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Data were taken from 47 animals consisting of five 

breeds: Border Cheviot, Columbia, Dorset Horn, Suffolk, 

and Willamette. Both sexes were represented in each breed, 

although in unequal numbers. The pituitaries were assayed 

for gonadotropic and thyrotropic hormone content by inject- 

ing a suspension of the macerated gland in saline into 

one -day old chicks. Five levels of the suspension were in- 

jected subcutaneously into the breast area of the birds 

once a day for four days. The amount of hormone present in 

the pituitary was measured by the increased weight of the 

testes and thyroids over those of the controls in the assay 

animals. 

Analysis of the data showed that there were no differ- 

ences in the hormone content per unit of pituitary weight 

of the pituitaries between the breeds or sexes of the 

animals. Significant differences (P <.Ol) due to breed 

were found in the live weight of the animals, and in the 

pituitary weights of the animals. A correlation coefficient 
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of 0.5769 was found between pituitary weight and live 

weight. 

From these data, it was concluded that the differ- 

ences in the growth and reproduction of different breeds 

of sheep are associated with differences in the total 

amount of gonadotropic and thyrotropic hormones present 

in the pituitary gland rather than the concentration of 

hormone per unit of gland. 
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GENETIC AND PHYSIOLOGICAL FACTORS ASSOCIATED WITH 
GONADOTROPIC AND THYROTROPIC HORMONE 

CONTENT OF SHEEP PITUITARIES 

INTRODUCTION 

In all farm animals, prolificacy and rapidity of 

growth are important considerations because the mainten- 

ance requirement continues even if animals do not repro- 

duce or grow well. If the number of offspring produced 

per year can be increased, the cost per offspring is 

reduced. Similarly, if the growth rate can be increased, 

the time required to reach a given weight is decreased and 

the feed requirement is reduced. 

Endocrine research has demonstrated that the hormones 

of the pituitary and thyroid glands and the gonads play 

important roles in growth and reproduction of domestic 

animals and in their subsequent rate of fattening. When 

the pituitary is removed, irrespective of the age of the 

animal, growth quickly stops. In the young animal hypophy- 

sectomy results in prevention of reproduction and in the 

sexually mature animal, it results in cessation of repro- 

duction. These occurrences indicate the importance of the 

pituitary gland in growth and reproduction. 

Reproduction is similarly halted when the gonads are 

removed. However, when the thyroid gland is removed, 

especially in young animals, the rate of growth subsides 

gradually rather than quickly. 
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Since the pituitary gland exercises control over the 

thyroid gland through its secretion of the thyrotropic 

hormone, the control of the growth rate of normal animals 

would be influenced in part by the factors which influence 

the rate of secretion of the thyrotropic hormone. Also, 

since the pituitary likewise exercises control over repro- 

duction of the animal through its secretion of the gonado- 

tropic hormones, reproduction of animals is influenced in 

part by the factors influencing the rate of secretion of 

the gonadotropic hormones. 

Since economic production of animals depends upon 

rapid growth and reproduction, it is important to gain a 

clear understanding of the hormones involved in these pro- 

cesses. Some animals have the inherited ability to make 

rapid and efficient gains in weight, whereas others gain 

very slowly. Similarly, animals differ in their inherent 

reproductive abilities. It is quite probable that the 

differences in animals is indicated by differences in the 

rates of secretion of the hormones involved. The ineffi- 

cient animal may have inherited endocrine glands which are 

secreting insufficient or unbalanced amounts of the hor- 

mones essential to that process or those processes in 

which that animal is inefficient. 

If this hypothesis is correct, it is of great practi- 

cal importance to determine the relationships of those 

hormones which directly or indirectly influence these 
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processes (growth and reproduction) so that methods may be 

devised, if possible, to supplement deficiencies, or by 

selection, to breed for the particular factors which are of 

greatest importance. 

Pituitary gonadotropins and thyrotropin are hormones 

involved in reproduction and growth respectively. The 

assay of pituitaries for gonadotropin and thyrotropin in- 

volves a short assay period with chicks and results in an 

accurate measurement of the quantity of these hormones 

present in the pituitary. This, however, does not exclude 

the possibility that the amount of these hormones present 

in the pituitary may be of little value in indicating the 

amount of these hormones actually released by the pituitary 

within the animal body. 

The primary purpose of this experiment was to deter- 

mine whether gonadotropic or thyrotropic hormonal content 

of the pituitary gland differed between breeds that differ 

greatly in their rates of growth and reproduction and be- 

tween sexes of sheep. This was determined by comparing 

the weights of the testes and thyroids of assay animals 

injected with pituitary material with those from control 

chicks. 

If fertility and reproduction are dependent on the 

optimum functioning of the gonads, and the optimum opera- 

tion of the gonads is dependent upon the amount of gonado- 

tropic hormones secreted by the pituitary, then the amount 



4 

of gonadotropic hormones in the pituitary should be high in 

those animals exhibiting a high degree of prolificacy and 

lower in less prolific animals. 

If the same relationship exists between growth rate 

and the thyroid gland, it is highly probable that the amount 

of thyrotropic hormone in the pituitary would be high in 

those animals making the more rapid growth and lower in 

slower growing animals. 

The literature is quite variable as to whether or not 

a high concentration of hormone in the pituitary indicates 

a high rate of hormone secretion. However, it seems very 

difficult, with few exceptions, to interpret a low pitui- 

tary hormone concentration as a measure of high secretory 

rates. This does not mean to imply that a high concen- 

tration of hormones in the pituitary is a measure of high 

secretory rates, but rather that this would seem more 

feasible. 
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REVIEW OF LITERATURE 

Although the literature concerning pituitary endocrine 

relationships is voluminous, some aspects of this subject 

are covered rather lightly. The following review presents 

those papers related to the study conducted. 

The gonadotropic content of the hypophysis: 

The extensive investigations of Smith and Engle (52, 

p.212) definitely established the presence of gonad- - 

stimulating substances in the anterior pituitary tissue of 

several species. Implantations of anterior pituitary 

glands into sexually immature cats and mice induced pre- 

cocious sexual maturity in both sexes. In the female this 

was evidenced by the appearance of all the changes charac- 

teristic of sexual maturity in untreated animals. In the 

male, similar changes were also noticed, but to a lesser 

degree. Fractions which produced two different kinds of 

effects were subsequently extracted from pituitary glands 

by Fevold, Hisaw, and Leonard (24, p.293). One which they 

called follicle -stimulating hormone (FSH), produced follic- 

ular growth in the ovary; the other, luteinizing or 

interstitial -cell -stimulating hormone (LH or ICSH), caused 

luteinization of the follicles, which had been stimulated 

by FSH. In the male organism, FSH was found to maintain 
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spermatogenesis and ICSH to promote the secretion of andro- 

gen by the interstitial cells of Leydig. 

There have been few studies on the pituitary content 

of different gonadotropins in males of species other than 

the rat. The observation by Evans and Simpson (21, p.376) 

that the hypophysis of the male rat contains more total 

gonadotropic activity than that of the female (about 3.5 

times as much) has been confirmed by Greep and Jones (25, 

p.242). Since the anterior lobe in the male is smaller 

than in the female, it is evident that this potency in the 

male is still greater per unit of tissue. Even pituitaries 

of immature males are twice as potent as the much larger 

glands of the adult female (21, p.377). 

In a study concerning the amount of gonadotropic 

hormone in the pituitaries of groups of male and female 

New Zealand white rabbits, Bergman and Turner (8, p.15) 

reported that the gonadotropic hormone concentration of 

the anterior pituitary of sexually mature males averaged 

about 70 percent above that of females of comparable 

weight. Elder and Finerty (19, p.13) also found this same 

relation between males and females. 

Domm (le, p.309) reported male fowl pituitaries more 

potent than those of females, as shown by the results 

obtained from implants into immature female rats. Hill 

(30, p.140) reported that the assay of male cat pituitaries 

gave an extremely high result of 3120 units per gram, while 
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pituitaries from female cats only showed $00 units. On the 

other hand, Magistris (cited by Reece and Turner, 43, p.32) 

employing the immature mouse for assay purposes reported 

that pituitaries from female cats were about twice as 

potent as glands from male cats. Hill (30, p.143), using 

the rabbit ovulation test, found results similar to those 

of Magistris,in the dog. 

Hellbaum and Greep (29, p.904) reported that male 

hypophyses stimulated follicular development only, unless 

large amounts of the dessicated glands were administered. 

The hypophyses of adult female rats, however, induced 

luteinization at all dose levels. It is recognized that 

the hypophyses of different species differ greatly in their 

power to stimulate the gonads of test animals. Smith 

(cited by Bugbee, Simond, and Grimes, 10, p.46) noted that 

the pituitaries of both pigs and sheep were more potent 

than those of cattle, and according to Wallen- Lawrence and 

Van Dyke (56, p.122) the difference may be as much as ten 

times. Hellbaum (2e, p.641), conducted a series of experi- 

ments with horse pituitaries and compared their gonad - 

stimulating activities with that of the pituitaries of 

other animals. He found the horse glands to have consider- 

ably more gonadotropic activity than those of sheep. 

Hill (30, p.141), using the production of ovulation in 

the estrus rabbit, has classified various animals in rela- 

tion to the potency of the gonadotropic hormones in the 
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pituitary. Hill's classification is as follows: sheep 

greater or equal to horses but far greater than the ox. 

Van Dyke (55, p.128) indicated that gonadotropic hormones 

in the Pars glandularis of the ox is very low and typical 

effects are detected only by the most sensitive tests. 

Cole (cited by Warwick, 5$, p.530) reported that the 

gonadotropic hormone content of the pituitary gland of the 

male 13 -line ground squirrel increases greatly during the 

breeding season, suggesting that, at least in this species, 

hormone content of the gland is correlated with secretory 

rate and activity of the gonads. 

Cole and Miller (14, p.$4) compared pituitary potency 

of sheep in different reproductive states and found that 

pituitary potency did not vary significantly during the 

anestrus period, the estrous cycle, or pregnancy. Warwick 

(58, p.533) suggested that a lack of pituitary gland 

activity may not be completely responsible for anestrus in 

the ewe. Warbritten and McKenzie (57, p.58) concluded from 

a histological study of the pituitary, that variations in 

the rate of synthesis of the follicle -stimulating hormone 

may be the cause of the seasonal breeding behavior of 

sheep. 

Nalbandov (39, p.49) cites evidence to suggest that in 

the normal cycling, spontaneously ovulating female, pitui- 

tary content of gonadotropin reflects systemic levels. On 

the other hand, there is evidence that the gland content 
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may not reflect secretory rate under certain conditions. 

In the anestrus ewe, Kammalade and his coworkers (32, p.653) 

found pituitary content to be high but the ovaries rela- 

tively inactive. Hill (30, p.143) suggested that the 

decreased gonadotropin content of rabbit pituitaries which 

occurs 24 hours post- coitus represents a rapid release, as 

does the decreased content of pituitary gonadotropin at 

the time of estrus in spontaneously ovulating species (32, 

p.654; 45, p.476). 

Yeates (60, p.39) found that in Suffolk sheep the 

breeding season started some ten to fourteen weeks after 

the longest day of the year. Similar results were obtained 

by Hafez (26, p.753). Warwick (5$, p.533) reported that 

pituitary glands of Lincoln x Rambouillet crossbred ewes 

were consistently more potent than those of Hampshire ewes. 

These differences were significant and highly significant 

as judged by the chick or rat assays, respectively. Robin- 

son and Nalbandov (45, p.477) found that genetically 

different strains of swine produce significantly different 

amounts of gonadotropic hormone. They also reported no 

significant difference between the gonadotropic potency of 

identical amounts of pituitary powder from nulliparous 

(gilts) and multiparous (sows) females. They state that 

in view of the significantly heavier pituitaries found in 

sows the total amounts of gonadotropic and thyrotropic 

hormone present per gland were much greater in sows than 
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in gilts. Due to the larger body weight of the sows the 

amount of gonadotropic hormone per unit body weight was 

found to be about the same in the two age groups. 

Accurate biological assay of gonadotropic hormones is 

made more difficult by several conditions which interfere 

with determinations of their presence and potency by 

modifying the actions of the hormones. Included in these 

conditions are 1) synergism between certain gonadotropins, 

2) augmentation by unrelated substances, and 3) the insta- 

bility of gonadotropic solutions. 

Fevold and Hisaw (23, p.665) showed that follicle- - 

stimulating hormone and luteinizing hormone are dependent 

upon the action of each other in producing effects on the 

weight and appearance of the ovary which are much greater 

than the results expected on the basis of individually 

injecting each hormone into different animals. 

Casida, Meyer, and McShan (12, p.$9) list numerous 

materials exercising the augmentation phenomenon over the 

hypophyseal gonadotropic effects but which have no apparent 

chemical characteristics in common. Among 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 tissues 

involved. 

Maddock and Heller (36, p.l$1) demonstrated the rapid 
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loss of gonadotropic activity from solution by showing that 

shaking or storage at 37 °C. will result in this phenomenon. 

They found that "protecting substances" such as whole blood, 

egg white, testis slices or aluminum hydroxide added to the 

gonadotropin prevents inactivation. 

The biological assay of gonadotropic hormones is 

usually based on the effect of the substance on the gonads 

or accessory organs (seminal vesicles, prostate, uterus, 

vagina, etc.). Normal intact adult animals are not often 

suitable as assay animals due to the stimulation of gonado- 

tropin from their own hypophysis. Exceptions to this are 

those animals ovulating only after copulation or those 

animals exhibiting seasonal reproductive cycles. By using 

the estrus rabbit, Hill, Parkes, and White (31, p.358) 

measured the potency of the ovulation producing hormone by 

inducing ovulation. 

Hypophysectomized animals have been recommended for 

use in gonadotropic assays since the animal's own pituitary 

is eliminated as a possible source of gonadotropin. Evans 

and coworkers (22, p.529) used hypophysectomized female 

rats to measure the resumption of follicular growth for 

follicle- stimulating activity and repair of deficient 

interstitial tissue of the ovary for luteinizing activity 

of the injected material. The rats were hypophysectomized 

at 26 to 2$ days and used six to eight days postoperative. 

By use of hypophysectomized cocks, Nalbandov, Meyer, and 
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McShan (40, p.103) found it possible to assign specific 

responses of the cock to each of the two hormones. Pure 

follicle -stimulating hormone only produced an increase in 

testis size while pure luteinizing hormone produced both 

comb growth and testis growth. The two materials act 

synergistically on comb and testis growth, if the follicle- - 

stimulating hormone is contaminated by a small amount of 

luteinizing hormone. 

Using day -old chicks as the test animal, Byerly and 

Burrows (11, p.368) found that subcutaneous injections of 

gonadotropin from mare serum caused a rapid increase in 

testicle weights over the control animals. 

The thyrotropic content of the hypophysis: 

It is generally agreed that a separate hormone, 

thyrotropin, produced by the Pars anterior of the pituitary 

controls the activity of the thyroid gland and that its 

production is, in turn, controlled largely by the thyroid 

hormone, thyroxine (15; 16; 55). This concept has developed 

over the years since Rogowitsh (cited by Adams 1, p.6) 

demonstrated a relationship between the pituitary and 

thyroid glands by the enlargement of the pituitary follow- 

ing thyroidectomy. 

Smith (50, p.161; 51, p.273) demonstrated the depend- 

ence of the thyroid on the pituitary for its development 
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and function in experiments using hypophysectomized 

mammals. 

Loeb and Basset (35, p.491) reported that cattle 

pituitary was much more effective than the guinea pig 

pituitary in causing hypertropic changes in the thyroid 

when administered subcutaneously. 

In 1942, Adams and Allen (2, p.221) attempted to 

arrange animals in a series with respect to the thyroid- - 

stimulating capacity of their anterior pituitaries. In 

order of descending potency their list is as follows: 

frog (Rana pipiens), rat, mouse, dog, pig, cattle (beef), 

toad ( ?), sheep, turkey, horse, man, rabbit, cat, pigeon, 

young chick ( ?), guinea pig, and hen. Data by White (59, 

p.24), however, indicated that the sheep pituitary yields 

a higher quantity of thyrotropic hormone per kilogram of 

fresh tissue than that of beef. Thus, it may be stated 

that variations in the thyrotropic potency of the pituitary 

appears to bear no fundamental relation to the phylogenetic 

position of the animal (1, p.7). 

Tests for possible differences in thyrotropic potency 

associated with age and sex have been made by some workers. 

Saxton and Greene (47, p.502) have found that the pitui- 

taries of immature female rabbits (10 -70 days old) contain 

more thyrotropic hormone than those of young mature ones 

(four to eight months old), but the latter contain more 

than those of old females. Reece and Turner (43, p.96), 
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using the guinea pig as the assay animal, found that the 

thyrotropic potency in cattle increases from 26.40 GPU per 

gram of fresh gland for calves to 32.13 GPU and 3$.36 GPU 

in four to ten month old heifers and bulls, respectively. 

Turner and Cupps (54, p.652) made similar observations in 

the rat. They found that the potency of thyrotropic hor- 

mone per gram of fresh pituitary tissue reaches a maximum 

in both males and females between 130 and 1$0 days of age, 

after which it rapidly drops. Adams and Mothes (3, p.31) 

reported an increase in the thyrotropic hormone content of 

the hypophyses of albino mice from pre -puberty to puberty 

in both sexes. At sexual maturity, the content was reduced. 

With regard to sex, the male pituitary has been re- 

ported to be more potent than the female one in the rat 

(54, p.652). Turner and Cupps (54, p.652) found that 

during the 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. Adams and 

Mothes (3, p.31) noted that the thyrotropic hormone con- 

tent was greater in female mice during pre -puberty but 

became less than that of the male as sexual maturity 

approached. 

Bates, Riddle, and Lahr (5, p.261) reported that 

pituitaries from veal calves induced a 63 percent increase 

in thyroid weight, over the controls, in immature doves. 

Bull and non -pregnant cow pituitaries elicited a 93 percent 
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and 103 percent increase, respectively. 

Chen and Van Dyke (13, p.295) compared the thyrotropic 

potencies of the pituitary of normal litter -mate male and 

female rabbits. The doses were based upon the total 

weights of the anterior pituitaries. They observed no 

difference in the thyrotropic content of male and female 

anterior pituitaries. 

Elijah and Turner (20, p.25), in studying anterior 

pituitaries of swine, grouped according to age, weight, 

sex, type, and gaining ability, reported a definite rise 

in the thyrotropic content of pituitaries during the period 

of rapid growth. They also found that the pituitaries have 

a lower thyrotropic hormone content both prior to and 

following this period of rapid growth. These data agree 

with those of Turner and Cupps (54, p.652) in the rat and 

Bergman and Turner (7, p.319) in the rabbit. Elijah and 

Turner (20, p.25) also reported that pituitaries of more 

rapidly gaining swine contained more thyrotropic hormone 

than those of less rapidly gaining swine. 

Many methods have been proposed for the biological 

assay of thyrotropic hormone in pituitary material. 

In the axolotl, preparations of the thyrotropic sub- 

stance induced metamorphosis. Spaul (53, p1) suggested 

this effect as a basis for the assay of thyrotropic 

material. 

The grass snake (Tropidonotus natrix) is a particularly 
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good test object, according to Mason (37, P.481) because 

its thyroid shows surprisingly little variation from the 

normal resting condition unless stimulated by pituitary 

extracts. 

Riddle (44, p.307) used the thyroids of immature 

pigeons and doves to measure thyrotropin containing 

extracts. The thyroids of these birds undergo pronounced 

enlargement and show histologic signs of hyperplasia after 

administration of an extract containing thyrotropic 

hormone. 

Cuyler, Stimmel, and McCullagh (17, p.287) have 

suggested the determination of the total iodine content of 

the thyroid gland as a measure of the thyrotropic activity. 

The iodine content decreases with stimulation. 

Anderson and Collip (4, p.680), departing from the 

morphology of the thyroid as a basis for thyrotropic 

hormonal assay, suggested that the increased basal meta- 

bolic rate following thyrotropic hormone injection be used. 

Rowlands and Parkes (46, p.1$31) used weight increase 

response of the guinea pig thyroid to thyrotropic hormone, 

constructing an assay curve on this basis. The thyrotropic 

unit suggested by Reece and Turner (43, p.12) was that 

amount of hormone which would elicit a 50 percent increase 

in the weight of thyroid glands of four male guinea pigs 

weighing between 140 and 170 grams when injected subcutane- 

ously daily for four days and the animals sacrificed 24 
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hours later. 

Smelser (49, p.435) used the increase in the weight 

and the histologic signs of hyperactivity elicited by the 

thyrotropic factor in the one -day old chick as a basis for 

bioassay. He reported that the thyroid gland of the chick 

responds to one -tenth the amount of material necessary to 

produce hypertrophy in the guinea pig. 

Bergman and Turner (6, p.664) define the Bergman- - 

Turner male chick unit as the total amount of hormone, 

administered over a four day period with subcutaneous in- 

jections once each day which will cause a mean weight 

increase of 50 percent (to about 5.4 mg.) in the thyroids 

of twenty chicks weighing an average of 55 grams. The 

chick unit is approximately one -fourth as potent as the 

Bergman- Turner guinea pig unit. 

Pituitary weight: 

The sizes and weights of the pituitary glands differ 

among species, between individuals, and between individuals 

in different stages of development. The work of Wittek 

(cited by Elijah and Turner, 20, p.14) with cattle showed 

an increase in pituitary weight with increasing body weight 

and age up to a maximum, after which the pituitary weight 

and body weight both decreased. Reece and Turner (43, p.19) 

compiled much of the available information on pituitary 
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weights of different species and Lewis and Turner (34, p.21) 

later re- analyzed the data to show the relationship between 

pituitary weight and body weight. Their conclusion was 

that pituitary size in proportion to body size decreases 

considerably as body weight increases. Mixner and Turner 

(3$, p.261) indicated that the ratio of pituitary weight 

to body weight declines with increasing body weight during 

growth. Elijah and Turner (20, p.15) reported that the 

pituitary weights of swine increase as the age and weight 

of the hogs increase. 

There has been some uncertainty as to the effect of 

sex on pituitary size and weight within different species 

of mammals. According to Hatai (27, p.$7), the size of 

the pituitary in the male and female albino rat remain the 

same until puberty. However, the gland from the female 

weighs 75 to $0 percent more than that of the male at 

maturity. Wittek (cited by Lewis and Turner, 34, p.22) 

reported that up to four years of age, there was no 

difference in pituitary weight between male and female 

cattle. In mature cattle the glands from males were 

heavier than those from females. Reece and Turner (43, 

p.39), however, found the hypophyses of heifer calves 

between four and ten months of age to be heavier than those 

from bulls of corresponding ages. However, at 11 to 23 

months of age, hypophyses from heifers were lighter than 

those from bulls. 
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Lewis and Turner (34, p.24), using proportion of 

pituitary weight to body weight, found the proportional 

pituitary weight of dairy bulls was the same as that of 

beef bulls under 500 pounds weight. Pituitaries from beef 

bulls weighing 500 to 700 pounds were found to be propor- 

tionally heavier than those of beef heifers. Elijah and 

Turner (20, p.16) reported that gilts had pituitaries that 

were 2$ percent heavier than pituitaries from boar pigs of 

the same age. The gilts had pituitaries that were 0.00049 

percent of their total body weight as compared to 0.00039 

percent for the boar pigs. In the same study, these 

workers (20, p.17) found that the average pituitary weight 

of a rapidly gaining group of swine was 135.1 mg. as com- 

pared to an average of 61.$2 mg. for the slower gaining 

group. 
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MATERIALS AND METHODS 

Source of pituitaries: 

Pituitary glands from 47 sheep including five differ- 

ent breeds were used. The breeds were Border Cheviot, 

Columbia, Dorset Horn, Suffolk, and Willamette (a breed of 

sheep developed at Oregon State University) (Table 1). 

The Border Cheviot is a small and extremely hardy 

breed. They are average in prolificacy. The ewes mother 

their lambs extremely well at birth and are good milkers. 

The lambs are vigorous at birth but grow more slowly than 

lambs of most other breeds and are often not ready for 

market at weaning age. There is a late lambing tendency 

in this breed and the percentage of twinning is not high. 

The Dorset Horn is a medium sized breed. The ewes 

will breed out of season, and they are noted for their 

prolificacy and heavy milk production. 

The Suffolk is one of the larger breeds. Suffolk 

ewes are very prolific and are excellent milkers. The 

lambs grow very rapidly. 

The Columbia breed is based on a crossbred foundation 

of Lincoln rams on Rambouillet ewes. They are of large 

size. The ewes are reasonably prolific and are good 

mothers. The lambs are large and vigorous at birth and 

grow rapidly but may not be fat when they reach acceptable 
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Table 1. Five breeds of sheep assayed for pituitary 
gonadotropic and thyrotropic hormone content. 

Breed Sex Number of Animals 

Border Cheviot 9 
Males 7 
Females 2 

Columbia 10 
Males 5 

Females 5 

Dorset Horn 9 
Males 3 
Females 6 

Suffolk 10 
Males 4 
Females 6 

Willamette 9 
Males 6 
Females 3 
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market weights. 

The Willamette breed is based on a double cross 

involving the intermating of Cheviot x Columbia crossbreds 

and Dorset x Columbia crossbreds. The ewes are very 

prolific and good milkers. The lambs are rapid gainers. 

The pituitaries were removed as soon after slaughter 

as possible. The actual removal required two to three 

minutes, but the head was dissected after the animal was 

excoriated. The head was severed from the body and opened 

by crushing the skull with a bone crusher. The brain was 

loosened and removed by cutting through the infundibulum 

or stalk and larger nerves. This exposed the diaphram 

covering the sella turcica, which was cut around the outer 

margin permitting the pituitary to be lifted from the 

sella. The gland was dissected from the diaphram and 

weighed to the nearest hundredth of a gram on a triple 

beam balance. They were then placed in individual poly- 

ethylene bags and placed in the freezing compartment of a 

refrigerator. They were kept frozen until being prepared 

for assay. 

Preparation of pituitary solutions: 

On the day prior to the assay, the pituitaries, each 

handled individually, were taken from cold storage and 

weighed. The pituitary was then ground in a homogenizing. 
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apparatus until thoroughly macerated. 

To facilitate grinding, one -third of the physiological 

saline, in which the pituitary was to be suspended, was 

added to the homogenizer. Two further portions of one -- 

third of the total saline were used subsequently to rinse 

the homogenizer and remove all possible tissue from the 

apparatus. By this procedure, it was possible to grind 

the pituitary tissue into small particles which would re- 

main suspended in the saline solution for several hours. 

The suspensions were kept refrigerated during the assay 

period and were frozen at the end of the period to keep 

the material and have it available if needed for further 

use. 

The solutions were made up on a basis of 0.1 gram of 

pituitary material to five mililiters of 0.9 percent 

physiological saline. Five levels of the suspension from 

each pituitary were injected: 0.02, 0.04, 0.0$, 0.16, and 

0.32 ml. 

Day -old male chicks were chosen as assay animals 

because, in addition to being suitable test animals for 

both hormones, it was possible to run the two assays 

simultaneously on the same animal. The chicks were of the 

Single Comb White Leghorn breed. They were received at 

the laboratory the day following hatching. At this time 

they were randomly divided into groups of six, except for 

the controls which were divided into groups of four, 
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wing- banded, and injected with the proper amount of solu- 

tion. The control groups were given similar levels of 

saline to eliminate any differences due to injection stress. 

The chicks were approximately one day old when the injec- 

tions were initiated. 

The chicks were kept in a battery brooder in a room 

where the temperature was regulated to approximately 90 

degrees farenheit. They were fed a commercial chick 

starter ration and water ad libitum during the assay period. 

For each assay period, 200 chicks were obtained. Altogether 

eight assay periods were run. Six pituitaries were run in 

each assay; one selected at random from each breed and one 

at random from all breeds. 

The injections were given subcutaneously in the breast 

area daily for four consecutive days. Approximately 

twenty -four hours after the last injection, the chicks were 

sacrificed by chloroform in groups of about twenty -five. 

The order of killing and autopsy were apparently random. 

The thyroids and testes were immediately dissected out and 

weighed on a Roller -Smith Torsion Balance. This method is 

an adaptation of that given by Evans (22, p.546) for 

gonadotropin assay based on a measurement of the increase 

in testes weight due to injected pituitary material; that 

for thyrotropic hormone is an adaptation of the one by 

Bates, Riddle, and Lahr (5, p.264) based on a measurement 
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of increase in thyroid weight due to injected pituitary 

material. 

The total hormonal content of each gland was obtained 

by dividing the increased weight of the target organs 

(testes and thyroids of chicks) by the total amount of 

suspension given during the four days and multiplying by 

the weight of the pituitary. 

Statistical treatment of the data: 

Analyses of variance and covariance were run on 

pituitary weights and body weights of the sheep. Similar 

analyses were computed on the thyroid and testis weights 

of the chicks. Correlations and regressions were calcu- 

lated from the covariance analyses. 



EXPERIMENTAL RESULTS 

Live weights: 

The mean adjusted 100 day live weights and analysis of 

variance are presented in Tables 2 and 3, respectively. 

Highly significant differences at the one percent level 

were found to exist between the breeds of sheep at 100 days 

of age. In order of decreasing weights, the breeds are 

ranked as follows: Willamette, Suffolk, Columbia, Dorset 

Horn, and Border Cheviot. The calculated Least Significant 

Difference (LSD0.05) at the five percent level is equal to 

9.239 for breeds. When the mean breed weights are compared 

using this L.S.D. (Table 4), it is evident that statisti- 

cally significant differences exist when comparing the 

Willamette with the Columbia, Dorset Horn, and Border 

Cheviot breeds; when comparing the Suffolk with the Dorset 

Horn and Border Cheviot breeds; and when comparing the 

Columbia with the Border Cheviot. The differences between 

the Willamette and Suffolk, Suffolk and Columbia, Columbia 

and Dorset Horn, and Dorset Horn and Border Cheviot are 

not statistically significant. However, there is a rather 

uniform (five to seven pounds) difference between each of 

these breeds. 

Weight differences between sexes within a breed were 

not found significant, and there appeared to be no 

26 
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Table 2. Mean adjusted 100 day live weights of five breeds 
of sheep in order of decreasing weight. All 
weights expressed in pounds. 

Breed 
Number of 100 day 
Animals weight 

Willamette 
Males 
Females 

Average 

Suffolk 
Males 
Females 

Average 

Columbia 
Males 
Females 

Average 

Dorset Horn 
Males 
Females 

Average 

Border Cheviot 
Males 
Females 

Average 

6 
3 

4 
6 

3 
6 

$9.5 
76.8 

$5.3 

82.6 
78.8 

80.3 

75.2 
73.2 

74.2 

71.0 
64.5 

66.6 

7 62.0 
2 60.7 

61.7 

5 
5 
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significant interaction between breed and sex present. 

Chick thyroid and testis weights: 

The mean thyroid and testis weights of the assay 

animals are presented in Table 5. Analysis of variance 

for the thyroid weights and testis weights are presented 

in Tables 6 and 7, respectively. In both cases the analy- 

sis of variance showed that there was no significant 

difference between the breeds of sheep or between males 

and females within a breed. There was no breed x sex 

interaction indicated. This indicates that neither the 

different breeds of sheep nor the males and females within 

each breed differ significantly in the amount of gonado- 

tropic or thyrotropic hormone contained in the pituitary 

gland per unit of pituitary weight. 
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Table 3. Analysis of variance of the adjusted 100 day live 
weights. 

Source of 
Variation 

Sum of 
Squares 

Degrees of 
Freedom 

Mean 
Square F 

Breed 3 406.73 46 4 851.6836 9.11.:.;. 

Sex 181.3407 1 181.3407 1.94 
Breed x Sex 278.2495 4 69.5623 .74 
Error 3455.6599 37 93.3962 
TOTAL 7321.9847 46 

Indicates significance at the 1% level of probability. 

Table 4. Least Significant Differences between the 100 day 
live weights of the five breeds of sheep. 

Difference 

Willamette 
Willamette 
Willamette 
Willamette 

Suffolk - 

Suffolk - 

Suffolk - 

Columbia - 

Columbia - 

- Suffolk 
- Columbia 
- Dorset Horn 
- Border Cheviot 

Columbia 
Dorset Horn 
Border Cheviot 

Dorset Horn 

Dorset Horn 
Border Cheviot 

- Border Cheviot 

4.99 
11.11* 
],8.70** 
23.63** 

6.12 
_,. 

18.64** 

7.59 
12.52** 

4.93 

Indicates significance at the 5% level of probability. 
Indicates significance at the 1% level of probability. 

V* 

* 
* 
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Table 5. Mean thyroid and testis weights of assay animals 
treated with pituitary material. All weights 
expressed in milligrams. 

Breed 
Number of 
Animals 

thyroid 
weights 

testis 
weights 

Border Cheviot 
Males 7 6.09 15.71 
Females 2 4.85 14.20 

Average 5.$1 15.37 

Columbia 
Males 5 5.37 14.67 
Females 5 5.99 16.24 

Average 5.68 15.46 

Dorset Horn 
Males 3 6.$4 14.61 
Females 6 4.95 14.61 

Average 5.5$ 14.61 

Suffolk 
Males 4 5.49 14.48 
Females 6 6.08 15.85 

Average 5.84 15.30 

Willamette 
Males 6 5.51 14.79 
Females 3 5.70 16.04 

Average 5.58 15.21 
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Table 6. Analysis of variance of thyroid weight of chicks 
injected with pituitary material. 

Source of 
Variation 

Sum of 
Squares 

Degrees of 
Freedom 

Mean 
Square F 

Breed 93.3044 4 23.33 .24 
Sex 81.3009 1 81.30 .85 
Breed x Sex 183.4464 4 45.86 .48 
Error 3557.5266 37 96.15 
TOTAL 3915.5783 46 

Table 7. Analysis of variance of testis weight of chicks 
injected with pituitary material. 

Source of 
Variation 

Sum of 
Squares 

Degrees of 
Freedom 

Mean 
Square F 

Breed 574.2821 4 143.57 .25 
Sex 131.3414 1 131.34 .23 
Breed x Sex 847.5597 4 211.89 .38 
Error 20886.7454 37 564.51 
TOTAL 22439.9286 46 

' 
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Pituitary weights: 

The mean pituitary weights are presented in Table $. 

Analysis of variance (Table 9) shows that there are highly 

significant differences in pituitary weights between breeds 

of sheep. The Least Significant Difference (LSD0.01) was 

calculated and found to be .1215 at the one percent level. 

Each breed was found to be significantly different from 

all of the others (Table 10). A correlation of .5769 was 

found to exist between pituitary weight and 100 day live 

weight. There was no significant difference found between 

the pituitaries of males and females within each breed and 

there appeared to be no significant interaction between 

breed and sex. 

The above data indicate that there is no relationship 

between the weight of the pituitary and the hormonal con- 

tent of the gland per unit of weight. 
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Table $. Mean pituitary weights of five breeds of sheep 
in order of decreasing weight at time of 
slaughter. All weights expressed in grams. 

Number of 
Breed Animals 

Pituitary weights 
at slaughter at assay 

Percent 
Loss 

Willamette 
Males 6 0.55 0.36 35.85 
Females 3 0.49 0.27 43.65 

Average 0.53 0.33 38.26 

Columbia 
Males 5 0.57 0.38 33.80 
Females 5 0.46 0.2$ 39.14 

Average 0.52 0.33 36.17 

Suffolk 
Males 4 0.44 0.2e 35.06 
Females 6 0.50 0.32 36.10 

Average 0.4$ 0.31 31.66 

Border Cheviot 
Males 7 0.43 0.24 44.41 
Females 2 0.38 0.24 31.86 

Average 0.42 0.24 43.21 

Dorset Horn 
Males 3 0.40 0.26 35.00 
Females 6 0.37 0.22 39.65 

Average 0.38 0.23 38.74 
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Table 9. Analysis of variance of pituitary weights of five 
breeds of sheep at time of slaughter. 

Source of 
Variation 

Sum of 
Squares 

Degrees of 
Freedom 

Mean 
Square F 

Breed .1475 4 .037 4 . 09Mm 
Sex .0222 1 .022 2.47 
Breed x Sex .0376 4 .009 1.04 
Error .333e 37 .009 
TOTAL .5411 46 

** Indicates significance at the 1% level of probability. 

Table 10. Least Significant Differences between the 
weights of pituitaries of the five breeds of 
sheep at slaughter. 

Difference 

Willamette - Columbia 1.30** 
Willamette - Suffolk 5.40** 
Willamette - Border Cheviot 10.78r* 
Willamette - Dorset Horn 15.00m* 

Columbia - Suffolk 4.10** 
Columbia - Border Cheviot 9.48** 
Columbia - Dorset Horn 13.70** 

Suffolk - Border Cheviot 5.38** 
Suffolk - Dorset Horn 9.60** 

Border Cheviot - Dorset Horn 4.22** 

** Indicates significance at the 1% level of probability. 
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DISCUSSION 

Since the unfolding of the field of endocrinology, it 

was evident that a small body at the base of the brain, the 

pituitary gland, is an integral part of the growth and re- 

productive processes. As research progressed, the intimate 

relationship between the pituitary and gonads and pituitary 

and thyroid was shown to be extremely complex. The advent 

of hypophysectomy demonstrated most clearly that growth 

and reproduction are dependent on the hormones in the 

pituitary gland. 

On the basis of concentration of hormone per unit of 

pituitary weight, the present study showed no difference 

between breeds or sexes in the potency of gonadotropin or 

thyrotropin. However, when considering the fact that the 

pituitaries of the different breeds of sheep were of 

significantly different sizes, one wonders if the differ- 

ences exhibited between breeds relative to their growth 

rate and reproduction is not due to the quantity of the 

hormone present per gland rather than the content of the 

hormones per unit weight of the gland. When calculating 

the total amount of gonadotropic hormone in the pituitary 

differences between the breeds were found. The breeds 

ranked in order of decreasing content, followed exactly 

the order found in pituitary weight. The amount of thyro- 

tropic hormone when ranked in the same way differed only in 
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that the Willamette and Columbia breeds were reversed. In 

pituitary weight and total gonadotropic content the breeds 

were ranked as follows: Willamette, Columbia, Suffolk, 

Border Cheviot, and Dorset Horn. In total thyrotropic 

content the order was Columbia, Willamette, Suffolk, Border 

Cheviot, and Dorset Horn. The difference between the 

Columbia and Willamette in thyrotropic hormone content 

was not great, however. 

The relationship between pituitary weight and amount 

of gonadotropic and thyrotropic hormone also shows up in 

the calculations of total hormone content of the gland. 

The heavier pituitaries contain more of these hormones 

than the lighter pituitaries. This observation agrees 

with the data of Elijah and Turner (20, p.19) who found 

a gradual increase in units of thyrotropin with increasing 

pituitary weight, and Hellbaum (2$, p.641) who noticed a 

quantitative difference in the relative gonadotropic 

capacity of the pituitaries of various types of animals. 

These data indicate that the measurement of gonado- 

tropic and thyrotropic hormone should be on a per 

pituitary gland basis, rather than on a basis of hormone 

per unit weight of the gland. 

The findings of this experiment that males and females 

within breeds of sheep do not differ significantly in 

pituitary thyrotropic and gonadotropic hormonal content 

agrees with the data of Chen and Van Dyke (13, p.295) who 
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observed no difference in thyrotropic content of male and 

female rabbits. This lack of difference might be explained 

by the lack of difference in live weights between male and 

female sheep. Since thyrotropic hormone is associated with 

growth rate, it is entirely probable that if the thyro- 

tropic content of the males and females do not differ, 

their respective growth rates would not differ. Thus, at 

100 days of age no difference was found in live weight 

between the males and females within each breed. Adams 

and Mothes (3, p.31), however, noted that the thyrotropic 

hormone content during pre -puberty was greater in female 

mice than in male mice. The differences in these findings 

possibly can be explained on the basis of species differ- 

ences. Since species do differ in the amount of 

thyrotropic and gonadotropic hormones produced in the 

pituitary (1, p.7; 30, p.141), it is not unreasonable to 

assume that differences concerning sex might be exhibited 

between species. 

Severinghaus (4$, p.314) found no sex difference in 

the potency of pituitary glands of normal guinea pigs when 

they were implanted into immature mice. However, Hill 

(30, p.143) using the estrus rabbit as the assay animal, 

found that the pituitaries from female guinea pigs con- 

tained three times as much gonadotropic hormone as did 

pituitary glands from male guinea pigs. 

The controversial findings of these two researchers 
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tend to suggest that the differences in assay animals are 

very important when interpreting the results of an experi- 

ment of this nature. 

That differences in the size and weight of the 

pituitary gland occur with the species, is so far undis- 

puted in the literature. However, the effect of sex on 

pituitary size and weight within different species is still 

quite uncertain. The results of this experiment indicate 

that there are no differences between males and females at 

100 days of age with reference to pituitary size in sheep. 

This is in agreement with Hatai (27, p.$7), who found the 

pituitary size of male and female albino rats to remain 

the same until puberty. However, these data are in 

controversy with those of Reece and Turner (43, p.39) who 

found the hypophyses of heifer calves, between four and 

ten months of age, to be heavier than those of bull calves 

of comparable ages. At 11 to 23 months of age, heifer 

calves had lighter pituitary weights. 

The finding that significant differences due to 

breeds occurred in pituitary weight and in live weight 

suggested the possibility of a relationship existing be- 

tween pituitary weight and growth rate. A correlation 

coefficient of 0.5769 was found between these two factors. 

This is in accordance with the data of Lewis and Turner 

(34, p.21), Mixner and Turner (3e, p.261), and Elijah and 

Turner (20, p.15), who all found a definite relation 
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between pituitary weight and live weight at different ages. 

This further strengthens the hypothesis that a quantitative 

rather than qualitative relationship exists between the 

pituitary gland and the gonadotropic and thyrotropic hor- 

mones. Since the larger glands contain more hormone, it 

seems logical that those animals having larger glands would 

grow more rapidly. These data also agree with those of 

Kibler and coworkers (33, p.59) who, in reference to New 

Zealand white rabbits, state that pituitary growth relative 

to normal post -natal body growth exhibits a type of 

constancy. 
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SUMMARY AND CONCLUSIONS 

1. Border Cheviot, Columbia, Dorset Horn, Suffolk, and 

Willamette sheep differ in their growth rates up to 100 days 

of age. Males and females within each breed demonstrated 

comparable growth rates. 

2. The breeds of sheep differed significantly in pituitary 

weights at 100 days of age. A correlation coefficient of 

0.5769 was obtained between pituitary weight and body 

weight. 

3. Subcutaneous injections of pituitary material, suspended 

in a proportion of 100 mg. of macerated pituitary gland per 5 

ml. of saline, were given in four equal doses. No signifi- 

cant difference due to source of pituitary material (the 

five breeds of sheep or the males or females within each 

breed) was detectable. 

4. The testis weight of chicks injected with the pituitary 

material did not show significant effects of sex or breed 

of sheep on the gonadotropin concentration on a per unit 

basis. However, the calculated total gonadotropic hormone 

content of the pituitaries differed due to breed. 

5. There was no significant difference due to breed of 

sheep from which the pituitaries came in thyroid weight of 

chicks injected. The calculated total thyrotropic hormone 

content was found to differ between breeds. No correlation 

was found between testis weight and thyroid weight of the 
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chicks. 

6. It appears that the differences in the growth and repro- 

duction of different breeds of sheep are associated with 

differences in the total amount of gonadotropic and thyro- 

tropic hormones present in the pituitary gland rather than 

the concentration of hormone per unit of gland. 
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