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Five experiments were conducted to study the activity of the

pituitary gland in sheep as influenced by estrogen administered alone

or in combination with progesterone. Particular emphasis was given

to the study of gonadotropic activity.

Mature wethers (experiments I, III, IV and V) or ewes (experi-

ment II) were utilized as experimental subjects. Blood samples were

drawn from the sheep before hormone treatment to provide control

samples, and during and after treatment to study sequential changes

of pituitary secretion. The cavernous sinus collection technique was

utilized to obtain pituitary venous blood which contains assayable

gonadotropic activity.

The plasma obtained was pooled for each collection period of a

specific experiment and administered to immature, female,



hypophysectomized rats. Responses in the recipient animals were

used for a determination of the qualitative and quantitative changes

of the donor animal's pituitary secretion. Total gonadotropic activi-

ty was measured by weight responses of the ovarian and oviduct-

uterine structures. FSH and ICSH activities were indicated by

ovarian histological changes in the follicles and interstitial cells,

respectively. Other pituitary activities were indicated by weight

responses of the adrenal and thyroid glands, and by measurement of

the tibial epiphyseal plate width.

The first two experiments involved wethers (I) and anestrous

ewes (II) which were administered 0.005 mg. of estradiol benzoate

daily for 10 consecutive days. The hormonal activity of plasma

from wethers was not found to be significantly affected by the estro-

gen treatment although a trend of inhibition seemed apparent. As-

says of plasma from the anestrous ewes revealed a significant de-

crease in the rat oviduct-uterine weight response both during and

following the 10-day estrogen treatment. Stimulation of plasma

FSH activity and inhibition of plasma ICSH activity were significantly

indicated after withdrawal of estrogen injections in the ewe experi-

rn e n t .

A single injection of 0.025 mg. of estradiol benzoate was

given to wethers in experiments III and IV. The bioassays indicated

that such estrogen treatment caused a significant rise of plasma



gonadotropic activity. The FSH activity approached being signifi-

cantly increased and the ICSH activity was significantly increased,

especially on the fifth and sixth days after cessation of hormone

therapy. The gonadotropic activity decreased to a point comparable

to the control level on the eighth and tenth day after estrogen treat-

ment. Significantly increased plasma activity, as indicated by

weight responses of the adrenal and thyroid glands, was observed

after estrogen administration. A significant increase in epiphyseal

plate width was observed, also indicating an increase in plasma

activity after estrogen therapy.

Experiment V involved wethers injected daily with 0.025 mg.

of estradiol benzoate and 20 mg. of progesterone for 10 consecutive

days. Significant and prolonged inhibition of pituitary secretion was

clearly indicated by the bioassay. FSH and ICSH inhibition were

most pronounced on the fifth and sixth days after withdrawal of

treatment.
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REGULATION OF OVINE PITUITARY FUNCTION WITH
ESTROGEN ALONE AND IN COMBINATION WITH

PROGESTERONE

I. INTRODUCTION

The obvious advantages of improving reproductive performance

in farm animals has resulted in much effort being directed toward

detailed study of reproductive events. It is essential that research

effort be directed toward defining the physiological mechanisms in-

volved, because reproduction can best be improved when these

mechanisms are understood.

The estrous cycle of spontaneously ovulating, polyestrous ani-

mals, such as the sheep, is generally explained on the basis of

ovarian-pituitary interactions. According to this concept, the pitui-

tary gonadotropic hormones, FSH and ICSH, at varying ratios, are

responsible for follicle growth, maturation, and ovulation, accom-

panied by secretions of gonadal hormones, estrogen and progester-

one. The gonadal hormones can suppress or stimulate secretion of

the pituitary gonadotropic hormones and each other, depending on

the stage of the cycle. Other hormones have important roles in re-

production, although the action of many may be of an indirect man-

ner.

The actions of the nervous system in mediating the regulating

influences of external stimuli as well as internal stimuli are a vital
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part of the reproductive mechanism. Chemical integration between

the hormonal system and the nervous system is demonstrated by the

neurohormones from the hypothalamus which have a regulatory in-

fluence on the anterior pituitary.

Hormones have an intricate, complex and indispensible in-

volvement with the reproductive process that justifies the thorough

investigation of any part of the endocrine system which is oriented

toward controlling reproduction. Especially significant in this sys-

tem is the pituitary gland because it produces the gonadotropic hor-

mones which exert direct regulatory effects on the gonads.

The current literature on the physiology of reproduction in-

volves many conflicting theories that could be accepted or rejected

on the basis of better understanding of the functional activity of the

pituitary. This functional activity would be measured by a deter-

mination of the qualitative and quantitative changes of the pituitary

gonadotropins in the body fluids during the various reproductive

events. Unfortunately, reliable techniques are not available to de-

tect pituitary hormones in peripheral blood or urine of intact non-

pregnant animals. However, a relatively new method is available

which allows the collection from sheep of pituitary venous blood

samples with assayable amounts of gonadotropic activity. Analysis

of such samples from animals subjected to the influence of various

dose levels of exogenous gonadal hormones would contribute to a
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more precise knowledge of pituitary function, and hence of the re-

productive mechanisms.

This report contains a review of the literature concerning the

effects of estrogen and progesterone on pituitary activity. Data

from five experiments are included which involve the effects of

estrogen administered alone and in combination with progesterone,

with particular emphasis given to the regulating influence on the

pituitary gonadotropic hormones. Current theories involving

gonadal-pituitary interactions are also presented and discussed.
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II. REVIEW OF LITERATURE

It is accepted that ovarian steroids are capable of regula-

tory effects on pituitary secretion although the mechanisms involved

are not clearly understood. Numerous avenues of approach have

been utilized by investigators to unravel the role of estrogen and

progesterone in the complex phenomena of hormonal control of re-

production. Research areas have included pituitary and ovarian re-

sponse to ovarian secretions and the physiological mechanisms in-

volved. This has been accomplished by many approaches including

the administration of exogenous hormones, gonadectomy, parabio-

sis and determination of hormone concentrations in various tissues.

Pituitary Response to Estrogen and Progesterone

Morphology and Cytology

Systemic estrogen therapy will increase the weight of the

anterior pituitary as reported by early workers including Smith and

Smith (1944) and Burrows (1949). Kitay (1963a) injected estradiol

benzoate into intact rats and observed a pituitary weight increase of

165% in the males and 133% in the females. Trenkle and Burroughs

(1967) fed diethylstilbestrol to finishing beef cattle and found an in-

creased pituitary gland mean weight of 2.65 gm. as compared to
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2.29 gm. for control animals. A series of experiments by Saunders

(1964) indicated that some, but not all, estrogens produce pituitary

enlargements. He also observed no pituitary weight response re-

sulting from progesterone. However, Van Rees (1959) found that

the weight of the anterior pituitary decreased under the influence of

large doses of progesterone.

Cytological examination of the pituitary has been facilitated by

electron microscopy. Using this technique Farquhar and Wellings

(1957) studied rat pituitaries and noted changes in basophils follow-

ing gonadectomy. The vesicles of the perivascular basophils

coalesced to form signet cell figures and the cells that underwent

this change were considered to secrete FSH. Another type of baso-

phil appeared later after castration than the signet ring cell and was

considered to secrete ICSH. Barnes (1962) studied anterior pitui-

tary cells in the mouse with the electron microscopy and found two

cell types that were considered to be gonadotrophs. Both were pres-

ent in large quantity in proestrus but were reduced markedly in

estrus. Both types hypertrophied after castration and were present

during pregnancy.

Burrows (1949) demonstrated that estrogen treatment was

capable of reversing or preventing the formation of the signet cell

figures. He also noticed a decrease in the number of acidophils

and basophils and an increase in chromophobes. It was suggested
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by Bogdanove (1963) that the inhibiting effect of estrogen on the sig-

net cell development was a morphological change associated with

the inhibition of gonadotropic hormone secretion. A review by

Purves (1966) states that advances in biochemistry have reduced the

number of separate adenohypophyseal hormones to seven, while ad-

vances in cytology have increased the number of discernible cell

types to seven. Thus the "one cell, one hormone" theory appears

probable but both Purves (1966) and Green (1966) warn against re-

strictive prejudice until more facts are available.

Effect of Gonadectomy

Hormonal changes occurring in the pituitary gland before and

after castration provide a useful vehicle for studying the pituitary-

gonadal relationship. It should be emphasized, however, that these

changes reflect only pituitary concentrations and not necessarily

rate of synthesis, release or plasma levels.

There is general agreement in the literature that ovariectomy

causes an increase of FSH and ICSH concentration in the pituitary

gland of the rat (Greep and Jones, 1950). However, quantitative and

qualitative changes of concentration seem to be subject to variables

including sex and species. The effect of gonadectomy on the gonado-

tropin concentration of the pituitary of rats has been determined for

FSH by Gans (1959a) and ICSH by Ramirez and McCann (1963).
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They reported that gonadectomy resulted in increased concentrations

of FSH and ICSH in the pituitary of adult females and immature,

males but not in mature males. This was explained on the basis of

the intact male normally possessing high levels of FSH and ICSH

that are relatively uneffected by gonadectomy. ICSH activity was

evaluated by the ovarian ascorbic acid depletion (OAAD) assay and

FSH by the uterine and ovarian weight responses in hypophysectom-

ized, immature rats.

More recent work concerned with the effects of gonadectomy

has included large animals. Foote et al. (1966) assayed lyophlized

pituitaries of bulls and steers and reported that the steers had sub-

stantially less FSH activity and more ICSH activity than bulls. A

different response was found by Quevedo et al. (1967). They

examined pituitaries of multiparous cows which had been ovariec-

tomized or hysterectomized or both on the day of calving and sacri-

ficed 20 days or 70 days after calving. It was suggested that an

initial decrease in pituitary ICSH concentration occurred after re-

moval of the ovaries, followed by a recovery to the control level 70

days later. On the other hand, FSH concentrations increased and

increased amounts were still evident after 70 days. Hysterectomy

seemed to have no effect on pituitary gonadotropin concentrations.

The influence of gonadectomy on ovine blood and pituitary

content of FSH and ICSH was studied by McDonald and Clegg (1966).
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Cavernous sinus serum and lyophylized pituitaries were assayed

for FSH by the HCG augmentation test and for ICSH activity by the

OAAD method. It was concluded that while FSH activity in the blood

increased following castration or ovariectomy, the ICSH activity in

the serum was not altered by either operation. The increase in

gonadotropic potency of the pituitary after castration was found to

be due almost entirely to FSH activity.

Effect of Estrogen

Early experiments concerned with the biological actions of

estrogen indicated a pituitary inhibiting effect. Meyer et al. (1930)

and Meyer, Leonard and Hisaw (1932) demonstrated that pituitaries

of gonadectomized rats contained less gonadotropic activity after

estrogen treatment. The assay used for these experiments involved

implanting the pituitary from the treated animals into immature,

female rats and observing the ovarian weight response of the reci-

pient rat. These workers concluded that estrogen decreased the

"gonad- stimulating power of the hypophysis" and that the female was

more susceptible to estrogen than the male.

Greep and Jones (1950) gave daily injections of 1.0 rat unit

of estradiol benzoate (1.0 rat unit = 0.166 mcg.) to gonadectomized

rats and found a loss of pituitary luteinizing potency in the female

and a partial loss of lutenizing ability in the pituitary of the male.
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A larger dose of 50 mcg. reduced the high FSH content in the pitui-

tary of the gonadectomized male and female rat to a similar level,

found to be still higher than that of the intact female, which normal-

ly has a low pituitary FSH content. These findings in regard to FSH

were confirmed by Paesi et al. (1955) and Hoogstra and Paesi

(1957) using the testicular weight response in hypophysectomized,

immature rats.

The results of daily measurements of the pituitary ICSH con-

tent during pregnancy in the rat were reported by Schwartz and

Talley (1967). They found occasional signs of ovarian and pituitary

cyclicity but emphasized that this should not be construed as evi-

dence for "inherent" persistence of cycles. They suggested that the

complex series of feedback relationships between the pituitary and

ovary are not eliminated during pregnancy but are usually mani-

fested because of superimposition of a placenta-corpus luteum-

pituitary axis. Orsini and Schwartz (1966) reported that in the rat

and hamster, pituitary content serves as an excellent indicator of

release or nonrelease of the ovulatory surge of ICSH. However, the

review by Short (1967) suggests that this has not been demonstrated

in other laboratory animals or in larger animals.

A steady and significant decrease in the gonadotropic potency

of the cow pituitary from early to late pregnancy was reported by

Nalbandov and Casida (1940). The results were observed by
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injecting pituitary powder into rats and chicks and noting the gonadal

weight response. They suggested that placental estrogen either

inhibited the formation or increased the excretion of gonadotropins,

although the possible action of other hormones must not be ruled

out. Saiduddin et al. (1966) reported that the ICSH activity in the

anterior pituitary of the cow was very low at time of calving, in-

creased considerably 10 days after calving and thereafter increased

gradually up to 30 days after calving. These workers used the rat

OAAD method to estimate ICSH activity. Labhsetwar et al. (1964)

bioassayed pituitaries of estrogen-treated, spayed heifers using

the OAAD and the ventral prostate response for ICSH, and the testi-

cular weight response for FSH. The biological responses obtained

in hypophysectomized, immature rats clearly demonstrated a de-

crease in pituitary FSH, and ICSH was lowered as tested with the

OAAD assay, but not by the ventral prostate response. Because of

the lack of blood assays, conclusions could not be made with cer-

tainty as to whether the reduced pituitary potency was due to a re-

lease of gonadotropins into the blood, or due to decreased gonado-

tropin production.

Robinson and Nalbandov (1951) assayed pituitaries of 33 swine

killed on almost every day of the estrous cycle using the testicular

weight response in chicks. Results showed that pituitary gonado-

tropic content during heat was one half that of midcycle, with



11

potency remaining low through the first 8 days of the cycle, increas-

ing suddenly and remaining high until day 20. It was suggested that

the low gonadotropic potency of the pituitaries during heat was due

to inhibition of the pituitary by follicular estrogen. However, they

were not sure whether the assay measured the actual secretion rate,

storage, or residual amounts of hormones remaining after release.

Since there was a high correlation between the day of the cycle and

pituitary potency, and between pituitary potency and the number and

size of the ovarian follicles, they concluded that the pituitary assay

reflected the hormone secretion rate.

Melampy et al. (1966) studied the pituitary concentrations of

FSH and ICSH in pregnant and lactating pigs using the HCG augmen-

tation and OAAD methods. Except for a significantly low value found

on day 80 of pregnancy, FSH concentrations were similar throughout

pregnancy and lactation. ICSH concentration during pregnancy in-

creased from day 13 to a peak at day 18 and then declined. No rela-

tionship was observed between pituitary gonadotropic concentrations

and the number or weight of corpora lutea or the number of living

embryos or fetuses. They noted that the corpus luteum is essential

throughout gestation in this species and during pregnancy this gland

apparently is dependent on the pituitary for support.

The gonadotropic potency of the ewe pituitary was studied by

Kamm lade et al. (1952) using the chick testis weight response.
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A significant decrease in potency was observed at the first estrus,

followed by a slow increase that reached a peak of activity 16 and 17

days after estrus. Soliman et al. (1963) injected the ovariectomized

ewe with 2 daily doses of 0.02 mg. of estradiol benzoate and ob-

served no effect on pituitary FSH and ICSH content as evaluated by

the HCG augmentation test and a test based on an increase in the

number of corpora hemorrhagica. The effects of estrogen on the

ewe pituitary-ovarian function were studied by Piper and Foote

(1967) using an initial injection of 2.0 mg. of estradiol on the fourth

day after estrus followed by 17 daily injections of 2.5 mg. of estra-

diol. Just prior to autopsy each ewe was laparotomized and ovarian

blood taken for progesterone analysis. Jugular vein blood was also

taken and acetone extracted for ICSH analysis. The animal was then

sacrificed and the anterior pituitary removed. Blood and tissue

progesterone were determined by thin-layer chromatography and

gas -liquid chromatography. The results indicated that estrogen

treatment caused a reduction of pituitary ICSH concentration and

appeared to cause the release of ICSH into the blood.

Effect of Progesterone

The specific effect of progesterone on pituitary activity seems

to vary with, among other things, the species, the dosage and the

type of assay utilized. Pituitary responses to progesterone have
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been reported as stimulating, inhibiting, no effect and a biphasic

effect of stimulation followed by inhibition. The pituitary response

to progesterone with estrogen appears to be even more complicated

and less studied,particularly in large animals.

An inhibition of pituitary gonadotropin release was reported by

Se lye, Brown and Col lip (1936). Mature female rats were given 4

mg. injections of progesterone daily for 12 days. Autopsy revealed

that the mean weight of the pituitaries increased while the ovarian

mean weight decreased. Both follicle growth and ovulation were

inhibited. Herlant (1939) injected rats with 4 daily 1.0 mg. injec-

tions of progesterone. The pituitaries from these animals were im-

planted into immature female rats who subsequently had greater

ovarian growth than the controls. He suggested that progesterone

treatment results in an increased gonadotropic content of the pitui-

tary. McCann (1962) concluded that in the rabbit, progesterone alone

has a feeble inhibitory effect on the secretion of ICSH but that estro-

gen pretreatment sensitizes the animal to this inhibitory action of

progesterone.

A lack of significant effect of progesterone on pituitary gonado-

tropic content or secretion has been reported by several workers.

Greep and Jones (1950) gave rats daily progesterone injections of

1.0 mg. for 45 days. Assay was by ovarian and uterine weight re-

sponse in immature, hypophysectomized, female rats. No
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significant change in pituitary gonadotropic content was observed.

A similar result was reported by Nellor and Cole (1957) with beef

heifers using an assay based on the ovarian histological response

of immature, hypophysectomized, female rats. Exogenous pro-

gesterone in amounts capable of inhibiting estrus and ovulation,

1, 120 mg., had no detectable effect on the gonadotropic content of

the anterior pituitary of the heifers. They concluded that either

exogenous progesterone exerts its inhibitory influence on extra-

pituitary sites, or that pituitary hormonal content is a poor index of

secretory activity. Foote et al. (1958), working with gilts, found

progesterone to have no significant effect on the total gonadotropic

content of the pituitary as indicated by an assay based on chick

testes weight increase. However, using an assay based upon an in-

crease of the chick comb weight, greater responses were obtained

when pituitaries from progesterone treated animals were assayed.

They interpreted this to indicate an accumulation of luteinizing hor-

mone.

Van Rees (1959) found a decrease in pituitary ICSH after 4

weeks of daily injections of 6 mg. of progesterone in intact male

rats. Using intact female rats, the circulation ICSH decreased

with the treatment, as measured by cell size of the ovarian inter-

stitial tissue. Ray, Emmerson and Melampy (1961) studied the ef-

fects of a single injection of progesterone (0. 76 mg. per pound
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weight) at various stages of the estrous cycle of the heifer. Testicu-

lar weight of immature, hypophysectomized, male rats was used as

an indication of FSH activity, whereas ventral prostate weight was

used to measure ICSH potency. These assays suggested to these

workers that a depletion of pituitary gonadotropins by progesterone

occurred because the pituitary FSH and ICSH potencies were lowered

in the treated animals.

Sawyer and Everett (1959) reported that progesterone at first

facilitates and subsequently inhibits the release of ICSH from the

anterior pituitary in the rabbit. They noted that the facilitation

appeared to depend on synergism of progesterone with estrogen.

Another study by Kawakami and Sayer (1959) confirmed the biphasic

effect of progesterone on ovulation in the rabbit. These workers

concluded that the gonadal steroids in the rabbit seem to exert their

effects on pituitary activity by altering brain activity thresholds,

and may lower them to such an extent that the "spontaneous" ovula-

tion can occur. A similar biphasic effect of progesterone on ovula-

tion in the bovine has been mentioned by Hansel, Malven and Black

(1961).

Other Factors Affecting the Ovarian-Pituitary Relationship

Some factors affecting ovine reproductive activity have re-

cently been reviewed by this laboratory (Reeves, 1967). These
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include the influence of genetics, light, latitude and altitude,

temperature, nutrition and presence of males. Recent research in-

dicates that the uterus might also be considered in regard to the

ovarian-pituitary relationship. In addition, the incompletely under-

stood activities of hormones and specific hormone inhibitors in the

circulatory system may also have profound influence.

It has been demonstrated by Jensen and Jacobson (1962) that

the uterus is active in the metabolism of estrogens from one form to

another. A local action of the uterus in producing luteal regression

in guinea pigs, sheep and pseudopregnant rats was suggested by

Barley, Butcher and Inskeep (1966). They used various combinations

of unilateral hysterectomy and unilateral ovariectomy. Rowson and

Moor (1964) did partial hysterectomies in the ewe and demonstrated

that functional luteal life was prolonged in direct proportion to the

quantity of uterus removed. Woody, Ginther and Pope (1966) studied

the effects of hysterectomy and 10 daily injections of 25 mg. of pro-

gesterone on the ewe corpus luteum. They suggested the possibility

that a part of the action of injected progesterone on the corpus luteum

may be mediated through the uterus.

In contrast to this work, Inskeep et al. (1964) suggested that

once ovulation has occurred, neither the anterior pituitary, nor the

uterus is necessary for the growth, function and regression of

corpora lutea during the estrous cycle in sheep. The presence of
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pituitary and absence of a uterine factor are necessary for luteal

maintenance beyond the normal estrous cycle length (during preg-

nancy or after hysterectomy). They also indicated that the central

nervous system is involved in maintenance and regression of corpora

lutea.

Inequality of ovarian function is another aspect that could in-

fluence the pituitary-ovarian interaction. McKenzie and Terrill

(1937) reported that the right ovary in sheep produces more corpora

lutea than the left ovary. This was recently confirmed by Casida,

Woody and Pope (1966).

Davis, Hyde and Hipkin (1966) confirmed the existence of a

thermostable gonadotropin inhibitory substance in kaolin extracts of

pooled male human urine. The assay was conducted in immature fe-

male mice using as an index the inhibition in the uterine weight re-

spone to a standard dose of human chorionic gonadotropin. They did

conclude, however, that the inhibitory substance probably had no

specific physiologic role in controlling ovarian function. Sairam,

Madhwa and Moudgal (1966) reported the presence of a specific FSH

inhibitor in monkey urine extracts. ICSH inhibitors were not indi-

cated.

There are indications in unpublished data (Johnson and Nelson,

1966) that a physiological connection exists between the pituitary

and hypothalamus, in that,significant ICSH activity is seen in venous
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blood draining the hypothalamic area in the intact ewe and castrate

ram. Johnson and Nelson (1966) reported that in sheep, pooled tis-

sue from the stalk-median eminence area can contain very appreci-

able amounts of ICSH, The areas progressively further dorsal con-

tained less ICSH, but, nevertheless, amounts which could be detect-

ed by the ventral prostate weight method in hypophysectomized

male rats.

Corbin and Corbin (1966) conducted an experiment on intact

female rats using ICSH implants in the median eminence area.

Both pituitary and plasma ICSH were investigated using the Par low

(1958) method. Their results imply that the implanted ICSH may

have induced a partial inhibition of pituitary ICSH synthesis, via a

negative feedback effect on ICSH releasing factor (ICSH-RF). They

suggested that ICSH may therefore play a role, either singly or in

combination with the ovarian steroids, in the regulation of its

neural controller. David, Fraschini and Martini (1966) reported

similar results and proposed the hypothesis that a "short" fe,:dback

loop might link synthesis and release of ICSH to pre-existing levels

of the hormone. These workers also noted that median eminence

implants of FSH or ACTH were ineffective in inhibition of ICSH and

ICSH implants were ineffective in inhibition of FSH.

Corbin and Story (1967) also studied the effects of median

eminence implants of FSH in rats and found a partial inhibition of
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FSH secretion, via a direct negative feedback action on the hypo-

thalamic FSH releasing factor (FSH-RF) mechanism. This work in-

dicated true inhibition of both FSH and FSH -RF synthesis. They

strongly suggest the participation of the pituitary gland in the regu-

lation of its neural controller. Supporting evidence was reported

by David, Fraschini and Martini (1965). They found a rise in both

hypothalamic FSH-RF and pituitary FSH following ovariectomy in

the rat. Subsequent estrogen therapy resulted in reduced levels of

hypothalamic FSH-RF and pituitary FSH.

Ovarian Response to Estrogen and Progesterone

It is well known that an interaction exists between gonadal

secretion and the activity of gonadotropins with their accompanying

effects. Less is known concerning the means by which these ef-

fects occur. Research has indicated positive and negative feedback

action of estrogen and progesterone and even direct action on the

gonads.

Inhibitory Effect of Estrogen

Atrophic effects of estrogen on the rat testis was demonstrated

by Moore and Price (1932). They showed that these effects could

be corrected by implanting fresh rat pituitaries or by subcutaneous

injections of gonadotropic extracts from pregnant women urine.
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Similarly, inactive ovaries in rats following large doses of diethyl

stilbestrol (DES) were reported by Noble (1938). Therapy with

gonadotropins and DES returned the inactive ovaries to a functional

state. It was suggested that estrogen inhibited hormone synthesis

and caused an absence of gonadotropic activity in the pituitary which

resulted in the inactive ovaries.

DES or hexoestrol implantation in cows and heifers was re-

ported by Hammond and Day (1944) to suppress follicular develop-

ment, cause persistent corpora lutea and irregular heat periods.

Follicular growth and ovulation were resumed after removal of the

implants although a transient period of follicular cysts was some-

times noticed. These observations are supported by a similar

study by Rahlmann and Cupps (1962a) involving dairy cattle. Folley

and Malpress (1944) administered the same estrogenic material

subcutaneously to cows and inspected the gonads by rectal palpation.

Cyclic periodicity was resumed within 2 months after removal of

the estrogenic implants which had caused inactive ovaries. They

concluded the inactive ovaries were the result of decreased gonado-

tropic function of the pituitary.

Pencharz (1940) implanted estrogen pellets into hypophysec-

tomized rats and reported that the ovaries could be directly stimu-

lated by the estrogen. He indicated that the dosage absorbed before

removal of the implants was 0.13 mg. to 0.17 mg. of DES and 0.04
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mg. to 0.06 mg. of estradiol dipropionate.

Kidder (1954) reported that 100 mg. of DES given on the six-

teenth day of the estrous cycle caused ovarian failure and large

luteinized cysts in dairy heifers. Injections with lower levels or at

different stages of the cycle caused little or no alteration of the

cycle. This work is supported by Greenstein, Murray and Foley

(1958) as they found that 1.0 to 3.5 mg. of estradiol, injected from

the second to the twelfth day of the estrous cycle, suppressed fol-

licle development and induced early regression of the corpus

luteum. Loy et al. (1960) reported that estrogen given daily from

the first to the thirteenth day of the cycle in cattle caused a de-

crease in corpus luteum weight and decreased the functional cells

but did not alter progesterone concentration of the corpus luteum.

Wiltbank, Ingalls and Rowden (1961) injected various forms

and levels of estrogen into cycling beef heifers and observed that

dosages ranging from 5 mg. to 100 mg. of estrogen caused early

corpus luteum regression. Injections on the fifteenth or sixteenth

day of the estrous cycle resulted in many cystic follicles which

could not be reduced with gonadotropin therapy given on the second

or fourth day after estrogen treatment. Kaltenbach et al. (1964)

studied ovarian activity in cycling, pregnant and hysterectomized

heifers by administering 50 mg. of either estradiol or estrone.

Treatment reduced ovarian follicle fluid weight and caused a general
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depression of the follicles, especially the smaller ones. It was

noticed that the time from injection of estrogen to onset of estrous

was variable. Anestrous ewes were treated with either 100 or 400

r. u. of estrogen daily for fifteen days by Cole, Hart and Miller

(1945) and quiescent ovaries were observed in all cases. Other

studies with sheep support these findings. Vander Noot, Recce and

Skelly (1949) administered estrogen to anestrous ewes and although

the ewes exhibited heat, none of them lambed. Dutt (1953) adminis-

tered estradiol to ewes at a time of the cycle when ovarian follicles

would presumably be able to respond to any increased release of

ICSH. He reported that treatment did not hasten the time of ovulation

and suggested that either the 1.0 mg. dose was above physiological

limits or that rising blood levels of estrogen at the time of estrus

may not cause a release of ICSH.

Facilitory Effect of Estrogen

Evidence is accumulating to support the proposal of Engle

(1931) that estrogen is capable of pituitary stimulation. However,

most of the reports in this area have been with laboratory animals.

Short term estrogen treatment was administered by Frank, Kingery

and Gustayson (1925) to intact immature rats and mice and caused

regular estrous cycles that persisted after cessation of estrogen

therapy. Lane (1935) gave immature, 22 day old female rats daily
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estrogen treatment. He found an early stimulation of ovarian fol-

licles with the vesicular stages being apparent, which was inter-

preted as an increase of pituitary secretion of FSH and ICSH. After

10 days of treatment, the nonvesicular follicles were depressed, al-

though the vesicular follicles were retained, indicating decreased

FSH secretion and continued high ICSH secretion.

Prepubertal rats were given a single estrogen injection by

Hohlweg (1934), and ovulation and corpus luteum formation were

observed several days later, indicating increased ICSH secretion.

This experiment as repeated by Hohlweg and Chamorro (1937) clear-

ly demonstrated the role of the pituitary. Hypophysectomy per-

formed 4 days after the estrogen therapy did not interfere with the

corpus luteum formation, but when the operation was performed 2

days after estrogen treatment, no corpora lutea developed. Num-

erous other experimenters have demonstrated a gonadotropic stimu-

lation effect of estrogen in laboratory animals including Hisaw et al.

(1934), Fevold, Hisaw and Greep (1936) and Price and Ortiz (1944).

Sawyer, Everett and Markee (1949) administered estrogen on

the fourth day of pregnancy to rats and observed ovulation within 48

hours. This is indicative of ICSH release and was duplicated by in-

jecting ICSH on the fifth day of pregnancy. Everett, Sawyer and

Markee (1949) administered a properly timed injection of estrogen

to normal cycling rats and succeeded in hastening ovulation. The
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same response was produced by injecting substances other than

estrogen, including progesterone, and they concluded the response

was not specific.

Support for an ICSH release in response to estrogen in swine

has been reported by Kidder, Casida and Grummer (1955). In an

experiment with 10 gilts, a 3.0 mg. injection of DES at day 11 of the

estrous cycle caused a lengthening of the cycle due to luteinization

of the ovarian follicles. Injections on day 16 generally shortened the

cycle. However, administration of 1,000 to 3,000 International Units

(I. U.) of estradiol to 14 dairy heifers at the onset of heat did not

shorten the ovulation interval, as reported by Hansel, Trimberger

and Bearden (1952). The average interval from onset of estrus to

the time of ovulation was 32.4 hours for the estrogen treated periods

and 29.8 hours for the control period on the same animals. In

another work with heifers, Wiltbank, Ingalls and Rowden (1961)

failed to observe consistent ovulation in response to estrogen in-

jections.

Induced estrus and ovulation in anestrous ewes was observed

by Hammond, Jr., Hammond and Parks (1942) following injections of

either 0.5 or 1.0 mg. of estradiol benzoate or stilbestrol dipropio-

nate. However, the ovulatory response was not consistent. A

similar study by Hammond, Jr. (1945) substantiated this work.
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Inhibitors Effect of Progesterone

Suppression of estrus and ovulation by functional corpora lutea,

as suggested by Beard (1898), was experimental demonstrated in the

guinea pig by Loeb (1911). Loeb's original conclusion that ovulation

is inhibited by secretions from the luteal tissue is supported by

numerous reports and it is now well established that administration

of progesterone under appropriate conditions suppresses estrus and

ovulation.

There is considerable evidence favoring the view that the

primary effect of progesterone is to selectively suppress the secre-

tion of ICSH. Dempsey (1937) noted that in guinea pigs receiving

daily injections of 0.05 mg. progesterone, all stages of follicle

development proceeded except the maturation enlargement that

heralds ICSH release. Other workers have found essentially the

same phenomena in other species.

This blocking effect of progesterone has been used by various

investigators to synchronize estrus in farm animals during their

normal breeding season. The precedent setting work of Dutt and

Casida (1948) demonstrated that daily injections of 5 mg. to 10 mg.

progesterone effectively blocked estrus and ovulation in cyclic

ewes. Estrus with ovulation occurred subsequent to withdrawal of

treatment. Christian and Casida (1951) using heifers, were able to
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control time of heat and ovulation by injecting sufficient levels of

progesterone, provided that the injections were started before the

animal's own supply of progesterone had decreased low enough to

allow follicular growth. Hansel and Trimberger (1952) observed

that injections of 5 mg. to 10 mg. progesterone at the beginning of

estrus hastened the ovulatory process in dairy heifers. These

three groups of workers suggested that progesterone inhibits the

action of the gonadotropin complex, primarily by preventing ICSH

from acting on the ovaries.

Nellor and Cole (1956) showed that 560 mg. of a crystalline

suspension of progesterone inhibited estrus and ovulation in beef

heifers for at least 15 days regardless of stage of the cycle and

time of treatment. The effects of an orally fed melengesterol ace-

tate on feedlot heifers was studied by Young, Bradley and Cundiff

(1967). They reported that 0.40 mg. per head daily was the mini-

mal effective dosage for suppression of estrus. Significant in-

creases were observed for weights of the reproductive tracts and

follicular fluid of the treated heifers. Ulberg, Grummer and Casida

(1951) were able to control the time of heat and ovulation in gilts by

injecting 100 mg. of progesterone daily for 14 days starting on the

fifteenth day of the cycle. Estrus with ovulation occurred 6-7 days

(mean 6. 4) after the last injection of progesterone. When lower

levels of progesterone were used, the control of estrus and
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ovulation was incomplete and in many cases cystic follicles devel-

oped. There is general agreement that, although progesterone in-

jections provide an effective method for cycle synchronization, the

fertility of animals bred at the first estrus after treatment is

lowered. The infertility appears to be temporary, since normal

conception rates have been reported in animals bred at the second

post treatment period (Everett, 1961; Robinson, 1967).

Polge, Rowson and Chang (1966) used a single injection of

100 mg. progesterone to study fertility in swine. They concluded

that exogenous progesterone given before ovulation reduced the

number of eggs fertilized, increased polyspermy and increased the

rate of egg transport in the female. Progesterone therapy of "re-

peat breeder" cows has shown a tendency to decrease the large

amount of embryonic death by which these cows are characterized

(Herrick, 1953). Pomeroy (1955) suggested from data collected by

Perry (1954) that the greater proportion of embryonic death in

larger litters of swine than in smaller litters may be traceable to

the larger numbers of corpora lutea and a presumed excess of pro-

gesterone. Thus the existence of an optional progesterone level

may be implied.

It has been suggested by Kaltenbach et al. (1966) that based

on the effects of hypophysectomy, the corpus luteum of ewes is

dependent on pituitary support for at least 5 days after ovulation.
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This corpus luteum dependency was not found by Woody, Ginther and

Pope (1967) using daily injections of 25 mg. of progesterone adminis-

tered to anestrous ewes. Therapy started the expected day of induced

ovulation did not reduce corpus luteum weight. Injections prior to

time of ovulation resulted in smaller corpora lutea regardless of

whether progesterone therapy was continued after ovulation.

Lang (1965) observed the results of surgical suppression of

the corpus luteum in sheep and noted a similarity between times re-

quired for estrus to occur after surgery and after the commencement

of regression of the corpus luteum in the normal cycle. This is in

agreement with the work of McKenzie and Terrill (1937). If sheep

are hypophysectomized on the day of ovulation, histologically normal

corpora lutea are formed which contain normal quantities of pro-

gesterone as long as 15 days after hypophysectomy, as reported by

Denamur and Mauleon (1963). Pregnant sheep were hypophysectom-

ized after the fiftyth day of gestation by Denamur and Martinet (1959).

They found the corpora lutea regressed, but pregnancy was not

interrupted.

Evidence that progesterone may exert at least some direct in-

hibitory action on the ovaries has been presented. The amount of

gondaotropin necessary to induce ovulation in the presence of an

existing corpus luteum in the cow is greater than that necessary at

other stages of the estrous cycle (Hammond and Bhattacharya, 1944).
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Such evidence, however, may simply be associated with follicular

development. More direct evidence is furnished by De Wit and Paesi

(1953), They found a slight atrophic effect of progesterone on the

ovarian interstitial tissue of hypophysectomized rats treated with

gonadotropins. However, a direct effect of progesterone upon the

ovary appears unlikely since progesterone inhibited follicles are

still sensitive to exogenous gonadotropins (Makepeace, Weinstein

and Freedman, 1937; Dempsey, 1937).

Facilitory Effects of Progesterone and Synergism with Estrogen

Progesterone, when administered at certain stages in the

cycle, appears to have a stimulating effect on estrus and ovulation

in some species. A direct action of progesterone on the excised

ovary of the toad was early demonstrated by Zwarenstein (1937) but

such action has not been definitely confirmed in higher vertebrates.

In the domestic hen, injection of progesterone can invoke ovu-

lation several hours ahead of schedule (Fraps and Dury, 1943;

Rothchild and Fraps, 1949). The progesterone-induced ovulation

was regularly prevented by lesions placed into the anterior region of

the ventro-median hypothalamus (just dorsal to the optic chiasma),

a region shown to be involved in normal ovulation (Ralph, 1959), or

along the fiber tracts originating in this region and directly caudally

toward the median eminance (Ralph and Fraps, 1959).
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In strains of persistent estrous rats a single injection of 0.5

to 1.0 mg. of progesterone caused cessation of vaginal cornification,

accompanied by precipitous atresia of the large follicles (Everett,

1943); a second injection of progesterone 5 days after the first

injection resulted in subsequent ovulation. When the second injec-

tions were not given, the animals returned to the persistent estrous

state without ovulating. In normal 5-day cyclic rats, injections of

1 to 2 mg, of progesterone on the third day of diestrus accelerated

vaginal cornification and ovulation by 24 hours (Everett, 1948).

Shaikh and Nellor (1966) suggested that the maintenance of corpora

lutea by methyl-acetoxyprogesterone (MAP) treatment may be very

similar to the maintenance noted in hypophysectomized rats. Vari-

ous daily levels of MAP were administered orally to normally

cycling rats, hysterectomized rats and pregnant rats. Regardless

of the stage of initiation of MAP therapy, the most recently formed

corpora lutea were maintained in a histological functional state. It

was also suggested that the corpora lutea from previous ovulations

were stimulated by the MAP treatment.

Woody, First and Pope (1967) suggested that endogenous pro-

gesterone given to the cow and ewe can apparently shorten the nor-

mal life span of the corpus luteum when administered during the

formative stages. Hansel and Trimberger (1952) observed that in

heifers the injection of small doses of progesterone (5 to 10 mg.)
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at the beginning of estrus significantly advanced ovulation time. If

progesterone were injected shortly after the onset of heat, no

apparent effect on ovulation time was observed. This is in contrast

with the inhibitory effect of larger doses (50 mg.) beginning before

the onset of estrus. Dutt (1953) also reported a hastening of the

time of ovulation in the ewe when progesterone injections were

given shortly before ovulation.

Beef pituitary extract was used to induce ovulation in anestrous

ewes by Woody, Ginther and Pope (1966). They gave daily injec-

tions of 25 mg, of progesterone before or after ovulation or both

times. Progesterone treatment started prior to ovulation resulted

in smaller corpora lutea than the controls, regardless of treatment

after ovulation. There was no reduction in corpora lutea weight

when progesterone injections were started on the day of ovulation.

They also reported corpora lutea induced during the estrous cycle

of the ewe do not persist beyond the life span of the natural corpora

lutea. Ovulation following destruction of functional luteal tissue has

been reported for the ewe (McKenzie and Terrill, 1937), the cow

(Hammond, Jr. , and Bhattacharya, 1944) and the pregnant goat

(Drummond-Robinson and Asdell, 1926). Sawyer, Everett and

Markee (1950) have indicated an ovulation facilitating action of

progesterone in the estrous rabbit. Although ovulation could not be

produced by either estrogen or progesterone alone, it could be
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produced when a combination of the two were given.

Previous experiments have shown that progesterone alone or

in combination with an estrogen is essential for the maintenance of

pregnancy in ovariectomized rats by Lyons (1943), in sheep by

Foote et al, (1957) and in swine by Day, Romack and Las ley (1963).

Reddy, Mayer and Las ley (1958) observed a reduced embryonic

mortality in animals injected with an estrogen-progesterone com-

bination.

Melampy et al. (1957) have presented evidence which illu-

strates that small amounts of progesterone facilitate the estrus -

introducing effect of estradiol in ovariectomized cattle. These

workers injected 1 mg. of progesterone 12 to 24 hours before, at

the same time, or 12 hours after a dose of estradiol benzoate that

varied from 0.2 mg. to 0.4 mg. They suggested that the synergis-

tic effect of progesterone may be of physiological significance in

the induction of the normal estrous response in the cow by playing a

role in the release of ICSH and subsequent ovulation. The influence

of various synthetic progestogens on ovarian response to estrogen

and gonadotropins in intact and immature, hypophysectomized rats

was studied by Smithaid Bradbury (1966). In intact rats, ovarian

luteinization was suppressed by doses of 1.0 mg. to 12.5 mg. of

progestogens, and completely inhibited when 1 mg. DES was given

in combination with progestogen. No effect of progestogens was
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noted on ovarian follicle growth or luteinization in the hypophysec-

tomized animals. They concluded that progestogens do not exert

any direct influence on the capacity of the immature rat's ovary to

respond to stimulation with estrogen or FSH or both. None of the

progestogens directly interfered with luteinization induced by exo-

genous gonadotropins.

The essential role of progesterone in combination with estro-

gen has been demonstrated by Robinson, Moore and Binet (1956).

They used various doses of estrogen and progesterone and con-

cluded that an injection of 0.23 mg. of estradiol benzoate might be

expected to result in estrus for at least half the number of anestrous

ewes pretreated with progesterone for three days (3 to 24 mg. of

progesterone daily), in 90% of the ewes pretreated for six days and

99% of the ewes pretreated for 12 days. The effects in the spayed

ewe of repeated injections of estradiol benzoate given alone or pre-

ceded by progesterone were studied by Moore and Robinson (1957).

They concluded that progesterone had a role in maintaining a con-

stant and highly sensitive state of psychic reactivity to estradiol

benzoate.

Effect of Gonadotropins

Short, McDonald and Rowson (1963) obtained a transitory in-

crease in the secretion rate of progesterone by the ovary on day 15
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of the estrous cycle in sheep,immediately after intravenous injec-

tions of FSH or ICSH. They observed that the ovine corpus luteum

responds in a manner very different from the testis, where the re-

sponse to luteinizing hormone is both immediate and sustained.

Domanski et al. (1967) studied the effect of gonadotropins on

the secretion rate of gonadal hormones in sheep by perfusing the

ovary in situ with either LH, LTH or FSH. The gonadotropins were

infused through the side branch of the ovarian artery and the efflu-

ent blood was collected from the utero-ovarian vein. Treatment

with either LH or LTH on day 8 of the estrous cycle resulted in an

increase of progesterone secretion. A decrease of progesterone

was noted after cessation of treatment. FSH, however, caused a

decrease in progesterone production. On day 15 of the cycle,

perfusion of the ovaries with gonadotropic hormones produced no

noticeable effect on the undetectable progesterone level of the ef-

fluent blood from the ovarian vein. They suggested that the release

of FSH at the proper time in the sexual cycle may influence the

ability of the cyclic corpus luteum to secrete progesterone and its

ability to survive. They also suggested that sheep showed high

reactivity to ICSH stimulation but low capacity for progesterone

secretion.

The effect of pituitary stalk-section in beef heifers on day 2

of the estrous cycle was studied by Anderson et al. (1966b). Day 12
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examination revealed some small corpora lutea. The heifers did not

return to estrus or ovulate within a 30 day period, and some small

Graafian follicles were present in some animals at this time. A

similar experiment by Anderson et al. (1966a) indicated that a pitui-

tary luteotropin may require hypothalamic stimulation for luteal

maintenance in the pig.

It has been demonstrated in vitro by Mason, Marsh and Savard

(1962), Hall and Koritz (1965) and Lynn et al. (1965) that ICSH pre-

parations from several species will stimulate biosysthesis of pro-

gesterone from endogenous precursors in bovine copora lutea.

Armstrong and Black (1966) and Inskeep et al. (1967) confirmed this

work and also suggested that the bovine corpus luteum lost its

ability to respond to ICSH on day 19 after estrus. They suggested

that this could be a key point in the gonadal-pituitary relationship.

Armstrong and Black (1966) proposed that the defect in corpora

lutea obtained near the end of the estrous cycle would appear to be in

their inability to form pregnenolone.

Parabiosis Experiments

Intact rats parabiotically united with castrates causes in-

creased gonadotropin secretion from the pituitary (primarily FSH)

which results in greater estrogen production of the ovaries. This

has been demonstrated by many workers including Martins, Rocha
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and Silva (1931); Cutuly, McCullagh and Cutuly (1937); and Biddulph

and Meyers (1946).

Effect of Estrogen

Early work by Hertz and Meyer (1937) demonstrated that exo-

genous estrogen would inhibit the excess secretion of gonadotropins

from a gonadectomized rat in parabiosis with an intact female.

Supporting evidence for estrogen inhibiting pituitary function has

been reported by Cutuly and Cutuly (1938), Meyer and Biddulph

(1941) and Byrnes and Meyer (1951a, b) using parabiotic rats and

also from Miyake (1961) using parabiotic mice. Kincl, Birch and

Dorfman (1964) gave 10 daily injections of estradiol benzoate to an

ovariectomized partner joined with an intact rat. Minimum pituitary

inhibition was found at a dosage of 0.03 mcg. and maximum inhibition

at 0.2 mcg. as shown by the ovarian weight of the intact twin. Mini-

mum and maximum uterine weight stimulation of the ovariectomized

partner required 0.2 and 0.9 mcg. of estradiol.

Work by Biddulph, Meyer and Gumbreck (1940) with parabiotic

joined rats, demonstrated ovarian corpora lutea on the intact twin

when estrogen was given to the gonadectomized twin. This facili-

tory effect of estrogen suggested that quantities of estrogen neces-

sary to prevent the castration hyper secretion of gonadotropins does

so by inhibiting the production and release of FSH, while increasing
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the production and release of ICSH.

Effect of Progesterone

Progesterone inhibition of gonadotropin secretion in parabiotic

studies has been consistently reported. Female rats were joined

with gonadectomized male or female partners by Hill (1933). He

observed that the intact partner soon showed estrus that was caused

by the gonadotropins of the gonadectomized partner. A delay in

appearance of estrus was observed when the intact female had

several large corpora lutea at the time of the operation. Biddulph,

Meyer and Gumbreck (1940) showed the capacity of progesterone to

check the output of pituitary gonadotropin by using an intact and

a ovarectomized pair of female rats in parabiosis. The increased

output of pituitary gonadotropin by the ovariectomized rat caused

constant estrus in the normal partner. When 1 mg. of progesterone

was given daily to the spayed partner, the hypersecretion of its

pituitary was suppressed and the persistent estrus in the intact

partner was ended.

A determination of which gonadotropin(s) caused the inhibition

was attempted by Cutuly (1941) using an intact male rat parabiotical-

ly joined with an ovariectomized female. Daily injections of 3 mg.

or more of progesterone resulted in gonadotropin inhibition as

noted by equal and simultaneous modification of tubular and
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interstitial elements of the testis. This indicated that progesterone

did not exert a selective inhibitory action if more than one gonado-

tropin were involved. Interpretation might also be explained by a

decrease in ICSH causing a decrease in testosterone which resulted

in a reduction of tubular growth.

Sager, Schuetz and Meyer (1966) used female rats with one

twin ovariectomized and the other hypophysectomized to study the

effect of estrogen. The castrate animal received daily injections

of various doses of estrone (0.1 mg. to 1. 0 mg. ) or 1. 0 mg. es-

trone plus 4. 0 mg. of progesterone. The secretion of FSH was

relatively unaffected but both estrone alone and in combination with

progesterone caused a reduction of ICSH.

Hormones in Blood

Studies in this area are very useful because the circulation

system is the connective link between hormone synthesis and site of

action. New blood collection and assay techniques are overcoming

the problem of low, difficult to detect, hormone levels in the blood.

Gonadotropin Content

Much of the early work in this area has been with gonadec-

tomized laboratory species. Emery (1932) indicated gonadectomy

resulted in an increased blood level of gonadotropins in the rat. The
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assay used was the ovarian weight response in immature, female

rats.

Hellbaum and Greep (1943) reported detectable quantities of

ICSH and a small amount of FSH in blood serum of intact, male

rats. Following gonadectomy, ICSH could not be detected and the

levels of FSH greatly increased as evaluated by ovarian weight re-

sponse and the degree of luteinization in both intact or hypophysec-

tomized, immature, female rats. Increased blood levels of FSH

and ICSH in rats following gonadectomy have been more recently re-

ported by many workers including Cozens and Nelson (1958),

Contopoulos, Simpson and Koneff (1958) and Gans (1959a, b).

The OAAD assay, used by Ramirez and McCann (1963), indi-

cated minimal amounts of ICSH activity in plasma of intact, male

rats. The same assay was used by Kanematsu and Sawyer (1964)

and they reported increased blood levels of ICSH in the rabbit after

ovariectomy.

ICSH activity was determined in bovine peripheral plasma by

Varian, Henricks and Melampy (1967). They used an ethanol-acetone

precipitation technique and the OAAD method to concentrate and

assay the activity. They reported an isolated activity peak of 35

mcg. of ICSH per 100 ml. of plasma about 4 hours after onset of

estrus. Ovulation occurred 24 to 32 hours after this surge of ICSH

activity. The late estrous activity of 2-5 mcg. per 100 ml, of
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plasma increased to 10-20 mcg. of ICSH per 100 ml. of plasma on

the seventh day after estrus. This level of activity remained until

the late-luteal phase when activity again dropped.

Anderson and Mc Shan (1966) studied the blood plasma level of

TCSH in the pig, cow and rat. They suggested that ICSH is re-

leased rapidly into the blood 6 to 17 hours prior to ovulation in the

cow, 12 hours in the pig and 6 to 12 hours in the rat. They found a

low level of circulating ICSH at other times during the cycle. They

found that pituitary ICSH was not depleted and plasma ICSH was not

elevated in their study with constant estrous rats. They concluded

that the mechanism operating at the hypothalamic level to control

ICSH release must be impaired. McDonald and Clegg (1966) deter-

mined the ICSH and FSH activities in blood and pituitaries of intact

and gonadectomized male and female sheep. They found that serum

ICSH activity is not altered in this species by gonadectomy. How-

ever, FSH activity in the blood increases following either operation,

The increased potency of the pituitary following ovariectomy is due

almost entirely to an increase in FSH concentration. Changes in

serum ICSH activity occurred in the intact ewe which appeared to

be related to the time of year and particularly to the onset of cyclic

activity.

Reeves and Ellington (1967) reported that gonadotropic activi-

ty in the pituitary of the ewe was higher in the anestrous season
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than the breeding season. Mean ICSH activity of the pituitary was

similar for both seasons as indicated by stimulation of ovarian

interstitial tissue of immature, hypophysectomized, female rats.

Mean FSH activity of the pituitary was significantly higher during

anestrus than during the breeding season as indicated by ovarian

follicle diameter of the assay animals. Gross and histological

examination of the ewe reproductive structures suggested that a

deficiency amount of ICSH is released from the pituitary during

anestrus. It was also observed that the pituitary of the ewe was

heavier during anestrus and the ovary and uterus were heavier

during the breeding season.

Progesterone Content

The progesterone concentration in peripheral blood plasma

varies with the species. The plasma progesterone concentration in

rats was determined by Grota and Eik-nes (1967) using gas-liquid

chromatography with electron capture detection. The progesterone

concentration was found to decrease before parturition and to in-

crease again during lactation. The peak of activity was observed

on the fourth day of lactation. These results are in contrast to

other animal species observed by Short, McDonald and Rowson

(1961) and Zarrow and Neher (1955). These workers found that the

plasma level of progesterone did not fall until or after partutition.
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Edgar and Ronaldson (1958) and Short and Rowell (1962) reported a

peak in ovarian venous blood progesterone in the sheep to occur be

tween 8 and 16 days following estrus. Gomes et al. (1963) and

Gomes, Herschler and Erb (1965) found a peak between 10 and 14

days after estrus for the sow and a similar peak between 11 and 15

days after estrus for the cow. It was also reported that after the

peak, the progesterone levels declined rapidly to the next estrus.

Neher and Zarrow (1954) reported that plasma progestational

activity in the ewe increased during pregnancy and during the es-

trous cycle until 9 to 12 days postestrus and then declined. A

peak of progesterone concentration was reported 14 days after

estrus in the cow by Plotka et al. (1966). Masuda et al. (1967)

found a linear relationship between the logarithm of the concentra-

tion of progesterone in the ovarian venous blood and the content of

this steroid in the luteal tissue during the estrous cycle of the pig.

Plotka and Erb (1967) reported a progesterone level in the

ewe of 22.4 ng. per ml. at estrus which subsequently increased to

37.4 ng. per ml. by 9 days to 11 days after estrus and then de-

creased to 21.8 ng. per ml. These workers used both cavernous

sinus and jugular blood samples and found no significant difference

of progesterone concentration between the two sources. High

levels of progesterone in peripheral blood during pregnancy were

indicated from the Hooker-Forbes test by Neher and Zarrow (1954)
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in the ewe, Zarrow and Neher (1955) in the rabbit and by Forbes

and Hooker (1957) in the mouse.

Effect of Exogenous Estrogen

There are few studies available concerning the effect of es-

trogen therapy on blood gonadotropins because only recently have

assays been developed which are sensitive to the small concentra-

tion of FSH and ICSH found in circulation. Studies of this nature

involving large animals are limited in number.

A presumed physiological dose of 2 mcg. of estradiol ben-

zoate injected daily for 4 days into gonadectomized male and female

rats resulted in lower plasma levels of FSH and ICSH (Gans, 1959a,

b). FSH activity was determined by the HCG augmentation test

and ICSH was detected by the ven'ral prostate response. No re-

sponse was observed after the same estrogen treatment was given

to intact rats, which normally have low plasma ICSH levels. Gans

and Van Rees (1962), using the same assay procedures, injected

gonadectornized male and female rats with 0. 5 and 2.0 mcg. of

estradiol and found a decreased ICSII serum level. A dosage of

0.1 and 0.2 mcg. was still inhibitory in the gonadectomized male

but in the ovariectomized female rat the decreased serum ICSH

level was not as pronounced. It was suggested that estrogen, if

chronically administered, depresses the production and inhibits
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the release of ICSH. These two effects were suggested as having

different threshold levels, with the threshold for release being lower

in females, and the threshold for inhibition of production being lower

in males.

A reduction in plasma ICSH of the ovariectomized rat was

reported by McCann and Taleisnik (1961b) following a single injection

of estradiol benzoate. Fifty mcg. decreased ICSH activity within 1

day. An injection of 5 mcg. of estradiol benzoate decreased ICSH

activity in the plasma within 2 to 3 days and the plasma activity

failed to return to the pretreatment level for 1 week after withdrawal

of estrogen treatment. A dose of 0.1 mcg. was the minimum effec-

tive dose of estradiol needed to decrease ICSH activity within ,D days,

but ICSH returned to the preinjection level within 4 days after the

initial injection. A slight decrease of serum ICSH activity occurred

within 1 hour after an intravenous injection of either 40 or 50 mcg.

of estradiol.

Similarly, Ramirez and McCann (1963) reported that when

estrogen was administered daily from the time of ovariectomy, the

rise in plasma ICSH that occurred in oil injected controls was at

least partially prevented, although the dose of estrogen required

appeared physiologically quite high. The general conclusion was

that estrogen can block both the synthesis and release of ICSH. How-

ever, this conclusion is not in agreement with other reports.
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An increase in plasma ICSH in the ovariectomized rat was re-

ported by Sidki, Badawi and Soliman (1958) following 30 daily injec-

tions of 1 mcg. of estradiol benzoate. The ICSH activity was evalu-

ated by the number of corpora hemorrhagica on the ovaries of im-

mature, female mice injected with pregnant mare serum plus the

test material. These results are not explained by the suggestion of

McCann and Ramirez (1964) who found more direct evidence of estro-

gen evoking ICSH secretion. They found a small increase in plasma

ICSH 11 to 13 days after implantation of estradiol in the median

eminence area of the hypopthalamus of intact rats, but a depression

of plasma ICSH activity was observed in ovariectomized rats simi-

larly implanted. Plasma ICSH activity was evaluated by the OAAD

assay. They suggested that estrogen inhibits ICSH release only if

the pituitary secretion is elevated and increases ICSH release when

the pituitary secretion is low.

Soliman et al. (1963) reported that plasma levels of FSH and

ICSH in the ewe were unchanged following 2 daily injections of 0.02

mg. of estradiol benzoate. Immature mice were used for the assay

with an HCG augmentation test indicating FSH activity and the ICSH

response based on an increased number of corpora hemorrhagica.

Cooper and Ellington (1967) studied the effects of injections of estro-

gen on plasma gonadotropins in wethers. Sequential samples of

cavernous sinus blood were bioassayed in immature,
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hypcphvsectomized, female rats. Estrogen therapy involved both

diethyFtilbestrol and estradiol benzoate in doses ranging from 1 mg.

daily for 10 days to 0.025 mg. daily for 10 days. A significant de-

pression of plasma gonadotropic activity was observed for all treat-

ments. Histological examination of the rat ovarian follicle activity

and interstitial tissue revealed that both FSH and ICSH were in-

volved in the estrogen inhibition.

Effect of Exogenous Progesterone

An increase in plasma concentration and a decrease in pitui-

tary content of gonadotropins was reported by Bodawi and Soliman

(1957) following a single injection of 0.4 mg. of progesterone into

mature, gonadectomized, male rats. The assay used was the testes

weight response of the immature chick.

The effect of progesterone on FSH and ICSH plasma concentra-

tions and pituitary content in rats was reported by Van Rees (1959).

One mg. injected daily for 4 weeks had no apparent effect on pitui-

tary ICSH levels in intact and gonadectomized male and female rats

but a reduction was observed in plasma ICSH levels in the gonadec-

tomized male animals. The assay involved immature, hypophysec-

tomized male rats using the prostate gland weight response for

ICSH activity and the weight increase of the testicles for FSH activi-

ty. Daily progesterone injections of 1 and 6 mg. for 4 weeks resulted
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in a decrease in plasma ICSH in intact female rats as indicated by

decreased cell-size of the ovarian interstitial tissue. This treat-

ment also caused an increase of FSH level in the pituitary. The

suggestion was made that the progesterone reduced the rate of syn-

thesis of ICSH but not FSH, however, it did reduce the "readiness"

of FSH release into circulation.

McCann (1962) studied the effects of progesterone on plasma

luteinizing activity of ovariectomized rats using the assay of Par low

(1958). A single 25 mg. injection of progesterone produced a slight

decrease in ICSH activity, and a second injection of 25 mg. given 2

days after the first resulted in a still further decrease. Progester-

one at the rate of 5 mg. daily for 3 days, however, did not signifi-

cantly depress plasma ICSH activity unless the animals were pre-

treated with estradiol benzoate.

In contrast to these reports, Ellington, Contopoulos and

Clegg (1964) studied the effects of progesterone on wethers, using

sequential collections of pituitaries and cavernous sinus blood

which were bioassayed in immature, hypophysectomized, female

rats. Their results showed that increasing amounts of gonadotropins

were released into circulation on the fifth and sixth day of treatment

of 20 mg. of progesterone daily and again at approximately the same

time interval, the fifth, sixth or seventh day after discontinuance.

Similar increases were indicated on the sixth and tenth day following
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a single injection of 500 mg. of progesterone. This response clear-

ly indicates an action of progesterone upon the release of gonado-

trop ns by the pituitary. Both FSH and ICSH were uniformly high

during these same times.

Circulating levels of ICSH were determined in intact and

ovariectomized ewes before, during and after progesterone treat-

ment by McDonald and Clegg (1967). These workers utilized 10

daily injections of 20 or 40 mg. progesterone and found a decrease

in serum ICSH activity during treatment. Following withdrawal,

elevated levels of ICSH occurred in the fourth and sixth days in both

intact non-cycling and ovariectomized ewes. Intact ewes treated

during the initiation of the breeding season showed depressed levels

of ICSH and failed to respond to progesterone therapy. In general,

the treatment did not greatly affect the serum ICSH levels. They

suggested that exogenous progesterone might be expected to have

more effect in species in which the ICSH level increases following

gonadectomy, than in species like the sheep in which gonadectomy

does not result in elevated serum ICSH levels.

Hormones in Urine

The urine of pregnant animals is an important source of hor-

mones and a useful tool for studying hormone secretion rates. How

ever, difficulties are encountered in relating urinary hormone levels
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to the rates of hormonal production, release and storage in vivo,

due to the existance of alternate metabolic pathways. Many of the

existing urinary studies have involved humans.

Gom.iclotropin Content of Urine

Elevated levels of gonadotropins in urine were found after

ovariectomy in women by Frank and Salmon (1935) and Rowlands

and Sharpey-Schafer (1940). These two groups of workers and

Igarashi, Matsumoto and Hosaka (1965) agreed that administration

of estrogen to ovariectomized women caused a decrease in the urine

gonadotropin level. In contrast to this, conflicting evidence was

provided by Funnell, Keaty, and Hellbaum (1951), who demonstrated

that estrogen given to women with menopausal symptoms caused

an increase of ICSH activity in urine.

Although early workers failed to detect gonadotropic activity

in the urine of farm animals, Robertson, MacGillivary and Hutchin-

son (1963), using the uterine weight response in mice administered

urine from castrate male and ovariectomized female sheep, re-

ported positive responses. No uterine weight response to the urine

of intact sheep was found, nor were seasonal differences observed.

This work was confirmed by MacGillivary and Robertson (1963)

using urine of the ovariectomized, normal and pregnant ewe and the

ram. These workers noted that the level of total gonadotropic
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activity found in ewe urine after ovariectomy appeared to be con-

siderably lower than the activity found in ovariectomized or post-

menopausal women.

The effect of orally administered progesterone on the urinary

gonadotropin secretion of gonadectomized women was studied by

Smith and Albert (1956). One patient received 8 daily doses of 50

mg. and another patient used repeatedly, received 7 daily doses

ranging from 1 mg. to 100 mg. A decrease of urinary gonadotropin

level was not observed and on days involving the 100 mg. of pro-

gesterone treatment, increased levels of gonadotropins were

noticed. Rothchild (1957) questioned the oral effectiveness and

dosage levels used in the above experiment. This worker used

dosages ranging from 100 to 400 mg. daily, given intravenously to

women for 9 to 11 days. Definite decreases in the level of urinary

gonadotropin excretion were found in the treatment, as indicated by

immature mice ovarian and uterine weight response. This was

especially true when the subjects were menopausal.

Estrogen and Progesterone Content

Pincus (1937) indicated that injections of estrone in the intact

rabbit increased the estriol in the urine, but injections in the

hysterectomized animal did not produce this effect. The simul-

taneous injection of estrone and progesterone into nonpregnant
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animals resulted in an increased excretion of estriol; furthermore,

pregnant and pseudopregnant animals excrete two to five times the

amount of injected estrogen as nonpregnant animals.

Smith (1966) studied circulation levels and excretion of estro-

gen in normal human pregnancy. She found a preparturition decreasc,

in plasma concentration that was not explained by urinary levels.

Urine to plasma ratios of estrogen content indicate that the gluco-

siduronates of estrogens were secreted by the kidney tubule while

the sulfurylated and free forms were reabsorbed.

Pregnanediol was first isolated from human pregnancy urine

by Marrian (1929). It has a well established relationship to pro-

gesterone metabolism in humans as reviewed by Dorfman (1955),

who demonstrated that in late pregnancy, women excrete about 50

mg. of pregnanediol each day. This is in sharp contrast to the

trace amounts found in the cow by Klyne and Wright (1959), the goat

by Klyne and Wright (1957) and the sheep by Robertson and Coulson

(1958). These low levels of urinary pregnanediols indicate that

plasma progestogens are metabolized to other compounds. This has

been substantiated by in vitro experiments of Taylor (1956) using

rat liver, Wiest (1959) using rat ovarian tissue and Sweat et al.

(1958) using human uterine fibroblasts.

Me llin and Erb (1965) demonstrated that bovine excretion of

estrogen in feces and urine increased markedly during the last half
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of gestation. Another study by Me llin, Erb and Estergreen, Jr.

(1966), found a significant peak of urinary estrogen at parturition.

They suggested that the ratio of estrogen and progesterone may be

more important than the levels of either one. They also suggested

that the ratio of estrogen and progesterone required to maintain

pregnancy and later trigger parturition may also be an individual

cow characteristic, since individual cows tended to show a repeat-

able and characteristic distribution of estrogen metabolism as well

as excreted urinary levels.

Other Pituitary Tropic Activities
Affected by Ovarian Steroid Hormones

Studies of the effects of female sex hormones on pituitary

activity with regard to trophic hormones other than the gonadotro-

pins reveal that estrogen and progesterone may modify some re-

sponses. Very little work has been reported on farm animals in

this connection.

Adrenocorticotropic Activity

Involvement of the hypothalamus in regulation of adrenocorti-

cotropic hormone secretion was reported by Hume and Wittenstein

(1950), and also by de Groot and Harris (1950). The work by Barrett

(1960) disclosed that after a standard stress in proestrous and
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estrous rats, the blood ACTH levels were 2 to 3 times as high as

that found in diestrous, metestrous, castrate or immature females

and normal males. This confirmed earlier evidence that adrenal

enlargement followed systemic administration of estrogen in labora-

tory animals as reported by Ellison and Burch (1936) and Allen and

Howard (1942).

A series of experiments by Kitay (1961a, b, c; 1963a, b) using

rats, indicated that estrogen stimulates the synthesis and secretion

of ACTH, increases adrenal size, increases the effect of ACTH on

adrenal weight, and increases the plasma corticosterone response

to stress and ACTH. However, Hagen and Troop (1960) working

with species influence on cortisone metabolism, indicate that the

effects of estrogen cannot be generalized to all species.

The influence of progesterone on ACTH activity has not been

as extensively studied as estrogen. The recent work of Holub,

Katz and Jailer (1961) and Logothetopoulus, Sharma and Kraicer

(1961) agree with the earlier work of Clausen (1940) that progester-

one inhibits ACTH secretion from the pituitary.

Thyrotropic Activity

The humoral interplay that exists between the thyroid and the

anterior pituitary is well documented. However, the effect of

gonadal sex hormones upon this relationship is less understood.



54

A direct effect of estrogen on the thyrotropic activity of the

pituitary has been suggested by Mazer, Israel and Alpers (1936),

Freudenberger and Clausen (1937) and Victor and Anderson (1938).

An increased thyroidal I 131 uptake after an injection of 50 mcg. of

estradiol was reported in male rats by Money et al. (1950, 1951).

Reineke and Soliman (1953) proposed an indirect effect of estrogen

on the thyroid via the pituitary, possibly to influence TSH secretion.

These workers found a significantly increased uptake of thyroidal

1131 within 48 hours after injecting female rats with 6 r. u. of

estradiol benzoate. A similar response was not observed when 300

r. u. was given for 20 days. Ovariectomized rats responded simi-

larly but ovariectomized and hypophysectomized rats did not have a

significant uptake of thyroidal 1131.

Reineke and Soliman (1953) also conducted experiments with

progesterone similar to the estrogen experiments. They found that

0. 4 mg. of progesterone inhibited thyroidal 1131 uptake and 0.8 mg.

significantly increased the uptake response in ovariectomized rats.

The 0.4 mg. of progesterone also decreased uptake activity of 1131

when administered to ovariectomized and hypophysectomized rats.

They tentatively suggested that pathways other than via the pituitary

gland were utilized for the progesterone effect. Badawi and Soliman

(1957) demonstrated an accumulation of TSH in the pituitary with

little or no effect on serum levels following therapy of 0.4 mg.
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progesterone.

Cyclic variations of the thyroid function associated with phases

of the estrous cycle have been reported. Soliman and Reineke (1954)

with the rat, Soliman and Ghanem (1956) with the rabbit and

Ghanem and Soliman (1956) with sheep found a maximum thyroid

function during estrus. A difference in thyroid weights of sheep,

however, was not observed by Reeves and Ellington (1967) when

comparing the anestrous season to the breeding season.

Somatotropic Activity

Early work by Reece and Leonard (1939) and Freudenberger

and Clausen (1937) suggest that estrogen lowers the growth stimu-

lating power of the pituitary. The more intricate experiment of

Spencer, D'Amour and Gustayson (1932) indicated that estrogen

inhibits growth by acting on the growth center of bones.

The well known growth stimulating effect of estrogen in rumi-

nants has been suggested to be due to an increased production of

STH (Hammond, 1958), since protein anabolism following estrogen

implants is similar to the response following STH injections. On

the other hand, Clegg and Cole (1954) proposed that the acceleration

of protein anabolic process in ruminants treated with estrogens is

indirectly due to adrenal androgens, instead of STH from the pitui-

tary. A marked depression of blood eosinophils was found which
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indicated the release of ACTH from the pituitary, which stimulated

the adrenal cortex to produce androgen. Androgen involvement is

supported by the masculine characteristics noted in estrogen treat-

ed animals.

Increased activity of plasma growth hormone was found by

Trenkle and Burroughs (1967) after feeding diethylstilbestrol to

finishing beef cattle. A level of 39.3 mcg. per 100 ml. of plasma

was compared to 21.0 for the control animals. The treated cattle

also had a higher average daily gain than the controls.

A pituitary involvement of an STH response to progesterone

appears unlikely, although there may well be a transitory effect on

secretion. Growth rate increases have been observed in rats after

pregnancy, pseudopregnancy and progesterone therapy by Hart and

Cole (1939) and Bogart, Las ley and Meyer (1944). The effect of

progesterone was not as pronounced and did not involve an in-

creased appetite as did pregnancy and pseudopregnancy. An in-

crease in the growth promoting potency of rat plasma was reported

by Contopoulos and Simpson (1959) in both hypophysectomized preg-

nant and intact pregnant animals.

Andrews, Beeson and Johnson (1954) reported that the rate of

gain of steers was not influenced by feeding diethylstilbestrol alone

or in combination with progesterone. Neller and Cole (1957) found

no effect on the STH content of bovine pituitaries examined 6-7 days
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after a single injection of 1,120 mg. of progesterone.

Site of Ovarian Steroid Hormone Action

The suggestion was made by Moore and Price (1932) that

gonadal hormones act to regulate pituitary function by a feedback

action exerted directly on the pituitary. This was substantiated by

Meyer, Leonard and Hisaw (1932) using estrogen and Herlant (1939)

using progesterone. However, in challenge to this hypothesis,

Hohlweg and Junkmann (1932) proposed that the steroids were regu-

lating pituitary activity by acting via a hypothalamic "sex center".

Some controversy over these two theories still exists.

The proposal of Sawyer, Everett and Markee (1949) that ovu-

lation in the rat is brought about by a neural triggering mechanism

is now well established. On the basis of a neurophysiological study

of Kawakami and Sawyer (1959), it would appear that both the facili-

tory and inhibitory effects of sex steroids on the adenohypophysis

might be mediated by influences on the different areas of the brain.

The majority of the later work supports a hypothalamic "receptor"

site for the negative feedback of gonadal steroids. Flerko and

Szentagothai (1957), Davidson and Sawyer (1961) and Kanematsu and

Sawyer (1963a, b), all of whom used estrogen, obtained evidence in

support of this theory. Ralph and Fraps (1960) provided further

support using progesterone.
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More recent work by Palka, Ramirez and Sawyer (1967) indi-

cates that estrogen exerts separate actions on the cells of the rat

pituitary and median eminence. They used estradiol implanted in the

hypothalamo-hypophyseal region and observed that it stimulated the

release of ICSH by a central action on the median eminence, but in-

duced pituitary hypertrophy by a direct action on the hypophyseal

cells to which it was carried by the hypothalamo-hypophyseal portal

system. A similar dissociation between pituitary hypertrophy and

control of FSH secretion has been noted by Flerko and Bardos (1960).

Concerning the question of a direct effect of estrogen on the

pituitary, Chowers and McCann (1965) showed that estrogen placed

in the rat pituitary can increase the ICSH-RF content of the median

eminence. The interpretation advanced was that interpituitary es-

trogen can lower ICSH release, and hence reduce plasma levels,

consequently resulting in lowered estrogen titers. This would indi-

cate that the resultant reduced ICSH level might coincide with the

removal of the "internal negative feedback" effect normally exerted

by ICSH on the hypothalamus, thereby allowing for increased

ICSH-RF activity.

Using partial or total interruption of neural afferents to the

medial basal hypothalamus, Halasz and Gorski (1967) concluded that

in the rat, the medial basal hypothalamus acts directly on the pitui-

tary by its gonadotropic hormone releasing factors. They suggested
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that the medial basal hypothalamus by itself is capable of liberating

the releasing factors only in a tonic fashion. They believed that the

nervous structures responsible for the cyclic discharge of the re-

leasing factors lie outside the medial basal hypothalamus but influ-

ence the pituitary through it. They also suggested that at least

two levels exist in the system for the negative feedback of gonadal

steroids; one being represented by the medial basal hypothalamus-

pituitary complex, and the other probably located in the anterior

hypothalamus.

General Conclusions and Aims of Present Study

It is readily apparent from the foregoing review of literature

that estrogen, as well as progesterone, deeply influence nervous

structures which constitute a mechanism capable of an inhibitory

or stimulatory effect on pituitary secretions. The precise physio-

logical mechanism operating in a particular situation seems to de-

pend, at least partially, on the possible combinations of a large

number of variables, including preconditioning, length and amount

of treatment, sex, age and species. Other pitfalls arise when known

physiological mechanisms in laboratory animals are directly related

to the unknown counterpart mechanism in farm animals. Interpreta-

tions and comparisons are complicated by having to relate experi-

ments involving different types of assays or lacking pertinent data.
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For example, the secretory activity of the pituitary is hazardous

to predict when only the total gonadotropic activity of the pituitary

is known.

This study is concerned with the regulating influence of the

gonads upon pituitary activity and, specifically, it was designed to

determine if a low level-short term amount of estradiol benzoate,

either given alone or in combination with progesterone, will cause

a stimulation of the pituitary gland and subsequently an increased

release of gonadotropins. Wethers and ewes were utilized to re-

ceive various low levels of hormone therapy and to donate sequential

samples of cavernous sinus blood plasma. The plasma was bio-

assayed to determine changes of ovine pituitary secretion brought

about by the original hormone treatment. The activity of the

gonadotropic components was given the most emphasis. The deter-

mination of hormone activity of the plasma included individual hor-

mone assay which allows a more precise interpretation of pituitary

function.



61

III. MATERIALS AND METHODS

Experimental Design

Five individual experiments were conducted with wethers (ex-

periments I, III, IV and V) and ewes (experiment II) to study pitui-

tary activity as influenced by estrogen administered alone and in

combination with progesterone. Table 1 shows the hormonal treat-

ments and blood collection intervals for the five experiments. The

hormonal materials administered to the sheep were estradiol ben-

zoate 1 and progesterone'. The estrogen for injection was made up

in the concentration of either 0.005 mg. (experiments I and II) or

0.025 mg. (experiments III, IV and V) of estrogen per ml. of vege-

table oil. The progesterone concentration was 20 mg. suspended in

1 ml. of a medium composed of one part 95% ethanol and nine parts

vegetable oil.

Donor Animals

All of the donor animals had reached maturity at the initiation

of the experiments. Wethers were included in the experiments be-

cause they are uncomplicated by endogenous gonadal hormones, and

they generally possess more plasma gonadotropic activity than intact

1 Sigma Chemical Company



Table 1. Experimental design for the sheep hormonal treatments and cavernous sinus blood collections.

Experiment Donor Hormonal Hormonal
number animals material treatment

Cavernous sinus blood
collection daysa

I 4 Hampshire wethers Estradiol Total dose 0.05 mg. per
benzoate animal; 0.005 mg. intra-

muscularly daily for 10
consecutive days

II 4 Lincoln X Rambouillet Estradiol Total dose of 0. 05 mg. per
ewes benzoate animal; 0.005 mg. intra-

muscularly daily for 10
consecutive days

III 4 Crossbred whitefaced Estradiol Total dose 0.025 mg. per
wethers benzoate animal; single intramuscular

inj ection

IV 4 Crossbred whitefaced Estradiol Total dose 0. 025 mg. per
wethers benzoate animal; single intramuscular

injection

V 4 Crossbred whitefaced Estradiol Total dose 0. 25 mg. estradiol
wethers benzoate benzoate and 200 mg. progesterone

and per animal; 0.025 mg. estradiol
progesterone benzoate and 20 mg. progesterone

intramuscularly daily for 10
consecutive days

0,

0,

0,

0,

0,

6,

5,

1,

5,

5,

12,

12,

2,

6,

6,

15, 18

15, 18

4, 6

8, 10

12, 15, 16, 18

a
Day 0 represents blood collections made before initiation of hormone treatment. Day 1 is considered the first day of hormonal treatment. The
plasma samples were pooled among sheep for each collection interval in a particular study.
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sheep (Ellington, Contopoulos and Clegg, 1962). Orchidectomy had

been performed on the males at approximately two to six weeks of

age. The ewes were involved only in experiment II and only intact

females were utilized. They were checked daily for estrus through

August and September by the use of a vasectomized ram equipped

with marking crayons and associated harnesses as described by

Radford, Watson and Wood (1960). Both ewes and wethers were

penned in an open barn and each animal was provided daily with

approximately one pound of grain mix and two pounds of alfalfa hay.

Collection of blood and hormone injections were always carried

out between 8 and 10 a.m. On days where both occurred, the injec-

tion always followed the blood collection. The collection intervals

were arranged to obtain samples before hormone injection (control

collection), during the injection period when more than a single in-

jection was used and after cessation of hormone treatment. This

allowed a study of treatment effect on sequential changes in pituitary

secretion.

The cavernous sinus technique utilizing the foramen ovale was

used to collect pituitary venous blood. McFarland, Clegg and

Ganong (1960) and Ellington, Contopoulos and Clegg (1962) were able

to detect corticotropic, gonadotropic and growth hormone activities

from gonadectomized, unanesthetized sheep by this method.

The blood collecting equipment consisted of 100 ml. syringes



64

attached to 16 gauge 1-3/4 or 2 inch hypodermic needles. Just be-

fore use, the equipment was heparinized with a solution of physio-

logical. saline containing 300 I. U. of heparin per ml. A total of 100

ml. of blood was collected from each animal at each collection in-

terval. The blood immediately after being drawn, was placed in

heparinized centrifuge bottles and cooled in an ice bath. The

samples were subsequently centrifuged under refrigeration for 10

minutes at 9, 000 r. p.m. After double centrifugation, all plasma

drawn from each animal for that particular collection period was

pooled, separated into aliquots, and frozen. Aliquots containing

sufficient material for one injection day were thawed to room temp-

erature prior to injecting the assay animals.

Assay Animals

The assay animals were female rats of the Long-Evans strain.

Hypophysectomy was performed at 26 to 28 days of age and thus

provided an immature assay animal uncomplicated by an endogenous

source of pituitary hormones. After a two week postoperative

period, the rats were individually weighed, ear-marked and started

on treatment. Intraperitoneal injections with 5 ml. of raw plasma

were made between 9 and 11 a.m. for four consecutive days, giving

a total dosage of 20 ml. per rat. The assay animals were provided

with Purina rat pellets. During the actual injection period this was
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supplemented with ordinary sugar cubes given ad libitum.

Twenty-four hours after the last injection, the assay animals

were autopsied under chloroform anesthesia. The vagina was ex-

amined to determine if it had opened. Ovaries, thyroids and the

uterine-oviduct complex were removed with the aid of a dissecting

microscope, trimmed free of adhering tissue, weighed and fixed in

Bouin's solution. The same procedure was followed with the adrenals

with the exception that they were fixed in 10% neutral formalin.

The right tibia was obtained from each rat and trimmed of all

soft tissue. The bone was then cut in a sagittal plane at the proxi-

mal end with a razor blade and fixed in 10% neutral formalin. The

sella turcica of each rat was examined for evidence of incomplete

hypophysectomy and if pituitary fragments were found, the data for

that particular rat were discarded.

Determination of Hormone Potency

The hormonal activity of the plasma samples from the donor

sheep was determined by responses occurring in the recipient

assay animals. Gonadotropic activity was indicated by weight re-

sponses of the ovarian and oviduct-uterine structures and by ovarian

histological changes.

The histological method involved one ovary from each rat

which was embedded in paraffin and sectioned with a microtome to a
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thickness of 8 micra. Sections were mounted on slides and stained

with hematoxylin and eosin. A calibrated ocular micrometer was

used for measurement of the largest non-atretic follicle in 21 sec-

tions for each rat ovary. This reading was taken as an indication of

the FSH activity (Evans et al. , 1939).

The ICSH activity of the plasma was determined by micro-

scopic examination of the interstitial tissue for stimulation using

the above ovarian sections (Simpson, Li and Evans, 1942). The un-

injected assay animals were considered as deficient or unstimulated

controls. Unstimulated (deficient) ovarian interstitial tissue re-

vealed small nuclei, the chromatin in clumps with a difficult-to-

distinguish cytoplasm. Partially stimulated tissue (partial repair)

showed larger and more rounded nuclei that stained lighter with

hematoxylin, a larger and more eosinophilic cytoplasmic body and a

more evenly scattered chromatin. The stimulated tissue (repaired)

was characterized by larger and more dispersed nuclei that were

lightly stained, larger and highly eosinophilic cytoplasmic body and

even distribution of the chromatin. Greater degrees of stimulation

(hypertrophy) were indicated by even more pronounced changes in the

interstitial cell nuclei and cytoplasm. The ICSH activity was based

on a numerical scale ranging from 1 through 8 and correlated with

increasing degrees of interstitial cell stimulation.

The STH activity of the plasma was determined by the tibial
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epiphyseal plate response of the assay animals. This method,

developed by Greenspan et al. (1949) involved staining the split

tibia halves with silver nitrate and with the aid of a calibrated ocu-

lar micrometer, obtaining 10 readings of the epiphyseal plate

thickness. These readings were averaged, converted to micra and

used as the growth response for a particular rat. TSH and ACTH

activities were indicated by weight responses of the thyroids and

adrenals of the assay animals.

Analysis of Data

Differences among treatment means were detected by the

analysis of variance technique. Differences between a given value

and the appropriate pre-treatment (control) value was analyzed by

the least significant difference technique. Mean and standard error

of the mean were used to present data in the tables.
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IV. RESULTS

Experiment 1

The first experiment was designed to study the regulatory in-

fluence upon the pituitary function of a castrate preparation of 0.005

mg. of estradiol benzoate injected daily for 10 consecutive days.

Plasma samples were obtained prior to (day 0), during (day 6) and

after (days 12, 15, 18) estrogen therapy and then bioassayed to

determine any sequential change in plasma activities.

Plasma gonadotropic activity as indicated by the ovarian and

the uterine weight responses appeared slightly inhibited on days 6

and 12 by the estrogen treatment (Table 2). A tendency for gonado-

tropic activity to subsequently return to or perhaps above the pre-

treatment level was suggested. Statistical analysis, however, re-

vealed these apparent changes insignificant.

Plasma FSH and ICSH activities as indicated by the rat ovarian

histological responses were not significantly affected by the estrogen

treatment. The estrogen treatment did not cause any significant

alterations in plasma activity as measured by the rat thyroid weight

and epiphyseal width (Table 3). Plasma activity as reflected by the

adrenal weight response was, however, decreased at day 12

(P < .01).



Table 2. C',onadotropic responses of assay animals administered plasma collected from Hampshire
wethers injected with 0.005 mg. estradiol benzoate daily for 10 consecutive days. Experi-
ment 1.

Plasma
collection

daya

Number of
assay

animals

Ovarian
weight
(mg. )

Oviduct and
uterine weight

(mg. )

Largest ovarian
follicle diameter

(u)

Ovarian
interstitial

tissueb

0 5 15.8 ± 1.3c 40.3 i 8.4 622 + 41 3.8+ 0.4

6 3 13.2 + 1.7 34.9 + 1.4 690 + 33 3.7 + 0.3

12 3 13.9 + 2.9 40.5 + 17.0 641± 64 3.7 + 0.3

15 5 16.0 + 2.4 45.1 + 6.5 608+ 33 3.8± 0.3

18 5 17.3 + 2,6 63.4± 12.4 607 + 26 3.0 + 0.3

a Day 0 represents blood collections made before initiation of hormone treatment. Day 1 is considered
the first day or hormone treatment.

bBased on a numerical scale ranging from 1 to 8 correlated with increasing degrees of interstitial
cell stimulation.

CMean + standard error of the mean.



Table 3. Other endocrine responses of assay animals administered plasma collected from Hampshire
wethers injected with 0. 005 mg. estradiol benzoate daily for 10 consecutive days. Experi-
ment I.

Plasma
collection

daysa

Number of
assay

animals

Adrenal
weight
(mg. )

Thyroid
weight
(mg. )

Epiphyseal
width
(u)

0 5 12.1 + 0. Ob 6.3 + 0.5 237 + 14

6 3 1 1 . 1 + 1 . 1 6.9 + 0.7 211 + 9

12 3 8.9 + 0. 7** 5.1 + 1.0 203 + 9

15 5 12.6 + 0.8 5.5 +0.5 218 + 12

18 5 10. 6 + 0.4 6.4+ 0.4 237 ± 8

aDay 0 represents blood collections made before initiation of hormone treatment. Day 1 is con-
sidered the first day of hormone treatment.

bMean + standard error of the mean.
**Significantly different from the control collection (day 0) at P < .01.
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Experiment II

Mature ewes were utilized for the donor animals of this ex-

periment rather than wethers. However, other aspects of experiment

I and II were identical including the estradiol benzoate therapy of

0.005 mg. daily for 10 consecutive days. The actual blood collec-

tion periods (July 25 through August 11, 1967) fell toward the end of

the anestrus season. Hormone therapy was terminated on August 3,

and three ewes of the four involved showed estrus on August 20. The

date of first estrus for the fourth animal was August 23.

Gonadotropic activity in the plasma of the estrogen treated

ewes is given in Table 4. The oviduct-uterine weight response was

significantly less (P < . 01) to all blood samples taken after the con -

trot collection. Although plasma activity as indicated by the ovarian

weight response may appear to increase during the hormone injec-

tion period and decrease on days 15 and 18, such suggested changes

were not significant.

ICSH activity was significantly (P < . 01) decreased as noted

by the rat ovarian interstitial examination at days 12, 15 and 18.

On the other hand, FSH activity as indicated by the rat ovarian

follicle diameter was increased gradually to a high on day 15

(P < .01) with a return toward the control collection level of activity

by day 18.



Table 4. Gonadotropic responses of assay animals administered plasma collected from ewes injected
with 0.005 mg. estradiol benzoate daily for 10 consecutive days. Experiment II.

Plasma
collection

daya

Number of
assay

animals

Ovarian
weight
(mg. )

Oviduct and
uterine weight

(mg. )

Largest ovarian
follicle diameter

(u)

Ovarian
interstitial

tis sueb

0

5

12

15

18

5

6

6

6

6

10. 2 + O. 5c

11. 8 + 0. 5

11. 7 ± O. 3

9.7 1: 0.9

9. 8 + 1. 4

66.6 ± 8.6

29. 8 + 3. 3**

29.9 + 1. 8 **

27. 8 + 3. 0**

23. 7 + 1. 6**

320 ± 12

357 + 17

349 + 10

368 ± 9*

333 + 14

3. 0 + O. 1

3. 0 + O. 1

1.6 ± 0. 2**

1.2 ± 0.2**

1. 2 i 0. 2**

aDay 0 represents blood collections made before initiation of hormone treatment. Day 1 is considered
the first day of hormone treatment.

bBased on a numerical scale ranging from 1 to 8 correlated with increasing degrees of interstitial
cell stimulation.

cMean + standard error of the mean.
*Significantly different from the control collection (day 0) at P < .05.

**Significantly different from the control collection (day 0) at P < .01.



Table 5. Other endocrine responses of assay animals administered plasma collected from ewes in-
jected with 0.005 mg. estradiol benzoate daily for 10 consecutive days. Experiment II.

Plasma
collection

daya

Number of
assay

animals

Adrenal
weight
(mg.)

Thyroid
weight
(mg. )

Epiphyseal
width

(u)

0 5 13. 4 + 1. lb 8.3 + 0.5 213 + 14

5 6 9.5 + 0.9 9.5 + 0.8 243 + 14

12 6 15.6 ± 1.6 9.5 + 0.7 231 + 14

15 6 13.1 + 1.0 7.4 + 0.6 214 + 7

18 6 11.4 + 0.3 7.8 + 0.9 207 + 14

aDay 0 represents blood collections made before initiation of hormone treatment. Day 1 is con-
sidered the first day of hormone treatment.

bMean + standard error of the mean.
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Activities in the plasma of the estrogen treated ewes as

measured by the rat adrenal weight, thyroid weight and epiphyseal

width responses were not significantly altered (Table 5).

Experiment III

In view of the inhibiting effects of estrogen on pituitary activity

as suggested or demonstrated in the first two experiments, experi-

ment III was conducted to determine if a reduction of estrogen thera-

py would be stimulatory rather than inhibitory. A dosage of 0. 025

mg. of estradiol benzoate was given to wethers as a single injection.

Table 6 shows the gonadotropic responses of the assay animals

to the injected plasma samples. It appears that the lowered dose of

estrogen did cause some stimulation of pituitary gonadotropic re-

lease, particularly ICSH activity. The response of the oviduct-

uterine weight was pronounced, involving significant increases in

plasma activity on day 2 (P < 05) and day 6 (P < . 01), when com-

pared with the day U collection. The ovarian weight response ap-

peared increased especially at day 6, but statistical tests indicated

this to be non-significant.

Histological examination of ovarian interstitial tissue revealed

increases in plasma activity on day 2 (P < . 05) and days 4 and 6

(P < .01). Follicle diameter activity in the ovaries appeared

slightly increased on days 2 and 6, but not significantly so.



Table 6. Gonadotropic responses of assay animals administered plasma collected from crossbred
whitefaced wethers given a single injection of 0.025 mg. estradiol benzoate. Experiment III.

Plasma
collection

daya

Number of
assay
animals

Ovarian
weight
(mg.)

Oviduct and
uterine weight

(mg.)

Largest ovarian
follicle diameter

(u)

Ovarian
interstitial

tis sueb

0 6 16.6± 1.1c 35.1 + 1.6 544+ 17 2.0+ 0.3

2 5 17.9 + 1.0 41.3 + 5.3* 632 + 3 2.8 + 0.2*

4 7 16.6 + 0.3 32.8 ± 3.3 541 + 26 2.9 + 0.1**

6 7 19.8 ± 2.2 53.2 + 8.3** 612+ 52 2.9 ± 0.3**

a Day 0 represents blood collections made before initiation of hormone treatment. Day 1 is considered
the first day of hormone treatment.

bBased on a numerical scale ranging from 1 to 8 correlated with increasing degrees of interstitial
cell stimulation.

cMean + standard error of the mean.
*Significantly different from the control collection (day 0) at P < .05.

**Significantly different from the control collection (day 0) at P < . 01.
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The extragonadal endocrine responses shown on Table 7 also

indicated increased plasma activity, particularly on day 6. The rat

adrenal response to the plasma samples increased to a high

(P < . 01) on day 4 and was still increased over that of the control at

day 6 (P < . 05). The thyroid weight response slowly increased to a

significant high on day 6 (P < 01). An increase in plasma growth

hormone activity in response to the estrogen treatment was especial-

ly prominent as the epiphyseal width response was significantly

higher (P < . 01) to plasma collected on all days after the control

collection.

Experiment IV

Experiment IV involved wethers administered a single injec-

tion of 0.025 mg. of estradiol benzoate, as did experiment III, but

included blood collection intervals that exceeded the day 6 end point

of experiment III. The increased time sequence gave longer range

data concerning the effects of short term low dosage estrogen on

the pituitary function.

Table 8 shows the gonadotrophic responses of the assay ani-

mals used in experiment IV. The day 5 and 6 observations of the

rat ovarian weight response suggests an increase in plasma gonad-

tropic activity in response to the estrogen treatment. However,

only the day 6 observation differed (P < . 05) from the control



Table 7. Other endocrine responses of assay animals administered plasma collected from crossbred
whitefaced wethers given a single injection of 0.025 mg. estradiol benzoate. Experiment
III.

Plasma
collection

daya

Number of
assay

animals

Adrenal
weight
(mg.)

Thyroid
weight
(mg.)

Epiphyseal
width

(u)

0 6 9.0 +0.9b 7. 0 0. 7 205 + 14

2 5 10.5 + 1. 0 8. 3+ 0. 9 237 +20**

4 7 12. 8 + 1. 2** 8. 4 + 0. 5 232 + 18**_

6 7 11. 8 + 0.3=, 9. 5 + 0. 4** 222 + 8**

a Day 0 represents blood collections made before initiation of hormone treatment. Day 1 is con-
sidered the first day of hormone treatment.

b Mean + standard error of the mean.
*Significantly different from the control collection (day 0) at P < , 05.

**Significantly different from the control collection (day 0) at P < .01.



Table 8. Gonadotropic responses of assay animals administered plasma collected from crossbred
whitefaced wethers given a single injection of 0.025 mg. estradiol benzoate. Experiment
IV.

Plasma
collection

daya

Number of
assay

animals

Ovarian
weight
(mg.)

Oviduct and
uterine weight

(mg.)

Largest ovarian
follicle diameter

(u)

Ovarian
interstitial
tissue

0 5 12.3 + 1.2c 33.7 + 5.1 551 ± 55 2.6 + 0.2

5 5 19.0 + 2.1 67.4 + 8.8* 568 + 51 4.2 + 0.2**

6 6 19.2 + 2.3* 54.1 + 11.7 622 + 39 4.8 + 0.2**_

8 6 13.9 ± 1.5 35.1 + 7.4 584 + 56 2.7 + 0.5

10 4 18.3 ± 4.4 58.4 i 7.3 588 + 44 2.8 + 0.6

a Day 0 represents blood collections made before initiation of hormone treatment. Day 1 is considered
the first day of hormone treatment.

bBased on a numerical scale ranging from I to 8 correlated with increasing degrees of interstitial
cell stimulation.

cMean + standard error of the mean.
*Significantly different from the control collection (day 0) at P < .01.

**Significantly different from the control collection (day 0) at P < . 01.
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collection. A decrease of activity was apparent on day 8. This was

followed by an apparent secondary rise on day 10 that approached

statistical significance (P < . 05). The uterine-oviduct weight re-

sponse established a similar pattern with a peak of activity on day

5 that was different (P < . 05) from the control value of day 0.

The rat ovarian histological responses to the plasma samples

revealed similar patterns. Both follicle diameter and ovarian inter-

stitial tissue activity reached a peak on day 6 which was followed by

a decrease in activity that leveled off on days 8 and 10. The plasma

ICSH activity was significantly increased on days 5 and 6 but no

significant differences were found in regard to changes in plasma

FSH activity.

The weight response of adrenals and thyroids both showed a

tendency, although nonsignificant, to increase after the estrogen

treatment, as shown by Table 9. A significant increase (P < .05)

was observed in the width of the epiphyseal plate to plasma collect-

ed on days 5 and 6. Epiphyseal plate activity then decreased to the

level comparable to that of the control collection and showed a

secondary rise in activity at day 10 that approached statistical sig-

nificance.

Experiment V

This study was designed to determine the effects of an



Table 9. Other endocrine responses of assay animals administered plasma collected from crossbred
whitefaced wethers given a single injection of 0.025 mg. estradiol benzoate. Experiment
IV.

Plasma
collection

daya

Number of
assay

animals

Adrenal
weight
(mg.)

Thyroid
weight
(mg. )

Epiphyseal
width

(u)

0

5

5

5

10.0 ± 0.8b

10.8 ± 0.9

6. 5 + 0. 5

8.5+ 1.3

167+ 8

213+ 7*

6 6 14.2 + 1.9 7.0 + 0.4 205 ± 15*

8 6 12.5 ± 2.1 10.9 + 2.7 163 + 8

10 4 14.2 + 1.8 7.9 + 1.4 190 + 18

aDay 0 represents blood collections made before initiation of hormone treatment. Day 1 is con-
sidered the first day of hormone treatment.

bMean + standard error of the mean.
*Significantly different from the control collection (day 0) at P < .05.
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estrogen-progesterone combination on pituitary activity in a cas-

trate preparation. The treatment consisted of 0.025 mg. of estradi-

ol benzoate and 20 mg. of progesterone administered daily for 10

consecutive days. Wethers were selected as the donor animals

with seven blood collections taken during 19 days. Well-documen-

tated data is available concerning the effects on pituitary activity of

the particular dose levels utilized when these two hormones are

administered alone (Ellington, Contopoulos and Clegg, 1964;

Cooper and Ellington, 1967).

An inhibitory response to the exogenous hormones with re-

spect to gonadotropic activity of the plasma may be seen on Table

10. The rat ovarian weight response to the plasma samples was

decreased (P < . 01) for all collection days after the control collec-

tion. A similar response (P < . 05) may be noted with respect to

the rat oviduct-uterine weight.

The rat ovarian histological responses indicated that both

FSH and ICSH are involved in the gonadotropic inhibitive effect.

The follicle diameter response revealed a continuously decreasing

response that differed significantly (P < , 05) from the control on

days 15 and 16. The ovarian interstitial tissue response revealed

an inhibitory effect that approached statistical significance after

day 5 and was significantly (P < . 05) lower than the controls on day

15,



Table 10. Gonadotropic responses of assay animals administered plasma collected from crossbred
whitefaced wethers injected with 0.025 mg. estradiol benzoate and 20 mg. progesterone
daily for 10 consecutive days. Experiment V.

Plasma
collection

daya

Number of
assay

animals

Ovarian
weight
(mg. )

Oviduct and
uterine weight

(mg. )

Largest ovarian
follicle diameter

(u)

Ovarian
interstitial
tissueb

0 9 13.2 + 1.2c 31.6 + 4.8 472 + 52 2.2 + 0.1

5 9 8.2 + 0.5** 24.5 + 1.8* 481 + 51 2.2 ± 0.1

6 9 7.7 + 0.5*=:c 23,2 + 0.8* 405 + 13 1.9 + 0.2

12 8 7.3 + 0.5** 23.2 + 1.6* 389 + 21 I. 9 ± 0.1

15 7 7.4+ 0.4** 29.3+ 1.9 364+ 14* 1.6+ 0.2*

16 9 7.8 + 0.4** 25.0 ± 1.5* 371± 15* 1.9 + O. 2

18 9 9. 3 + 0.3** 23.0 + 1.0* 402 t 11 1. 9 + 0.2

aDay 0 represents blood collections made before initiation of hormone treatment. Day I is considered
the first day of hormone treatment.

bBased on a numerical scale ranging from 1 to 8 correlated with increasing degrees of interstitial
cell stimulation.

cMean + stand error of the mean.
Significantly different from the control collection (day 0) at P < . 05.

**Significantly different from the control collection (day 0) at P < .01.
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Similar inhibitory effects of the estrogen and progesterone

combination on the plasma activity were not apparent as measured

by the rat adrenal weight, thyroid weight, and epiphyseal width re-

sponses (Table 11). Plasma activity was in fact increased on day 6

as measured by the epiphyseal plate response (P < 01) and on day

18 (P < . 01) as measured by the thyroid weight response.



Table 11. Other endocrine responses of assay animals administered plasma collected from crossbred
whitefaced wethers injected with 0.025 mg. estradiol benzoate and 20 mg. progesterone
daily for 10 consecutive days. Experiment V.

Plasma
collection

daya

Number of
assay

animals

Adrenal
weight
(mg. )

Thyroid
weight
(mg. )

Epiphyseal
width
(u)

0

5

6

12

15

16

18

9

9

9

8

7

9

9

10.4 ± 0.6b

8.8t 0.8

10.5 ± 0.5

10.6 + 0.5

10.3 ± 0.3

10.0 + 0.5

10.8 + 0.6_

5. 0 + 0. 3

4.9 + 0.4

5.6 + 0.5_

5.4± 0.4

5.0 + 0.5_

4.8 + 0.4

7. 3 + 0. 5*-,,

182 + 1

166+ 5

211 + 8**

172 ± 7

176 ± 7

191 + 7

195 + 10_

aDay 0 represents blood collections made before initiation of hormone treatment. Day 1 is con-
sidered the first day of hormone treatment.

bMean + standard error of the mean.
**Significantly different from the control collection (day 0) at P < .01.
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V. DISCUSSION

Previous studies in this laboratory (Cooper and Ellington,

1967), utilizing the gonadectomized sheep as did the present study,

demonstrated the ability of estrogen to significantly depress plasma

gonadotropic activity. Dosages ranging from a 12 mg. implant of

DES to daily injections of 0.025 mg. of estradiol benzoate were test-

ed. The idea that estrogen may stimulate pituitary gonadotropic

secretion as originally introduced by Hohlweg (1934) was questioned

by these results. The possibility, however, that a stimulatory

gonadotropic response to lower levels of estrogen may actually exist

was investigated in the present study.

Pituitary gonadotropic release in the castrate sheep in re-

sponse to low levels of exogenous estrogen was clearly indicated. A

single injection of 0.025 mg. of estradiol benzoate resulted in in-

creased amounts of gonadotropic activity being released into circula-

tion which was especially pronounced at 5-6 days post-injection. A

significant increase in plasma ICSH activity on the above days is

quite prominent when compared to the relatively slight increase in

plasma FSH activity. Administration of 0.005 mg. of estradiol ben-

zoate for 10 consecutive days was, on the other hand, accompanied

by significantly depressed gonadotropic release in the anestrous ewe

but did not significantly alter plasma activity in the case of wethers.
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The decreased gonadotropic activity in the ewes was noticed both

during and following estrogen treatment and again, involved primari-

ly ICSH.

The study with ewes was designed to determine if estrogen

treatment might cause a release of detectable amounts of gonado-

tropin into circulation in an intact female preparation in the anes-

trous state. The detection of plasma gonadotropic activity, which

was especially high in ICSH, in the ewes prior to estrogen treat-

ment was unexpected as previous attempts to detect such activity in

raw plasma of anestrous ewes in this laboratory by the same methods

have failed (unpublished data). The physiological significance of the

elevated plasma gonadotropic activity in the present study is not

clear. It may well be that the increased activity was associated with

the induction of the breeding season. The previous work concerned

ewes in mid-anestrus whereas the ewes in the present study were at

the terminal stages of anestrus as indicated by thei r showing estrus

within 2 to 3 weeks after the treatment period. It is known that the

first ovulation of the breeding season is not usually accompanied by

estrus (Cole, Hart and Miller, 1933) and the increased plasma

activity could have been associated with such ovulations ("silent

heats"). The failure of the estrogen treatment to produce overt

estrus in the ewes of the present study may be explained on the basis

of the low dose administered and the absence of hormonal
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preconditioning necessary in the anestrus season (Robinson, 1967;

Robinson, Moore and Binet, 1956).

It is not clear from only this one study with ewes what the pre-

cise effect of estrogen on pituitary activity may be at this "transi-

tional" time of the season. An inhibitory rather than a stimulatory

effect is indicated from the sequential changes in plasma gonado-

tropic activity. The possibility that the decline in plasma gonado-

tropic activity might, however, be associated with possible cyclic

controlling mechanisms should not be overlooked. Subsequent

studies should be concerned with characterizing pituitary function at

this apparent "transitional" stage and associating any change with

gonadal activity.

The combination of estrogen and progesterone administered to

wethers in experiment V resulted in a gonadotropic inhibition that

involved both FSH and ICSH. A similar experiment by Cooper and

Ellington (1967) involved identical estrogen therapy (0. 025 mg.

daily for 10 days) but no progesterone treatment. These workers

reported a significant decrease of both FSH and ICSH on days 6, 12

and 15 after initiation of the 10 day treatment. A return to control

level of activity was observed by day 18. Another experiment was

conducted by Ellington, Contopoulos and Clegg (1964) using identical

progesterone treatment (20 mg. daily for 10 days) but no estrogen

treatment. Their results showed uniform stimulation of FSH and
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ICSH release on days 5 and 6 after the 10 day treatment started and

again on days 5, 6 and 7 after cessation of the progesterone therapy.

These three studies all involved wethers as the plasma donor animal

and the same hormone assay procedures. The decreased plasma

gonadotropic activity in the study involving both estrogen and pro-

gesterone indicates that estrogen had the predominant effect and that

the actions of progesterone were not readily apparent. In subsequent

studies involving a combination of the two hormones, it would seem

advisable to lower the dosage of estrogen. It would also be interest-

ing to use the same hormone doses as experiment V but instead of

simultaneous injections, use two experiments and precondition with

one hormone before giving the other.

An increase of FSH and ICSH following gonadectomy in female

and immature, male rats has been reported (Gans, 1959; Ramirez

and McCann, 1963). This does not seem to be true with cattle

(Foote et al. 1966; Quevedo et al. 1967) or sheep (McDonald and

Clegg, 1966). The latter workers found the increase in plasma

gonadotropic potency of the pituitary after castration in sheep was

due almost entirely to FSH activity while the ICSH activity was un-

altered. McDonald and Clegg (1967) noted that exogenous progester-

one might have more activity in species which have increased ICSH

activity after castration (rats) than in species in which castration

does not effect ICSH activity (sheep). McCann (1962) found a weak
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ICSH inhibition in rats following progesterone treatment and pro-

gesterone administered with estrogen completely inhibited ICSH

activity. McDonald and Clegg (1967) found no effect on blood ICSH

activity after 20 to 40 mg. of progesterone daily for 10 days was

administered to intact and ovariectomized ewes. They suggested

that a small dose of estrogen injected with the progesterone might

cause a reduction in serum ICSH level of the sheep.

The rat thyroid and adrenal weight responses to sheep plasma

did not indicate any significant trends as a result of hormone therapy,

although instances of significant stimulation and inhibition were ob-

served. The tibial epiphyseal plate width responses found in this

study indicate that significant amounts of growth hormone were re-

leased into circulation on days 2, 4, 5 and 6 after a single injection

of 0.025 mg. of estradiol benzoate. Increased STH activity was also

briefly indicated in experiment V on the sixth day of estrogen -

progesterone treatment. The physiological significance of the STH

releases in response to the estrogen treatment is not clear. As

previously mentioned by Cooper and Ellington (1967), releases of STH

may well be involved in the characteristic protein anabolic effect of

estrogens in ruminants.

Recent reviews which discuss ovarian regulation of the pitui-

tary and related phenomena include: Greep (1961), Everett (1961),

Harris and Campbell (1966) and Robertson (1967). It is apparent

from the literature that estrogen and progesterone exert important
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effects on pituitary gonadotropic activity. The nature of the re-

sponse is, no doubt, complicated by sex, species, dose, time se-

quence following treatment and sensitization by other hormones. It

is generally accepted that the gonadal hormones are carried by the

circulatory system to the hypothalamus where subsequent association

with the nervous system may result in blocking or facilitory effects

on the pituitary. An extension of this hypothesis suggest that the

gonadal hormones might also have a small regulatory effect directly

on the pituitary and directly on the gonads (Chowers and McCann,

1965; Hammond, 1944). It is also generally accepted that the pitui-

tary hormones are transported via the circulatory system to the

gonads where they exert direct effect. A relatively new theory sug-

gests that small amounts of pituitary hormones themselves may be

transported directly to the median eminence area of the hypothalamus

where they exert a regulatory influence on constituents intimately

related to hypophyseal activity (Johnson and Nelson, 1966; Corbin

and Story, 1967). Just as the ovary is a target organ of the pituitary

and has a feedback action of the pituitary, so the pituitary is a target

organ of the hypothalamus and could have a feedback action on the

hypothalamus.

The negative feedback effect on pituitary gonadotropic activity

of large dose-long term estrogen treatment is well known (Everett,

1961). It is generally concluded that estrogen can block both
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synthesis and release of ICSH (Ramirez and McCann, 1963). A

negative feedback effect of exogenous progesterone in large doses is

also accepted (Dutt and Casida, 1948; Greep, 1961). A pituitary

inhibiting synergistic effect of estrogen and progesterone has been

theorized (McCann, 1962). A positive feedback action of estrogen

has been hypothesized (Harris and Campbell, 1966). The main

evidence seems to involve advanced ovulation following estrogen

therapy just prior to estrus. This is generally explained as a re-

sult of the estrogen increasing gonadotropic secretion. Exogenous

progesterone has been demonstrated to increase amounts of plasma

gonadotropic hormones (Ellington, Contopoulos and Clegg, 1964)

and to evoke ICSH release and ovulation (Sawyer and Everett, 1959).

A biphasic effect of progesterone has been theorized as temporary

blockage of gonadotropin release from the pituitary with associated

accumulation of ICSH. Subsequent release occurs of a surge of

ICSH that is capable of causing ovulation (Harris and Campbell,

1966). Progesterone interaction with estrogen in the manifestation

of estrus has also been demonstrated (Robinson, 1967).

If the functional relationship of the ovarian-pituitary inter-

action is to be better understood, greater emphasis should be given

to the measurement of gonadal and gonadotropic hormones in blood.

Estimation of urinary gonadotropic levels could also be of value.
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Findings of this nature together with hormonal assays of the pituitary

and gonads will facilitate understanding of, not only the rate of

synthesis, storage and release of hormones, but also, the physio-

logical mechanisms involved.
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VI. SUMMARY

Five experiments were conducted to determine the role of

gonadal hormones, particularly estrogen, in regulating pituitary

secretions in sheep with particular emphasis given to gonadotropic

activity. The experimental design involved injecting sheep with

either estradiol benzoate alone (experiments I, II, III and IV) or in

combination with progesterone (experiment V). The cavernous

sinus technique of obtaining pituitary venous blood samples with

detectable amounts of pituitary hormones was utilized. The blood

collection intervals were designed to obtain blood samples from the

sheep prior to, during and after hormone treatment. The blood

samples were centrifuged and the resulting plasma was bioassayed

in immature, female, hypophysectomized rats.

Experiment I involved wethers treated with 0.005 mg. of

estradiol benzoate per day for 10 consecutive days. Statistically

significant trends were not indicated by the plasma assays although

a tendency of general inhibition was suggested. Experiment II uti-

lized identical hormonal therapy and was given to ewes toward the

end of the anestrous season. An unexpectedly high level of plasma

ICSH activity was indicated in the untreated ewes. This level was

markedly decreased subsequent to the beginning of the estradiol

benzoate treatment. FSH activity was increased and ICSH activity
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significantly decreased after cessation of treatment, as demon-

strated by ovarian histological assays.

Experiments III and IV consisted of a single injection of 0. 025

mg. estradiol benzoate administered to wethers. Statistically sig-

nificant stimulation of pituitary gonadotropic secretion was ob-

served. Especially noticeable was the rise in ICSH activity six

days after estrogen treatment. FSH activity increases were less

pronounced although they followed a pattern generally similar to

that of ICSH. The adrenal and thyroid assays also indicated signi-

ficantly increased responses to the estrogen therapy. The plasma

growth hormone stimulation was very prominant up to six days after

hormone treatment.

Daily injections of 0. 025 mg. estradiol benzoate and 20 mg.

of progesterone were administered for 10 days to wethers during

experiment V. A general inhibition of plasma gonodotropic activity

was readily apparent during the period of hormonal therapy. A tendency

to return to the control collection level of activity was noticeable

after cessation of treatment.

Assay animal responses in this study indicate that a short

term- low dose of estrogen in the sheep will cause pituitary secre-

tion of gonadotropins, especially ICSH. Larger levels of estrogen

caused an inhibitory effect on gonadotropins and this is in complete

accord with the literature. No significant trends could be observed

with the other endocrine responses of the assay animals.
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