction occurred between treatment and 

sex in the effect on shearing strength. The shearing strength 

of meat samples from heifers was reduced from l3.L to 12.3 pounds 

by the administration of testosterone, while the shearing strength 

of meat samples from steer calves was increased from 9.9 to l.S 

pounds by the testosterone treatment. 

Chemical composition of the meat 

The chemical composition of meat samples is given in Table 67 
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Table 66. The effect of testosterone and sex on evaporation and 
drip losses during cooking, press 
strength of meat samples 

fluid, and shearing 

Source of meat samples (treatment groups) 
Control Tes tos terone 

Heifers Steers Average Heifers Steers Average 
Evaporation loss 
(percent) during 
cooking 8.1 8.9 8. 9.7 9.7 9.7 
Drip loss (percent) 
during cooking L.6 2.8 3.7 2.8 2. 2.6 
Press fluid of 
cooked meat 
(percent) 9,2 6O. 9.8 i.6 
Shearing strength 
(pounds) required to 
shear 1" diameter 
core sarnples l3.t 9.9 11.6 12.3 l.5 13.9 

Table 67. The effect of testosterone treatment and sex upon the 
chemical composition of meat sample of experimental calves 

Treathient Percent of Dry weight basis 
groups Moisture Percent of Percent of Percent 

Fat Protein of Ash 

Control heifers b6,O 72.2 22.9 1.2 

Testosterone-treated heifers 56.8 57.0 Ll.O 1.9 

Control steers* 55.8 51.0 1t6.9 2.2 

Testosterone-treated steers 50.5 t7j.L L9.6 3.0 

* averages based on four samples 

for the treatment and sex groups in the 1951-52 trial. The control 

heifers were much higher in fat content than the other groups and 

therefore lower in protein and water content. Treatment of heifers 

with testosterone resulted in a much lower content of fat and in- 

creased protein arid water content of the meat samples. Although the 

meat samples from control steers were much lower in fat and higher 

in protein than meat samples from control heifers, treatment with 
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testosterone appears to have also decreased the percent of fat in 

steers; however, the reduction was not as great as with the heifers. 

The chemical composition of meat samples from steers receiving 

methyl testosterone orally is given in Table 68. The meat samples 

from control steers were higher in fat and lower in protein than 

the meat samples from calves in various methyl testosterone treaty- 

ment groups. The moisture and ash content of the control group was 

Table 68. The effect of various levels of methyl testosterone 

on the chemical composition of meat samples from 

experimental steers 

(Weekly intake Dry basis 

of hormone mgj Percent of tercent ±ercent of tercent ol 

kg body weight) Loisture of fat Protein Ash 

0.00 51.0 65.7 33.2 1.0 

0.25 SL.6 56.8 Lti.L 1.8 

0.50* 53.i 57.5 110.8 1.7 

1.00 56.11 55.11 113.1 1.9 

* Average based on five samples 

also lower than those of the treated groups. 

Estimation of induced hormonal activity 

Determinations of gonadotropin and thyrotropin content of the 

anterior pituitary gland and thyroid horione content of the thyroid 

gland were made by biological methods. Histological examination of 

the thyroid glands were made to check for evidence of inhibition 

and stimulation. Observations were made on follicular and luteal 
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development in the ovaries of female calves. Alterations in the 

activity of either the thyrotropic, gonadotropic, or associated 

hormones might indicate the route of action of the male hormones 

or explain the responses in various "target" sites. Thus, each 

of these observations might be expected to contribute to the under- 

standing of anth'ogenic activity by supplying information on in- 

duced hormonal changes. 

Thyrotropic hormone content of the anterior pituitary gland 

The thyrotropic hormone content of the anterior pituitary 

of the calves in the three male hormone trials was estimated by 

the ability of a given percent of the entire gland to stimulate the 

weight of the thyroid gland of the baby chick. The average thyroid 

weight of baby chicks receiving injections of anterior pituitary 

tissue of calves in the various treatment, sex, and sire groups 

and subgroups is given in Table 69 for the l9O-51 trial. The 

analysis of variance of the effects of certain of these sources 

of variation is given in Table 70. The average thyroid weight of 

chicks receiving injections of anterior pituitary tissue of calves 

in the various treatment, sex and sire groups and subgroups in the 

l9l-2 trial is given in Table 71. The analysis of variance of 

the effects of certain of these sources of variation are given in 

Table 72. 
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Table 69. The effect of testosterone and methyl androstenediol 
treatments, sire and sex upon the ability of the 

anterior pituitary- gland of calves in the 1950-51 trial 

to stimulate the weight of baby chick thyroid glands 

Sire and Treatment groips Sire and 

sex groups Methyl sex 

Control Testosterone Andros tenediol Averages 
Average weight of chick thyroid glands (mg.) 

Sire ]li 

Hejfers ¿1.56 5.08 3.98 

Steers 3.61 ¿1.39 3.Li.0 3.75 

Average ¿4.09 3.69 

Sire 17 
Heifers 3.06 ¿4.69 3.141 3.56 

Steers ¿4.70 5.62 ¿1.22 ¿1.81 

Average 3.88 5.16 3.83 ¿4.19 

Sire 71 
Heifers 2.93 2,95 2.93 2.93 

Steers ¿4.68 ¿4.95 14.97 ¿1,92 

Average 3.91 3.95 3.95 3.93 

Treatment averages 
Heifers 3.52 ¿1.214 3415 3.68 

Steers ¿4.LIO ¿4.99 ¿4.20 ¿1.149 

Average 3.96 11.61 3.82 11.09 

Table 70. Analysis of variance of the ability of the anterior 

pituitary gland of calves in the 1950.-51 trial to 

stimulate the weight of baby chick thyroid glands 
Source of Degrees of Mean 

Variation Freedom S3uare F. 

Replications 5 ¿16.131 2I.Li9* 

Treatments 2 20.577 10.92* 

Testosterone vs. other treatments 1 39.900 21.18* 

Methyl androstenediol vs. controls 1 1.253 .67 

Levels 2 16.568 8.79* 

Treatment x level ¿1 1.1L13 .61 

Error ¿115 1.891 
Pooled error ¿119 1.8814 

* indicates statistical significance at .0 
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Table 71. The effect of testosterone treatment, sire, and sex upon 
the ability of the anterior pituitary of calves in the 
l9l-2 trial to stimulate the weight of baby chick thy- 
roid glands 

Sire and Treatment groups Sire and sex 
sex groups Control Testosterone Averages 

Average weight of chick thyroid glands mg.) 
Sire lt 

Heifers 3.26 Lt,02 3.6L1 
Steers Li..3h )4.70 

Average 3.80 b.36 

Sire 35 
Heifers 
Steers 3.76 5.01 L.38 

Average L.00 L.6O L0 
Sire 17 

Hejfers 3.91j t,.78 

Steers ).19 L,89 

Average L.07 )-.83 

Treatment averages 
neff ers 3.81 t.)6 4.1)4 

Steers L.1O L4.87 L.Li8 

Average 3.96 b.31 

Table 72. Analysis of variance of the effect of testosterone treat- 
ment, sex of calf, and level of anterior pituitary injec- 
tion on the ability of the anterior pituitary gland of 
calves in the 191-52 trial to stimulate the weight of 
baby chick thyroid glands 

Source of Degrees of Mean 
Variation Freedom Square F. 
Replications 5 25.Li55 13.93* 
Sex i 12.813 7.52* 
Treatment i 53.905 31.63* 
Levels 2 20.5L1 12.05* 
Sex x treatment i .1iO3 .2L 

Sex x levels 2 .310 .18 
Treatment x levels 2 L.1!5 2.L3 
Sex x treatment x levels 2 5.006 2.97 
Error )4l2 

Pooled error (i) 

Pooled error (2) L19 
* indicatstatisUca1 significance at 
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Effect of meth4 androstenediol 

The anterior pituitary glands of calves treated with methyl 

androstenediol were not significantly different from those glands 

of control calves in total thyrotropic hormone content according 

to the baby chick bioassay method (Table 70). The average weight 

of the thyroid glands from chicks receiving anterior pituitary 

tissue from methyl androstenediol-treated calves was slightly less 

than that of chicks receiving anterior pituitary tissue from con- 

trol calves (Table 73). 'he increasing weight of the thyroid gland 

of the chicks receiving increasing dosages of anterior pituitary 

from these two sources is demonstrated in Table 73. 

Table 73, The effect of methyl androstenediol treatment upon the 
ability of beef pituitary glands to stimulate the 
weight of baby chick thyroid glands (íeight of thyroid 
in mg.) 

Source of pituitary material Percent of whole anterior pituitary 
received 

0.00 0.6L 1.28 2.6 

Control calves 3.0)4 3.66 3.82 )4.39 

Lie thyl androstenediol-treated 
calves - - 3.)48 3.81 )4.19 

Effect of testosterone 

The thyrotropic hormone content of the anterior pituitary gland 

of calves receiving testosterone was significantly greater than 

that of the anterior pituitary gland of control calves in both the 

l90-1 trial (Table 70) and the l9l-2 trial (Table 72). The 
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thyroid glands from chicks receiving anterior pituitary tissue 

from testosterone-treated heifers averaged 0.72 mg. and o.6 mg. 

heavier in the 190-1 trial and the 191-2 trial, respectively, 

than the thyroid glands from chicks receiving anterior pituitary 

tissue from control heifers (Table 7)4). imilar1y, the thyroid 

glands from chicks receiving anterior pituitary- tissue from 

testosterone-treated steers were 0.9 mg. and 0.77 mg. heavier 

than those from chicks receiving anterior pituitary tissue from 

control steers in the l90-5l and l9l-2 hormone trials, respec- 

tively. 1ie calves receiving testosterone had anterior pituitary 

glands which contained thyrotropic hormone in amounts that ap- 

proached those of anterior pituitary glands from bull calves. 

Table 7)4, The effect of testosterone treatment upon the ability 

of beef anterior pituitary glands to stimulate the 

weight of baby chick thyroid glands (weight of thyroid 

gland in mg.) 
ma 

None 3.0)4 2.83 

Control heifer calves 3.2 3.81 

Testosterone-treated heifer calves )4.2)4 

Control steer calves )4.)4o )4.1O 

Testosterone-treated steer calves )4.99 )4.87 

Bull calves .38 )4.37 

Effect of methyl testosterone 

The average thyroid weight of chicks receiving anterior pituitary 

tissue from steers in the methyl testosterone trial is given in 

Table 7. The average thyroid gland weight of chicks receiving 
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anterior pituitary tissue is given for each calf in the trial. 

The animals were allotted to these replications on the basis ol' 

beginning weight on test. 'he bull anterior pituitaries served 

as a positive control vdth each replication. As is evident from 

Table 7, there was a t endency for increasing thyrotropic content 

of the anterior pituitary with the increasing intake of methyl 

testosterone. The thyrotropic hormone content of the anterior 

pituitary of bull calves appears to be intermediate between that 

of calves on the 0.25 mg. and 0.50 mg. level of methyl testos- 

teronee The analysis of variance of weights of chick thyroids 

(Table 76) indicates significant differences between treated and 

control steers andbetween the 0.25 mg. level and the other 

treatment levels. 

Table 75. The effect of various levels of methyl testosterone on 
the ability of the anterior pituitary to stimulate the 
weight of the thyroid gland of baby chicks (average 
weight of thyroid glands in mg.) 

Source of anterior pituitary material 

Bulls Steers-weekly intake of hormone (mg/kg body 
weight) 

0.0 0,25 0.50 1.00 
Replications 

1 6.t8 5.95 5.3L. 6.32 5.91 
2 5.70 3.97 5.08 L.75 
3 5.19 5.18 6.83 6.33 7.28 
b 6.ob )4.99 5.80 6,02 7.32 

5 b.22 h.30 L67 5.97 6.18 
6 5.b9 5.08 5.11 5.07 5.6b 

Average 5.52 b.91 5.h7 5.7b 6.12 
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Table 76. The analysis of variance of the effect of various levels 
of methyl testosterone on the ability of the anterior 
pituitary gland to stimulate the weight of the thyroid 
glands of baby chicks 

Source of iJegrees of dean 
Variation Freedom Square F 

Replications 5 30.999 5.96* 

Treatment 14 20.7]J4 .98* 

Steers vs. bulls 1 .131 .014 

Control vs. treated 1 60.321 17.142* 

0.2S mg. vs. other treated i l.033 14.314* 

0.0 mg. vs. 1.00 mg. 1 7.370 2.13 

Level of injection 2 11l.0b 32.21* 
Treatment x level 8 5.216 1.52 

rror 5014 3.14314 

Pooled error 512 3.L62 

* indicates statistical significance at .0 

Effect of sire 

No accurate measure of the difference in thyrotropic activity 

of the anterior pituitary gland between sire groups is possible 

since sire groups were conîounded with replications in both the 1950- 

51 and 1951.-52 trials. The sire averages given in Tables 69 and 70 

are therefore not reliable indications of the actual difference 

between sire groups in this trial. 

Effect of sex 

Statistical analysis of the effect of sex on the thyrotropic 

activity of the anterior pituitary was not attempted in the 1950- 

51 trial since the design of the experiment resulted in a confound- 

ing of sex with replications. However, a significant difference 

in thyrotropic activity of the anterior pituitary gland of the two 

sexes occurred in the 1951-52 trial (Table 72). The thyroid 
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glands of chicks receiving the anterior pituitary material of control 

steer calves were on the average 0.29 mg. heavier than the thyroid 

glands of chicks receiving the anterior pituitary material from con- 

trol heifer calves. Similar differences are found between the es- 

tirnated thyrotropin content of testosterone-treated heifers and 

steers in both trials and of control heifers and steers in the l9O- 

l trial. The steer pituitaries are consistently higher in the 

ability to stimulate the weight of chick thyroids than are heifer 

pituitaries. The thyroid glands of chicks receiving the anterior 

pituitary material of bull calves were heavier than the thyroid 

glands of chicks receiving the anterior pituitary tissue from 

either control heifers or steers in both the l9O-1 and l9l-2 

trials (Table 7Lt). 

The gonadotroPic hormone content of the anterior pituitary 

The gonadotropic hormone content of the anterior pituitary 

gland of the experimental calves was measured by the weight increase 

of the testes of baby chicks. average weight of both testes of 

baby chicks receiving injections of anterior pituitary tissue from 

calves in the various treatment, sex and sire groups and subgroups 

in the l9O-1 trial is given in Table 77. The analysis of variance 

of the effect of certain of these sources of variation is given in 

Table 78. The average weight of testes of baby chicks receiving 

injections of pituitary tissue of calves in the various treaiment, 

sex and sire groups and subgroups is given in Table 79. The 

analysis of variance of the effect of certain of these sources of 
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Table 77. The effect of testosterone and methyl androstenediol 

treatments, sire and sex of calf upon the ability of the 

anterior pituitary of calves in the 19O-5l triai to 

stimulate the weight of baby chick testes 

Sex and Treatment groups Sire and 

sire groups Lthyl sex 

Control Testosterone Androstenediol Averag 

Average weight of chick testes (mg.) 

Sire 1)4 

Heifers 17.0 18.)4 16.5 17.2 

Steers 19.6 25.0 20.2 21.1 

Average 18.3 21.7 i8.)4 19.2 

Sire 17 
Heifers 20.7 22.3 22.7 21.6 

Steers 21,8 2)4.6 23,5 22.9 

Average 21.3 23.5 23.1 22.3 

Sire 71 
Hejfers 15.7 13.9 l7,)4 15.7 

Steers 23.3 23,)4 26.0 2)4,0 

Average 19.5 18.7 21.7 19.9 

Treatment averages 

Heifers 17.8 18.2 18.9 18.2 

Steers 21.6 2)4.3 23.2 22.7 

Average 19.7 21.3 21.0 20.)4 

Table 78. Analysis of variance of the effect of testosterone and 

methyl anth'ostenediol 
of anterior pituitary 
trial to stimulate the 

treatnents, and 

gland of calves 
weight of baby 

level of injection 
in the 1950-51 
chick testes 

Source of Degrees of Llean 

Variation Freedom Square F 

Replications 5 77)4.19 25.87* 

'eatments 2 120.61 )4.03* 

Treated vs. controls 1 238.52 7.97* 

Testosterone vs. methyl androstenediol 1 2.71 .09 

Levels 2 307.96 10.29* 

Treathent x levels 16.15 .5)4 

Error 1415 30.06 

Pooled error )419 29.93 

*indicates statistical significance at .0 
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Table 79. The effect of testosterone treatnent, sire and sex of 
calf upon the ability of the anterior pituitary of 
calves in the 1951-52 trial to stimulate the weight 
of baby chick testes 

Sire arid Treatment croups Sire and sex 
sex groups Control Testosterone Averages 

Average weight of chick testes (mg.) 

Sire 1)4 

Heifers 16.9 15.3 16.1 
Steers 19.3 18.1 18.7 

Average 18.1 16.7 17.)4 

Sire 15 
Hejfers 18.9 16.1 17.5 
Steers 1)4.5 1)4.6 1)4.6 

Average 16.7 15.3 16.0 

Sire 17 
Heifers 1)4.9 i)4.)4 1)4.7 
Steers 1)4.2 1)4.6 

Average 1)4.5 1)4.5 1)4.5 

Treatment averages 
'eifers 16.9 15.3 16.1 
Steers 16.0 15.8 15.9 

Average i6.)4 15.5 16.0 

Table 80. Analysis of variance of the effect of testosterone treat- 
ment, sex of 
injection on 
of calves in 
of baby chick 

calf, and level of 
the ability of the 
the 1951-52 trial 
testes 

anterior pituitary 
anterior pituitary gland 

to stimulate the weight 

Source of Degrees of Mean 
Variation Freedom Square F 

Replications 5 23)4.55 13.1)4* 
Treatment 1 93.15 5.22* 
Sex i 3.70 .21 
Levels 2 23)4.02 13.11* 
Treatment x sex 1 55.0)4 2.53 
Treatment x levels 2 56,12 2.58 
Sex x levels 2 38.03 1.75 
Treatment x sex x levels 2 18.02 .83 
Error )413 21.79 
Pooled error (1) 21.77 
Pooled error (2) )420 17.85 
* inBates statistical siçmificance at 
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variation is given in Table 80. The increase in testis weight 

of baby chicks with increasing amounts of anterior pituitary 

tissue administered is indicated by the data in Table 81. Signifi- 

cant differences in weight of the testes between the levels of an- 

terior pituitary injected occurred in both the l90-1 trial (Table 

78) and the l9l-2 trial (Table 80). 

Table 81. The effect of dosage level of anterior pituitary material 

on the weight (mg.) of the testes of baby chicks 

Year of hormone trial Percent of whole anterior pituitary 
received 

0.6L 1.28 2.56 

1950-51 19.L 19,7 22.1 

1951-52 lL,9 15.7 17.)4 

Effect of methyl androstenediol 

The anterior pituitary glands from calves receiving injections 

of methyl androstenediol had a significantly greater gonadotropic 

hormone content than did anterior pituitary glands from control 

calves. The testes of chicks receiving anterior pituitary material 

from methyl androstenediol-treated calves were, on the average, 

i.t mg. heavier than those from chicks receiving anterior pituitary 

tissue from control calves (Table 82). 



127 

Table 82. The effect of methyl androstenediol and testosterone 

treatments on the ability of the anterior pituitary 

of calves to stimulate the weight (ing.) of the testes 

of baby chicks 
Source of pituitary material 1950-51 trial 1951-52 trial 

Control calves 19.7 l6J. 

Methyl androstenediol calves 21.0 15.5 

Testosterone calves 21.3 - - 

Effect of testosterone 

The anterior pituitary glands from calves receiving testosterone 

produced a significantly greater stimulus to the weight of testes 

of baby chicks than did the anterior pituitary tissue of control 

calves in the 1950-51 trial (Table 78). The chicks receiving an- 

tenor pituitary tissue from the testosterone-treated calves had 

testes that were 1,6 mg. heavier than testes from chicks treated 

with anterior pituitary tissue of control calves (Table 82). The 

testes of chicks stimulated with anterior pituitary tissue from 

testosterone-treated calves were not as heavy as the testes of 

chicks treated with the anterior pituitary tissue of control calves 

in the 1951-52 trial (Table 82), This difference between the 

testosterone-treated and control oups was significant (Table 80). 

Effect of methyl testosterone 

The variouS levels of methyl testosterone had no significant 

effect on the ability of the anterior pituitary gland to stimulate 

the weight of the testes of baby chicks (Table 8t). The anterior 
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pituitary glands of the group of bulls which were used had a sig- 

nificantly greater gonadotropic hormone content than did any of 

the groups of steers as evidence by their ability to stimulate 

the weight of the testes of baby chicks (Table 8)4. The average 

weight of testes of chicks receiving anterior pituitary tissue from 

each of the steers in the methyl testosterone trial is given in 

Table 83. 

Table 83. The effect of various levels of methyl testosterone on 
the ability of the anterior pituitary of steers to stimu- 
late weight of testes of baby chick (average weight of 
testes in mg.) 

Steers-weekly intake of hormone (mg/kg body weight) 
Replications Bulls 0.00 O.2 O.O 1.00 

1 19.6 lL.6 15.7 17.6 15.3 
2 17.8 13.7 114.3 16.0 15.2 
3 15.6 16.1 13.7 1.3 
14 17.6 18.0 13.9 15.6 l.3 
5 12.7 12.5 12.1 13.6 12.7 
6 18.1 114.h 114.7 13.3 13.3 

Average 16.9 114.9 1L.1 15.2 114.3 

Table 814. Analysis of variance of the effect of various levels of 
methyl testosterone 
pituitary of steers 
testis______________________________ 

on the ability of the 
to stimulate weight of 

anterior 
baby chick 

Source of Degreesof Mean 
Variation Freedom Square F 

Replications S 162.19 8.714* 
Treatments 14 133.146 7.19* 

Bulls vs. steers 1 14141.19 23.76* 
Treated vs. non-treated i 10.06 .514 
0.25 mg. vs. other treatments 1 314.63 1.87 
0.50 mg. vs. 1.0 mg. 1 147.98 2.58 

Levels of pituitary 2 320.81 17.28* 
Level x treatment 8 18.57 1.00 
Error 512 18.57 
Pooled error 520 18.57 
* indicates statistical significance at .0 
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Effect of sires 

No accurate measure can be made of the differences between sire 

groups in the gonadotropic activity of the anterior pituitary gland 

because of the confounding of sire groups with replications in both 

trials, 

Follicular and luteal development of the ovaries 

Effect of methyl androstenediol 

From gross examination of the ovaries of heifer calves receiving 

methyl anth'ostenediol, no consistent effects on weight, follicuJ.ar or 

luteal development were noted. Recent corpora lutea were present in 

ovaries of the three heifers receiving methyl androstenediol and the 

size of follicles and ovaries did not differ greatly from those of 

control heifers (Table 8g). 

Table 8. The effect of methyl androstened.iol arid testosterone 

treatments on the ovaries of heifer calves in the 
male l9O-1 trial 

Methyl 

Control Testosterone Andros tenediol 

Percent of heifers with 
ovaries showing recent 
corpora lutea 100 0 100 

Average ovarian weight- 
grams io,6 7.0 11.7 

Average diameter of largest 
follicle (mm) 90 13.3 10.6 

Effect of testosterone 

There was a rather striking absence of corpora lutea in the 

ovaries of the three heifers receiving testosterone in the 190-1 
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trial (Table 8) and in the ovaries of four of the six heif ers re- 

ceiving testosterone in the 191-2 trial (Table 86). In both trials 

the average diameter of the largest follicle of each pair of ovar- 

ies was slightly greater for the calves receiving testosterone than 

for the control calves. The number of follicles exceeding Lt nm. 

in diameter for each pair of ovaries was much greater for control 

calves, than for testosterone calves (Table 86). 

Table 36. The effect of testosterone on the ovaries of heifer 
calves in the l91-2 trial 

Control Testosterone 
Percent of heifers with ovaries 
showing recent corpora lutea 100 33 

Average ovarian weight (gm.) 10.9 10.2 

Average diameter of largest follicle (mm) 12 JJi 

Average number of follicles over Lt mm 
diameter (per calf) 7 3 

Thyroid hormone content of the thyroid gland 

The effect of thestosterone treatment and sex of calf upon the 

ability of a given amount of thyroid tissue from experimental 

calves to decrease the time required for asphyxiation of thiouracil- 

treated male and female mice is shown in Table 87. The analysis 

of variance of the effects of these sources of variation is given 

in Table 88. The female mice were able to live considerably 

longer in the jars than male mice (Table 87). The sex of calf 

from which the thyroid gland was obtained had no apparent effect 

on the thyroid hormone content of the thyroid gland as measured 
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by its ability to alter asphyxiation time (Table 88). he calves 

receiving testosterone had thyroid glands which altered the asphyxi- 

ation time of mice significantly less than did thyroid gland tissue 

from control calves. iiice receiving thyroid tissue from testosterone-. 

treated calves were asphyxiated after )46.2 minutes in the sealed 

half-pint jar, while mice receiving thyroid tissue from control 

calves lived for only )th.Li minutes in this sealed container (Table 

Q .7 UI. 

Table 87. The effect of testosterone treatiient and sex upon the 
ability of injected thyroid gland tissue of calves to 

decrease the time (minutes) required for asphyxiation 
of thiouracil-treated mice 

Sex of mice used 

Source of thyroid 
gland tissue 

Heif ers 
Control 
Testosterone 

Steers 
Control 
Testosterone 

Both heifers and steers 
Control 
Tes terone 

Male Female Average 
Time (minutes) required for asp1yxiation 

_)D I 
) .0 

36.0 

3 3 

37.0 

3)4.5 

36.5 

57.1 

53.3 
56.9 

51 9 
57.0 

Non-injected control mice L16.i 58.0 

)48 .1 

)45 .6 

'J. 

L1)4.)4 

)45 .2 
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Table 88. Analysis of variance of the effect of testosterone 
treaiment and sex of calf upon the ability of thyroid 

gland tissue to decrease the time required for 
asphyxiation of male and female 

Source of Degrees of Mean 

Variation Freedom Square F 

reat.ment 1 206,75 E2 
Sex of calves 1 .66 

Sex of mice 1 L9ll,31 126.L2* 
freatment x sex of calves i .39 

Theatxcent x sex of mice i 33.Lit .83 

Sex of calves x sex of mice i .01 .00 

eatment x sex of mice x sex of calves i .1)4 

Error )48 )40.89 

Pooled error (1) ItO.2)4 

Pooled error (2) 33.8 

* indicates statistical significance at .0 

Histological changes in the thyroid gland 

Microscopical examination of the thyroid tissue r evealed a 

rather striking demonstration of the effect of testosterone treat- 

ment, The area of the colloid follicles of the animals which re- 

ceived testosterone were very small (Table 89) and the epithelial 

cells surrounding the colloid areas appeared tali. The thyroid 

glands of control calves, on the other hand, had large coiloid areas 

and the epitheliuni appeared to be of a flat or cuboidal form. The 

total area of the field was taken up largely by colloid in the case 

of the control calves while in the case of testosterone-treated 

calves a small part of the total area was made up of colloid areas, 

the remainder being epithelial tissue and interstitual and con- 

nective tissue. 
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Table 89. The effect of testosterone on the average area of 
collôid follicles in the thyroid (in square millimeters) 

Sex of calf 
Theatment group Heifer Steer Both sexes 

Control .0638 O)J7LL 

Testosterone .0218 .0196 .0207 

Both Theatments .0)428 .033 

Induced chanCes in the size of certain organs and glands 

The thyroid, pituitary, and adrenal glands, and the liver and 

heart were weighed at the time the calves were slaughtered. The 

length of the small intestine was also determined. The sizes of 

these organs and glands of calves in the different treatment groups 

were compared to determine the extent of sex differences and dif- 

ferences induced by hormone treatment. 

Effect of methyl androstenediol 

The size of the various organs and glands of methyl-androstene- 

diol-treated and control calves is given in Table 90. Methyl 

ancirostenediol treatment produced no significant changes in the 

size of any of the organs and glands listed. The average weight 

of these parts was very similar for both treatment groups. 

Effect of testosterone 

The size of organs and glands of testosterone-treated and control 

calves are given in Tables 90 and 91 for the l90-1 and l951-2 

trials, respectively. Although the pituitary glands of calves 



Table 90. The effect of methyl androstenediol and testosterone treatments and 
sex on the size of certain 

glands and organs 
Control group Testosterone Methyl androstenediol 

Heifers Steers Average Heifers Steers Average Heifers Steers Average 

Pituitary gland grams) 1.53 1.55 1.5L 1.77 1.92 1.3Li. l.9 1.56 1.58 

Thyroid glands (grams) 17.9 23.6 20.8 19.8 19.)4 19.6 19.7 21.9 20.8 

Adrenal glands (grams) 12.3 12.I l2.I 12.5 12.5 12.5 12.3 11.6 12.0 
Heart (grams) 1229 12h2 1236 1182 1293 1238 lU7 1229 1338 

Liver (grains) 1i360 3999 t4179 L33 ).062 L199 )4lL7 LO85 ¿116 

Small intestine (feet) 106 107 106 119 109 1114 107 101 1014 

Table 91. The effect of testosterone treatment and sex on the size of certain organs and glands 
-- - -- -- Control Testosterone 

Heifers Steers Average Heii'ers Steers Average 

Pituitary gland (grains) 1.142 1.57 1.149 1.59 1.67 1.63 

Thyroid glands (grams) 16.3 17.2 16.7 19.14 19.6 19.5 
Adrenal glands (grams) 12.2 13.3 12.7 13.9 114.1 114.0 

Heart (grams) 13143 1389 1365 11400 1358 1379 

Liver (grams) 14007 142614 tL13 14213 14388 14301 

Small intestine (feet) 101 101 101 100 1014 102 

Seminal vesicles (grams) 5.5 30.1 

Table 92. The effect of various levels of methyl testosterone on the size of certain organs 
and glands 

________________________________ 
Weekly ±n take of methyl testosterone (mg/kg body weight) 

0.00 0.25 0.50 1.00 

Pituitary gland (grams) 1.77 1.87 1.90 TL.70 

Thyroid glands (grams) 23.2 140.3 142.8 53.6 
Adrenal glands (grams) 114.8 13.7 13.1 12.1 

Heart (grams 1612 11498 16014 11431 

Liver (grams) 14766 14821 5333 14979 

Small intestines (feet) 98 92 92 914 

Seminal vesicles (grams) 6.6 11.1 17.5 25.0 
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receiving testosterone were heavier than those of control calves in 

both trials, this difference was significant in only the l95O-1 

trial. Testosterone produced a significant increase in the weight 

of the thyroid glands in the l9l-2 trial, but in the l95O-1 trial 

the thyroid glands of testosterone-treated calves were smaller than 

those from control calves. The adrenal glands of testosterone- 

treated calves were significantly heavier than those of the control 

calves in the l9l-2 trial, while the adrenal glands of calves in 

the testosterone-treated and control groups were quite similar in 

the l9O-1 trial. The weights of the heart, and liver, and the 

length of the small intestine were not significantly altered by 

the testosterone treatment. 

Effect of methyl testosterone 

The size of organs and glands of calves in the various treatment 

groups in the methyl testosterone trial is given in Table 92. 

iiethyl testosterone had no significant effect on the weight of the 

pituitary gland. The thyroid glands of calves receiving methyl 

testosterone were significantly heavier than those of control 

calves. Although there was a trend of increasing thyroid weight 

with increasing dosage of methyl testosterone, the differences be- 

tween groups receiving this hormone were not significant. No 

significant effects of methyl testosterone on the weights of the 

liver and heart, or the length of the small intestine occurred. 

A consistent increase of the weight of the seminal vesicles was 
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evident with the increasing dosages of methyl testosterone. A 

significant difference existed between the weight of the seminal 

vesicles of each of the treathent groups. 

Development of masculinity 

Calves receiving methyl androstenediol showed no prominent 

signs of masculinity throughout the entire test. It was impossible 

to distinguish animals receiving methyl androstenediol from control 

animals by ari exanination of either the live animal or the carcass. 

No outstanding patterns of behavior served to distinguish them 

from control animals. 

Calves receiving testosterone injections produced many 

masculine characteristics, both in form and behavior, which were 

often evident as early as the tenth week of test and continued until 

the conclusion of the test period. 'the traits appeared to be more 

acute during the l91-2 trial than in the 19O-1 trial, but coin- 

parison of photographs of calves in these trials indicate that the 

physical traits, at least, were highly developed in the l9O-1 

trial. Both heifers and steers receiving testosterone developed 

pronounced crests in the neck region, caused apparently by in- 

tense development of muscles in this area. This condition closely 

resembles that of normal bulls of comparable size and age (Figure 

lo). The musculature throughout the carcass, particularly in the 

round and loin, showed the characteristic bulging of bull or "stag" 

carcasses as compared with a rather flat or smoothly filled round 



Control Steer Testosterone-treated Steer 

Control Heifer 
Testosterone-treated Heifer Figure 10. Representative animals in treathent and sex groups (note testosterone-induced masculinity) 

H 
-3 
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and loin of control heifers and steers. Alterations in the hair 

coat of the testosterone-treated animals were particularly 

striking since the white areas were greatly discolored and yellow- 

ish. The hair coat was curly and unruly as compared with the 

straight hair coat of control calves. The treated animals were 

often wet and steaming from sweat on cool mornings, a condition 

frequently observed in young bulls when they were stabled in pens 

adjoining those where one or more females might be in estrus. 

This sweating may also be the cause for some of the discoloration 

and curliness of the hair coat. The voice of the testosterone- 

treated calves changed to the deep bellow arid snort characteristic 

of bulls. 

Both heif ers and steers receiving testosterone demonstrated 

masculine behavior traits. The presence of strange cattle in the 

alley was sufficient to evoke interest, activity and considerable 

bellowing from these treated animals. Observations were made on 

the behavior of one heifer and one steer in the testost.erone- 

treated arid control groups in the l95l-2 trial. The testosterone- 

treated heifer when allowed in the pen with a normal bull attempted 

to mount the bull and readily accepted service by him. he control 

heifer, however, avoided the bull and would not accept service. 

Neither heifer was in estrus (heat) at the time. The testosterone- 

treated steer when allowed in the pen with a non-estrus heifer 

attempted to mount the heifer unsuccessfully. dhen the heifer was 
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secured in a breeding stanchion, the steer successfully mounted the 

heifer a nunber of times, developed a partial erection and emission 

of the penis, and demonstrated a series of pelvic thrusts with each 

mounting. Successful intromission was not accomplished. The control 

steer, however, showed only a casual interest in the heifer and 

demonstrated no sexual activity. Although all animals were not 

subjected to this trial, the general activities of the treated 

and control animals would indicate this behavior to be typical of 

these groups. 

The steers receiving methyl testosterone also showed a consider- 

able development of masculine characteristics including a pronounced 

crest development in the neck region. No observations were made on 

the sexual behavior of these steers receiving methyl testosterone. 



DISCUSS ION 

Feed-lot performance 

1)40 

The work by Kochakian and Murlin (2, p.751) initiated the 

study of the action of ancLrogens on renotropic activity and nitro- 

gen retention. Kenyon (50, p.133) demonstrated marked increases 

in weight of humans with testosterone propionate administration. 

These two studies set the stage for further demonstration of the 

ability of many of the androgenic compounds to stimulate weight gains. 

The extensive data with the use of certain male hormones in experi-. 

mental animals have indicated an increase in rate of gain in many 

cases, but not in every case. The level and method of administration 

of these hormones appear to be very important factors in determining 

growth responses to thera. Thus, though work with swine, sheep and 

beef cattle have usually resulted in only slight increase and often 

decrease in rate of gain by the administration of male hormones, 

successful demonstration of induced growth responses with other levels 

and methods of androgen treatment is quite feasible. 

The weekly injection of testosterone at the level of 1 mg/kg of 

body weight resulted in a considerable increase in average daily gain 

as compared with the growth rate of control calves. 'he graphical 

representation of growth rate of testosterone-treated and control 

calves indicates that differences in average daily gain between 

these groups occurred soon after beginning of the hormone-treatment 

and persisted or increased up to 16 weeks thereafter. The analysis 
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of variance of average daily gain during the period from 675 to 500 

pounds live weight reveals that the testosterone-treated calves have 

a greater advantage over control calves at this tiiiie than when the 

entire feeding period is considered. These observations serve to 

show that during the period following the beginning of testosterone 

injection under the conditions of this experiment, there is a con- 

stant or increasing advantage of the testosterone animals over con- 

trol animals in average daily gain. In many growing laboratory 

animals the stimulation to growth produced by male hormones was of 

a temporary nature and after a few weeks the control animals 

reached and surpassed the male-hormone-treated animals in growth rate 

and, frequently, body size. Absence of this phenomena in the beef 

cattle in these experiments may be a indication of a permanent stimu- 

lation of the hormone, a closer approximation to a physiological 

level of hormone in the animal body, a reflection of the lower 

metabolic rate of cattle as compared to mice and rats or other pos- 

sible factors. A temporary stimulation in beef cattle might expire 

at a time much later than the termination of this trial while a 

temporary stimulus of the sanie nature in mice and rats might expire 

in a few days. The results of the weekly injection of methyl 

androstenediol at the level of 1 mg/kg of body weight in the l90- 

51 trial indicated no stimulation to growth rate of calves under 

these conditions. The feeding of methyl testosterone to steers at 

the levels of 0.00, 0.25, 0.50 and 1.00 mgjkg of body weight had 

no significant effect on average daily gain. Since other character- 

istics such as masculinization indicated that oral administered 
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hormone was not completely destroyed in the ruinen, one must assume 

a different action of methyl testosterone on growth rate than the 

effect produced by testosterone. 

The measure of total digestible nutrients per 100 pounds of 

feed indicates that animals receiving testosterone were able to 

convert a given amount of feed to a greater increase in body 

weight than could control calves. The steer calves were likewise 

able to make greater gains on a given amount of feed than heifer 

calves. The heifer calves had a much greater reduction in total 

digestible nutrients required per 100 pounds gain than did steer 

calves due to the administration of testosterone. These comparisons 

indicate differences in efficiency of feed utilization if total- 

weight-gain compared to total-digestible-nutrients-taken-in is to 

be the measure of efficiency. If the measure of efficiency is the 

total-calories-stored-as-body-weight as compared to total-calories- 

taken-in however, the weight gain is a valid estimate of efficiency 

only as long as the caloric content of stored materials is constant 

for both groups. Samples of meat from these calves had the follow- 

Ing chemical composition: control heifers, 72: fat, 2 protein; 

control steers, l; fat, b7% protein; testosterone-treated heifers, 

fat, hl protein; and testosterone-treated steers, h7; fat, 

protein. Although these values cannot be taken as representa- 

tive for the carcass in its entirety, they are indicative of dif- 

ferences in the proportions of different body stores laid down by 

the animals in each treatnent group. Thus, on a calorie-stored to 

calorie-consumed basis, the four groups may not vary greatly in 
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efficiency. However, the value of animal protein is much greater 

than that of animal fat under the present economical conditions. 

Thus protein-produced is actually a more practical measure of gain 

than is calories-stored. On an economical basis, protein-produced 

to calories-consumed might be the best measure of feed efficiency. 

On this basis the testosterone-treated animals would greatly exceed 

the control animals in efficiency. Part of the reduction in feed 

required per one hundred pounds gain in the heifers by testosterone-. 

treatment can readily be explained on the differences in storage of 

fat by animals in the control and treated groups. since the fat 

contains 2.2 times as many c alones per gram, lean animals, star- 

ing low amounts of fat and high amounts of protein, would be ex- 

pected to gain weight on less feed than animals storing high amounts 

of fat and low amounts of protein, other conditions being equal. 

The more rapid gaining animals required less feed per 100 

pounds of gain than slow gaining animals. In these trials an 

average decrease of 178 and 166 pounds of total digestible nutri- 

ents per 100 pounds of gain resulted for each increase in daily 

gain of one pound during the test period. After adjusting for dif- 

ferences in daily gain only a small portion of the original vari- 

ation in total digestible nutrients required per lOO pounds gain 

remains. Analysis of this residual variation indicates a signifi- 

cant interaction between hormone treatments and sires in the l90- 

1 hormone trial and a significant effect of testosterone treatment 

in the l9l-2 trial. An effect of testosterone treatment in 



decreasing the total digestible nutrients required per 130 pounds 

gain, independent of the effect of testosterone in increasing 

average daily gain, is indicated. The rate of gain niay be explain- 

able on the differences in relative amounts of fat and protein 

tissue deposited. More rapid growth with protein deposition than 

with fat deposition might well be expected on a given caloric in- 

take since fewer calories are required per gram of protein than per 

gram of fat. If a constant percent of all nutrients above maintenance 

will be converted to body gains, a larger amount of protein will be 

deposited than of fat if the saine quantity of nutrients were avail- 

able for fat deposition. On a given caloric intake a growing 

animal would thus be expected to gain faster than a fattening 

animal if maintenance requirements were equal. 

Average daily feed consumption becomes important as it affects 

the efficiency of gain and average daily gain. The more feed which 

a growing animal eats above maintenance requirements the faster and 

more efficient will be its gains is a general rule which has prac- 

tical applications, but is not necessarily true under many situations. 

The treatment of calves with testosterone in these trials tended to 

result in a lower daily intake of total digestible nutrients as corn- 

pared with control calves, particularly in the later weeks of the 

trials. However the rate of gain and feed efficiency of the calves 

was higher than those of control calves during the same periods. 

The increased rate of gain and feed efficiency produced by testos- 

terone therapy is not, therefore, due to stimulation in feed con- 

sumption but rather is dependent upon the animal's ability to use 



11; 

a limited feed supply more effectively. The calves receiving methyl 

androstenediol had a significantly lower daily intake of total diges- 

tible nutrients than did control calves during the period from 675 

to 800 pounds live weight. The slightly lower average daily gain of 

methyl androstenediol-treated calves as compared with control calves 

may be a result of this decrease in nutrient intake per day during 

the last of the feeding test. 

Carcass characteristics 

A consistent difference in dressing percent of heifers and steers 

occurred in the control groups in both the 1950-51 and 1951-52 trials. 

This indicates that without horaone treatnent the heifers at the 

same weight as steers have a larger percent of their live weight 

made up of the flesh and bone of the carcass than do steer calves. 

However, the treathent of heifers with testosterone tended to de- 

crease dressing percent in both trials. In the steers, on the other 

hand, there was no consistent effect of testosterone on dressing 

percent in the two trials. This difference between sexes in dress- 

ing percent may be at least partially explained on the basis of fat 

content of the carcass. As was indicated in the section on chemical 

composition of the fat content of the meat samples from control 

heifers was very high, while the samples from steers were relative- 

ly low in fat content. The heifers would be expected to have a 

greater dressing percent since the stores of fat in the carcass are 

often not accompanied by proportional weight increases in other 

organs and tissues such as the skin, viscera, and head. The heifers 
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receiving testosterone in the l9l-52 trial had a much lower per- 

cent òf fat in the sample taken and on this basis would be expected 

to have a lowered dressing percent which was observed. 

The relative weights of the round, hindquarter, and chuck may 

also be a reflection of differences of fat deposition in these cuts 

depending on the presence of preferential sites and gradients for 

fat deposition. or instance, the fat deposition in the area of the 

kidneys was much more marked in the animals with higher condition 

than in animals of lower condition, thus causing an increase in the 

weights of wholesale cuts from this area and resulting in a decrease 

in percent of other cuts. Thus, although steers had a higher per- 

cent of round than heifers, the percent of the hindquarter, which 

included the loin and Iddney area, was greater for the heifer 

calves This would he expected if the kidney area of heifers was 

very heavy in fat deposits in comparison with other parts of the 

carcass. The higher percent of fat in heifer carcasses as corn- 

pared to steer carcasses may well explain the corresponding higher 

percent of flesh to flesh-plus-bone since an additional layer of 

fat was deposited over the muscle and bones. The testosterone 

treatment tended to increase the percent of chuck and round of 

heifer calves, a condition which would be expected if the deposits 

of fat were decreased, particularly in the kidney and loin area. 

The carcass grades of heifer calves were higher than those of 

steer calves in both the l9O-1 and l95l-2 trials, indicating 

a greater degree of finish in the heifers. rI carcass grades of 
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the testosterone-treated calves were slightly lower than those of 

control calves, a possible indication of decreased fat deposition 

and a lower degree of finish. rihe effects of sires on the dressing 

percent and percent of carcass cuts may also be largely a reflection 

of finish since body scores and measurements and photographs did not 

show striking differences. 

The decrease in fat deposition is accompanied by a greater per- 

cent of protein and water in carcass. rf.e5e are verified by the 

chemical analyses of the meat samples which indicate increased pro- 

tein and water content of steers as compared to heifers and of 

testosterone-treated calves as compared with control calves. The 

increased nitrogen retention and fat metabolism which was found in 

several species of laboratory animals with the administration of 

male hormones supports the observations of decreased fat deposits 

and increased percent of protein found in the testosterone-treated 

calves. 

These findings are in agreement with the concept of greater 

output of thyroxine by the thyroid gland in calves receiving 

testosterone. Certainly the increase in thyroxine secretion 

would be conducive to greater water and protein retention and re- 

duced fat storage. 

Meat characteristics 

The observations made on the cooked meat saiples offer interest- 

ing information which ties in rather closely with the other 
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observations. The drip loss of meat saiiples during cooking was 

greatest for the group of control heifers which was also the group 

with the highest percent of fat in the meat samples. Since, in 

cooking the water which leaves the roast is evaporated away, the 

drip will be largely of a fatty nature. The samples therefore, 

which lost the greatest amount due to drip in cooking,were from the 

calves highest in fat. Conversely, the calves which had samples 

higher in protein and water content would be expected to have roasts 

which lost larger amounts of water by evaporation. This trend, 

however, was not consistent for all groups although the control 

heifers yiere somewhat lower in percent of evaporation loss and 

percent of protein than the other groups. 

The effect of testosterone on the shearing strength of samples 

from heifer and steers is difficult to explain on the basis of 

existing knowledge of male hormone activity. The increase in shear- 

ing strength of steers receiving testosterone might well be ex- 

pected from the protein anabolic activity of male hormones and from 

the results by Herrick (ItS, p.1)17) indicating increased strength of 

the skin and the gas trocnemius muscle of the fowl following the ad- 

ministration of testosterone propionate. However, the lack of ef- 

fect or decrease in shearing strength in the heifer calves was not 

consistent with the observations in the fowl. 

Induced hormonal activity 

Considerable evidence exists to indicate that the thyrotropic 
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hormone content of the anterior pituitary gland is a rather reliable 

indication of the activity of that gld in secreting the thyrotropic 

hormone. The work by Reece and Turner with beef cattle (91, p.96) 

indicates an increase in thyrotropic hormone content of the anterior 

pituitary during the period of most rapid growth (from )..-iO months). 

The period of most active growth was presumably the time of greatest 

secretion of the thyrotropic hormone. Likewise the more rapid gain- 

ing bulls had a much higher thyrotropic hormone content than the 

slower growing heifers in the trials conducted by Reece and Turner. 

In the rabbit, there was increasing thyrotropic hormone content of 

the hypophysis as the animals reached their most rapid period of 

growth and as the growth rate declined upon nearing maturity, the 

thyrotropic hormone content decreased (110, p.652). The castration 

of young male rats which results in a decrease in growth rate was 

also found to decrease the thyrotropic hormone content of the an- 

terior pituitary (109, p.1OL3). 

In the beef cattle trials reported here the thyrotropic hormone 

content of the anterior pituitary gland of steer calves was greater 

than that of heifer calves, and the growth rate of steer calves was 

also greater than that of heifer calves. The thyrotropic hormone 

content of the anterior pituitary was markedly increased by the 

testosterone injections and also to some extent by the oral admin- 

istration of methyl testosterone. The growth rate of calves was 

also markedly increased by the use of testosterone. The tendency 
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for these two traits to occur together indicates that there may be 

a definite association between them. The testosterone treatment also 

quite definitely decreased the total percent of fat in the carcass, 

These changes in rate and kind of growth tend to resemble those of 

bull calves under similar feed conditions. The thyrotropic hormone 

acts first and principally on the thyroid gland to cause secretion 

of the thyroid hormone, thyroxin, but it may have other functions 

and could possibly act synergistically with the growth hormone. 

In the gonadotropic assay of the anterior pituitary it is nec- 

essary to remember that two or more factors in the pituitary may 

be effective in stimulating the weight of the testes of the assay 

animal. Follicle-stimulating hormone and luteinizing hormone, are 

known to be important and often act synergistrically in stimulating 

weight of the testes. The absence or reduction of number of corpora 

lutea in the ovaries of testosterone-treated calves indicates an 

interference with the activity of the luteinizing hormone either due 

to suppression of its formation or secretion or an antagonistic 

effect by other hormones to prevent its normal action. In nearly 

all cases Heilbaum and Greep (L2, pp.3L-3) produced only follicular 

development in the ovaries of 21-day old female rats by injecting the 

anterior pituitary gland tissue of castrated male rats receiving 0.5 

ing. of testosterone propionate daily for periods of 30 days or 

longer. However the pituitary gland tissue from non-treated castrated 

male rats produced both follicular stimulation and corpora lutea 

formation in the ovaries of 21-day old female rats. This would 
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indicate that the deficiency or antagonistic material existed as 

such in the anterior pituitary, thus demonstrating an action of 

male hormone on this gland. 1he great increase in gonadotropic 

hormone content of the anterior pituitary with castration and the 

decline following male hormone therapy reported by many workers 

may be due to a corresponding fluctuation in the luteinizing hormone 

content of this gland. The great variations in activity might be 

due to relatively slight deviations in the luteinizing hormone 

content which could act on an all-or-none basis and dependent 

upon the smergistic activity of this hormone with follicle- 

stimulating hormone to produce the changes in the assay material. 

The assay of total gonadotropic hormone content of the anterior 

pituitary gland of calves in the l9l-2 trial clearly indicates 

a decrease in gonadotropic hormone content of calves receiving 

testosterone treatment as compared with normal controls. is 

would coincide with the lowering of luteinizinc hörmone activity 

by testosterone treatment as was indicated by examination of the 

ovaries. Vlhen the pituitaries of calves in the l9SO-1 trial were 

assayed, however, the gonaclotropic hormone content of those in the 

testosterone treatment group was greater than those in the control 

group. The l9O-1 material may not be reliable, however, since the 

pituitaries were stored for over twelve months before they were 

assayed and one of the gonadotropic hormones may have become in- 

activated to some degree. íhen a response is dependent on two 

causative agents as is the weight of the testes of these assay 
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chicks the entire destruction of one agent may completely change 

the rank of response to the materials being tested. 

The gonadotropic hormone content of the anterior pituitary 

of methyl androstenediol-treated calves was greater than that of 

control calves in the l9O-1 trial. The validity of these es- 

timations may be open to criticism because of the long period of 

time which the glands from calves in the l9O-1 trial were stored 

prior to assay. The condition of increased gonadotropic hormone 

following male hormone treatment is not in agreement with most of 

the experimental results reported. 

The decrease in thyroid hormone content per gram of thyroid 

gland of calves receiving the testosterone tr.atment is the condition 

expected in a highly active gland where a large amount of thyroxin 

is being produced, but a greater amount is being secreted. The 

colloid areas containing stores of thyroxin are being depleted and, 

although the production of thyroxin is quite high, the actual 

amount in the gland is relatively low. A further indication of 

the increased activity of the thyroid of testosterone-treated calves 

is shown by the histology of the gland. he testosterone-treated 

calves have thyroids with very small colloid areas surrounded by 

tall columnar secretory epithelium, while the thyroids of control 

calves have large colloid deposits and low cuboidal or flat cells 

surrounding the colloid. The large size of the thyroid glands may 

be a result of thyroid stimulation, either directly by the testos- 

terone or indirectly through the anterior tituitary gland. Although 



the thyroxin content of the thyroid of testosterone-treated calves 

is lower per unit weight than that of control calves, the large size 

of the thyroid glands of testosterone-treated calves might mean 

that the total thyroxin content of the thyroid glands of testosterone- 

treated calves may be equal to or even greater than that of control 

calves. However, in the control calves the secretory activity is 

low while in the calves receiving testosterone it is probably 

quite high. The thyroid gland is an excellent example of a con- 

dition in which the hormone content of a gland is not directly 

proportional to the activity of the gland in secreting that hormone. 

Cross changes in organs and glands 

Apparent inconsistencies reported by various workers concerning 

the effects of male hormones on the organs and glands of experimental 

animals are reconcilable on the basis of differences in hormone used, 

dosage levels, methods of administration and type of experimental 

animal used. Perhaps the most valuable information of this sort 

i_s that which is accompanied by a concise description of the over- 

all changes accompanying the alteration of organ and gland size. 

For instance, the knowledge that testosterone treatment increases 

the weight of the thyroid gland of rats is aided greatly by a des- 

cription of the accompanying change in histolor of the gland. The 

data on size of organs and glands are presented therefore as an aid 

in describing the overall effect of male hormone treatment. 

Although the size of the pituitary gland was increased by 
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testosterone treatment in the 191-.2 trial, there were no other 

consistent effects of hormone treatments on pituitary gland size. 

The pituitary glands of calves receiving methyl androstenediol, 

methyl testosterone, or testosterone in the 19l-2 trial were equal 

in weight to pituitary glands of control calves. Thus, although 

there were significant changes in the thyrotropic hormone content 

and, in some cases, the gonadotropic hormone content, there were 

no corresponding changes in the size of the pituitary gland. he 

data indicate that both mothyl testosterone and testosterone treat- 

ments produce increases in the size of the thyroid glands. This 

increase in size is apparently accompanied by an increased hormone 

production and cellular activity of tne tnyroid gland as is indica- 

ted by biological assay and histological examination. The role 

that the thyroid gland plays in controlling the metabolic rate 

makes changes of size and activity of this gland of considerable 

importance. The lack of consistent effects of hormone treatment 

on the size of the adrenal glands makes a general statement on 

their response of little value. The increase of adrenal weight 

produced in the l95l-2 trial by- testosterone treatment was not 

found in the methyl testosterone trial or in any studies in the 

l9O-5l trial. Of the three types of male hormone used, none pro- 

duced significant effects on heart weight, liver weight or small 

intestine length under the conditions of these trials. However in 

these organs, as well as the glands listed above, considerable 

change in function may occur before change in size is evident. 
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The development of masculine seoia1 behavior is apparently 

dependent on the high concentration of male hormone in the animal 

body. This has been clearly demonstrated by the loss of sexual drive 

and activity in the adult male after castration. As is indicated by 

the work of Grunt and Young (30, p.2Lit) the semal drive lost by 

male guinea pigs following castration is regained quickly from male 

hormone tnerapy. In the trials with beef cattle, the development 

of masculine sexual behavior of both heifers and steers following 

testosterone treatment further indicates the prominent role played 

by male hormones in this trait. Other manifestations of masculinity 

which were very prominent in the testosterone-treated animals in- 

cluded partial penis erection of steer calves, the deep, coarse voice 

characteristic of intact males, development of prominent musculature, 

and discoloration of the hair coat. Increased weight of the seminal 

vesicles is also an indication of the androgenic activity of the 

hormone. 

The intense development of these various masculine characteris- 

tics in the testosterone-treated calves and the absence of such de- 

velopment in the methyl androstenediol-treated calves is indicative 

of the difference in androgenic activity of these two substances. 

This correlation between lack of androgenic activity and lack of 

effect on growth rate and feed efficiency demonstrated by the methyl 

androstenediol may have definite physiological significance. The 
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ability of the various androgens to stimulate growth may be a function 

of their ability to stimulate mas culinization. However, there is 

little indication that the level of methyl androstenediol t'eatment 

used in this trial was sufficient to bring about a physiological 

response of any sort. 

In the methyl testosterone trial, the weights of the seminal 

vesicles increased with increasing levels of dosage showing a quite 

remarkable sensitivity of response of these glands to the level of 

hormone consumed. Despite this demonstration of a physiological 

action on the seminal vesicles the various levels of methyl testas-. 

terone used had no significant effect on the rate or economy of 

gain. The development of masculine sex characters was also much 

less obvious in the methyl testosterone-treated calves than in the 

testosterone-treated calves. A further consideration is that the 

seminal vesicles of 9O pound steers in the group receiving the 

highest level of methyl testosterone were not as large as the seminal 

vesicles of 800 pound steers receiving testosterone injection. This 

would indicate that the androgenic activity of methyl testosterone 

at i mg/kg of body weight per week is lower than that of 1 mg/kg 

of body weight per week of testosterone injected intranuscularly. 

Genetic effects 

Differences between sire groups in feed-lot performance are indica- 

tions of genetic differences between sires. The sires of the experi- 

mental calves were selected from a group of haif-sibs on the basis 
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of conformation. Genetic differences between these sires were pro- 

bably less than the average for half-sib animals chosen at random. 

A significant difference between sire groups in both rate and ef- 

ficiency of gain occurred in the l9l-2 trial during the period 

from 67 to 800 pounds live weight; no other significant differences 

in feed-lot performance between sire groups occurred. This may 

indicate that performance during the period from 67 to 800 pounds 

live weight is more highly heritable than performance during the 

period from %0 to 800 pound live weight. The lack of significant 

differences between sire groups is a reflection of the degree of 

relationship between sires and, consequently, the genetic simi- 

larities between them. .Lhese small differences between sire groups 

may- also indicate that average daily gain and feed efficiency may 

not beas highly heritable as some previous estimates that have been 

made. 

Commercia]. implications 

The trials suggest a method for decreasing the cost of producing 

beef, particularly in a market which is demanding a high protein 

meat product with a relatively low amount of waste fat. The method 

of application which gave best responses, intramuscular injections 

weekly during the feeding period, is, however, rather impractical 

with commercial beef producing methods. The cost of these hormones 

is also prohibitive at the present time but a less pure substance 

which codd possibly be used in commercial beef production would be 

available if satisfactory methods for administration are developed. 
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SUW1ARY AND CONCLUSIONS 

1. Steer calves gain more rapidly and require less feed per 

unit gain than heifers of similar genotype and under similar en- 

vironmental conditions during the period from OO to 800 pounds 

live weight. Under the conditions of these trials, heifer calves 

had a higher dressing percent, a higher carcass grade, a greater 

fat content of carcass, a greater percent of hindquarter, a lower 

percent of round, and a higher percent of flesh te-bone-plus-flesh, 

than steer calves. 1eat sanpies cooked under similar conditions 

indicate that meat from heifers has a greater drip loss during cook- 

ing and a greater shearing strength than meat from steers. The 

trrotropic hormone content of the anterior pituitary of steer 

calves is greater than that of heifer calves. 

2. The weekly- intramuscular injection of testosterone at the 

rate of i mg/kg of body weight resulted in an increase in rate of 

gain and a decrease in feed required per unit gain. Testosterone- 

treated heifers had a slightly lower dressing percent, a lower per- 

cent of fat, a higher percent of protein, a higher percent of round 

and a higher percent of chuck than control heifers, while testosterone- 

treated steers were very similar to control steers in these traits. 

The thyrotropic hormone content of testosterone-treated calves was 

much greater than that of control calves, and the testosterone- 

treated calves had larger thyroid glands than control calves. Tes- 

tosterone produced effects on the weights of the adrenals and 

pituitary gland but these were not consistent. The calves receiving 
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testosterone developed masculine appearance and patterns of mascu-. 

line behavior which were entirely lacking in the control calves. 

3. The weekly intrarnpscular injection of 1 mg/kg of methyl 

androstenediol during the period from 500 to 800 pounds live weight 

had no effect on average daily gain, feed required per unit gain, 

carcass characteristics, thyrotropic hormone content of the anterior 

pituitary, size of certain organs and glands, or on the sexual be- 

havior of beef calves. 

L. The oral administration of methyl testosterone at the 

levels of 0.25, 0.50, and 1.0 mg/kg body weight per week to steer 

calves had no effect on the average daily gain or feed required per 

unit gain, but decreased the percent of fat and increased the per- 

cent of lean in the carcass, increased the thyrotropic hormone 

activity of the anterior pituitary gland, and produced a graded 

response in the increase of weight of sem±nal vesicles. 

5. The action of testosterone in increasing average daily 

gain may be through the stimulation of the anterior pituitary gland 

to secret thyrotropic hormone which stimulates the thyroid gland 

to secret thyroxine. A high level of thyroxin in turn 3peeds the 

metabolic rate which decreases fat storage and increases nitrogen 

retention, The difference in caloric requirements for these two 

types of growth would account for the reduction in feed required 

per unit gain and the consequent increase in average daily gain on 

the same daily food intake. 
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6. The lack of genetic-treatment interactions in the measures 

of feed-lot performance indicates that the use of male hormones 

may- be expected to give comparable results to those reported in 

this work, in widely diverging genetic groups of cattle. 
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