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Two experiments were conducted to study the effects of

melengestrol acetate (MGA) on inhibition of estrus, post-treatment

conception rates in heifers and rats, and MGA given during gesta-

tion on the reproductive performance in rats. MGA was administered

orally to Holstein heifers and by subcutaneous injection to Sprague-

Dawley rats.

Twenty-four Holstein heifers (Experiment 1) were used in

the study and each animal in the treatment group (12 heifers) re-

ceived 1. 0 mg. of MGA daily for 14 consecutive days. The treat-

ment was initiated irrespective of the stage of the estrous cycle.

Following withdrawal of treatment, one-half of the animals from

each of the control and treatment groups were inseminated twice at

the first post-treatment estrus at approximately 12-hour intervals,



the other half received single inseminations. Conception rates were

based on pregnancy diagnosis at 45 or more days following the last

service.

Estrus was inhibited during the period of treatment in all

animals in the treatment group. Withdrawal of treatment resulted

in an effective synchronization of estrus and ovulation,and 83. 3% of

the treated animals were in heat within a 48-hour period. The dif-

ference between the number of MGA treated animals showing estrus

within 3-6 days following treatment withdrawal and the number of

control animals in heat during the corresponding period of time,

was highly significant (P< 0.005). Treatment resulted in a sig-

nificantly (P < 0. 05) lower conception at the first post-treatment

insemination for the treatment group compared to that of the con-

trols (8. 33 vs. 58. 33 %). No significant difference in conception

rates was observed between single and double inseminations at the

first estrus following treatment withdrawal. Conception rate for

the treatment group at the second estrus following treatment (54. 54 %)

was similar to that of the control animals at the first estrus fol-

lowing cessation of treatment (58. 33 %). Although an equal number

of animals from each group conceived following two or more ser-

vices, the average number of services per conception for the treat-

ment group (2. 64) was significantly higher (P < 0. 05) than that for

the control group (1.54).



Forty-eight sexually mature Sprague-Dawley female rats with

body weights ranging from 225 to 260 gm. were used in the rat

study (Experiment 2). The animals were assigned at random to

three treatment groups. Two of the groups received an initial daily

treatment of 0. 01 mg. and 0.10 mg. of MGA (in 0.1 ml. of

propylene glycol) for seven days, respectively. The control group

received 0.10 nil, of propylene glycol only, for the same duration.

Following withdrawal of treatment, the animals were placed in

breeding cages and allowed to mate during a breeding period of ten

days, each cage contained four female and two male rats. Starting

on day 7 of pregnancy, one-half of the animals from each group

were injected daily with 0.10 mg. of MGA for 14 consecutive days.

Cyclic changes in the vaginal cytology was not inhibited in

control animals and the group of animals receiving 0. 01 mg. of MGA

daily during the treatment period. Inhibition of cyclic changes

during the period of treatment in all animals receiving daily injec-

tions of 0.10 mg. of MGA were observed. The animals in this group

showed estrus on an average of 4.46 days following withdrawal of

treatment. No significant differences in conception rates among the

groups were detected following a breeding period of ten days.

Analysis of data on growth response in the dams and their repro-

ductive performance did not indicate any significant interaction

between initial and post-breeding treatments.



Post-breeding treatment resulted in significant (P < 0. 01)

depressing effects in mean weight gains during experimentation and

an increase in mean gestation length as compared to controls.

Animals receiving treatment during gestation also had a significantly

lower (P < 0. 05) number of pups per litter and a significantly lower

(P < 0. 01) meanlitter weight. Pups from mothers receiving treat-

ment during gestation had significantly lower (P < 0. 01) birth

weights and also registered a significantly higher (P < 0. 01)

percent mortality compared to controls.
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Synchronization of Estrus and Subsequent Conception
Rates in Dairy Heifers and Rats Following

Treatment with Melengestrol Acetate

I. INTRODUCTION

Effective control of the estrous cycle and synchronization of

estrus in a group of animals is of great potential value to the live-

stock industry. Synchronization of estrus will facilitate widespread

use of artificial insemination and will provide a means for more

rapid genetic improvement in sheep, swine, beef, and dairy cattle.

Compared to the normal requirement of 16 to 18 days, only three

to four days are needed to detect estrus in 90 percent of a syn-

chronized ewe flock. In swine, synchronization will result in

littering within a short period of time, aid in multiple farrowing,

and reduce labor requirements. Effective control of estrus in beef

cattle can shorten the calving interval, increase the uniformity of

yearlings going into the feedlot, and result in a more uniform finish.

A major problem in any dairy operation is to maintain a steady

production of milk throughout the year. Consequently, there is a

great periodic demand for replacement heifers. Effective syn-

chronization coupled with favorable conception rates will ensure

the needed supply.
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In most of the early studies, effective control of the estrous

cycle involved injections of estrogen, progesterone, and various

gonadotropic preparations. These studies indicated that these

hormones acting alone or in combination were capable of syn-

chronizing estrus within a relatively narrow period of time. How-

ever, the conception rates in most cases were disappointing.

Apart from that, the method of injecting animals under field con-

ditions has obvious limitations. Synthesis of various steroid hor-

mones opened up a vast field of possibilities for synchronization of

estrus by means of oral administration. Research has shown that

many of the orally active steroid hormones synchronize estrus

effectively and some of them do not prevent normal rates of con-

ception. Use of hormone-impregnated vaginal tampons have re-

suited in synchronization with favorable conception rates in sheep.

Orally effective steroid hormones have a great advantage over

injectable forms in their ease of application under field conditions.

Some of the synthesized hormones that have been tested are highly

potent and very small amounts are needed for inhibition of estrus

and ovulation. Synchronized estrus and ovulation follow withdrawal

of these synthetic hormones. Although in general, the conception

rates achieved so far have not been very encouraging, steroids by

themselves or in combination with some gonadotropic preparation

have great possibilities of achieving normal conception rates or higher.



The object of this study was to attempt to synchronize

estrus in dairy heifers via orally active exogenous progestagen

and by subcutaneous injection in rats and if possible, to achieve

a subsequent normal rate of conception following insemination.

The result will provide information for most effective utilization

of artificial insemination and to insure rapid genetic improve

ment in dairy cattle and regulating the supply of milk and milk

products according to demands. The experiment with rats may

be useful in explaining the causes of lowered fertility at the

first synchronized estrus observed in some previous attempts

of synchronization involving various species of domestic animals.

This study contains a review of literature on the various effects

of progesterone on the pituitary and ovarian functions, various

methods of achieving synchronized estrus and presents results

of experiments conducted to synchronize estrus in dairy heifers

by feeding orally active steroid hormones. Results of syn-

chronization trials in the rat- are also presented.
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II. REVIEW OF LITERATURE

Reproduction is known to be under hormonal control. How-

ever, the entire process including the various hormonal inter-

actions in all their complexities are yet to be completely under-

stood. It is well known that the ovarian steroids regulate the

gonadotropic secretions of the pituitary gland which in turn deter-

mine the follicular growth, maturation, and ovulation. Although

it is generally accepted that the control of ovarian function is

mediated by the hypothalamus acting through the pituitary gland,

perhaps all other endocrine glands have at least a modulating in-

fluence on the reproductive processes culminating in the birth of

young.

Pituitary Control of Ovarian Function

The reproductive cycle is governed by the interplay of

pituitary and gonadal hormones. Current concepts indicate that

a feedback mechanism exists whereby the pituitary release of

gonadotropins is controlled by the estrogen and progesterone levels

in the blood circulation. The gonadal steroids control the release

of the pituitary gonadotropins through the activation of the hypo-

thalamus with the subsequent release of gonadotropic releasing

or inhibiting factors. Presence of specific releasing factors have
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been demonstrated either in vivo or in vitro or in both systems for

follicle stimulating hormone (FSH), interstitial cell stimulating

hormone (ICSH), adreno corticotrophic hormone (ACTH), thyroid

stimulating hormone (TSH) and somatotrophic hormone (STH). In the

rat, it has been shown that the hypothalamus releases an inhibiting

factor, which inhibits the release and perhaps synthesis of prolactin

(Nalbandov, 1964).

Stimulation by both FSH and ICSH is apparently necessary for

any significant production of estrogen by the follicles. At a stage

when the circulating level of estrogen has become sufficiently high,

indicating mature follicles, it suppresses a greater release of

FSH and stimulates the release of ICSH in higher amounts from

the pituitary. Under the influence of rising levels of ICSH definite

signs of lutein changes occur in the walls of the mature follicles.

Ovulation occurs while ICSH is in ascendency and is followed by

an immediate fall in the level of circulating estrogen. The ovulated

follicle is then transformed into a corpus luteum and becomes

functional under the influence of prolactin. The rising level of

circulating progesterone, augmented by the functional corpus

luteum, appears to inhibit the release of ICSH from the anterior

pituitary. Unless pregnancy or pseudopregnancy intervenes, the

corpus luteum remains functional for a short period of time and

then begins to regress, marking the beginning of another estrous



cycle.

Various investigators using different experimental approaches

have tried to unravel the role of gonadotropins and gonadal steroid

hormones in reproduction. The most common approaches involved

gonadectomy (Ramirez and McCann, 1963, and McDonald and Clegg,

1966), administration of various exogenous hormones (Paesi

1955, Labhsetwar et aL , 1964, and Piper and Foote, 1967), and

determination of the concentration of hormones in various tissues

(Duncan et aL , 1961 and Foote et al., 1966).

Role of Progesterone in Pituitary and Ovarian Function

Progesterone is one of the gonadal hormones which is known

to exert a very marked influence in regulating the estrous cycle in

mammals. It has been extracted from the corpus luteum of the

ovary as well as from the adrenal cortex, the testis, and the

placenta. The progesterone of the corpus luteum is produced by

the lutenized theca or granulosa cells. Naturally occurring pro-

gestagens are steroids and have been isolated from various mam-

malian tissues.

Research by Corner (1928), Allen and Corner (1929), and

Harris and Pfiffner (1929) has demonstrated that the presence of

the functional corpus luteum is essential for the maintenance of

pregnancy in various species of mammals. Continued secretion of



progesterone from the corpus luteum delays the onset of the next

estrous cycle and also inhibits ovulation and vaginal cornification.

In mammalian species having a spontaneous luteal phase, cyclic

activity is not resumed until the corpora lutea are sufficiently

regressed. The same phenomena have been observed in species

which have an induced luteal phase.

Ability of exogenous progesterone to suppress estrus and

ovulation have been demonstrated in various species of animals.

It has been proposed by Greenstein, Murray and Foley (1958) and

Ray, Emmerson and Melampy (1961) that the inhibitory action of

progesterone is primarily mediated by its action in suppressing

the formation and /or release of pituitary gonadotropins. The

possibility of involvement of extrapituitary site(s) through which

progesterone may exert its inhibitory influence on estrus and

ovulation has been postulated in some species of animals (Nellor

and Cole, 1957, and Woody and Ginther, 1968).

Effects of different levels of progesterone injections in dairy

heifers have been reported by Ulberg, Christian, and Ca.sida. (1951),

A dose of 50 mg. per day inhibited estrus and ovulation if started

prior to the expected date of estrus, but unless started early in

the cycle (day 15) it did not inhibit follicular development. Doses

of 25 or 12.5 mg. per day generally suppressed estrus and

ovulation but follicular development did occur. Prolonged daily



injection of 12.5 mg. of progesterone caused regression of

follicles which were replaced by new follicles at two to three

week intervals. Investigations by Greenstein et al. (1958) also

revealed that daily injections of 50 mg. of progesterone starting

on day 12 post-estrus inhibits estrus and ovulation. These results

corroborate the theory that progesterone has an inhibitory effect on

the pituitary gonadotropic complex mainly by preventing ICSH from

acting on the ovary. Examination of data obtained by treating gilts

with exogenous progesterone starting on day 12 of the cycle led

Foote et al. (1958) to conclude that the action of progesterone in

delaying or preventing estrus and ovulation was probably due to

inhibition of release of ICSH from the pituitary rather than its

suppression. The effects of a single intramuscular injection of

reposital progesterone at the rate of 0.76 mg. per pound of body

weight on day zero, eight, and 16 post-estrus in beef heifers have

been reported by Ray et al. (1961). They found that the pituitary

FSH and ICSH potencies were significantly higher in the controls

than in the treated animals. This would tend to indicate either

lowered production of the pituitary gonadotropins or an increased

release of these hormones into the circulation due to progesterone

treatment. When beef heifers were given a single injection of

540-1120 mg. of crystalline progesterone, suppression of estrus

and ovulation resulted (Nellor and Cole, 1956). Animals



receiving 540-560 mg. and 700-1120 mg. of progesterone came into

estrus 15-19 days and 15-23 days, respectively, following the

injection.

In a later experiment, Nellor and Cole (1957) found that a

single injection of 1120 mg. of crystalline progesterone although

capable of inhibiting estrus and ovulation, had no apparent effects

on the pituitary FSH and ICSH contents. These investigators felt

that this indicated that either exogenous progesterone exerts its

inhibitory influence on the ovarian activity through extra-

pituitary site(s) or that the pituitary content of gonadotropins in

the beef heifer was a poor index of its secretory activity. Media-

tion of the extra-pituitary site in controlling ovarian response to

exogenous progesterone has also been shown by the studies of

Woody and Ginther (1968) using ipsilaterally and contralaterally

hysterectomized heifers. Progesterone treatment on day three

through day 10 of the estrous cycle significantly reduced the cycle

length in the intact heifers, but not in ipsilaterally or contra-

laterally hysterectomized heifers receiving the same hormone

treatment. Intact heifers receiving progesterone from day one

through day 10 shoWed a significant reduction in estrous cycle

length. When the same heifers were hysterectomized and treated

similarly in a subsequent cycle, although the cycle length was

reduced in the case of ipsilaterally hysterectomized heifers, it was
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not reduced in the case of contralaterally hysterectomized animals.

This supports the contention that at least a part of the inhibitory

effect of exogenous progesterone on ovarian function was mediated

through the uterus.

Effect of Exogenous Progesterone on Estrous Cycle Length and
Corpus Luteum

Effects of exogenous progesterone on the estrous cycle

length was investigated by Woody, First, and Pope (1967) in four

different species of animals with all injections starting on the day

of estrus. In the dairy cow, 10 daily injections of 100 mg. pro-

gesterone reduce estrous cycle length from 20.7 days in the con-
,

trols to 16.7 days in the treated animals. Six daily injections of

25 mg. progesterone reduced the cycle length from 16.5 days in

the controls to 12.7 days in the treated ewes. In case of guinea

pigs six daily injections of 2.5 mg. progesterone resulted in a cycle

length of 15 days in the treated animals compared to 16.3 days in

the untreated controls. Daily injections of 200 mg. of progesterone

in swine for 10 days did not significantly increase or decrease the

cycle length in the treated animals (22.8 days) compared to the

controls (20.7 days).

It has been suggested that exogenous progesterone by its

negative feedback action on the pituitary gland may reduce the life
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span of the induced corpus luteum. Woody, Ginther, and Pope

(1967) gave daily injections of 25 mg. of progesterone to four

groups of anestrous ewes for six or twelve days beginning before or

after the day of expected ovulation and recorded the weights of

corpora lutea on the sixth day following the expected day of ovulation.

They concluded that exogenous progesterone given prior to ovulation

resulted in significantly smaller corpora lutea, whether or not

treatment was continued beyond the time of ovulation.

Secretion of some luteolytic substance causing regression of

the corpus luteum by the uterine endometriurn has been suggested

by various workers in some species of animals. Working with

laboratory animals, Hechter et al. (1940) and Chu, Lee, and You

(1946) demonstrated that the effect of hysterectomy in prolonging

the functional life of corpora lutea can be abolished by uterine

tissue transplants. In vitro studies on the synthesis of progester-

one by the corpus luteum conducted by Duncan et al. (1961) showed,

that although endometrial filtrates from days 12 and 13 of the cycle

increased the synthesis, filtrates from days 16 and 18 definitely

inhibited progesterone production. A locally mediated inhibitory

effect on the corpus luteum by the uterus has also been reported by

Fischer (1965).

The effects of exogenous progesterone in reducing cycle

length and luteal regression, the involvement of extra-pituitary
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site(s) and the evidence that a part of this effect is mediated

through the uterus, as well as the presence of some luteolytic

substance secreted by the uterine endometrium during later stages

of the estrous cycle have all been demonstrated by various investi-

gators in different species of animals (Woody, First, and Pope,

1967, Duncan et al., 1961, and Woody and Ginther, 1968). All

these studies strongly suggest the existence of a localized control

mechanism involving the ovary and the uterus in normal cycles of

nonpregnant animals.

Synergism of Progesterone and Estrogen

It has been demonstrated that estrous behaYior and sexual

receptivity can be induced in ovariectomized females by the use

of estrogen alone (Asdell, de Alba, and. Roberts, 1945). They

brought spayed heifers into estrus by the exogenous supply of

99 mcg. of estradiorbenzoate daily for three days. Several in-

vestigators have reported that progesterone can induce sexual

receptivity in ovariectomized females by preconditioning them

with small amounts of estrogen (Boling and Blandau, 1939, and

Ring, 1944). Melampy et al. (1957) used ovariectomized dairy

cows to show the synergistic action of estrogen and progesterone.

Maximal synergistic action was observed when progesterone was

injected 12 hours before, simultaneously, or 12 hours following
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injection of estradiol benzoate. Large doses of progesterone (30

mg. or more) appeared to antagonize this action by suppressing

estrous behavior. These investigators suggested that the sexual

receptivity in the cow was brought about by the action of progesterone

during pre-ovulatory development of the follicle following condition-

ing with estrogen. They also observed that both the time of admin-

istration and the dose levels of the hormones used were important

in obtaining the response. Effects of treatment with progesterone

alone and along with estrogen, have been reported by Ulberg and

Lindley (1960) in beef cattle. Daily injections of 50 mg. of proges-

terone inhibited estrus and the animals showed estrus on an average

of 5.7 days following the last injection. When 10 mg. of estradiol

benzoate was injected on the third day following progesterone

treatment, estrus generally occurred within a period of 24 hours.

These authors postulated that estrogen acting synergistically and

in proper sequence with progesterone may hasten the release of

ICSH from the pituitary causing ovulation.

Control and Regulation of Estrous Cycle by
Various Methods

Effective control in regulating the estrous cycle in various

species of domestic animals is of great practical value to the

animal industry because it will result in more effective use of
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artificial insemination. Various methods of approach have been

utilized to achieve an effective control and have been discussed by

Casida (1964) and Zimbelman (1964). Anderson, Schultz, and

Melampy (1963) have presented a thorough review of the control

of estrous cycles by various means. In general, four ways have

been suggested for such synchronization and breeding in laboratory

and domestic animals;

(1) induction of ovulation and pregnancy using gonadotropins,

(2) induction of corpora lutea in all animals at the same
time and allowing them to regress normally,

(3) induced regression of the corpus luteum by mechanical
or hormonal means, and

(4) inhibition of estrus and ovulation simultaneously in all
animals using progestagens.

Injecting female rats with androgens within five days of

birth resulted in a condition of constant estrus. (Barraclough and

Gorski, 1961). It is conceivable that ovulation, therefore, can be

induced in such animals at predetermined times. Yet another

approach of controlled synchronization of ovulation has been sug-

gested by Zimbelman (1964) based on such observations. However,

induction of such a state of continuous estrus has so far not

been achieved in domestic animals.
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Regulation of Estrus by Gonadotropins

Fractionated and unfractiona,ted pituitary extracts have been

used to achieve inhibition of estrus and ovulation at different repro-

ductive stages. Also, effective synchronization of subsequent estrus

and ovulation without any impairment to fertility in different species

of laboratory and domestic animals have been obtained. Two possi-

bilities of such use of gonadotropins were suggested by Casida,

Dutt, and Meyer (1945). Gonadotropins may be used to induce

ovulation with the presumption that fertilizable ova can be ob-

tained irrespective of the stage of the estrous cycle by such treat-

ment. Another possibility suggested was to change the natural

rhythm of estrous cycles by inducing new corpora lutea in such a

way that they would regress after a normal life-span resulting in

synchronized estrus and ovulation.

Ovulation can be induced at any stage of the estrous cycle in

cattle using gonadotropins (Casida et al., 1940). However, cows

treated in the early part of the cycle gave poor conception rate but

good fertility was obtained when estrous synchronization was in-

duced late in the estrous cycle. Fertility in laboratory animals

following treatment with gonadotropins have been reported by Evans

and Simpson (1940) in rats and by Pincus (1940) in the rabbit.

Marked differences in fertilization rates were observed by
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Murphree et al. (1947) when rabbits were treated successively

with follicle-stimulating and unfractionated pituitary gonadotropic

extracts. Fertilization rates of 80 to 81. 7% were observed in

estrus, anestrus, and juvenile rabbits, whereas no fertilization

was reported in pseudopregnant rabbits. Ability of induced corpora

lutea to suppress fertilization of ova in experimentally ovulated

rabbits has been demonstrated by Boyarsky et al. (1947).

The effects of two gonadotropic extracts of the pituitary

gland were compared when administered to ewes in the fourth,

eighth, and 12th day of the cycle (Casida et al., 1945). Four

subcutaneous injections of follicle-stimulating extracts in one

case and of unfractionated extract in the other were used, each

being followed by one intravenous injection of unfractionated

pituitary extract. The authors reported that treatment of ewes

with gonadotropins to produce new corpora lutea during the inter-

estrual interval, did not establish a new rhythm of the estrous

cycle. They also found that neither extract gave any practical gain

in controlling the time of estrus so that variation in the time of

breeding could be decreased during the follicular stage (12 days

after the beginning of estrus). Murphree et al. (1944) reported

that ewes treated with FSH extracts yielded 375 eggs of which 153

were fertilized but none of the 25 eggs obtained from animals

synchronized during the luteal phase (3 days after beginning of
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estrus) could be fertilized.

The effects of gonadotropins administered during different

stages of the estrous cycle in sows and gilts were studied by

Tanabe et al. (1949). Ovulation occurred 36-48 hours after an

intravenous injection of unfrationated sheep pituitary extract,

whether administered on the sixth, 17th or 20th day of the cycle.

A marked difference in the incidence of fertilized ova were ob-

served by these investigators between animals treated in the fol-

licular and luteal stages. They reported an average of 5.3, 8.3,

and 6. 5 fertilized ova in the follicUlar stage as contrasted to

0.0, 0.0, and 0.5 in the luteal stage on the basis of three trials.

Similar results had been reported by Casida et al. (1943) in experi-

ments with dairy calves and cows. These investigators observed

that fertility did not result from inseminations of cows treated

either with unfractionated pituitary extracts or with FSH extracts

followed by the lutenizing extract during the early part of the cycle.

Fertility was obtained during the latter part of the cycle when cows

were treated with FSH extracts or FSH extracts followed by

lutenizing extracts.

Functional capabilities of experimentally induced corpora

lutea have been studied by Inskeep et al. (1963) in the ewe. Corpora

lutea were induced by a single intravenous injection of unfractionated

pituitary extract to nonpregnant ewes 48 hours prior to laparotomy



18

on days five, nine or 13. The functional life-span of such induced

corpora lutea was measured both in the presence or after removal

of natural corpora lutea in terms of estrous cycle length and

interval to next ovulation. On the basis of their observations,

these investigators postulated that corpora lutea induced by

exogenous gonadotropins were apparently not capable of self

determination of their life-span, but must fit into a pattern prev-

iously determined for the natural corpora lutea, whether or not

these were present. These authors further indicated that ovine

corpora lutea are maintained during the estrous cycle by a factor

extrinsic to the gland and determined before the fourth day, but

still effective at days five and nine of the cycle.

In contrast to these findings in the ewe, Neill and Day (1964)

have observed that in the gilt when corpora lutea were induced in

an ovary containing natural corpora lutea, regression of the two

groups of corpora lutea were not simultaneous. The induced corpora

lutea regressed approximately one normal cycle length following

induction. Pituitary FSH or a combination of pregnant mare serum

(PMS) and humanchorio ic gonadotropin (HCG) was administered to

27 female swine to induce ovulation during the luteal phase of the

estrous cycle.. Development and persistence of induced corpora

lutea concurrent with regression of spontaneous corpora lutea were

observed in 19 of 22 animals. Concurrent maintenance of both
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spontaneously formed and induced corpora lutea was observed in

all five animals following hysterectomy. These results demonstrate

a selective regression of luteal tissue in swine that is at least

partially dependent on the age of the corpus luteum and also, suggest

the dependence of the corpus luteum in unmated gilts upon an in-

trinsic mechanism present at the time of its formation.

Estrous Regulation by Gonadol Hormones

Estrogens have been associated with estrus and psychological

receptivity of the female. Use of estrogens to regulate estrus,

however, has not met with, much success. Greenstein et al. (1958)

observed that daily injection of one to two mg. of estradiol when

given from the second to 12th day of the cycle caused suppression

of follicular development and regression of corpus luteum in dairy

heifers. Exogenous estrogen (estradiol benzoate) had little effect

in promoting estrus in FSH conditioned gilts injected during the

luteal phase, but was capable of inducing estrus in such animals

when the treatment was given during early follicular phase

(Day et al., 1959). Ability of exogenous estrogen to reduce luteal

weight and decrease the proportion of functional luteal cells have

been demonstrated by Loy, Zimbelman, and Casida (1960) when

heifers were treated daily with 250 mg. of estradiol 17(3 from day

one through day 13 of the cycle. Wiltbank, Ingalls, and Rowden
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(1961) reported the results of three trials in which various forms

and levels of estrogen were injected into cycling beef heifers.

Single injections of 5 to 50 mg. of estradiol valerate, 25 to 100 mg.

of estrone or 25 mg. of a natural estrogenic product (95% estrone)

caused early regression of the corpus luteum in more than 50%

of the heifers injected. However, estrus and ovulation were not

consistent following such early regression of the corpus luteum.

Inhibition of ovulation during the luteal phase of the estrous

cycle and pseudopregnancy or pregnancy by progesterone in

various species of animals have been well established. Normal

regression of natural corpora lutea removes the inhibitory action

of progesterone on the release of the ovulatory hormone from the

anterior pituitary. Inhibition of estrus and ovulation as a method

of synchronizing estrus have received much attention. Such in-

hibition implies that animals in different stages of the estrous

cycle can be simultaneously inhibited from ovulating during the

period when progesterone was administered and also presumes that

withdrawal of hormone treatment would result in synchronized

estrus and ovulation with fertilizable ova.

Ability of progesterone to inhibit induced ovulation in mated

rabbits has been shown by Makepeace, Weinstein, and Freidman

(1937) and Friedman (1941). Dempsey (1937) reported that

progesterone injection can effectively block spontaneous ovulation
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in the guinea pig. Similar findings have been reported by Phillips

(1937) and Astwood and Fevold (1939) in the rat.

Inhibition of estrus by injection of crystalline progesterone

in gilts and its effect on subsequent fertility have been reported by

Baker et al. (1954). Daily injections of 25 mg. or 100 mg. starting

on the 10th or 15th day of the cycle inhibited estrus in all cases.

The treatment with 100 mg. dose level resulted in an average in-

crease of 6.5 cysts over controls. Failure of fertilization fol-

lowing treatment was significantly increased over all progesterone

treated groups but treatment resulted in an increase of ovulation

rate by 3.2 ova over the controls. Good conception rates with no

harmful effect on litter size, on the other hand, have been reported

by Gerrits et al. (1962) in gilts. Gilts injected from the fourth

through the 10th day of the cycle either with 100 mg. of progester-

one daily or with 300 mg. of progesterone every third day showed

estrus on an average of 6.3 and 7.4 days, respectively, following

cessation of treatment. Gilts synchronized by daily injections and

mated by natural service, synchronized by injections every third

day, and mated naturally or inseminated artificially showed con-

ception rates of 82, 80 and 58%, respectively. The average number

of embryos recovered 25 to 30 days post-breeding were 11.6,

12.0, and 9.0, respectively, for these groups of animals.

Synchronization of estrus in sheep during the breeding season
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by the use of progesterone was first reported by Dutt and Casida

(1948). Daily subcutaneous injection of 5 or 10 mg. of progester-

one for 14 consecutive days starting on the fourth, eighth, and

12th day of the cycle inhibited estrus in all treated animals.

Ovulation was blocked in all animals at the 10 mg. dose level but

three animals receiving 5 mg. of progesterone ovulated during

treatment. Synctro,nization was not effective at the 5 mg. dose

but estrus occurred in all animals receiving 10 mg. between

3 to 3.5 days post-treatment. A higher percentage of fertile eggs

(67%) was recovered from ewes on 10 mg. dose as compared to

ewes on 5 mg. dose (44%). Seventy percent of ewes were re-

ported to be in estrus on the third day after treatment when 14 daily

injections were given during the breeding season (O'Mary, Pope

and Casida, 1950). No difference in post-treatment fertility or

lambing rate was observed by these investigators compared to

untreated controls. Dutt (1953) was able to induce estrus in

anestrous ewes by treating them with progesterone (30 mg. every

third day) for 15 days followed by an injection of 500 I. U. of PMS.

Ovulation occurred in all treated animals and the ova were ferti-

lizable. Injection of PMS alone caused ovulation, but not estrus.

Woody, First, and Pope (1967) reported reduction of cycle length

when ewes were injected with progesterone during the early stage

of the estrous cycle. High occurrences of estrus (91. 3%) and
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ovulation (98.4%) were induced in anestrous ewes receiving

progesterone treatment for nine to 19 days followed by a single

injection of FSH (Pursel and Graham, 1962).

Initial efforts to alter the estrous cycle in heifers by using

exogenous progesterone have been reported by Christian and

Casida (1948). Treating animals with 14 daily injections of 25

or 50 mg. of progesterone starting on day 14 of the cycle sup-

pressed heat and ovulation in all heifers receiving a daily dose of

50 mg. but although estrus was suppressed, ovulation was not

blocked in two out of four animals receiving 25 mg. during treat-

ment. These authors postulated that the lower dosage of pro-

gesterone appeared to have been close to the threshold of the

amount needed to prevent ovulation and produced much more

variation in the reaction of the heifers. Nellor and Cole (1956)

reported that a single injection of 540 to 1120 mg. of crystalline

progesterone in starch emulsion prevented estrus and ovulation

in all treated animals, with estrus occurring in 89% of animals

receiving 540 to 560 mg., 15 to 19 days after the injection. Estrus

occurred over a more extended period (15 to 23 days) in animals

receiving 700 to 1120 mg. of progesterone with ovulation occurring

in 95% of all treated animals. The diameter of the corpus luteum

was significantly greater in control heifers compared to treated

animals receiving a single injection of repositol progesterone on
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days zero, eight, and 16 of the cycle (Ray et al., 1961). A

lowered fertility in the treated animals along with higher height

of the endometrial cells of the glandular epithelium were also ob-

served, suggesting a subfunctional state of the endometrium in

treated animals. Various conception rates have been reported in

cattle following daily treatment with progesterone. Trimberger

and Hansel (1955) and Ulberg and Lindley (1960) have reported

lower conception rates, whereas Hansel, Malven, and Black (1961)

and Willett (1950) observed conception rates comparable to con-

trols.

Estrous Synchronization Using Orally Active Progestagens

Use of progesterone for large scale synchronization under

field conditions is rather impractical. Development of various

synthetic orally active progestagens offers a tremendous possi-

bility for simplifying operational techniques and provides a more

effective tool for estrous synchronization in different species of

domestic animals.

Some of the early experiments using various progestational

compounds were conducted by Pincus (1956) and Pincus et al. (1956)

involving rabbits, mice, and rats. Since then various investigators

have experimented with orally active progestagens in domestic

animals. Nellor (1960) reported successful control of estrus and
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ovulation in gilts by feeding 6-a-methyl -17-acetoxyprogesterone

(MAP). Hogue, Hansel, and Bratton (1962) observed successful

synchronization in sheep using the same progestational compound.

In order to be acceptable for extensive use these compounds must

effectively synchronize estrus and ovulation in all treated animals,

irrespective of the stage of cycle when treatment was initiated.

They should not interfere with subsequent fertility following treat-

ment and should leave no residual harmful effects on their future

reproductive capacity (Anderson et al., 1963).

Based on five trials conducted with 193 sows and gilts, First

et al. (1963) reported that a daily dose of 100 mg. or more of MAP

fed over a period of 10 to 20 days per animal was necessary to

inhibit estrus and ovulation in this species. Sows, however,

needed a lower dose for response than gilts. Development of one

or more cystic follicles in 58% of the cases was observed in

animals receiving daily doses of 50 to 400 mg. of MAP.

Anderson et al. (1963) have observed that frequent occurrence of

follicular cysts following progesterone, MAP, or

(CAP) treatment has been a common

problem in swine and causes abnormal cyclic intervals, abnormal

estrous beharior, and reduced fertility.

Effective synchronization and normal conception rates have

been reported by Combs, Botkin, and Nelms (1961) when ewes were
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fed 120 mg. of MAP (mixed in ground grain) once daily for 13 days.

Seventy-five of 81 ewes (92.6%) were in estrus between three and

five days post-feeding and a conception rate of 5B% on the basis of

first post-treatment service was obtained. Ewes not conceiving in

the first service were still synchronized at second estrus following

breeding and all but five animals conceived following two services.

There was no significant difference in lambing rate when compared

with the untreated controls. Comparable synchronization and con-

ception rates have been reported by Hogue et al. (1962) by feeding

60 mg. of MAP daily for 20 days. When ewes were fed 50 mg. of

MAP daily for 14 days, two ewes showed estrus and one more

ovulated during treatment (Evans, Dutt and Simpson, 1962).

Seventy-four percent of the ewes showed estrus within your days

following last feeding. When 40 ewes were given .a daily dose of

60 mg. or 90 mg. for 15 or 18 days, none of the animals showed

estrus during treatment and 95% of the animals came into heat two

to five days post-treatment. The post-treatment interval for onset

of estrus was significantly longer for the 90 mg. group than the

60 mg. group and the 18 day group was also significantly longer

than the 15 day group. Glimp, Deweese, and Dutt (1967) were

successful in inducing estrus and ovulation in ewes prior to the

start of the breeding season. The authors reported that 101 of 105

ewes showed estrus within five days following MAP withdrawal
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(60 mg. of MAP per day for 14 days). Ina later experiment,

Glimp, DeWeese, and Dutt (1968) were able to synchronize estrus

of 94.3 to 100% of the ewes when similarly treated with MAP early

in the breeding season. Evans and Dutt (1962) were not very suc-

cessful in inducing reproductive activity or in synchronizing estrus

in anestrous ewes using MAP or CAP followed by a dingle injection

of PMS. However, they reported that CAP treated ewes had a

significantly higher ovulation rate than ewes treated with MAP.

Many experiments using various synthetic progesta,tional

compounds to control estrus and ovulation in cattle have been re-

ported. In one of the early experiments, Hansel et al. (1961)

were able to bring half of the 32 cows into estrus within 3 to 4 days

post-treatment when fed with 0. 98 mg. of MAP daily per pound

of body weight for the first 10 days and 0.5 mg. of MAP daily per

pound of body weight for the next 10 days. However, they re-

ported poor conception rate at first service and indicated that

injection of estradiol at the time of service did not improve con-

ception. Nelms and Combs (1961) fed various dose levels of MAP

for 10 to 15 days to beef cattle and obtained a very high rate of

synchronization. When dairy heifers were given 0.5 mg. of MAP

per pound of body weight (twice a day feeding) for 20 days at

different stages of the estrous cycle, 35 of 36 treated heifers

showed estrus between 2 to 5 days following last feeding (Collins
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et al., 1961). Estrus and ovulation were not prevented in one

animal during treatment. The authors also reported successful

synchronization when -a group of beef heifers were fed MAP at

different stages of the estrous cycle. Zimbelman (1961) used

similar doses and duration of MAP feeding but half of the dairy

heifers were group fed, the other half being fed individually.

Seventy-five percent of the treated animals were reported to be in

estrus 48 to 84 hours following withdrawal. He reported variable

conception rates at first service for the treated heifers (25 to 75%)

compared to 75% conception in the controls. Van Blake, Brunner,

and Hansel (1963) reported CAP to be extremely potent in inhibiting

estrus and ovulation in Holstein heifers. When 0.02 mg. of CAP

per pound of body weight was fed daily for 20 days 90% were in

estrus in a period of four to six days after hormone withdrawal,

and 53% of the animals bred at the synchronized estrus conceived.

The authors also indicated that subsequent cycles in those animals

failing to conceive at the synchronized estrus were of normal

length and fertility appeared to be normal. Successful synchroni-

zation and normal conception rates have been reported in beef

heifers following MAP feeding by Anderson, Ray, and Melampy

(1962). Two trials were conducted by Hansel et al. (1966) in-

volving 832 beef cows to compare the effectiveness of MAP and

CAP in synchronizing estrus and ovulation. Satisfactory
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synchronization was obtained in both trials when 240 mg. of MAP

and 10 mg. of CAP were fed daily over a period of 18 days. These

investigators observed a higher rate of fertility for MAP treated

cows which approximated the untreated controls compared to cows

fed CAP. Dhindsa, Hovers land, and Smith (1967) reported 87%

and 55% of the animals to be in estrus between 18 and 72 hours

following the stoppage of feeding of 180 mg. of MAP daily to two

groups of beef cattle for 18 days. These investigators did not

find any significant difference in calving rate between treated and

control animals. Ability of methallibure (ICI 33828) to inhibit

estrus and ovulation have been reported by Polge and Day (1969)

in swine. Normal occurrence of estrus and ovulation was inhibited

in 45 sexually mature gilts by Oral administfation of 100 to 200 nag, of

methallibure per gilt daily for 25 to 30 days. Garbers and First

(1969) observed the effect of various daily dose levels (20 mg. to

80 mg. ) of ICI 33828 when fed to sexually mature gilts for 20 days

starting on the fifth day of the estrous cycle. Their data indicate that

estrus can occur without total ovulation at low doses of this com-

pound and it blocks ovulation, estrus, and follicular growth at

different dose levels, with ovulation being blocked at the lowest

dose. None of these authors, however, investigated the effect

of ICI 33828 on subsequent fertility in these animals.

Biologic effects of melengestrol acetate (MGA), one of the
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most potent of the orally active synthetic progestagens have been

studied in both laboratory and domestic animals. Daily oral doses

of 0. 05 mg. or more effectively inhibited the occurrence of cyclic

changes in the rat (Duncan et al., 1964). Based on their studies,

these investigators reported MGA to be two to four times more

potent than MAP. Zimbelman and Smith (1966a) found MGA to be

300 to 900 times as potent as MAP when given orally to cattle,

but only about 10 to 15 times as potent when compared with

intravenous injections. They suggested that rumen microorganisms

may be converting it into a more active compound. This possibility

is supported by the findings of Duncan et al. (1964) in nonruminants.

Daily oral doses of 0.25 to 8 mg. of MGA inhibited estrus and ovu-

lation in all heifers except one receiving, a dose of 0.5 mg. per day

when treated for 15 to 18 days beginning at the 15th day of the

cycle. When heifers were fed doses of 0. 2 to 2.0 mg. of MGA

daily irrespective of the stage of cycle, ovulation was inhibited in

69 out of 72 treated heifers. The interval from last feeding to

estrus ranged from 2. 7 days at the 0. 2 mg. level to 6.3 days at

the 2. 0 mg. level. In another report Zimbelman and Smith

(1966b) presented the results of both short-term and long-term

feeding of MGA on the ovarian activity in dairy and beef heifers.

When fed 0.4 mg. of MGA daily for 18 to 32 days the incidence of

palpable corpora lutea decreased from 76 to 10% with the
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concurrent increase from 56 to 91% in detecta.ble follicles. When

fed over a longer period of time (105 to 116 days) there was a

significant increase (P < 0. 05) in the weight of follicular fluid

indicating increased estrogenicity which was also supported by an

increased adrenal weight in puberal, intact MGA-treated heifers.

Young, Cundiff, and Bradley (1969) studied the effects of oral

feeding of MGA in Angus heifers when daily doses of 0.2, 0.4, and

0.6 mg. were given over a period of 154 days. A daily dose of 0.4

mg. of MGA was found to be the minimal effective dose for sup-

pressing estrus but inhibition of ovulation, occurred in 21.4% of

the animals fed a daily dose of 0.2 mg. of MGA. These observa-

tions are in agreement with the findings of Zimbelman and Smith

(1966a).

Conception Rates Following Estrous Synchronization with Orally
Active Progestagens in Cattle

Conception rates reported following inseminations at first

synchronized estrus in cattle are quite variable. In the ewe,

Hogue et al. (1962) reported a much higher conception rate in

MAP treated ewes when mated naturally (61%) compared to simi-

larly treated but artifically bred ewes (16%). When cattle were

treated with. MAP, a conception rate of 25% at first synchronized

estrus was reported by Hansel et al. (1961) and Zimbelman (1961).
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Nelms and Combs (1961) and Zimbelman (1961) reported conception

rates of 60 and 75%, respectively, at first synchronized estrus on

the basis of some of their trials involving cattle. Good conception

rates which compare favorably with untreated controls have been

reported in dairy cattle fed 12 mg. of CAP daily by Van Blake et al.

(1963). Hansel et al. (1966) on the other hand, reported fertility in

MAP treated beef cattle to be higher than in animals treated with

CAP. Effects of CAP feeding in beef heifers on ova fertilization

rate and 60-day pregnancy rate have been reported by Wagner et al.

(1968). The treated heifers had a significantly lower (P < 0. 05)

fertilization rate (61% vs. 82%) at first post-treatment estrus

compared to untreated controls. The 60-day fertilization rate

(33%) was also lower than controls (55%). The authors suggested

that the stage of cycle when treatment was initiated may have had

an effect on post-treatment ova fertilization rate. A fertility rate

of about 55% at first synchronized estrus has been reported by

Anderson et al. (1962) and Collins et al. (1961) with beef and dairy

cattle, respectively, when fed MAP for 20 days. Conception rates

varied from 25 to 88% at first service in results obtained by

Zimbelman and Smith (1966a) when groups of cattle were fed 0.2

mg. of MGA daily. Of the total, 42% conceived with one service

and 82% conceived after two services. In most synchronization

trials with orally active progestagens where the conception rates
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were low at first synchronized estrus, good conception rates have

been reported in subsequent matings. Zimbelman (1961) reported

conception rates of 25 and 75% in two synchronization trials. He

reported a conception rate of 81% with one or two services for the

groups together. Following synchronization trials, Van Blp,ke et al.

(1963) observed that animals that did not conceive at the synchronized

estrus, had a normal estrous cycle and showed normal conception

rates at the next estrus. Dhindsa, et al. (1967) on the other hand,

observed higher conception, rates at the end of breeding in three

estrous cycles. These investigators reported 97% calving to

breeding in three estrous cycles in treated animals compared to

83% in nontreated controls (significantly different at P < 0. 01). All

these findings are indicative of the absence of any residual harmful

effects on fertility following synchronization with orally active

progestagens. Findings of Dhindsa et al. (1967) indicates an

apparent improvement in fertility in the treated animals mated

subsequent to the first synchronized estrus. Increased conception

rates have also been reported in repeat-breeding heifers when in-

jected with repositol progesterone at the time of breeding (Herrick,

1953).
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Growth Promoting. Effects of Melengestrol Acetate

Recurrent estrus has been one of the disadvantages of feeding-

out heifers for meat in feedlots. Hart, Guilbert, and Cole (1940)

and Dinusson, Andrews, and Beeson (1950) have reported that

spaying heifers results in decreased gains and lowered feed effi-

ciency. Bred heifers on the other hand have shown some increase

in rate of gain, but this increase may have been due to an increase

in weight of the gravid uterus (Hart et al., 1940).

Suppression of estrus without spaying by using orally active

progestagens offers a possibility to improve the feedlot performance

of heifers. Bloss et al., (1966) conducted three trials on the

effects of MGA feeding to heifers and steers under feedlot condi-

tion. Improved weight gain and feed efficiency were observed at

all levels of feeding, but daily feeding of 0.35 to 0.50 mg. per

head appeared to give best results. Increases of 6.2 to 9. 5% over

controls in some trials were not significantly different, but an

increase of 18. 1% in another trial was significantly different

(P < 0. 05) than the untreated controls. Spayed heifers did not

show any improvement in growth or feed efficiency when treated

similarly with MGA. From these observations and their data on

follicular size, the authors suggested that MGA caused weight

gains by allowing continuous endogenous estrogen secretion.
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From the results of MGA feeding on the feedlot performance of

prepuberal ewe lambs, O'Brien and Miller (1967) indicated that a

high level of MGA (0. 24 mg. /day) is a growth stimulant in lambs

but a lower level (0. 16 mg. /day) may retard growth. They in-

dicated, however, that following puberty endogenous estrogens

from ovarian follicles in untreated controls gave almost equal

gains compared to MGA treated animals. When cross-bred heifers

received 0.3 mg. of MGA per head daily for 140 days, they gained

21% faster (significant P < 0.01) and were 11% more efficient than

untreated controls (O'Brien, Bloss, and Nicks, 1968). Although

the treated animals had significantly (P < 0. 01) greater numbers

of large follicles (12 mm. and larger), the total number of fol-

licles were not significantly different from that of untreated con-

trols. Young et al. (1969) fed MGA to Angus heifers at daily

levels of 0. 2, 0.4, and 0.6 mg. per head for 154 days, but did

not find any significant improvement in average daily gain, feed

efficiency or carcass quality.

Some Undesirable Side Effects Following Treatment with
Progestagens

Continued suppression of ovarian activity to achieve synchro-

nization has in many cases resulted in detrimental effects on

fertility subsequent to treatment withdrawal. Casida (1964) has

reviewed some of these side effects and after effects of
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experimental endocrine treatment used to control natural estrous

cycles in domestic animals. A sub-optimal dose of progesterone

used to synchronize estrus in the ewe had resulted in a greater

frequency of cystic follicles following withdrawal of treatment

compared to the use of more optimal dose levels (Dutt and Casida,

1948). Frequent occurrence of follicular cysts following treat-

ments with progesterone, MAP or CAP have been a common

problem in achieving acceptable reproductive performance in

swine (Anderson et al., 1963). Similar observations in swine

have been reported by First et al. (1963). On the other hand,

Hansel et al. (1966) found no prolonged harmful effects of synthetic

progestagens and reported uniformly high fertility at the estrus

subsequent to treatment with these compounds in beef cattle.

Undesirable side effects in the newborn have been reported

as a result of treatment with progestagens. Foote, Foote, and

Foote (1968) gave daily injections of 1. 0 mg. MAP to gestating

guinea pigs and reported considerable masculinization of the

external genitalia in the newborn female with wolffian duct-like

structures as well as tissues resembling prostate glands. The

untreated and progesterone treated groups showed no effects.

Subcutaneous daily injections of MGA at levels of 1.0 mg. or

above from day eight to term in pregnant rats have been reported

to result in decreased litter size and litter weight (Duncan et al.,
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1964). Schul et al. (1967) fed Holstein heifers a daily close of

1.0 mg. of MGA from about day 95 of gestation throughout the rest

of the gestation period and for the first 35 days post-partum. The

average birth weight of calves from treated dams was significantly

lower compared to those from untreated controls. These authors

observed no effects on difficulty at birth, number of still births or

gestation length. There was also no drug related effects observable

from histopathological studies of tissues from both calves and

cows. It is conceivable that these progestational compounds or

other nonsteroidal compounds now being developed would give good

synchronization and conception rates with none of the adverse side

effects on the future reproductive efficiency of treated animals and

their offspring.

Effectiveness of Sin le or Double Inseminations on the Conce tion
Rate in Dairy Animals

It has been established that highest conception rate following

a single natural or artificial service in dairy animals can be

achieved when bred at or near the end of the heat period

(Trimberger, 1948). Kirillov (1937) found ovulation occurring

18 to 24 hours after the onset of heat in cattle. In one of the early

studies, Andreev (1937) observed that between 30 and 40% of the

animals failed to conceive after the first insemination. When cows
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were re-Inseminated after an interval of 10 to 18 hours irrespec-

tive of whether the animals showed any signs of heat, only 10%

of such double inseminated cows recycled. A distinct advantage

of double insemination during a single heat period has also been

reported by Kirillov (1937). He recommended that cows be in-

seminated twice during one heat period, first at the beginning of

the estrus and again 18 to 24 hours later. No significant increase

in conception rates were reported by Wilcox and Pfau (1958) after

following these recommendations. These authors observed an in-

crease in conception rate from 53.7 to 56. 1% with two services

compared to single service using fresh semen and the corresponding

increase using frozen semen was from 50.4 to 52. 7 %. Because of

such small insignificant increases, these investigators questioned

the merit of using two services of relatively short intervals within

the same heat period. Observations of Kliewer and Peterson

(1962) tend to indicate that double inseminations during the same

estrus (24-hour interval) may be more effective in settling difficult

breeding dairy females compared to only one service (1. 71 and

4.93 services/conception, respectively).

The effect of different numbers of inseminations on conception

rates of cows treated with MAP have been reported by Dhindsa,

Hoversland, and Smith (1967). Three groups of animals were

inseminated once 12 hours after onset of estrus (inseminated 72
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hours after MAP withdrawal if not in estrus), inseminated twice

without regard to estrus at both 48 and 72 hours after withdrawal

of MAP, and inseminated thrice at 48, 60, and 72 hours after

MAP withdrawal without regard to estrus. The conception rates

in groups inseminated once, twice or three times were 25, 38, and

21%, respectively, and these differences in conception rates due

to number of inseminations were not significant.
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III, MATERIALS AND METHODS

Two experiments were conducted with Holstein heifers and

Sprague-Dawley rats to study the effects of MGA-1/ in s-ynchron-

izing estrus and its effect on post-treatment conception rates.

The treatment was given orally to the heifers and by subcutaneous

injections in the rat study. Two factorial arrangements (2 x_2 and

2 x 3) were used respectively for the heifer and rat experiments.

As all the animals within the desired age group were not available

at the same time, the heifer experiment was duplicated taking 12

animals at a time, using identical experimental procedures.

Table 1 shows the design of the experiment involving the heifers.

The design of the rat experiment is presented in Table 2.

Experiment

Table 1. Design of the heifer experiment

Insemination
groups

Treatment groups

Total
Control animals

No.
Treated animals

No.

Single
Double

6
6

6
6

12
12

Total 12 12 24

1/ Upjohn Company, Kalamazoo, Michigan
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Twenty-four Holstein heifers from the Oregon State Univer-

sity herd between the ages of 14 to 20 months were available for

the study. The animals were identified by the Oregon State Univer-

sity pedigree identification system and were divided randomly into

four groups of six animals each. Two of the groups were treated

with MGA and the other two groups served as nontreated controls.

All the heifers had reached puberty and were cycling normally be-

fore they were assigned to the various treatment groups. In addi-

tion, all the animals were examined and only animals with normal

ovarian and uterine conditions were included in the study. The

animals were kept in free stall housing with individual stanchion

facilities throughout the period of the experiment. They were fed

ad libitum with corn silage and alfalfa hay and also received four

pounds of pelleted grain (14% CP and 74% TDN) daily per head.

Water was available at all times. When conditions permitted, the

animals were pastured as a group during the day.

Estrus was determined by Kamar heat (mount) detectors

which were attached to the pelvic arch of each animal and visual

observations were made thrice daily at 8:00 A.M., 1:00 P.M. and

6:00 P.M. The MGA (in MGA-100 carrier) was mixed with one

pound of the grain ration for treated animals and fed individually

irrespective of the stage of estrous cycle so that each animal

received 1.0 mg. of MGA daily for 14 days and the control animals
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received the grain ration only. The MGA-100 carrier used in the

experiment consisted of 95.8% soybean millfeed, 3% starch, and

1% mineral oil and each pound of the carrier contained 5.0 mg. of

MGA. All the treated and the nontreated control animals were in-

seminated at the first estrus following withdrawal of MGA. One-

half of the animals of each of the treatment and control groups were

inseminated twice at the first post-treatment estrus at approximately

12-hour intervals by a skilled technician. Frozen semen from a

single Holstein sire (Gar-Bar-Dale Burke Kate) of known fertility

(75% at first service on a 60-90 day nonreturn basis) was used in

all inseminations. Animals which failed to conceive at the first

post-treatment estrus were ixiseminated once at each subsequent es-

trus up to a total of six inseminations. Animals which did not show

any sign of estrus for 45 or more days following the last service

were checked for pregnancy and conception, data were obtained.

Experiment 2

Table 2. Design of the rat experiment

Post-breeding
treatment

Treatment prior to breeding

None
0.01 mg.
MGA/ day

0. 1 mg.
MGA/ day Total

None

0.10 mg. of MGA/
da for 14 da s

8

8

8

8

8

8

24

24

Total 16 16 16 48
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Forty-eight sexually mature Sprague-Dawley female, rats

with body weights ranging from 225 to 260 gms. were included in

the study. These animals were distributed randomly into three

groups of 16 rats each, weighed, and identified with ear notching.

Each cage contained four rats. The animals were provided with

Purina rat pellets and water at all times. All the rats were checked

for normal cyclic changes twice daily at approximately 12 hour in-

tervals using the vaginal smear technique for at least two cycles

prior to the initiation- of the experiment. Initial treatment con-

sisted of daily subcutaneous injections of 0.01 mg. and 0.10 mg. of

crystalline MGA respectively in 0.10 ml. of propylene glycol for

seven consecutive days for the two treatment groups. The controls

received daily subcutaneous injections of 0.10 ml. of propylene

glycol for seven consecutive days. Treatments were initiated

irrespective of the stage of the estrous cycle of the animals. Fol-

lowing withdrawal of treatment, the animals were placed in breeding

cages with male rats, each cage containing four females and two

male rats. Vaginal smears were continued twice daily throughout

the experiment and the day sperm was found in the smear was

taken as day one of pregnancy for that animal. Starting on day

one of pregnancy all the rats were placed in individual cages.

Animals not showing sperm in a breeding period of ten days fol-

lowing withdrawal of treatment were also removed from the
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breeding cages and placed in individual cages. Beginning on day

seven of pregnancy, one-half of the rats from each group (including

controls) were daily injected with 0.10 mg. of crystalline MGA in

0.10 nil, of propylene glycol for 14 days and then treatment was

withdrawn. The data on litter size, weight of the litter, and weight

of the dams at littering were recorded.

Analyses of Data

Data on synchronization and conception rates between the

groups in the heifer study were analyzed by the chi-square method

after adjusting for continuity (Snedecor, 1956). The effect of

treatment on the number of services per conception was analyzed

by the Student's t-test (Mendenhall, 1967). Differences among

treatment means in growth response and reproductive performance

obtained in the rat experiment were analyzed by the analysis of

variance technique (Snedecor,. 1956). Where no significant inter-

actions occurred, sums of squares for interaction were added to

the sums of squares for error to obtain the error mean square.
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IV. RESULTS AND DISCUSSION

Experiment 1

The experiment involving 24 Holstein heifers was designed to

study the inhibitory effects of MGA when fed irrespective of the

stage of cycle on estrus and ovulation during treatment and the

effectiveness of synchronization following treatment. Effects of

MGA on the conception rates from inseminations subsequent to

the synchronized estrus and double inseminations at the first

post-treatment estrus as compared with single inseminations were

also studied.

Results of the daily feeding of 1. 0 mg. of MGA per head for

14 days to heifers have been presented in Table 3. None of the

12 animals receiving MGA showed any detectable signs of estrus

during the period of feeding, although 9 out of the 12 control

animals were in heat during the same period of time. All the

animals were examined by rectal palpations both at the begin-

ning and termination of the MGA feeding period. Absence of any

indication of estrus during treatment and the presence of large

follicles in each of the animals receiving treatment indicated that

none of these animals ovulated during treatment. Zimbelman and

Smith (1966a) observed that none of the 10 animals receiving a

daily dose of 1.0 mg. of MGA for 16 days showed any signs of
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estrus or ovulation during treatment. Young et al. (1969) reported

a. minimum effective daily dose of 0.4 mg. of MGA for inhibition

of estrus and ovulation in Angus heifers. These observations are

supported by the present study.

All MGA treated animals were in standing heat within a range

of 3 to 6 days following the withdrawal of MGA from the ration. The

mean and standard deviation of the mean for the group was

4.92 ± 1.08 days following termination of the treatment. Eleven

of the 12 control animals were in estrus within a range of 3 to 29

days following the withdrawal of treatment, one animal showing

estrus 56 days after the last treatment date. Estrus was exhibited

by 75% of the treated animals within a period of 24 hours and 83. 3%

of the animals were in heat within a 48 hour period. Zimbelman

and Smith (1966a) considered heifers to be synchronized when the

animals came into estrus within five days after the first estrus

was detected following withdrawal of treatment. Table 4 presents

the percent distribution of the animals at the first post-treatment

estrus following MGA withdrawl. The number of MGA treated

animals showing estrus within 3 to 6 days following MGA withdrawal

was significantly higher than the number of control animals during

the corresponding period of time (P < 0.005), The degree of

synchronization achieved in this experiment compares favorably

with MAP feeding trials by Collins et al. (1961), who observed 35



Table 3. Synchronization of estrus and conception rates of Holstein heifers receiving daily oral
administration of MGA (1. 0 mg.) for 14 days

Treatment

Number
of

animals

Days from Percent conception
MGA withdrawal and number ( ) of heifers Total

conception
(%)

No. of
services

per d/conception
to estrus First
(range) service

Second More than
service two services

MGA

Control

12

12

3-6 8.33(1)

3 -291/ 58. 33(7)

50. 00(6) 33. 33(4)

25. 00(3) ?. 33(1)

91. 66b/
(11)

c/91. 66 (11)

/2.64-
± 1. 36

1.54 ±0.89

a/ One animal did not come into estrus until 56 days following treatment.
b/ One animal failed to conceive after six inseminations.
c/ One animal died after one insemination. She was not pregnant.
d/ Means and standard deviations.
e/ Significant at P < 0. 05 {t=2. 24, Tabular t = 1. 725].

(O. 05)

Table 4. Distribution of first post-treatment estrus in Holstein heifers following MGA administration
No. days

post-treatment
0 - 2
3 - 6
7 -20
21 or more

Percent and number ( ) of heifers
Controls Treated

33. 33(4)
50. 00(6)
16. 66(2)

100. 00(12)

Chi-square value = 9. 19* Tabular X2 = 7.88
(O. 005)

*Significant at P <0. 005.
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out of 36 treated animals to be in estrus between 2 to 5 days follow

ing the last feeding. Zimbelman and Smith (1966a) reported in-

tervals of 2.7 to 6.3 days for dairy heifers fed levels of 0.2 to 2.0

mg. of MGA daily.

Effects of MGA treatment on conception rates at the first

synchronized estrus have been presented in Table 5. Pregnancies

were diagnosed by rectal palpation at 45 or more days following

the last service and conception rates were based upon such exam-

inations. Of the 12 treated animals only one (receiving a single

insemination) conceived at the first post-treatment estrus (8. 33 %).

Seven control animals out of 12 (58. 33 %) conceived from the first

service. Four of these animals received a single insemination

each, while the other three received double inseminations during

the same estrus. Analysis by the chi-square method indicated a

significant difference (P < 0. 05) in conception rates between the

two groups to services at the first synchronized estrus. Quite

variable conception rates have been reported at the first synchro-

nized estrus by some investigators using various synthetic orally

active progestagens. A conception rate of 25% at the first syn-

chronized estrus in some of their trials have been reported by

Hansel et al. (1961) and Zimbelman (1961), following oral

administration of MAP. Nelms and Combs (1961) on the other

hand have reported a conception rate of 60% using the same
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compound at first synchronized estrus in cattle. Conception rates

varied from 25 to 88% at first service in results obtained by

Zimbelman and Smith (1966a), when groups of cattle were fed

0.2 mg. of MGA daily. A fertility rate of 55% at first synchronized

estrus has been reported by Anderson et al. (1962) and Collins et al.

(1961) in MAP treated beef and dairy cattle. Wagner et al. (1968)

observed in CAP treated beef heifers a significantly lower (P < 0. 05)

fertilization rate (61 vs. 82%) at first post-treatment estrus com-

pared to untreated controls. The low conception rate in the treated

animals (8. 33 %) observed in the present study may reflect lowered

fertility at the first synchronized estrus due to treatment with a

much higher dose of MGA than the minimal effective dose to

achieve successful synchronization.

The effect .of single vs. double inseminations on rate of con-

ception at first synchronized estrus has been presented in Table 6.

Of the 24 heifers in the experiment, 12 (six from each group) were

inseminated once and 12 (six from each group) were inseminated

twice at approximately 12 hour intervals. A total of eight animals

conceived at the first synchronized estrus of which five received

single inseminations, while the other three were double inseminated.

Chi-square analyses of the data did not reveal a significant dif-

ference in the conception rates resulting from single or double

inseminations. This would indicate that the conception rate was
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Table 5. Effect of MGA treatment on rate of conception at first
synchronized estrus

Treatment
Number of animals

Total ConceptionPre nant Non re nant

Control
MGA

Total

7

1

5

11
12
12

(%)

58.33
8.33

8 16 24 33.33

Calculated X2 = 4.69* Tabular 2

0.05 = 3,84

*Significant at P < 0.05.

Table 6. Effect of single vs. double inseminations on rate of
conception at first synchronized estrus

Number of animals
Treatment Pregnant Nonpregnant Total Conception

( %)

Single 5 7 12 41.66
Double 3 9 12 25.00

Total 8 16 24 33.33

Calculated X2 = 0. 19 Tabular x2 = 3
's2 (O. 05)

.84

low at the first synchronized estrus in MGA treated animals, but

ovulation was not delayed by the treatment. Use of semen from a

single sire tends to support this contention. Dhindsa et al. (1967)

inseminated three groups of MAP treated animals, once 12 hours

after the onset of estrus, twice, without regard to estrus at both

48 and 72 hours following treatment withdrawal, and thrice at 48,

60, and 72 hours following treatment withdrawal regardless of
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estrus. The conception rates for groups inseminated once, twice,

and three times were 25, 38, and 21%, respectively, and these

conception rates were not significantly different. Similar results

have been obtained in the present study.

Some reports indicate that when conception rates were low at

the first synchronized estrus, an acceptable level of conception has

been obtained in subsequent matings. The rate of conception at the

second estrus following withdrawal of treatment is presented in

Table 7. Six out of 11 treated animals (54. 54 %) conceived at the

second estrus compared to three out of four control animals (75%).

Although the percent conception of the controls at this service was

higher than the treated animals, the difference was not statistically

significant. The conception rate at the second estrus for the

treated animals (54. 54 %) was similar to the conception rate at

first service for the controls (58. 33 %). This would indicate the

absence of any residual detrimental effects on the conception rate

of the treated animals. This is in agreement with the findings

of Van Blake et al. (1963) who observed that animals not conceiving

at synchronized estrus showed normal conception rates at the next

estrus. Roussel, Beatty, and Smith (1969), however, reported a

lower conception rate (33%) during a 50-day breeding period in a

similar study with MGA. Using a lower dose of MGA (0. 2 mg. /day)
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Zimbelman and Smith (1966a) obtained conception rates comparable

to the present study.

Effects of MGA on rate of conception to two services following

withdrawal of treatment are shown in Table 8. Seven out of 12

treated animals conceived after two services (58.33%) compared

to 10 out of 11 control animals (90.91%). The controls had a higher

conception rate compared to treated animals, but the difference be-

tween the two was not statistically significant. A significantly

lower (33%) 60-day fertilization rate compared to controls (55%)

has been reported in beef heifers by Wagner et al. (1968).

Zimbelman (1961) reported a conception rate of 81% with one or

two services on the basis of two synchronization trials. Groups of

cattle treated with MGA (0. 2 mg. /day) had a conception rate of 8Z%

with two services (Zimbelman and Smith, 1966a). Dhindsa et al.

(1967) on the other hand, reported higher number of calvings in

treated animals compared to controls at the end of breeding in three

estrous cycles. A 97% calving among the treated animals was sig-

nificantly higher (P < 0.01) than the 83% calving in the nontreated

controls.

The average number of services per conception for the

treated and the control groups were 2.64 and 1.54, respectively

(Table 3). Statistical analyses of the data showed that the number
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Table 7. Effect of MGA treatment on rate of conception following
the synchronized estrus

Number of animals
Treatment Pregnant Non re nant Total Conception

(%)

Control
MGA

1

5
4

11
75.00
54.54

Total 9 6 15 60.00
Calculated X2 = 0.036 Tabular )(2 (0.05) = 3.84

Table 8. Effect of MGA treatment on rate of conception to two
services following synchronization of estrus

Treatment
Number of animals

Total Conce tionPre :rant Non re nant

Control
MGA

Total

10
7

1

5
11
12

(%)

90.91
58.33

17 6 23 73.91

Calculated X2 = 1.70 Tabular X2 0.05 = 3.84

of services per conception for the treatment group was significantly

greater (P < 0. 05) than that of the untreated controls. However, a

comparable number of animals from each group conceived following

two or more services (91.66%). These observations indicate that

MGA treatment in the present study has had a depressing effect

on the conception rate at the first post-treatment estrus and the
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stage of cycle when treatment was initiated has also had an effect

on the rate of conception. This is supported by the findings of

Wagner et al. (1968).

Experiment 2

In the rat experiment, an initial daily treatment of MGA for

seven days was given to the animals irrespective of the stage of

estrous cycle. Two levels of MGA, 0.01 mg. (Treatment II) and

0.10 mg. (Treatment III) in 0.10 ml. of propylene glycol were used

for the treatment groups, respectively. The control animals

(Treatment I) received the same amount of vehicle only (propylene

glycol), for the same duratiom All treatments were administered

subcutaneously. The experiment was designed to determine whether

MGA at dose levels used, was capable of inhibiting cyclic changes

in these animals and to study the effect of such treatment on con-

ception rates following MGA withdrawal. A daily treatment of 0.10

mg. of MGA, during gestation, starting on day 7 of pregnancy for

14 consecutive days was given to study the effects of such treatment

on growth rate of the dams and their reproductive performance.

The reproductive performance was determined by the gestation

length, litter size, weight per litter, weight per pup, and percent

mortality.

Cyclic changes in the vaginal cytology were not inhibited in the
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Treatment I and Treatment II groups of animals during the period

of treatment, except in one animal at the 0.01 mg. level of treat-

ment. Daily injections of 0.10 mg. of MGA inhibited cyclic changes

in all animals in Treatment III during the treatment period. These

animals (Treatment III) were in estrus within a period of 2 to 9 days

with an average of 4.46 days following withdrawal of MGA. Estrus

was detected in 61.5% of the animals in this group within a period

of 48 hours. Dunca,n et al. (1964) reported that daily doses of

0.05 mg. or above of MGA were capable of inhibiting cyclic changes

in the rat, when injected subcutaneously. They have observed that

cyclic activity was resumed within 2 to 12 days (with average of

4.0 days) following the withdrawal of treatment (0. 10 mg. of MGA

daily). Similar results have been obtained in the preserA study.

Results of initial and post-breeding treatment of MGA with

regard to reproductive performance and growth response in dams

have been presented in Table 9. Two animals in Treatment I (con-

trol) and three animals in Treatment III (0. 10 mg. of MGA) did not

exhibit estrus during a breeding period of 10 days following with-

drawal of MGA. One rat each from Treatment I and Treatment III

did not conceive. All 16 animals in Treatment II (0.01 mg.)

conceived. No significant differences in conception rates of animals

were observed among the different treatment groups.



Table 9. Growth response and reproductive performance in rats treated with MGA prior to
breeding, during gestation or at both times.

Item

aInitial treatment only-/ Initial plus post-breeding treatment-b/
Treatment Treatment Treatment Treatment Treatment Treatment

I II III I II III

Average initial body
weight (gm.) 242.16

No. of animals bred 6

No. of animals conceived 5

Average weight of dam
at littering (gm.) 282.14
Average weight in-
crease during treat-
ment (gm.)
Average gestation
length (days)

Average No. of pups
per litter
Average weight per
pup (gm.)

42.24

22.00

10.20

7.02
Percent mortality 00.00

(8)-c/ 243.16 (8) 237.36 (8) 234.26 (8) 240.39 (8) 238.95 (8)

8 5 8 8 8

8 5 8 8 7

(5) 297.54 (8) 297.72 (5) 268.16 (8) 282.79 (8) 277.13 (7)

(5) 54.38 (8) 54.04 (5) 33.90 (8) 42.40 (8) 36.76 (7)

(5) 22.00 (8) 22.00 (4) 22.63 (8) 22.63 (8) 23.29 (7)

(5) 10.88 (8) 10.00 (5) 9. 75 (8) 8.88 (8) 7.14 (7)

(51) 7.02 (87) 7.12 (50) 6.72 (78) 6.66 (71) 6.43 (50)

2.00 (2) 4.00 (2) 47.44 (37) 29.58 (21) 32.00 (16)
al Initial treatment consisted of daily injections of 0.01 mg. and 0.10 mg. of MGA in 0.10 ml. of
propylene glycol for treatments II and III for 7 days. Treatment I received 0.10 ml. of propylene
glycol only.
b/ Post-breeding treatment consisted of daily injections of 0.10 mg. of MGA for all treatment groups
for 14 consecutive days, starting on day 7 of pregnancy.
c/ Figures in parentheses denote number of observations on which averages were calculated.
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Analyses of data on growth response and reproductive per-

formance have been presented in Table 10. Initial treatment with

different levels of MGA did not result in any significant differences

among the means for the various treatment groups with respect to

growth response and different measures of reproductive performance.

Also, there was no evidence of any significant interactions between

the initial and post-breeding treatment with regard to any of the

criteria analyzed. Significant differences among treatment groups

due to post-breeding treatment, however, were observed in all

measures of growth and reproductive performance.

Mean weight gain during experimentation was significantly

less (P < 0. 01) for animals receiving both initial and post-breeding

treatment (37. 72 gm.) compared to animals receiving initial

treatment only (50.91 gm.). Mean gestation length in the post-

breeding treated animals was significantly longer (P < 0. 01) than the

gestation length of animals not receiving such treatment (22. 00 vs.

22.86 days). This could have been due to a higher level of circu-

lating progestagens at term in the animals receiving treatment.

MGA treatment during gestation did not cause any difficulty in

littering. However, one ani al receiving no post-breeding treat-

ment (Treatment III) had difficulties at littering and all the eight

pups carried to term were delivered alive by Caesarean section.

Although data regarding these pups were utilized for appropriate
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analyses, the data on gestation length for this particular animal

was not included in the analysis.

Treated and nontreated animals during gestation had averages

of 8.65 and 10.44 pups per litter, respectively, and the difference

between the means was significant at the 5% level of probability.

They also had a lower mean litter weight (54. 34) compared to the

mean litter weight (73.56 gm.) of animals receiving no post-

breeding treatment. This difference was highly significant

(P < 0. 01). Although the mean litter size of the treated animals

was significantly smaller, the mean weight per pup from the

animals treated during gestation (6.56 gm.) was also significantly

lower (P < 0. 01) than that of the animals not receiving such treat-

ment (7. 03 gm.). All these findings are in agreement with the

observations by Duncan et al. (1964) who reported that the average

birth weight and number of pups per group from mothers treated

with MGA, decreased with increasing dose. Although visual ob-

servations did not reveal any gross abnormalities and all the pups

were carried to term, post-breeding treatment to dams resulted

in a very high percentage of mortality (41.50%) in the pups com-

pared to those from the untreated dams (2. 09%). The difference

between these means were highly significant (P < 0. 01). This,

however, appears to be reasonable as lower birth weight is

generally indicative of less vigor and survival ability.



Table 10. Analyses of growth response and reproductive performance data in rats.

Treatment Item
Source of
variation

Degrees of
freedom

Mean
squares F - ratio

Initial treatment Weight change Treatment 2 457.96 2.10
only in dam Error 37 217.63

Gestation Treatment 2 . 92 2.22
length Error 36 . 41

No. of pups Treatment 2 10.38 1.89
per litter Error 37 5.48
Weight per Treatment 2 549.34 1.96
litter Error 37 279.67
Weight per Treatment 2 . 30 1.31
pup Error 37 . 23

Percent Treatment 2 827.61 .78
mortality Error 37 1060.64

Initial plus post- Weight change Treatment 1 1755.41 8. 07 **
breeding treatment in dam Error 37 217.63

Gestation Treatment 1 7.38 18.00**
length Error 36 . 41

No. of pups Treatment 1 32.44 5.92*
per litter Error 37 5.48
Weight per Treatment 1 2657.40 9. 50**
litter Error 37 279.67
Weight per Treatment 1 2.22 9. 69**
pup Error 37 .23
Percent Treatment 1 15680.43 14.78**
mortality Error 37 1060.64

* Significant at P < 0.05
** Significant at P < 0.01
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V. CONCLUSIONS

Two experiments were conducted to study the effects of

administration of melengestrol acetate (MGA) by the oral and

subcutaneous routes respectively, on estrus inhibition and post-

treatment conception rates in Holstein heifers and inhibition of

cyclic changes, growth response and reproductive performance

in Sprague-Dawley rats. From the results obtained in the present

study, the following conclusions can be drawn.

Daily administration of 1.0 mg. of MGA for 14 consecutive

days was capable of inhibiting estrus in all heifers during the period

of treatment irrespective of the stage of cycle when treatment was

initiated. The withdrawal of treatment resulted in a highly signifi-

cant degree of synchronization. Statistical treatment of the con-

ception data showed a significantly lower (P < 0. 05) conception rate

at the first synchronized estrus in the treated animals compared to

that of the control animals. However, no significant difference in

conception rates between the single and double inseminated groups

of animals at the first estrus following treatment withdrawal was

observed. No significant difference in conception rates in animals

between the treated and nontreated groups was detected in subse-

quent matings and conception rate at the second service for the

treated animals (54. 54 %) was similar to the conception rate at
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the first service for the control animals (58. 33 %). An equal

number of animals from each of the groups conceived from two

or more services. These findings indicate the absence of any

residual detrimental effects due to treatment on conception rates

from coatings subsequent to the synchronized estrus. However,

the treated animals needed a significantly higher (P < 0. 05) number

of services per conception compared to that for the control animals.

Initial daily treatment of rats by 0.10 mg. of MGA per day

was capable of inhibiting cyclic changes during the period of treat-

ment. A lower dose (0. 01 mg.) of MGA did not prevent the animals

from showing regular cyclic activity. The initial level of treatment

capable of inhibiting estrus did not have any significant effect on

the post-treatment conception rate in these animals.

Initial treatment did not result in any significant differences

among the means of the three treatment groups. Also, no de-

tectable significant interactions between initial and post-breeding

treatments indicated the absence of any carry-over effects due to

initial treatment on the subsequent growth and reproductive per-

formance of the animals receiving treatment during gestation,

Administration of MGA during gestation resulted in a significantly

lower (P < 0. 01) response in weight gained during the period of

experimentation and significantly increased (P < 0. 01) gestation

length.
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Post-breeding ' treatment also resulted in significant de-

pressing effects for all other measures of reproductive performance

as compared to nontreated animals. The mean litter size from the

dams treated during gestation was significantly lower (P < 0. 05)

than that from the dams receiving no post-breeding treatment.

The mean litter weight and mean weight per pup were also sig-

nificantly decreased (P < 0. 01) and a highly significant (P <0.01)

increase in percent mortality was observed in these animals due to

treatment during gestation.

The results presented in this study indicate that MGA was

capable of inhibiting estrus at the dose level (1. 0 mg. per day)

administered to heifers and at the higher dose level (0. 10 mg. per

day) administered to rats. Although MGA has a depressing effect

on conception at the first post-treatment estrus in heifers there was

no such evidence in rats. This could have been due to a species

difference. Additional studies are required to demonstrate the

causes for lowered fertility in the heifer. Lowered growth

response, and significant depressing effects on all measures of

reproductive performance were observed in the rat due to treatment

during gestation. This may indicate involvement of various other

factors which cannot be explained fully on the basis of the present

study.
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