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Abstract:
Breeding studies were conducted utilizing PGF2a as an estrus synchronizing agent in beef cattle. Seven
groups of cattle were utilized which consisted of (Cl, Fall 1974 bred heifers, n=92), (G2, Fall 1974 bred
early calving cows, n=148), (G3, Fall 1974 bred late calving cows, n=85), (G4, Spring 1975 bred 14
mo. neifers, n=87), (G5, Spring 1975 bred 20 mo. heifers, n=324). Cattle in groups I, 4 and 5 were
straight and crossbred virgin heifers. Cattle in groups 2, 3, 6 and 7 consisted of straight and crossbred
lactating cows.

Cattle within each group were randomly assigned to a PGF2a system or a conventional system. Al was
used for 30 days Cl, 28 days G2, 22 days G3 and 25 days for G4, G5, G6 and G7. In all groups a 20
day natural breeding season followed. Cattle in the PGF2a system were observed for estrus and bred
from day -% to 4 at which time the remaining cattle were injected IM with 33.5 mg PGF2a
THAM-salt. At 72 hr (groups 1, 2 and 3) or 80 hr (groups 4, 5, 6 and 7) post-injection, all PGF2a
treated cows not observed in estrus were inseminated. At the time of the nonestrus breeding in groups
4, 5, 6 and 7 half of the cattle that fell into this catagorie were reinjected with 33.5 mg of PGF2a
immediately after insemination. Conception dates were confirmed based on actual calving dates. The
total pregnancy rate (combined analysis, groups I through 7) for the PGF2a system was significantly
higher (78 vs 72%, P=0185) than in the conventional system. The total Al pregnancy rate (combined
analysis) for the PGF2a system was significantly higher (47 vs 39%, P=.0016) than in the conventional
system. There were no significant differences between systems (combined analysis) for Al 1st service
pregnancy rate of Al 1st service conception rate when bred to an observed estrus. The number of cows
conceiving the first 10 days of the Al season (combined analysis) was greater (P<.001) in the PGF2a
system than in the conventional breeding system. This resulted in the average day of conception being
5 days earlier in the PGF2a breeding system (day 17) compared to the conventional system (day 22).
There was a trend for decreased estrus response and AI 1st service pregnancy rate for PGF2a treated
cattle that were between 69 and 80 days postpartum on the day PGF2a was administered.

The cattle receiving the second injection of PGF2a at the 80 hr nones trus breeding revealed no
significant differences in total pregnancy rate, total AI pregnancy rate or AI 1st service pregnancy rate
when compared to controls. 
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ABSTRACT

Breeding studies were conducted utilizing PGF2a as an estrus 
synchronizing agent in beef cattle. Seven groups of cattle were 
utilized which consisted of (Cl, Fall 1974 bred heifers, n=92), (G2, 
Fall 1974 bred early calving cows, n=148), (G3, Fall 1974 bred late 
calving cows, n=85), (G4, Spring 1975 bred 14 mo. neifers, n=87),
(G5, Spring 1975 bred 20 mo. heifers, n=324). Cattle in groups I, 4 
and 5 were straight and crossbred virgin heifers. Cattle in groups 
2, 3, 6 and 7 consisted of straight and crossbred lactating cows.
Cattle within each group were randomly assigned to a PGFZa system or 
a conventional system. Al was used for 30 days Cl, 28 days G2, 22 days 
G3 and 25 days for G4, G5, G6 and G7. In all groups a 20 day natural 
breeding season followed. Cattle in the PGFza system were observed for 
estrus and bred from day -% to 4 at which time the remaining cattle 
were injected IM with 33.5 mg PGF2aTHAM-salt. At 72 hr (groups I, 2 
and 3) or 80 hr (groups 4, 5, 6 and 7) post-injection, all PGFZa 
treated cows not observed in estrus were inseminated. At the time 
of the nonestrus breeding in groups 4, 5, 6 and 7 half of the cattle 
that fell into this catagorie were reinjected with 33.5 mg of PGFza 
immediately after insemination. Conception dates were confirmed • 
based on actual calving dates. The total pregnancy rate (combined 
analysis, groups I through 7) for the PGFza system was significantly 
higher (78 vs 72%, P=0185) than in the conventional system. The total 
Al pregnancy rate (combined analysis) for the PGFza system was signifi
cantly higher (47 vs 39%, P=.0016) than in the conventional system. 
There were no significant differences between systems (combined analy
sis) for Al 1st service pregnancy rate of Al 1st service conception 
rate when bred to an observed estrus. The number of cows conceiving 
the first 10 days of the Al season (combined analysis) was greater 
(Pc.001) in the PGFza system than in the conventional breeding system. 
This resulted in the average day of conception being 5 days earlier 
in the PGFza breeding system (day 17) compared to the conventional 
system (day 22). There was a trend for decreased estrus response and 
Al 1st service pregnancy rate for PGFza treated cattle that were 
between 69 and 80 days postpartum on the day PGFza was administered.
The cattle receiving the second injection of PGFza-at the 80 hr non
es trus breeding revealed no significant differences in total pregnancy 
rate, total Al pregnancy rate or Al 1st service pregnancy rate when 
compared to controls.



CHAPTER I

INTRODUCTION

The ever increasing pressure of the cost-price squeeze, on the 

nation's beef producers, emphasizes the need for more efficient pro

duction in the beef cattle industry. To deal with this cost-price 

squeeze, the progressive beef producer has turned to sophisticated 

management systems involving artificial insemination, to increase the 

pounds of salable, product. One economically important aspect of 

artificial insemination in Montana, is the labor it requires for 

estrus detection. With the perfection of an estrous synchronization 

system that minimizes or eliminates estrus detection, the labor 

requirement could be greatly reduced during the breeding, as well as 

the calving season.

Extensive data demonstrates prostaglandin to be luteolylic 

in the cow (Lauderdale, 1972; Liehr nt al. , 1972; Rowson e_t al. , 1972; 

Inskeep, 1973; Lamond et. al. , 1973; Stellflug et al., 1975; LaVoie 

et al. , 1975). Extensive research has shown that prostaglandin Fg^ 

can provide an effective method of controlling estrus in the cow and 

that fertility of the synchronized estrus is comparable to control 

cows (Inskeep, 1973; Lauderdale et al., 1974; Welch ert aJL. , 1975; 

Lambert At al. , 1975; Lambert e_t al., 1976; Manns e_t al. , 1976; 

Burfening e_t al., 1976) .
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The purpose of this study was to field test the effectiveness of 

a prostaglandin controlled estrus system under Montana range beef 

production conditions where no more than two handlings (including 

insemination) of each cow are required.



CHAPTER 2

LITERATURE REVIEW

Endocrine Events of a Normal Estrous Cycle

A Schematic illustration of the interrelationships between the 

hypothalamus, pituitary and ovary and the possible regulatory influence 

of the uterus are depicted in figure I.

The release of gonadotropin releasing hormone (Gn-RH) from the 

hypothalamus will be used as the initiating event in the model estrous 

cycle. Kaltenback et_ al. (1974) demonstrated that Gn-RH acts to pro

mote the secretion of follicle stimulating hormone. (FSH)' and luteiniz

ing hormone (LH) from the pituitary. The exact role of FSH is not 

precisely understood. The hypothesis of Schwartz (1974) is that FSH 

in combination with LH at continuously low levels enhances follicular 

growth and maturation. As the follicles mature they release estrogens 

from the theca interna cells. Austin and Short (1972) and Schwartz 

(1974) indicate that estrogen production from the theca interna cells 

is stimulated by low levels of LH and possibly FSH. Estrogen acts on 

target cells in the uterus (stimulating growth and proliferation) and 

also on the hypothalamo-pituitary axis (Caldwell, 1970). The increas

ing levels of estrogen during the follicular phase of the. cycle exerts 

an effect on the hypothalamo-pituitary axis which results in the 

release of peak levels of LH, FSH and prolactin during estrus 

(Niswender e_t al.,.1974). It is suggested that the increased secretion 

of LH and FSH may be due to increased release of Gn-RH from the
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hypothalamus or to increased sensitivity of LH and FSH secreting cells 

within the adenohypophysis to Gn-KH (Niswender ^t al., 1974). LH is 

thought to promote final maturation of the follicle and eventual ovula

tion followed by formation of a corpus luteum (CL). Strott et al.

(1969) indicated that LH may act to stimulate the secretion of proges

terone from the corpus luteum in some species. This is thought to be 

accomplished by the transformation of granulosa cells from the ruptured 

follicle into luteal cells which secrete progesterone. Harris and 

Campbell (1966) (as reviewed by Caldwell, 1970) indicate that LH is 

luteotropic in most species and prolactin is accepted as a co-hormone of 

the luteotropic complex in the rat. Hansel e_t al. (1973) presented 

conclusive evidence that LH is luteotropic in the cow. As the corpus 

luteum develops, progesterone secretion increases until maximum output 

at about day 12 of the bovine estrous cycle. This output remains fairly 

constant until day 16 of the cycle when corpus luteum regression occurs 

if conception has not. occurred (Hansel e_t al. , 1973) . If the previous 

sequence of events does not result in conception, the next ovarian 

cycle will begin. Investigations dealing with control of ovarian 

periodicity have revealed that in several species, including the cow, 

the uterus exerts control over the CL by the release of a uterine 

luteolytic factor (ULF) (Loeb, 1923, Hecter e_t al. , 1940; Wiltbank and 

Casida, 1956; and LaVoie et al., 1975). Special treatment of this 

area will follow in the next section.
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HYPOTHA LMUS
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GONADOTROPIN RELEASE 
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m a t u r in g
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OVULATION

BEHAVORIAL ESTRUS
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Figure I. Principle endocrine pathways involved in the 
control of ovarian function.
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Uterine Luteolytic Factor

Melampy and Anderson (1968) indicated that the uterus has an 

important role with regard to the control of the luteal mechanism via 

initiation of luteolysis during the later stages of the estrous cycle.

Though many of the questions relating to ovarian periodicity have 

been answered, many still remain unanswered. The following literature 

indicates that the uterus and particularly its endometrial layer secretes 

a luteolytic substance prior to the onset of corpus luteum regression.

Many studies have been performed involving removal, transplanta

tion, partial destruction and denervation, in an attempt to determine 

the origin and isolate the compound(s) which exert control over 

ovarian periodic activity.

Removing the uterus. It was first reported by Loeb (1923) that 

hysterectomy prolonged the functional life span of the corpora lutea 

in the guinea pig for 60 to 80 days. The principle function of the 

corpus luteum in unmated animals is to control the length of the 

diestrous phase of the estrous cycle (Melampy and Anderson, 1968). It 

was also observed by Loeb (1923) that subsequent maturation of follicles 

and ovulation is not effected by uterine removal in very young animals. 

In addition, Loeb found that.a small portion of uterine tissue remain

ing intact will cause corpus luteum regression; however, the resulting 

cycle length is usually longer than normal. Since Loeb1s discovery, a 

luteolytic factor thought to be released from the uterus (ULF) has
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been sought. Hechter (1940) advanced the idea that the uterus may 

produce a compound(s) which causes the corpora lutea to regress and 

in its absence the corporal lutea will be maintained.

Wiltbank and Casida (1956) demonstrated that complete removal of 

the uterus in the ewe or cow resulted in maintenance of the corpus 

luteum. Corpora lutea were maintained for as long as 100 days in the 

ewe and 154 days in the cow. Removal of approximately half of the 

uterus in the ewe caused no delay in the return to estrus. Nearly 

complete removal of the uterus in the cow caused delay in the return 

to estrus.

In 1961, duMesnil du Buisson partially hysterectomized pigs and 

found the uterus to have local lutolytic properties where each uterine 

horn of the bicornuate system controls only the CL of its adjacent 

ovary.

Barley ej: al. (1956) working with pseudopregnant rats, observed 

a localized effect of unilateral hysterectomy on the corpus luteum.

In addition, he found that an intact uterine horn on one side of the 

uterus could appreciably shorten the life expectancy of luteal activity 

on the. contralateral ovary. The results from these experiments suggest 

that the luteolytic factor from the uterus has access to systemic 

circulation and that the compound(s) is effective even when only a 

small portion of uterus remains intact.
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Partial hysterectomy in the unmated guinea pig, heifer, sow and 

ewe ultimately results in luteal regression and the continuation of 

es'trous cycles (Butcher jrt al. , 1962; Anderson et aj., 1961; Anderson, 

1962; Rowson and Moor, 1964). In these species the amount of intact
J

uterine tissue (endometrium) tends to dictate the functional life span 

of the CL.

Ginther (1967) reported that in heifers with the retained horn 

adjacent to the corpus luteum the functional life span of the CL was 

shorter than if the retained horn was opposite to the corpus luteum.

Both cases resulted in luteolysis. This evidence suggests that ULF is 

effective more rapidly on a local basis, but can be effective 

systemically.

Anderson ejt al. (1963) found that removing the uterus at days 5, 

10, 14 and in some cases on day 16 resulted in.continual development 

(when hysterectomized at day 5) and prolonged maintenance of the CL in 

the pig. Hysterectomy on day 18 did not result in prolonged mainten

ance, indicating that if there is a luteolysin released from the uterus, 

it has been released prior to day 18 of the.cycle.

When freeze-dried endometrium from sheep in days 14 or 15 of 

their cycle was injected intraperitoneally into hysterectomized 

hamsters on days 9 and 10 of pseudopregnancy, a significant reduction 

of the corpora lutea life span was recorded in nine of 16 animals 

(Caldwell _et al., 1969). Extracts prepared from other days in the
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cycle had little effect on the corpus luteum. This evidence indicates 

that the endometrium contains an active luteolytic substance during 

the later part of the sheep, estrous cycle.

Transplantation of the uterus. In 1966, duMesnil du Buisson 

(reviewed by Melampy and Anderson, 1968) found sows to have estrous 

cycles after uterine tissue autotransplants to the body wall but not 

when similar transplants were made to the small intestine. This 

indicated that the luteolytic factor from the uterine tissue was in

activated when subjected to the portal circulation of the small 

intestine which passes through the liver.

It was demonstrated that homologous transplantation of uterine 

endometrial tissue to the cheek pouch of the hamster would partially 

reverse the. effect of hysterectomy (Caldwell et al., 1967). Mazor 

and Wright (1968) varified that the effects of hysterectomy on pseudo

pregnant hamsters can be reversed by homologous uterine transplanta

tion to the cheek pouch. Pseudopregnancy was shortened by more than 

six days following transplantation of seven-day pseudopregnant uterine 

horns. No decrease in pseudopregnancy was observed when uterine 

extracts were prepared from pregnant hamster horns which indicates that 

pregnancy inactivates ULF.

Evidence for ULF in the cow was demonstrated by Williams e_t al. 

(1967). They injected acetone dried powder preparations of late luteal 

and early estrual bovine uteri intraperitionealIy into pseudopregnant 

rabbits. The preparations induced regression of corpora lutea,.
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development of follicles and a depression of acetate incorporation 

into progesterone.

Partial destruction of the uterus. Anderson £t al. (1961) removed 

the left horn from the uterine body to the tubo-uterine junction on 

day 11 or 12 of the pigs estrous cycle. The right horn and body were 

infused with either (a) 10% tannic acid: (b) 12.5% phenol: (c) Bouin1s 

solution; or (d) 10% silver nitrate. The animals were sacrificed about 

48 days after the estrus before treatment. Estrus behavior was not 

observed during this period. Marked corpora lutea were present at the 

termination of the experiment which indicate that irritants and corro

sives alter uterine function in such a way as to bring about a persis

tence of corpora lutea.

The life span of guinea pig corpora lutea was extended after 

injection of an irritant or a corrosive into the lumen of the uterine 

horns. The greatest prolongation was observed in animals with the 

most endometrial destruction (Butcher et al., 1962).

Denervation of the uterus. In a review by Melampy and Anderson 

(1968) it is indicated that denervation of the uterus has no effect on 

luteal regression and follicular development in the sow.

Luteolysis

Corpus luteum regression. Hansel et al. (1973) defines regression 

of the bovine corpus luteum as a decrease in cytoplasmic granulation, 

rounding of the cell outline and peripheral vacuolation of the large
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luteal cells. These changes are rapidly followed by condensation of 

the cytoplasm, which stains darkly and takes on a stellate outline’.'

The first nuclear change noted is a loss of prominent nucleoli followed 

by shrinkage. Connective tissue becomes more prominent along with 

thickening of the walls of the arteries and by day 2 of the cycle the 
lumina of many arterioles are obliterated. This definition of CL 

regression (Iuteolysis) will be utilized for purposes of discussion in 

this thesis.

Donaldson and Hansel (1965) found in the cow that between days 

4 and 7 of the estrous cycle the corpus luteum increased in size (1.3 

to 4.6 g) and progesterone content (38.0 to 145.0 ug), but the proges

terone concentration did not vary (30.0 to 31.7 ug/g of tissue).

It was shown that the principal progestin in the CL and ovarian ■ 

venous blood diminishes rapidly towards the end of the cycle from 

maximum levels observed during mid-cycle (Gomes and Erb, 1965).

In 1964, Kenney (as reviewed by Hansel, 1973) stated that pro

gesterone synthesis slows and stops as a result of an "uncoupling" of 

the steroid synthetic mechanism from the metabolic systems which supply 

it with energy and precursors. It was also suggested that corpus 

luteum involution results from a reduction in its blood supply brought 

about by three types of sclerotic arterial changes which become the . 

basis of a working hypothesis for the mechanism of luteolysis.

■ The decline in progesterone synthesis has been related to an
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increase in the number of lysosomes in the luteal cells. In sheep, 

the luteolytic mechanism(s) act directly on the lysosomes to increase 

their fragility and initiate luteal regression (Dingle jet al., 1968).

Moor (1968) demonstrated that in several species including the 

sheep, that presence of embryos in the uterus prolongs the life span 

of the corpus luteum.. The functional capacity of the CL is not in

creased as evidence by the level of progesterone secreted by the corpus 

luteum of pregnancy which is found to be similar to the maximum level 

secreted during the estrous cycle. The effect of embryos is first 

seen on days 12 to 13 of the sheep estrous cycle. It is suggested 

that this effect is accomplished by "protecting" the corpora lutea 

from the luteolytic effect of the uterus or by preventing the uterus 

from secreting its luteolytic agent.

Luteolytic agents. Hansel £t al. (1973) summarized that LH 

appears to be the major luteotropic principle in all three domestic 

animals (cow, ewe and sow) and that there is little evidence that it 

can cause luteolysis as it has been observed in the rabbit. Their 

data reveal that plasma LH levels do not decline prior to the decline 

in plasma progesterone. They suggest that the response of the corpus 

luteum to LH is "switched off" by the luteolytic mechanisms(s).

Malven and Hansel (1964) found that ten daily injections of crude 

or urea-incubated aqueous extracts of bovine hypophyiseal tissue did 

not decrease the progesterone content of the corpora lutea which
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persist following hysterectomy. In fact administration of the crude 

extracts increased the total weight and progesterone content of the. 

corpora lutea. The urea incubated extracts inactivate, luteinizing 

hormone in an attempt to observe the effect of FSH and prolactin on 

luteal function. No luteolytic effects by FSH and prolactin were 

observed.

Lynn et al. (1965) used 41 virgin heifers to study the effects of 

in vivo treatment with FSH, oxytocin, HCG and bovine prolactin upon 

the ability of the CL to synthesize progesterone. No significant 

effects of oxytocin or prolactin along were observed. FSH treatment 

produced a significant depression of progesterone synthesis by luteal 

slices in vitro. HCG jin vivo produced a drop in initial progesterone 

concentration while in vitro it enhances progesterone production . 

(P<.01).

Brunner et.al, (1969) made a study on the luteolytic effects of 

various pituitary and ovarian hormones. Intact cycling heifers were 

injected with estradiol (n=5, on days 10 through 14 of. their estrous 
cycle) or ACTH (n=6, on days 2 through 8 of their estrous cycle). 
Forty-three normal cycling heifers were hysterectomized on day TO of. 

of the cycle (day 0=day of estrus) and their corpora lutea were marked 
with a charcoal suspension. Following hysterectomy (21 days), when 

the CL's were 30 days old, each heifer was placed on one of the 

following treatments: (I) oxytocin, 0.33 USP units/kg/day subcutaneousIy
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for 30 days; (3) equine luteinizing hormone 20 mg/day subcutaneousIy 

of 15 days; (4) estradiol 17g 5 mg/day intramuscularly in peanut oil 

for.six days; (5) estradiol-17B , 5 mg/day intramuscularly for 15 days; 

(6) relaxin, 6000 GPU/day intramuscularly for 15 days; (7) control, 

six days; (8) control, 15 days; (9) control, 30 days. An additional 

group of ten heifers were hysterectomized on day 10 of the cycle.
Ten days after hysterectomy, five of these heifers were injected daily 

with ACTH for six days (two at a rate of 100 units/day and three at 

200 units/day). The remaining five heifers served as controls. 

Oxytocin injections had no luteolytic effects. Equine luteinizing 

hormone increased progesterone concentration, total progesterone and 

total progestins. Estradiol significantly depressed total progester

one. Estradiol injected into intact heifers on either days 5 through 

14, or 10 through 14 of their cycle caused complete luteal regression. 

Relaxin injected into hysterectomized heifers had no luteolytic 

effect. Adrenocorticotropiri injected on days 2 through 8 of their 
cycle significantly decreased corpus luteum weight in intact heifers 

but was ineffective when injected into hysterectomized heifers.

Wagner e_t al. (1971) found that after injecting five cyclic 

heifers with 5 mg flumethasone IM on days I through 8 of the estrous 
cycle, CL weight .(g), progesterone content (ug/g) and total ug of 

progesterone were 6.3, 47.5 and 302 for the treated and 5.6, .67.4 and 

378 for the control CL's (n=5), respectively. They also found that
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plasma progesterone was elevated above control levels' during the first 

5 days of treatment with ACTH (100 units/day) beginning, on day I, 

however, continued ACTH treatment (100 units/day on days 6-8 inclusive) 
caused plasma progesterone to fall below that found in. control animals.

Greenstein (1958) administered estradiol subcutaneousIy to repro

ductive Iy normal cycling cows at several dose levels and at various 

stages of estro.us cycle, in an attempt to modify reproductive processes 

His findings indicate that suppression of follicular development and 

early regression of the bovine corpus luteum resulted from daily 

treatment with 1-2 mg of estradiol from day 2 to day 12 of the cycle.
Wiltbank (1961) conducted 3 trials in which various forms and 

levels of estrogen were injected into cycling beef heifers. Single 

injections of 50, .25, 20, 10 and 5 mg of estradiol valerate; or of 

100, 50 and 25 mg of estrone; or of 25 mg of a natural estrogenic 

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

of the heifers injected. This data supports previous data demonstrat

ing that single intramuscular injections of estradiol valerate or 

estrone would cause early CL regression.

Brunner ^t al. (1969) found essentially complete luteal regression 

in intact heifers by a dose of estradiol that produced only a small, 

nonsignificant decline in CL weights and a relatively small decrease 

in total progesterone contents in corpora lutea of hysterectomized 

animals. These findings indicate that estradiol induced luteolysis 

requires the presence of the uterus.
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Hawk and Bolt (1970) injected parous ewes intramuscularly with 

250 or 750 ug of estradiol-17g per day for 2 successive days, beginning 

on alternate days of the estrous cycle from days I through 11 (estrous= 
day 0). There was no luteolytic effect with either the 250 or 750 ug 

dose of estradiol on days I and 2, 3 and 4, or 5 and 6. However, the 

750 ug dose on days 9 and 10 reduced CL weight significantly by day 14 

while either the 250 or 750. ug dose on days 11 and 12 reduced CL weights 

significantly by day 15. Their data indicate that injections of estra

diol.during the last week of the estrous cycle reduces CL weight.

Hansel et ad. (1973) indicated that the luteolytic effects of exogenous 

estrogens in the cow and the ewe are of particular interest, especially 

when considering the fact that plasma estrogens appear to rise in both 

species before luteal regression is initiated.

Harms and Malven (1969) found that estrous cycle length in heifers 

was reduced significatnly following progesterone (100 mg daily) injected 

on days I to 3 (13.6 day cycle length) or on days 2 to 6 (16.5 day- 
cycle length). The progesterone treatment reduced CL weight signifi

cantly when given early in the cycle.

Woody and Ginther (1968) studied the effects of exogenous pro

gesterone on CL weight and life span in intact, or ipsilateral and 

contralateralIy hysterectomized heifers. There was a greater reduction 

in estrous cycle length when progesterone injections were started on 

the day of estrus than when started two days after. When measured at
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day 15, CL weight was not significantly affected by progesterone treat

ment (100 mg per day, days I through 10), or uterine condition (intact, 
ipsilateral or contralateral). Progesterone treatment on days I 

through 10 reduced the average estrous cycle length, in intact heifers. 
When the heifers were ipsilaterally hysterectomized and given- a similar 

progesterone treatment early in the subsequent estrous cycle, the 

cycle length was reduced, but it was not reduced in contralateralIy 

hysterectomized heifers given progesterone. This data indicates that 

if progesterone is administered during the early part of the estrous 

cycle and if.the uterine horn ipsilateral to the CL is present, the 

cycle length will be reduced. It was postulated that progesterone 

given early in the cycle may act by inhibiting the relatively small 

rise in plasma LH found to occur on day 3 to 4 of the cycle (Wilks and. 

Hansel, 1971) which may be a stimulus that causes maximum CL development 

and progesterone secretion after day 4. .

Woody ej: al. (1967) injected intact ewes with 25 mg of progester

one per day for the first 6 days of the estrous cycle. The average 

length of the estrous cycle was reduced from 16.5 days in control ewes 

to 12.7 days in treated ewes.

It appears that exogenous progesterone decreases the. length of 

the cycle in cattle and sheep. The data presented so far, suggest that 

progesterone does not cause CL regression, however it may be acting 

by inhibiting the. critical amounts of gonadatropins necessary to .'
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stimulate luteal development and maintenance. It was discussed that 

progesterone requires uterine tissue to be present. This is supported 

by the fact that progesterone is less effective in hysterectomized than 

in intact ewes.

Hansel and Wagner (1960) infused 2 to 5 ml of raw semen, or the 

sediment obtained by centrifuging raw semen and preputial fluids into 

the uterus of heifers at estrus. A large proportion of the heifers 

returned to estrus between the sixth and thirteenth days of the 

subsequent cycle.

.It was first suggested by Babcock (1966) that prostaglandins 

might be luteolytic in domestic livestock. PGF2a has been demonstrated 
to be luteolytic in the cow (Lauderdal, 1972), ewe (McCracken et al.,

1971) sow (Diehl and Day, 1973) and the mare (Douglas and Ginther,

1972) . ■

Is PGF2a the ULF?.

As stated by Pharris e_t al. (1972), for prostaglandin F2o to be 

the endogenous luteolytic factor, five criteria would have to be 

satisfied (I) PGF2o must be luteolytic in all species where the uterus 

is implicated in luteal function (2) prostaglandins must cause luteo- 
lysis when administered systemically and on a local basis (3) PGFg0 
must be present in or released from the endometrium at a time consistent 

with uterine induced luteolysis (4) pregnancy should counteract the 

presence or action of PGFg0 and (5) the luteolysis induced.by PGF^0 
should mimic spontaneous luteolysis, biochemically, morphologically and
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functional Iy.

I. "PGFga must be luteolytic in all species' where the 

uterus is implicated in luteal function".
Pharris and Wyngarden (1969) infused prostaglandin Fga into 

pseudopregnant rats for 2 days (day 5 and 6) at I mg/kg/day. The 

progestogen content of.the ovaries of these animals was compared to 

that of animals receiving only saline. Progesterone levels were 

decreased, 20 dihydropogesterone concentrations were increased and a 

decrease in the length of pseudopregnancy to 7 days from a normal of 

14 days occurred.

Pharris (1970) tested PGF^g on pseudopregnant rabbits. Prosta

glandin F2q (5 mg/kg/day) was given on days 4 through 8 of pseudo

pregnancy, and the ovaries were collected on day 12. PGRga was 100% 

luteolytic in treated animals while 11 of 12 controls had normal 

appearing luteninized ovaries.

Batchley and Donovan (1969) studied the luteolytic effects of 

PGF2a in guinea pigs (n=21) hysterectomized on day 4 or 5 of the cycle 

(estrus=day I). Six of the animals were injected IP with 0.5 mg PGFgct 

twice daily for 7 days and 5 of these showed advanced luteal regression 

as compared with controls.

McCracken et al. (1970) demonstrated in two sheep bearing left 

ovarian autotransplants (to the vessels of the neck with vascular 

anastomoses) which were in the midluteal phase of the cycle that PGFga
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would cause luteal regression. The dose levels ranged from 0.01 to 

100.0 ug/hr and were administered via the canulated left carotid artery.

LaVoie et al. (1975) totally hysterectomized 8 cows between 9 and 

13 days after estrus. Cows were divided into either the PGF^^ treatment 

or the control. PGF^ci treated cows had reduced serum progesterone 

concentration and significantly smaller weights and diameters when 

compared to control. The weights and diameters of corpora lutea were 

significantly smaller than those from controls. These results demon

strated that PGFga luteolytic in hysterectomized cows. ■

, . Lauderdale (1972) demonstrated PGF^3 to be luteolytic in intact 

cows. PGFga -THAM salt (30 mg) was injected subcutaneously on one of 

the following days after estrus. Group A (days 2, 3, 4) demonstrated 

essentially normal cycle lengths. Group B (days 6, 7, 8, 9) and Group 

C (days 13, 14, 15, 16) responded with estrus 2 to 4 days following 

injection.

Rowson e_t al. (1972) found normal corpus luteum regression after 

injecting 0.5 mg/day of PGFgct to cattle between days 5 and 16 of their 

estrous cycle. The same dosage given from days I to 4 was not effective 

in causing CL regression or decreasing the cycle length. These findings 

•indicate that PGFgct is luteolytic in cattle only between days 5 to 16 

of the cycle which coincides with the time when the CL is fully 

functional. Cattle in days 17 to 21 of their cycle were coming into 

estrus thus the endogenous luteolysin had previously been released.
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Liehr et al. (1972) studied the effects of PGF2C( on blood proges

terone levels and estrous cycle length of beef heifers (500 ug intra

uterine infusion). The average cycle length was 11.4 days in the 

ipsilaterally treated as opposed to 15.2 days in the contralaterally 

treated heifers. Progesterone levels dropped to nondetectable levels 

within 2 days after ipsilateral PGP^a treatment, however remained 

relatively high in contralateral PGF2<x treatment. These results 

• indicate that PGFga is luteolytic in beef heifers, when given in low 

doses, and is effective on a local basis.

Inskeep (1973) reported that exogenous PGFga caused luteal re

gression in sheep.with functional corpora lutea in ovaries transplanted 

to the neck or in cattle during day 5 ghrough 18 of the estrous cycle 

and during pregnancy.

Lamond et al. (1973) studied the effects of administering PGFga- 

into the lumen of the uterus, into the uterine artery, or into the 

jugular vein in pregnant and luteal phase cows. Luteolysis occurred, 

followed by abortion or reduction in the length of the estrous cycle.

Louis et al. (1973) injected 30 mg PGF^a-THAM salt IM into 5 

heifers that were between days 9 to 13 of the estrous cycle and into 6 

heifers in day 3 of the estrous cycle and intravaginalIy into 6 heifers 

during diestrus. Corpus luteum diameter decreased, blood serum pro

gesterone fell and estrous began at about 74 hrt3 hr after adminstration

in all animals.
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.Stellflug- et al. (19.73) adminstered PGF^ in 30 mg doses, two 

15 mg doses at 6 hr intervals or 60 mg doses, to 11 heifers in each 

case. Progesterone levels dropped and did not differ significantly 

among the three treatments. The interval to estrus did not significant 
Iy differ between treatments.

These studies demonstrate PGF^^ to be luteolytic in rats, 

rabbits, guinea pigs, sheep and cattle in all of which the uterus is 

implicated in luteal function.

2. "Prostaglandins must cause luteolysis when adminis

tered systemically and on a local basis".

Prostaglandin has been demonstrated to be luteolytic when 

administered systemically to the rat (Pharris and Wyngarden, 1969), 

rabbit (Pharris, 1970), guinea pig (Blatchley and Donovan, 1969) 

hamster (Gutknecht et al., 19.71), ewe (McCracken et al., 1970), cow 

(LaVoie et al., 1975; Stellflug jat al., 1973; Lauderdale, 1972) and the 

mare (Douglas and Ginther, 1972).

Coding £t a_l. (1972) presented initial evidence that PGF2^ is 
luteolytic on a local basis in the ewe when given at sub-threshold' 

doses (doses not luteolytic when given other than locally). They 

infusioned PGFg^ into the uterine vein on the same side as the ovary 

bearing the CL in 6 sheep, between days 7 to 8 of their estrous cycle.

In their analysis approximately 20 ug/hr was suggested to be the 

minimum effective dose. It was found that luteolysis occurred in
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all ewes at all doses with the exception of one ewe which received 
the 20 ug/hr dose for 7 hr.

Liehr e_t ad. (1972) and Lamond e_t al. (1973) demonstrate exogenous 

PGF2a to be luteolytic in the cow when administered on a local basis. 
This data supports the hypothesis that the luteolysin (PGF2̂ ) is 

delivered via a local mechanism rather than being released into the 

general circulation. In support of the idea of a local mechanism is 

the fact that PGF^^ is rapidly cleared from the general circulation 

by the lungs and the liver.

McCracken e_t al. (1972) tested a counter-current hypothesis 

between the uterine vein and ovarian artery using 3H-labelled PGF^^ 

in an attempt to explain the localized effect. The labelled PGF2̂  

was infused at a constant rate into the uterine vein before the point 

at which it joins the uterovarian vein. Samples of ovarian arterial 

blood were collected at the hilus of the ovary and compared to samples 

collected simultaneously from the iliac artery. PGFg^ in the ovarian 

arterial blood increased markedly, while PGF^a in the iliac arterial 

samples showed only a small increase, indicating direct transfer of 

the labelled prostaglandin from the uterine vein to the ovarian 

artery. This concept provides a possible explanation for the local 

utero-ovarian effects that have been observed.

Previous discussion on the local effects of PGF„, in studies2a
with rabbits, ewes and cows, evidenced is presented demonstrating
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PGFza to be luteolytic when administered via a local route.

3. "PGFza must Present in or released from the endo

metrium at a time consistent with uterine induced 

luteolysis".

Poyser ^t aJL. (1971) sacrificed 35 guinea pigs on day 3 of the 

estrous cycle. One uterine horn from each was used for distention 

and the other served as a control. Biochemical analysis revealed 

that PGF2 was present in all cases. These results, coupled with the 

known luteolytic properties of PGFza, are strong evidence for PGFza 

as the uterine luteolysin in guinea pigs.

In previous discussion it was indicated that estradiol treatments 

caused luteolysis. This is presumably by initiating the release of 

the luteolytic factor from the uterus. Blatchley et. al. (1971) per

formed an experiment which tested the hypothesis that PGFz a is the 

luteolysin. Guinea-pigs were injected subcutaneously with 10 ug of 

estradiol benzoate per day from days 4 to 6 of the cycle (day l=estrus). 

Plasma taken from the control or estrogen-treated hysterectomized 

animals contained no detectable prostaglandin F ^ . This would be 

expected as luteolysis after estradiol treatment has been demonstrated 
not to occur in hysterectomized animals (Brunner e_t al. , 1969) . In the 

treatment containing the intact guinea pigs the results revealed an 

increase in PGFga (300%) in the estrogen injected animals..
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To coincide with the natural cycle would have to be either

undetectable or at base line levels during the cycle until the time 

just before natural corpus luteum regression begins. At this time, a 

rise in PG^a ^eve^s should be seen. Wilson et al. (1972) looked at 

levels of PGF2a in ewes at various days of the cycle. The endometrium 

from each uterine horn of 35 mature ewes with known corpora lutea on 

only one ovary were studied. The ewes were in four groups and were 

killed on day 3, 5, 11 or 14 of the estrous cycle. The mean concen

tration of PGFg^ inng/g for both uterine horns was 32, 60, 76 and 202 

and the mean PGF2a content (ng) was 261, 344, 311 and 1244, respective
ly, with levels at day 14 being significantly greater (P<.05) than all 

other days.

Evidence presented indicating that PGF2a is present in the uterus 
at times consistent with uterine induced luteolysis is substantial 

and supports the role of PGFg^ in cases where luteolysis is induced . 

via the uterus and during normal cycling.

4. "Pregnancy should counteract the presence or action 

of PGF9 ".

Rowson and Moor (1967) found that daily intrauterine infusions 

of a tissue homogenate prepared from 14 or 15 day sheep embryos re

sulted in an extension of the estrous cycle. It was suggested that 

a substance from the embryonic tissue probably acts on the endometrium 

in an anti-luteolytic manner. The exact mechanism by which the embryo



-26-

over comes the luteolytic effect of the uterus is not known. However, 

pregnancy does result in prolongation of the functionality of the 

corpus luteum in the cow and ewe.

The area of how pregnancy counteracts PGE^a is indeed in ■ 
question as yet.

5. "The luteolysis induced by PGFg^ should mimic spon

taneous luteolysis, biochemically, morphologically 

and functionally".

Pharris and Wyngarden (1969) observed in rats following PGF2a 
a shift from progesterone to 20-dihydroprogesterone dominance. In 

addition estrus occurred and a disorganization of luteal cells typical 

of luteal degeneration was evident. LaVoie et al. (1975) observed a 

decrease in progesterone levels, corpus luteum regression, the occur

rence of estrus and the evidence of ovulation and new corporal lutea 

formation in PGF^x treated hysterectomized cows. The same sequence 

of events are seen (estrus, ovulation and corpus luteum formation) 

in the natural occurring cycles of intact cows (LaVoie et al., 1975).

The previously described regressive changes in the bovine corpus 

luteum are closely related to changes (decreases) in the progesterone 

content (Donaldson and Hansel, 1965) all of which were demonstrated 

to occur in the cow following administration of P G F ^ <
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Prostaglandins -

A brief history. Goldblatt (1933) described the smooth muscle 

stimulating activity caused by extracts of human seminal fluid. These 

findings were also observed by Von Euler (1934), and in 1936 he gave 

the name prostaglandin to this new substance in belief that it origr 

inated in the prostate gland. In 1959, Eliasson proved that human 

seminal prostaglandins originate from the seminal vesicles rather 

than the prostate glands. The pharamocological activity of human- 

seminal fluid was recognized many years before the discoveries by 

Goldblatt or Von Euler.

Chau (1972) indicates that in anciet China, human seminal fluid 

was ̂ considered to be the therapeutic value in patients with gastric 

ulcers (as reviewed by Karim, 1975). .

Harley (1941) describes oral ingest of human semen to induce 

labor in North African Tribes (as reviewed by Karim, 1975).

Japelli and Scafa (1906) observed.a rise in blood pressure in ■ 

the dog following injection of extracts from bull and dog prostate 

glands (as reviewed by Karim, 1975).

Lauderdale (1974) demonstrated that prostaglandins are found or 

have been detected in most mamalian body tissues.

Basic chemistry and biosynthesis of prostaglandins. As review

ed by Karim (1975), prostaglandins are 20-carbon hydroxy fatty acids 

with a cyclopentane ring and two side-chains and are derivatives of
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prostanoic acid. There are four groups of prostaglandins designated 

by the. letters, E , F, A and B. This designation is related to differ

ences in the five-membered cyclopentane ring. The primary prostaglan

dins are the E's and.F 1s, while the A's and B's are derivatives from 

the primaries. The degree of unsaturation is denoted by the subscript 

number after the letter. The a-isomers are the only naturally occuring 

prostaglandins. The biosynthetic precursors for prostaglandins are 

linoleic acid, arachidonic acid and pentaneoic' acid. A microsomal 

synthetase system (prostaglandin synthetase) controls the natural 

synthesis of prostaglandins from their fatty acid precursors. Non

steroidal anti-inflammatory drugs such as aspirin, indomethacin and 

fenamates inhibit prostaglandin synthetase activity, which is found 

in many organs.

Caribbean coral contains 15-epi-PGA0 and its diester in amounts 

of 0.1 and 1.3%, respectively, in the dried cortex. Coral prostaglandins 

have been used as intermediates to prepare biologically active natural / 

prostaglandins (Weinshenker and Andersen, 1973; Schneider, 1975).

Karim (1975) indicates that over 90% of PGE and PGF compounds 

are metabolized during one circulation through the lungs and liver.

This is evidence for these compounds to be more important as local 

hormones while the A and B series are metabolized less rapidly and 

may be more important as circulating hormones..

Postaglandins have been shown to have many physiological effects 

and when dealing specifically with reproduction in the male, they are
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implicated in the process of erection, ejaculation, sperm motility and 

morphology. In the female the accumulated evidence suggests that pros

taglandins are involved in menstruation, spontaneous abortion, labour, 

ovulation and luteolysis (Karim, 1975).

The mechanism of action of PGFg^. The precise mechanism of PGF^a 

induced luteolysis is not known, however, Pharris _et al. (1972) discus

ses five possibilities. Figure 2 from Pharris et al. (1972) depicts 

the five possible mechanisms of PGFg^ induced luteolysis.

Postulate One (PGF2a blocks the pituitary or luteotropic complex). 
With the pituitary gland being important in maintenance of luteal 

activity, it was first suspected as the site of PGFg^ activity. The 

position taken was the PGF2a blocked the pituitary totally or at least 
the luteotropic complex from the pituitary (figure I, #1). PGF^^ is 

luteolytic only on fully functioning corpora lutea (Rowson et, aJL., 1972). 

Lauderdale (1972) found that PGF2a is not luteolytic in the bovine CL 
during the first 4 days of the estrous cycle and is luteolytic from 

days 5 to 16 of the cycle.

Pharris et al. (1972) indicates that LH levels are unaffected 

.by PGFga treatment as revealed by hormone assay. Low doses of PGF2a 
when given systemically in the cow are uneffective in causing luteolysis, 

however, the same dose given in the ovarian artery is effective in 

causing luteolysis. These kinds of results indicate strongly that the 

pituitary or the hypothalamus are not involved in the luteolytic
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mechanism of PGFg^. This reasoning is reinforced when one considers 

previous discussion stating that most PGF2a is cleared from, the circu
lation in one pass through the lungs and liver.

Postulate Two (PGFg^ stimulates the uterus to release luteolysin). 

PGFza a strong smooth muscle stimulator. It was thought that PGFza 

might stimulate the uterus to release (via smooth muscle stimulation) 

some endogenous luteolysin (figure 2, #3).

LaVoie e_t al. (1975) demonstrated that PGFza was luteolytic in 

hysterectomized cows which implies that the uterus is not necessary for 

PGFza to induce CL regression.

This postulate is disproven in the cow by virtue of the fact that 

PGFza is luteolytic in hysterectomized cows.

Postulate Three (PGFza has a direct toxic effect of the CL). A 

direct toxic effect by PGFza on t^e corpus luteum is another possible 

mode of action for PGFza (figure 2, #4). Henderson and McNatty (1975) 

and O'Grady (1972) indicates that PGFz inhibits secretion of proges

terone by luteal tissued in vitro. The implication here is that PGFga 

is exerting a direct biochemical effect on the luteal cells which is 

causing cessation of progesterone synthesis. Rowson et al. (1972) 

and Lauderdale et, al. (1972) have shown that PGF2a is not effective on 

CL of the cow up to day 5 of the estrous cycle. The possibility exists 

that the pre-ovulatory LH surge saturates the regulatory units of the 

luteal cells thus protecting the newly developed CL from PGF2
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(Henderson and McNatty, 1975).

The available literature is not conclusive in answering the 

question of whether the mechanism of PGFg^ induced luteolysis is via 

a direct toxic effect on the CL. '

Postulate Four (PGFg^ exerts an antigonadotropic action). A 

fourth possible method is that PGF2a performs an antigonadotropic action 
(figure 2, #2). It is possible that PGF2(% could interact with LH or 
FSH in the circulation or at the receptor site on the corpus, luteum. 

Pharris e_t al. (1972) presented data which showed that the ovarian 

effects of HCG and PMS which have LH and FSH like activity, respectively, 

can be overcome by simultaneous injection of PGFgw  Hichens ej: al.

(1974) indicated the PGFg may cause a reduced hormone binding capacity 

at binding sites on the CL.

The previous discussion suggest that PGFg^ is antagonistic to 

luteotropins and remains as a possible mechanism of PGFga induced 

luteolysis.

Postulate Five (PGFgct caused constriction of the utero-ovarian 

vein. The fith possible mechanism is constriction of the utero-ovarian 

vein (figure 2, #6). Pharris (1970) indicates that in rats after a. 

single dose of PGFga, there is an immediate drop in blood flow of 50 

to 60% of control levels, lasting about 25 minutes. Ginther and Bisgard 

(1972) presented evidence of uterine luteolytic activity by the uterine 

vein in the ewe. An intrauterine device (IUD) was placed in the horn
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of the uterus contralateral to the active corpus luteum and the 

ipsilateral uterine horn was removed. The corpora lutea of these 

animals were maintained because of the absence of the ipsilateral 

uterine horn. In ewes where the uterine vein from the IUD bearing ' 

horn, was successfully anastomosed to the utero-ovarian vein of the 

opposite ovary bearing the CL, regression occurred.

The mechanism of PGFg^ induced luteolysis is still not fully 

resolved. There are however, several supportable hypothesis (I) a 

direct toxic effect on the CL (2) gonadatrophin antagonism (3) 

alteration of ovarian blood flow.

Estrus Synchronization

Methods of estrus synchronization in farm animals and specifically 

cattle have been attempted for a long time. In a random herd of cows, 

5% per day will be in estrus if 100% are cycling. A conventional 

artificial insemination (Al) program requires larger amounts of labor 

for estrus detection. Successful estrus synchronization would reduce 

the necessity for estrus detection. In early estrus synchronization 

attempts, exogenous progesterone was given for various lengths of time 

and then withdrawn allowing the surge of LH to occur in all animals 

at approximately the same time.
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1 = direct feedback on pituitary gland
2 = ant!gonadotropic effect
3 = stimulation of uterus to produce luteolysin
4 = direct toxicity of corpus luteum
5 = constriction of utero-ovarian vein.
From Behrman £t al., Ann. N.Y. Acad. Sci. 180, 
437 (197). In. Pharrisetal., (1972).

Figure 2. Possible mechanisms of prostaglandin Fga in luteolysis.
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. Exogenous steroid therapy. Christian and Casida (1948) injected 

50 mg of progesterone (in corn oil) per day into heifers. Injections 

started on day 14 of the estrous cycle and continued for 14 days. All 

heifers exhibited estrus 5 to 6 days after the last progesterone injec

tion. It.was concluded that exogenous progesterone treatments synchro

nized the heifers by suppressing estrus and ovulation and allowing all 

animals to progress to approximately the same stage of the cycle.

Willett (1950) found that 11 pregnancies resulted from 22 breedings 

after synchronization of estrus using progesterone. Injections of 50 

to 100 mg of progesterone were administered to heifers for 13 to 17 

days. After termination of injections, the heifers were observed for. 

estrus and artificially inseminated at the first post treatment estrus 

and again 24 hr later. Fifty percent conception was reported for treated 

animals and no results were given for controls.

iTrimberger and Hansel (1955) found that when using dosages of 50,

75 or 100 mg of progesterone (subcutaneousIy) for 14 days that only 

12.5% of the treated cows conceived as compared to 64% of the controls 

(no length of breeding season reported for controls) when using 

natural service.

Ulberg and Lindley (1960) studied the effects of progesterone 

levels varying from 12.5 mg to 50 mg in cows. Progesterone was adminis

tered for 14 consecutive days. Estradiol benzoate (0.5 to 1.0 mg) was 

given 3 days after the last progesterone injection. Eighty-six percent
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percent (291/333) of the cows were exhibiting estrous 2.5 to 9.5 days 

after treatment. First service conception rates were 26% and 51% for 

the treated and controls, respectively. It was reported that estrogen 

eliminated much of the variation in time in the onset of estrus, after 

progesterone administration.

Wiltbank et al. (1965) studied the effect of injections (IM) of 

progesterone alone or in combination with estrogen compounds on the 

bovine estrus cycle. Cycling heifers were treated with 24 daily in

jections of 20 mg of progesterone (n=19) alone or in combination with 

10 (n=20), 20 (n=19) or 40 (n=20) ug of estradiol or 40 mg of proges

terone alone (n=20 or with 20 (n=20), 40 (n=19) or 80 (n=19) ug of 

estradiol. The two remaining treated groups received the same proges

terone treatment (either 20 mg, n=20 or.40 mg, n=19) plus three injec

tions of estradiol (20 meg) on the 23rd, 24th and 25th days. Group I, 

an additional group (n=20), served as the control. From 70 to 100% of 

all treated heifers exhibited estrus in a 4-day period after treatment 

was discontinued. It was found that IA first service fertility was 

significantly lower in heifers receiving treatments (28%) as compared 

to controls (60%).

Daily injections of livestock is not a practical management pro

cedure. With this in mind, the idea of oral application of progesterone 

or progesterone plus estrogen arose. This was followed by the use of 

implants and/or impregnated pessaries (Nellor et̂  al., 1960; Nelms and
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Combs , 1961; Hansel and Malven, 1960; Hansel et al., 1961; Fahning 

et al,. , 1966; Dhindsa al. , 1967). In general, lowered first service 

conception rates were observed when compared to control rates although 

synchronization rates were generally good.

Burrell e_t al. (1972) used ear implants of 19 alpha acetoxy 11 

beta-methyl 19 norpreg 4 erie3, 2 dione (SC21009) in heifers. The 

implants (5 mg SC21009) plus 5 mg of estradiol valerate (trials I and 2) 

and 7.5 mg estradiol valerate (trial 3) IM were administered simultane

ously. SC21009 implants remained intact for 9 days. Heifers exhibited 

estrus within 4 days of implant removal (88, 90 and 94% for trials I, 2 

and 3, respectively). First service pregnancy rates for the 9 day 

treated heifers were 62, 50 and 40% (trials I, 2 and 3, respectively) 

as compared to 71, 61 and 64% for controls (trials I, 2 and 3, respec

tively, not significantly different).

Wishart and Young (1974) used SC21009 and Whitman et_ al. (1972), 

used SC21009 plus varying levels of estradiol valerate to synchronize, 

estrus in cows. Fertility was reported to be comparable to controls.

Another approach to manipulating the estrus cycle in cows is by 

manual enuculation of the corpus luteum as indicated by Inskeep (1973). 

This method is dangerous because it can cause excessive hemorage as 

well as being impractical to use on a herd basis due to the time 

involved and technical skill required.
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An alternate approach would be to chemically regress the corpus 
luteum.

Synchronization with PGFg^. As previously discussed, prostaglan

din F2a has been shown to be luteolytic in the ewe (McCracken, et al., 

1972), cow (Lauderdale, 1972), mare (Douglas and Ginther, 1972) and 

sow (Diehl and Day., 1973) .

Stellflug e_t al. (1973) and Stellflug nt al, (1975) have demon

strated that single dosages of 60 mg, 30 mg or double dosages of 15 mg 

at 6 hr intervals were all luteolytic, however the difference in dose 

level did not significantly effect the decline in blood progesterone 

the increase in blood estradiol, the duration or the peak of the LH 

surge, the interval to onset of estrus, nor the interval to ovulation 

in cattle.

Rowson ej: aJL. (1972) found that when PGFgc4 was injected non- 

surgically into the ipsilateral uterine horn of cattle, CL regression 

occurred at a dose level of 0.5 mg/day on two consecutive days.

Welch et al. (1975) studied the effects of PGF2c4 and of estradiol 

benzoate on estrus and conception in 67 lactating beef cows. PGFgci was 

infused into the uterus in two trials (I mg in trial I and 2 mg in 

trial 2). Forty-three hr after PGFga treatment approximately half of 

these cattle received 400 ug of estradiol benzoate. The data for trials 

was pooled as differences between trials was not significant. Over 

both trials pregnancy rates were 61, 73, 56 and 71% for the PGF^^,
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PGFga P^us estradiol benzoate, sham-infused control and the untreated 

controls, respectively. They concluded that intrauterine administra

tion of PGFgct was effective in controlling estrus.

Hafs et: al. (1974) deposited 5 mg PGFga into the uterus of cows 

during diestrus and. observed that progesterone fell 50% within 12 hr, 

estradiol more than doubled within 24 hr, LH peaked at 71 hr, estrus 

began at 72 hr and ovulation occurred at 95 hr post-treatment. Fertility 

of cattle inseminated 12 hr after the onset of estrus following treat

ment with PGFga and that of cattle inseminated twice at 72 and 90 hr 

after PGFgĉ was equivalent to that in controls.

Hearnshaw et al. (1974) and Henricks £t al. (1974) demonstrated 

that only 5 mg of PGFgct was required to cause CL regression when 

administered by intrauterine infusion to cows.

Lauderdale (1972) found that a subcutaneous dose of 30 mg of PGFgct- 

THAM salt would cause regression of the corpus luteum in cattle between 

days 6 and 16 of their cycle.

.Lauderdale et. al. (1974) demonstrated that PGFga was effective ■ . . 

when used for estrus synchronization on a large scale. Cattle were 

assigned to one of three treatments at four !cations. Treatment group I 

(n=153) was the control in which the animals were observed for estrus 

and inseminated during an 18 to 25 day interval. Animals in groups 2 

(n=119) and 3 (h=120) were injected with 30 mg of PGF^ct -THAM salt if 

a CL was detected by rectal palpation or assumed to be present based on
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a previous palpation. Cattle in group 2 were observed for estrus and 

inseminated during days I through 7 after P G ^ a treatment. Cattle in 

group 3 were inseminated twice, once at 72 hr and again at 90 hr after 

PGFg without regard to estrus. For treatments I, 2 and 3, the percent 

pregnant was 53.3, 52.2 and 55.8%, respectively, (differences not 

significant). .

Roche (1974) assigned 33 heifers that were between days 5 and 20 

of their estrous cycles to either group I, (control, n=ll.) group 2,

(30 mg PGF^ IM n=ll) and group 3, (20 mg PGF^ IM n=ll) . All heifers 

were inseminated to an observed estrus until all control heifers had 

been inseminated once. The percent pregnant 73, 75 and 70% for groups 

I, 2 and 3, respectively. There was no significant differences in 

fertility among groups, and in the treated groups neither the dosage nor 

stage of the cycle when given, influenced the estrus response.

Roche (1974) also discussed that an estrus synchronization system 

that accounts for only those cattle in days 5 to 17 of their cycle is 

impractical for use in a production situation. It was suggested that 

two doses of PGFg^ administered 10 days apart should synchronize all 

cycling cattle within a random herd. Cattle in days 5 to 17 should, be 

in estrus shortly after the first injection and at about day 7 of 

their next cycle at the time of the second PGFgt treatment. Cattle 

that are in days 17 to 21 of their cycle should have normal estrus 

at the time of the first treatment and be at about days 7 to 10 of
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their next cycle at the time of the second injection. Cattle in days

1 to 5 at the time of the first injection should have been in estriis 

prior to treatment one and should be at approximately day 10 to 14 at 

the second injection.

A two injection system such as the one previously described was 

first tried by King and Robertson (1974). Two injections of PGF2a 
were given 10 days apart to 30 randomly cycling Holstein heifers.

Twenty-five of 30 heifers (83%) exhibited estrus and were inseminated

2 to 4 days after the second injection and 10 of the 25 (40%) were 

pregnant 60 days after insemination. In the control 13 of 15 (87%) 

were detected in estrus during a 3-week period and 7 of 13 or 54% were 

found pregnant at 60 days. It was concluded that the double injection 

system may have commercial application as the number pregnant was not 

significantly different from controls.

Hafs et. al. (1975) tested fertility of 960 heifers and 392 suckled 

cows after Al in 36 commercial herds. Assignments of cattle were as 

non-treated controls (group I) or injected twice (10 to 12 days apart)

with 30 mg PGF^cj-THAM salt (group 2) or receiving .5 mg ICI 80, 996 

(group 3). PGFg^ treated cattle were inseminated either once at 80 hr 

or twice at 70 and 88 hr after the second injection without estrus 

detection. The results were 51% of the 346 control heifers (group I 

heifers) exhibited estrus with 67% conceiving (1st service). Sixty-two 

percent of the 291 heifers inseminated twice conceived and 62% of the
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323 heifers inseminated once conceived. One hundred-thirteen of 133 

control cows showed estrus of which 69% conceived (1st service). Of 

102 treated cows inseminated twice 58% conceived and 57% of the 157 

cows inseminated once conceived. No length for the breeding season 

was reported. It was found that fertility was not different between 

treated and control animals. There were no significant differences 

between animals inseminated once and those inseminated twice.

An alternative to the double injection system of PGFg^ adminis

tration would be utilization of a single injection system by. manipulat

ing cattle in days 0 to 5 of their estrous cycle. This could-be. 

accomplished by suppressing estrus in all cattle and at the same time 

allowing all cattle to progress to a physiological state where PGFg^ 

will cause luteolysis. At this point, the estrus suppressing agent 

could be removed and PGF^^ administered.

Heersche ert al. (1974) combined the progesterone implant SC21009 

with PGFgu« In this experiment, 6 mg SC21009 implants were placed in 

50 heifers and removed after 7 days. Thirty mg of PGFg^ was injected 

at that time to each heifer. Estrus was observed and insemination 

occurred about 12 to 18 hr later. By 84 hr post-injection 47 of 50 

were in estrus with 63.8% conceiving to first service compared to 65% in 

an untreated control group over a period of 27 days.

A 6 mg SC21009 implant was used by Wishart (1974) for 5 days 

followed by 3.0 mg of PGFgx given transcervically to 20 heifers. Three
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mg of PGF2 alone was given via the same route to another group of 20
u Yheifers. In the group receiving the SC21009 implants plus PGF^ .18 of 

20 were in estrus and 12 conceived to first service. In the PGF02 ex
group only 14 of 20 were in estrus over a 5-day period after treatment 

and 7 conceived to the first service breeding.

Injectable progesterone treatment plus a prostaglandin F analogue 

(ICI 80, 996) were used by Van Niekerk at al. (1974). They injected 

11 cows and 5 heifers with 50 mg progesterone on day I, 100 mg of 

progesterone on day 3 and 500 ug PGF2a analogue (ICI 80, 996) on day 5 
followed 12 hr later by I, 000 i.u. PMSG. The animals were inseminated 

twice, the first time at the onset of estrus and a second time 12 hr 

later. Results were 8 of the 16 conceived first service and 3 of the 

nonresponders were found to be sterile.

Binder et. al. (1974) synthesized a series of 16-aryloxy-prosta- 

glandins by sightly altering the chemical structure of prostaglandins. 

Several of these were found to be many times more potent than PGF^a in 

luteolytic activity without being correspondingly more toxic (Dukes, 

Russell and Walpole, 1974).

Tervit et: al. (1973) studied ICI 79,939 and found it to be 

luteolytic in heifers when given in single IM doses of I mg or less . 

between days 5 and 16 of the cycle.

Schmidt e_t al. (1975) used 0.5 mg of the prostaglandin analogue 

ICI 80996 for estrous cycle synchronization in cattle. The analogue
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was administered IM twice at 11 day intervals. All cattle were insem

inated 72 hr after the second treatment without regard for estrus. At

4 locations, 170 animals were treated and first service conception 

rates ranged from 51 to 67% and in 80 untreated controls 58 to 77%.

Cooper (1974). found that two 500 ug doses IM of ICI 80996, 10 to 

12 days apart were successful in synchronizing estrus in Holstein 

heifers. One hundred-seventy-one of 175 treated exhbited estrus 48 

to 96 hr.after the second injection. It was also revealed that first 

service conception was exactly the same in both the treated and control 

groups.

The ideal estrus synchronization system for cattle would feature 

appointment breeding at a predetermined time. This would eliminate 

the need for estrus detection thus an economic saving to the producer. 

Graves ej: al. (1975) injected 15 cows between days 9 and 14 of the 

estrous cycle with 8 mg PGF2a and 4 mg PGF2a 24 hr later. This was 

followed by 250 mg GN-RH 60 hr after the first PGFgd injection.

Results showed that ovulation time from GN-RH was 31.8±1.3 hr. In a 

second experiment 21 cows were divided into two groups with 11 cows 

in group I and 10 cows in group 2. Group I received 6 mg SC 21009 

implants on. day I followed by 10 mg PGF^a on day 6. An additional

5 mg of PGF2a was administered at implant removal on day 7. Group I 

cows exhibited estrus 63.1±6.4 hr after implant removal, and ovulation 

occurred 31.0+1.2 hr after beginning of estrus or 94±7 hr after implant
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removal. Group 2 treatment was similar to group I except that 125 ug 

of GN-RH was administered 30 hr after the second PGF2a injection. 
Ovulation time from GN-RH was 33±1 hr. It was concluded that GN-RH 

is effective in reducing variation in ovulation time.

Reeves e_t al. (1975) randomly divided 60 mature lactating cows 

into 4 treatment groups. These were a saline, a PGF2a plus saline, 
a saline plus LH-RH or a PGF2a plus LH-RH group. All cows had exhibited 

at least I estrus prior to the experiment. Thirty mg of PGF2a or equal 

volumes of saline were used IM at 11 day intervals. LH-RH was adminis

tered in 2 mg doses 48 hr after PGF2a treatments. Breeding took place 

in cows that received VGF2 a 72 hr after the second PGH2^ injection 

regardless of estrus. Cows pretreated with saline were bred 24 hr 

after first signs of estrus. Percent of cows calving (conceived first 

service Al) was 40, 47, 47, 53% for the saline, PGF2a plus saline, 

saline plus LH-RH and the PGF2a plus LH-RH groups, respectively. . It 

was concluded that cows which were bred at a predetermined time 

(pretreated with PGFga ) had comparable fertility to the saline pre

treated controls.

Kinkie e_t al. (1976) randomly divided 68 cycling heifers into 5 

groups. Groups I through 4 were given 2 injections IM of PGFg a -THAM 

salt 11 days apart. Of these, groups I and 3 received 100 ug IM of 

GN-RH 60 hr after the second PGFga treatment. Groups I and 2 were
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inseminated twice (at 72 and 96 hr) while groups 3. and 4 were insem

inated once (at 80. hr) after the second injection of PGFgg. The 

controls (group 5) were bred 12 hr after detected in estrus. The 

'first service conception rates for all heifers bred and those showing 

estrus were 21 and 32% for the GN-RH treated groups and 36 and 48% 

for the groups not receiving GN-RH, respectively. Differences in 

conception rates between the treated heifers bred Al for 25 days■

(63%) and the control heifers (66%) bred Al for 38 days were not

significant.



CHAPTER 3

MATERIALS AND METHODS

Breeding studies were conducted at the Montana State Prison Ranch 

utilizing prostaglandin as an estrus synchronizing agent, in beef 

cattle in the Fall 1974, Spring 1975 and Fall 1975 breeding seasons. 

Seven groups of cattle were utilized which consisted of: group I, Fall

1974 bred virgin heifers, n=92; group 2, Fall 1974 bred early calving 

lactating cows, n=148; group 3, Fall 1974 bred late calving lactating 

cows, n=85; group 4, Spring 1975 bred 14 mo. virgin heifers, n=87; 

group 5, Spring 1975 bred 20 mo. virgin heifers, n=153; group 6, Spring

1975 bred spring calved lactating cows, n=345 and group 7, Fall 1975

bred, fall calved lactating cows, n=324. Cattle in groups I, 4 and 5 

were straight and crossbred beef heifers. Cattle in group 2 were

cows from the first half of the Fall 1974 calving season and group 3

were from the second half of the Fall 1974 calving season. Cattle 

in groups 2 , 3 , 6  and 7 consisted of straight and crossbred beef cows 

with calves at side.

Within each group, cattle were randomly divided into either the 

PGF2a or conventional Al breeding system.
A format for the PGFg^ and conventional Al breeding systems is. 

depicted in figure 3. Artificial insemination (Al) was used for 30 

days group I, 28 days group 2 and 22 days for group 3. In groups 4,

5, 6 and 7, Al was used for 25 days. In all groups for both years a
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20-day natural breeding period followed. The first Al of all heifers 

(groups I, 4 and 5) and crossbred cows (groups 2, 3, 6 and 7) was with 

homozygous Black Angus semen', while the first Al of the predominantly 

Hereford cows (groups 2, 3, 6 and 7) was with Hereford semen.. All. 

cattle with an estrous cycle of less than 15 days were bred with semen 

from a Red Angus bull on the second breeding to determine which breed

ing resulted in conception. The study was conducted during the months 

of October through December of 1974 and 1975, and June and July 1975.

Detection of estrus was continuous from pre-dawn until dark. 

Cattle observed in estrus from pre-dawn until 9 a.m. were bred between 

5 and 6 p.m. that day while those observed in estrus from 9 a.m. until 

dark were bred between 5 and 6 a.m. the next day. Detection of estrus 

started on day-% and Al started in the a7.m. of day 0 in each trial.

In the afternoon of day 4 the cattle in the PGF^ breeding system which 

had not been detected in estrus prior to 9 a.m. on day. 4 were injected 

(IM) with 33.5 mg of PGF^u (TRAM salt). Cattle responding to the PGF2« 
treatment with behavioral estrus were bred in accordance with the 

general estrus and breeding scheme. Those not detected in estrus by 

72 hr postinjection in the fall bred 1974 (groups I, 2 and 3) were 

bred and recorded as nonestrus animals. In all 1975 breedings (groups 

4, 5, 6 and 7) those cattle not detected in estrus.by 80 hr post

injection were bred and recorded as nonestrus animals. At the time 

of nonestrus breeding in groups 4, 5, 6 and 7 half of the cattle
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that fell into.this catagorie were reinjected with 33.5 mg of PGF2a 
immediately after insemination and the remaining half served as the 

control. Throughout both years of the study, the PGFg^ and convention

al breeding systems were confined in the same pastures.

Conception data for Chapter 4 was determined by rectal palpation 

at 63 days group I, 53 days group 2 and 53 days group 3, after the 

end of the breeding season. Conception data for Chapter 5 was determ

ined by rectal palpation at 83, 83, 62 and 43 days after the end of 

the breeding season for groups 4, 5, 6 and 7, respectively.

A.calculated day of conception was determined based on calving 

results for Chapter 6. Al bred cows were determined by substracting 

gestation lengths of 285 and 279 days for Hereford and Angus sired 

calves, respectively, from the actual calving date (Clegg, 1959). If 

the calculated conception,.date fell within - 10 days of either the 

first or second Al breeding date, the corresponding Al breeding date 

was used as the actual conception date, however, if the calculated 

conception date was more than 10 days past the last Al breeding date,

20 days (one cycle) was added to the last Al breeding date to determine 

the approximate natural service conception date. Where it was diffi

cult to determine the actual conception date by the previous guide-■ 

lines, birth weight and sire breed of the calf were incorporated into 

the final decision. The approximate conception date for cows with 

no Al breeding information was calculated by subtracting 285 days from 

the actual calving date.
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■Comparisons were made between the PGF2̂  and conventional breeding 

systems and combined animals. The cattle receiving PGF2a within the 
PGFq, breeding system were also compared to the conventional breeding 

system., A definition of the following parameters are depicted on 

the respective tables for total pregnancy rate (tables I, 9 and 17), 

total Al pregnancy rate (tables 2, 10 and 18), Al first service 

pregnancy rate (tables 3, 11 and 19), Al first service conception rate 

when bred to an observed estrus (tables 4, 12 and 20), and Al first 

service conception rate when bred nonestrus and received PGF2a (tables 
5, 13 and 21). In Chapter's 5 and 6, the effect of the second in

jection of PGF2a administered at the 80 hr nonestrus breeding is 
assessed. The preceding parameters in addition to the percent 

pregnant the first 10 days of the Al breeding season were analyzed 

by two-way chi square. The average day of conception was analyzed 

by analysis of variance one-way classification. Chapter 6 contains 

histograms which show the days postpartum of the cows receiving 

PGFioi at the date of injection. The Al first service pregnancy rate 

of cows bred to observed estrus and Al first service pregnancy rate 

of cows bred nonestrus were evaluated in relation to the days post

partum.
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Day of breeding PGFgg breeding Conventional
' season system breeding system

% Start of detection Start of detection
of estrus of estrus

■0*
1 .
2

Start Al Start Al

3
. 4 Cows not bred by day 

4 are injected with 
postaglandin

'

5
C

Continue Al
O

7 72 hr for the 1974 
breeding (groups 1,2 and 
and 80 hr for the 197.5

3)

breeding (groups 4,5,6 and 7) 
post-prostaglandin injection.
bred all cows which have 
been in estrus

not

8**
Additional

Continue Al

20 days Cleanup bulls Cleanup bulls

* Breeding seasons began on 10-31, 11-10 and 11-16 for groups I, 2
and 3 bred fall 1974 and 11-10 group 7 bred fall 1975,. For groups 
4, 5 and 6 bred spring 1975 the breeding seasons began 6-10, 6-10 ■ 
and 7-3, respectively.

**Total Al periods were 30, 28 and 22 days for groups I, 2 and 3 bred 
fall 1974, respectively, and 25 days for groups 4, 5, 6 and 7 bred 
in 1975.

Figure 3. Format for the PGF2a and conventional Al breeding systems.



CHAPTER 4

RESULTS AND DISCUSSION OF THE FALL 1974 BREEDING 
SEASON BASED ON PREGNANCY TEST RESULTS

Total pregnancy rates for the PGFg^ system and those receiving 

PGF^ were 86 and 85, 85 and 84 and 84 and 81% for-groups I, 2 and 3, 

respectively, (table I). Total pregnancy rates for the conventional 

system were 70, 86 and 85% for groups I, 2 and 3, respectively. No 

statistical differences were found in total pregnancy rates between 

groups or treatments within groups.

Total Al pregnancy rates were 65, 54 and 37% and 62, 56 and 31% 

for the PGF2a system and for those actually receiving PGFgu for groups 
I,.2 and 3, respectively (table 2). In the conventional system, the 

rates were 51, 45 and 28% for groups I, 2 and 3, respectively. In the 

combined analysis, the Al pregnancy rate in both the PGFgm system (54%) 

and those receiving PGFga (56%) (P=.04 and .02, respectively) was 

greater than the conventional system (42%) which-demonstrated the 

ability of a single injection PGFg system to improve Al pregnancy 

rates under range conditions.

The Al first service pregnancy rates were 39, 37 and 34% and 30, ■ 

38 and 27% for the PGFgu system and.those actually receiving.PGFgu 

for groups I, 2 and 3, respectively (table 3). There were no signifi

cant differences when compared to conventional system rates of 47, 43 

and 28% for groups I, 2 and 3, respectively. These data are consistent
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,with. the findings of Lauderdale el: al. 1974,. King and Robertson 

1974, Hafs et al. 1974, Roche, 1974 in which no significant differ- 

ences in fertility due to use of PGF2a THAM-salt was found.
Al first service conception rates when bred to an observed 

estrus in the PGF^u system and for those receiving PGF2a were 62, 51 
and 43% and 55, 54 and 45% for groups I, 2 and 3, respectively (table 4) 

The Al first service conception rates in the conventional system were 

65, 54 and 57% for groups I, 2 and 3, respectively. There were no 

significant differences in conception rates between the PGF^a system 

(53%) and the conventional system (57%).

The Al first service conception rates for those cattle bred 72 hr 

post-PGF2a injection without an observed estrus (by appointment) were 

5, 27 and 18% for groups I, 2 and 3, respectively. No significant 

differences were found between groups.

The total percent (combined analysis) of cattle detected in 

estrus during the Al breeding period was 74, 66 and 68% for the PGF2a 
system, those receiving PGF^a and conventional system, respectively 

(table 6). There were no significant differences between treatments.

These results clearly demonstrate that there was no difference 

in total fertility when using a single injection PGF2a system compared 
to a conventional system under range beef cattle management conditions. 

There was a trend in these data for the toal Al pregnancy rate to be 

greater (P=.04) in the PGF2a system. The fact that the PGF^01-System . 

resulted in twice (38 ys 19%, P=.0004) the number of cattle pregnant
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in the first 10 days of the Al breeding season would account for the 

desirable trend to move the average day of conception to earlier in the 

breeding season (tables 7 and 8). These results combined with, minimal 

handling of cattle demonstrated that the single injection PGF2Ct. system 

is feasible under range beef cattle management conditions.

Summary

A study was conducted using 92 virgin heifers (group I), 148 early 

calving cows (group 2) and 85 late calving cows (group 3), and animals 

in. each group were randomly assigned to a PGF2a system or a convention

al system. The Al season was 30 days (group I), 28 days (group 2) and

22 days (group 3), each followed by a 20-day natural breeding season.

Detection of estrus was continuous during daylight hr and cattle were 

inseminated approximately 12 hr after detection in both systems.

Cattle in the PGF2a system were observed for estrus and bred from day 0

to 4 at which time the remaining cattle were injected IM with 33.5 mg

PGF2a THAM-salt. Cattle observed in estrus from time of injection 

until 72 hr post-injection all PGF2a treated cows that had not been 
observed in estrus were inseminated. Gestation ranged from 112 to 63, 

102 to 53 and 96 to 53 days at time of pregnancy diagnosis in groups 

I, 2 and 3, respectively. Total pregnancy rate for the PGF2a system 

was equal to control. Total Al pregnancy rate evinced significant 

differences (P=.04) between the PGF2a system and conventional system
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in the combined analysis, indicating higher fertility in the PGF2a 
system. The percent of cattle conceiving the first 10 days of the Al 

season in the PGF2a system combined analysis was significantly greater 
CP=.0004) than in the combined conventional system. This would 

account for the trend to move the average day of conception towards 

the beginning of the breeding season in the single injection PGF2ct . 

system.
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TABLE I. *TOTAL PREGNANCY RATE OF A PGF2O BREEDING SYSTEM COMPARED TO 
__________ A CONVENTIONAL BREEDING SYSTEM (ALL 1974 BREEDING)___________

Treatment
Group PGF2O

system
Receiving

PGF2ot
Conventional
system

Fall bred 
heifers 
(group I)

86% A 249 85% 11 
39 70% Il 

43

Fall bred early 
calving cows 
(group 2)

85% If 84% A| 86% Al 80

Fall bred late 
calving cows 
(group 3)

84% H 8!% Al 85%

Fall bred cows 
combined 

(groups 2 and 3) 85%ro? 83% g- 86% ^

Combined
analysis 85% 8 3 % ^ 8 2 % ^

*Total pregnant 
Total in group
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TABLE 2. *T0TAL Al PREGNANCY RATE OF A PGF2a BREEDING SYSTEM COMPARED
TO A CONVENTIONAL BREEDING SYSTEM (ALL 1974 BREEDING)

Treatment
Group PGF2Q Receiving Conventional

sys tern PGF2U system

Fall bred 
heifers 
(group I)

65X H 62% § 5n i
Fall bred early 

calving cows 
(group 2) 54% 567. § 45% f

Fall bred late
31% 26calving cows 

(group 3)
37% IA 38

28% I 2
47

Fall bred cows c: I OQ AQ
combined 48% ^ 39%

Combined
analysis 54X J a 56X ̂ 427- m

a, c P=.0413
b, c P=.0272
* Total Al pregnant

Total in group
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TABLE 3. *AI FIRST SERVICE PREGNANCY RATE OF A PGF2a BREEDING SYSTEM
COMPARED
BREEDING)

TO A CONVENTIONAL BREEDING SYSTEM (ALL 1974

Treatment
Group PGF^a Receiving Conventional

System PGF2a system

Fall bred
heifers 38% 19 30% I2 47% 20
(group I) 49 Jo 43

Fall bred early
calving cows 
(group 2)

37% H  68 38% 43% 34
80

Fall bred late
calving cows 34% 13 27% JL 28% 13
(group 3) 38 26 47

Fall bred cows
combined 36% 38 35% 37% 47
(groups 2 and 3) 106 81 127

Combined 37%y|Z 33% 40 39% 67
170analysis

*AI 1st service pregnant 
Total group
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TABLE 4. *AI FIRST SERVICE CONCEPTION RATE WHEN BRED TO AN OBSERVED
ESTRUS IN A PGF2ct BREEDING SYSTEM COMPARED TO A CONVENTIONAL 
SYSTEM (ALL 1974 BREEDING)____________________________________

Treatment
Group PGF2ct

system
Receiving

PGF2m
Conventional
system

Fall bred 
heifers 
(group I)

62% IS
29

55% 11 
20

65% 2A 
31

Fall bred early 
calving cows 
(group 2)

51% § 54% M

Fall bred late 
calving cows 
(group 3)

43% 10 
23

45% A  
9

57% Al 
23

Fall bred cows 
combined 
(groups 2 and 3)

48% 30 
62 51% !A 

35 55% AZ 86

Combined
analysis 53% M  91

53% 2A 
55

571-67
117

* 1st service pregnant
Total group minus nonestrus cattle
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TABLE 5. *AI FIRST SERVICE CONCEPTION RATE WHEN BRED NONESTRUS AND 
__________ RECEIVED PGF2ra (ALL 1974 BREEDING)________________________

Group
Treatment
Receiving
PGFZa

Fall bred 
heifers 
(group I) 5%i

Fall bred early 
calving cows 
(group 2)

277. J
Fall bred late 

calving cows 
(group 2) 18%I7

Fall bred cows 
combined 
(groups 2 and 3) 23%

Combined
analysis 12

* Pregnant 1st service Al
Received PGF^aand bred nonestrus
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TABLE 6. INCIDENCE OF FIRST ESTRUS IN A PGF2a BREEDING SYSTEM COMPARED 
__________ TO A CONVENTIONAL BREEDING SYSTEM (ALL 1974 BREEDING')________

Group

Parameter

M-IO
CU

C
CU

rO•HU

§U
CO%
CO

C ' H G  
M  M-I .H

M-IO
CUOG
CU

TJ
•HU
G

H

I
4-1
COO
CM

M

O

QO
I i•H ̂  
CU CO O
CU -U

M gI—I
CO CM 
UO O 
H

X ) CU 
U 

COG u J-i G u ,a 
CO
CU U

G  CM •h r̂

4-1
CO

CO
G
U
CO

CU 
4J 
CO 

CU TJ

O U 
U  CU 

U
rG  CO 
CU rM

____________________Treatment________________________
Conven-

PGF^cx Receiving tional Receiving Receiving 
sys tern_____PGF^ a____sys tern______PGF^ a_______PGF^ a

Fall bred
heifers 
(group I) 837, ^3 787. H

Fall bred
early cows 
(group 2) i n  fi 687, 56

Fall bred
late cows 
(group 3) 6 U  fi 427. 11

Lactating
cows
(group 2 & 3) 74697, 4965%

Combined
analysis 747, —  159

667, —  
124

68% 36 487, 20 597, 13
53 42 22

797, 63 467, 26 407, 12
80 56 30

507, 24 35% _9 12% _2
48 26 17

87 35 1468% 128 437, 82 307, 47

68% 123 447, 55 397, 27
181 124 69
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TABLE 7. PERCENT OF BEEF CATTLE PREGNANT THE FIRST TEN. DAYS OF THE

Al BREEDING SEASON WITH ONE Al SERVICE IN A PGF2a BREEDING . 
SYSTEM COMPARED TO A CONVENTIONAL BREEDING S YSTEM' (ALL 1974 
BREEDING)____________________________________ '______________■

Group PGFgo
system

Conventional
system

Heifers (group I) 397. g e 27*4 ^fb

Early cows (group 2) m  1 ° 2“  i d
Late cows (group 3) 347. if® 13%

Combined analysis 38Z J f 19r t i h

a,b P=.007 
c,d P=.11 
e ,f P=.03 
g,h P=.0004
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TABLE 8. THE AVERAGE DAY OF CONCEPTION IN A PGF2qt BREEDING SYSTEM 
COMPARED TO A CONVENTIONAL BREEDING SYSl'EM (Al AND SUB-
SEQUENT NATURAL BREEDING SEASON INCLUDED, ALL 1974 BREEDING)

Group
n PGF2«

system
day

n Conventional
system
day

Heifers (group. I) 43 19 30 21

Early cows (group ,2) 59 24 68 26

Late cows (group 3) 32 19 39 27

Lactating cows 
(groups 2 & 3) 91 22* 107 26b

Combined analysis 134 21c 137 25d

a,b I*.05. 
c ,d P<.05.



CHAPTER 5

RESULTS AND DISCUSSION OF THE SPRING AND FALL 1975 
BREEDING SEASONS BASED ON PREGNANCY TEST RESULTS

Total pregnancy rates for the PGFg^ system and those actually 

receiving PGF^^ were 63, 93, 85 and 83% and 59, 92, 81 and 80% for 

groups 4, 5, 6 and 7, respectively (table 9). Total pregnancy rates 

for the conventional system were 64, 89, 72 and 81% for groups 4, 5,

6 and 7, respectively. Significant differences were found between 

the PGF2a system and the conventional system in group 6, revealing a 

higher total pregnancy rate in the PGFga system (85%, P=.0055) and 

those receiving PGFga (81%, P=.0511), than for. the conventional system 

(72%). In the combined analysis (groups 4, 5, 6 and 7) for the PGF2a . 
system, the total pregnancy rate (83%) was greater (P=.0181) than the 

total pregnancy rate (77%) for the conventional system.

Total Al pregnancy rates were 51, 77, 46 and 49% and 44,73, 46 

and 46% for the PGF2a system and for those actually receiving PGFgol 
for groups 4, 5, 6 and 7, respectively (table 10). In the conven

tional system, the rates were 27, 73, 36 and 36% for groups 4, 5, 6 

and 7, respectively - The Al pregnancy rates for group 4 (51%) and 

group 7 (49%) for the PGF^x system were greater (P=.0366 and .0288, 

respectively) than the Al pregnancy rate (27 and 35%, respectively) 

for the conventional systems. In the combined analysis, the increased. 

Al pregnancy rate in the PGF2a system (52%, P=.0015) over the conven

tional system (41%), demonstrated the ability of a PGF2a breeding
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system to improve Al pregnancy rates under range beef production 

conditions.

The Al first service pregnancy rates were 44, 71, 42 and 42% 

and 41, 66, 41 and 41% for the PGFga system and those actually receiv
ing PGFga for groups 4, 5, 6 and 7, respectively (table 11). In the 

conventional system, the rates were 23, 59, 35 and 35% for groups 

4, 5, 6 and 7, respectively. Significant differences were found in 

group 4, evincing a higher Al first service pregnancy rate in the 

PGFga system (44%, P=.0548) than for the conventional system (23%).

In the combined analysis the increased Al first service pregnancy 

rate in the PGFga system (47%, P=0090) over the conventional system 

(38%) is not consistent with the findings of other researchers. 

Lauderdale et al. (1974), King and Robertson (1974), Hafs et■al. 

(1974), Roche (1974) , Welch e_t al. (1975) found no significant differ

ence in fertility due to the use of PGF2CX. when compared to the conven
tional system. The higher pregnancy rates seen in the PGFgU system 

in this experiment could be explained by the fact that within the ■ 

limited breeding season (45 days) the cattle in the PGFga system are 

afforded the opportunity to cycle three times rather than two times 

which is the case for the majority of the cattle in the conventional 

system. • . .

Al first service conception rates of animals bred to an observed 

estrus in the PGF2a system and for those receiving PGF2& were 69, 78,
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57 and 54% and 56, 73, 66 and 48% for groups 4, 5, 6 and 7, respective
ly (table 12). The Al first service conception rates in the conven

tional system were 35, 72, 42 and 58% for groups 4, 5, 6 and 7, • 
respectively. In group 6 and the Al first service conception rates of 
cows bred to an observed estrus were greater for P C ^ ct- system 

(57%, P=0435) and those receiving PGF2a (66%, P=.0041) than for the 

conventional system (42%). In the combined analysis the Al pregnancy 

rate in both the PGFg^ system (62%) and those receiving PGF2a (61%) was 
greater (P=.0160) and .0516, respectively) than the conventional 

system (52%).

The Al first service conception rates for those cattle bred 

80 hr after the first FGF2a injection without an observed estrus were 
35, 52, 25 and 29% for groups 4, 5, 6 and 7, respectively.

Estrus was exhibited by 25% (injected) and 25% (control) of the 

animals (combined analysis) in the experiment involving the effect 

of the second injection of PGFg^ (table 14). Pregnancy rates were 

66% (injected) and 61% (control) and were not significantly different. 

This indicates no adverse or beneficial effect on fertility resulted 

from the second injection.

Results clearly demonstrate that there was increased fertility 

when using a PGF2C( system compared to a conventional system under 
range beef cattle management conditions. There was a convincing trend 

in these data for the total pregnancy rate and total Al pregnancy rate
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to be greater (P=.0181 and .0015, respectively) in the PGFg^ system 

reflecting the advantage held by the animals in the PGF2 system to 

cycle an additional time during the limits of the breeding season.

The PGFgu system resulted in more than twice (48 vs 20%, Pc.0001) the 

number of cattle pregnant in the first 10 days of the Al breeding 

season. This apparently accounted for the average conception date 

being seven days earlier for the PGFgu system compared to the conven? 

tional system (tables 15 and 16). These results combined with minimal 

handling of cattle demonstrated that the PGFgu breeding system is 

feasible under range beef cattle management conditions.

Summary

A study was conducted using 87 14-month-old virgin heifers 

(group 4), 153 20-month-old virgin heifers (group 5), 345 spring 

calving cows (group 6) and 324 fall calving cows (group 7) and 
animals in each group were randomly assigned to a PGFga system or a 

conventional breeding system.

The Al season was 25 days for all groups, each followed by a 

20-day natural breeding season. Detection of estrus was continuous 

during daylight hours and cattle were inseminated approximately 12 hr 
after detection in both systems. Cattle in the PGFga system not 

observed in estrus by day.3 were injected (IM) with 33.5 mg PGFg 

THAM-salt. Cattle observed in estrus from time of injection until 80
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hr after the first PGF2ct injection were bred 12 hr after being detect
ed in estrus. At 84 hr after the first injection all PGFga treated 

cows that had not been observed in estrus were inseminated. Immedi

ately after the nones.trus breeding, half , of the cattle' in this group 

were given a second injection of 33.5 mg of PGFgct THAM-salt, and. the 

remaining half served as the control. Days pregnant ranged from 128 

to 83, 128 to 83, 107 to 62 and 89 to 43 days at time of pregnancy 

diagnosis in groups 4, 5, 6 and 7, respectively. Total pregnancy 

rate was greater (P=.0180) in the PGFgu system (83%) than in the 

conventional system (77%). The PGFgct system increased the total Al 

pregnancy rate (52% vs 41%, P=.0015) when compared to the conventional 

system. Results demonstrated that there was no adverse or beneficial 

effect on fertility from the second injection of PGFgct. The percent 

of cattle conceiving the first 10 days of the Al season in the PGFgct 

system combined analysis was significantly greater (P<.0001) than in 

the combined conventional system. This resulted in a trend which 

moved the average day of conception to seven days earlier in the 

breeding season in the PGFg01 breeding system. •
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TABLE 9. *TOTAL PREGNANCY RATE OF A PGF2 ct BREEDING SYSTEM COMPARED 
___________ TO A CONVENTIONAL BREEDING SYSTEM (ALL 1975 BREEDING)

Group PGF2 a
system

Receiving 
PGF a

Conventional
system

Spring bred
14-mo. heifers 
(group 4) 63% S 59% # 64% jj 44

Spring bred
20-mo. heifers 
(group 5)

93X § 9 M  S 89X §

Spring bred 
cows

143a 
85% 169

122b 
81% 150

126c 
72% 176

(group 6)
Fall bred 

cows
(group 7)

007 135 
83/* 163 80% —  140 81% —  161

Combined
analysis 375d

^ ^ 3
31480% — 353«

a, c P=.005
b, c P=.0511 
d,e P=.0181
*Total pregnant 
Total in group
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TABLE 10. *TOTAL Al PREGNANCY RATE OF A PGF2ct BREEDING SYSTEM
COMPARED TO A CONVENTIONAL BREEDING SYSTEM (ALL 1975 
BREEDING)________________

Treatment
Group PGF2a

system
Receiving

PGF2Qt
Conventional
system

Spring bred
14-mo. heifers 
(group 4)

517. |fa 44%

Spring bred
20-mo. heifers 
(group 5) 5877% - 73X if 737.

Spring bred 
cows
(group 6) 467- w 46zIiS 36% 176

Fall bred 
cows
(group 7) 4» l i C 46zIif 36zIifd

Combined
analysis 52Z450C 48Z 410 4iziif

,b P=.0366 
,d P=.0288 

e,f P=.0015 
* Total Al pregnant 

Total in group
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TABLE 11. *AI FIRST 
COMPARED 
BREEDING)

SERVICE PREGNANCY 
TO A CONVENTIONAL

RATE OF A PGF2Ct 
BREEDING SYSTEM

BREEDING SYSTEM 
(ALL 1975

Treatment
Group PGF2U

system
Receiving

PGF2U
Conventional
system

Spring bred
14-mo. heifers 
(group 4)

44% 12* 
43

41% Ii 
39

23% Iib 
44

Spring bred
20-mo. heifers 
(group 5)

71% 52 75 66-4 § 59% Ai 78

Spring bred 
cows
(group 6) 4r/- iS 3 5 1 Ilf

Fall bred 
cows
(group 7) 4 n  163 4i x I m 3 5 x Iei

Combined
analysis 47-4 ST 44% IZi 410 38% — d 

459

a,b P=.0548 
c,d P=.0090
* Al 1st service pregnant 
Total group
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TABLE 12. *AI FIRST SERVICE CONCEPTION RATE WHEN BRED TO AN OBSERVED
ESTRUS IN A PGF2Ct BREEDING SYSTEM COMPARED TO A CONVENTIONAL 

___________ BREEDING SYSTEM (ALL 1975 BREEDING)_________________________

Treatment
Group PGP2" Receiving Conventional

system PGF2a system

Spring bred
14-mo. heifers 
(group 4)

69% _9
13 56% 5

9 35% 29

Spring bred
20-mo. heifers 
(group 5)

78% 43
55 73% 30

41
72% A6 

64

Spring bred 
cows
(group 6)

57%
42a
74 66% 35b

53
62c 

42% 149

Fall bred 
cows
(group 7)

54% 45
83 48% 29

60 58* fl

Combined
analysis 62% 139e

225 61% 99f
163 52Z i f f

a, c P=.0435
b, c P=.0041
e, g P=.0160
f, g P=.0516
* Al 1st service pregnant___________

Total group minus nonestrus cattle
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TABLE 13. *AI FIRST SERVICE CONCEPTION RATE WHEN BRED NONESTRUS AND
RECEIVED PGFZg (ALL 1975 BREEDING)

Group
Treatment 
Receiving 

PGF2 a
Spring bred I I14-mo. heifers 357,

(group 4) 31

Spring bred I I20-mo. heifers 52%
(group 5) ZI

Spring bred
cows 25% Z4TTc
(group 6) yD

Fall bred
cows 29% 23Ta(group 7) /y

Combined £LQ
analysis 30% Oy

229
* Al 1st service pregnant__________

Received PGF^ot and bred nonestrus
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TABLE 14. THE EFFECT OF THE SECOND INJECTION OF PGF2ct AT THE 80 HR

NONESTRUS BREEDING ON ESTRUS AND PREGNANCY RATES (ALL 1975 
BREEDING)_______________________________________________

Received 2nd injection Control
Group Estrus Preg. rate Estrus Preg. rate

Heifers 
14-mo. 
(group 4)

6% 657. § 13% 2
16 44% 7

16

Heifers
67% Y 2

4 g20-mo. 
(group 5)

25% yf 27% 15 60% 15

Spring
cows
(group 6)

1436% ^ 56% §§ 30% 10
33 55% 18

33

Fall cows 
(group 7) 24% 76% §§ 20% 8

40 73% 29
40

Combined
analysis ^ 1 0 6 66% Y3§ 25% 26

104 61% 63
104
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TABLE 15. PERCENT OF BEEF CATTLE PREGNANT THE FIRST TEN DAYS OF THE
Al BREEDING SEASON WITH ONE Al SERVICE IN A PGFaa BREEDING 
SYSTEM COMPARED TO A CONVENTIONAL BREEDING SYSTEM (ALL 1975 
BREEDING)_____________________________________________________

PGF2a Conventional
Group system system

Heifers U
14-mo. 44% 12* 7% T#
(group 4) 43 44

Heifers
72% ^hc20 -mo. 417. M d

(group 5) 75 78

Spring
cows 45% 766 17% -22f
(group 6) 169 176

Fall
40%

_U
cows 17% - H
(group 7) 163 161

Combined
20% -^lj459analysis 48% 2^1 450

a,b P=.0004. 
c,d P=.0005. 
e ,f Pc.0001. 
g,h P=.0001. 
i,j P<.0001.
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TABLE 16. THE AVERAGE DAY OF CONCEPTION IN A PGF2 a BREEDING SYSTEM

COMPARED TO A CONVENTIONAL BREEDING SYSTEM (Al AND SUBSEQUENT 
___________ NATURAL BREEDING SEASON INCLUDED)(ALL 1975 BREEDING)________

PGF2 a Conventional
Group n system n system

day day

Heifers
14-mo. 
(group 4)

27 12a 30 24b

Heifers 
20-mo. 
(group 5)

63 9C 67 17d

Spring
cows
(group 6)

138 16e 107

V-IOCN

Fall cows 
(group 7) 128 178 128 24h

Combined
analysis 356 141 331 21J

a,b P=.001 
c,d P< .001 
e,f P=.Oil 
g,h P<.001 
i.j P<,001



CHAPTER 6

RESULTS AND DISCUSSION OF THE FALL 1974, SPRING AND FALL 1975 
BREEDING. SEASONS BASED. ON CALVING RESULTS

Total pregnancy rate (table 17) for the PGF2̂  breeding system 

(78%, combined analysis, groups I through 7), was significantly higher 

(P=.0185) than the conventional breeding system (72%). The higher 

total pregnancy rate in the PGF^ct system could be. explained by the 

fact that within the limited breeding season (45 days) the cattle in 

the PGF^g system are afforded the opportunity to cycle three times 

rather than two times which is the case for the majority of the cattle 

in the conventional system.

Total Al pregnancy rate (table 18) for the PGF2a breeding system
(47%, combined analysis, groups I through 7.) was significantly greater 

’!
(P=.0016) than the conventional breeding system (39%). These results 

demonstrate the ability of the PGFg^ breeding system to improve total 

Al pregnancy rate under range beef production conditions.

Al first service pregnancy rate (table 19) for the PGF213 breeding 
system (37%, combined analysis, groups I through 7) was not signifi

cantly different from the conventional breeding system (36%). These 

results are consistent with other studies where no signficant differ

ence in fertility was observed due to the use of PGF2d when compared 
to controls (Lauderdalen t  al., 1974; King and Robertson, 1974; Hafs 

e_t al. , 1974; Roche, 1974; Welch et: al. , 1975) .
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In the PGF2a breeding system, all cows were inseminated by the 

a.m. of day 8 of the breeding season. Under these conditions a large 

percentage of animals were inseminated at approximately 72 hr (Fall 

1974 breeding) or 80 hr (Spring and Fall 1975 breedings) post PGFg^ 

treatment without being observed in estrus.(nonestrus). Assuming that 

some of the cattle bred nonestrus in the PGF2a system were either 
prepubertal heifers or anestrus cows, one would expect the Al first 

service pregnancy rate in the PGFg^ breeding system to be decreased, 

however, no significant.differences were detected in any group for 

Al first service pregnancy rate between breeding systems for either 

the 1974 or 1975 breedings. The fact that Al first service pregnancy 

rates were not reduced and that in groups I, 3, 4, 5 and 7 a. non-: 

significant trend is indicated toward increased Al first service 

pregnancy rates (table 19), suggests that the PGF2a breeding system ■ 

may enhance Al first service pregnancy rate. An explanation of this 

observation could be"either a direct effect of PGF^^ or differences 

in the error associated with estrus detection between breeding systems 

Errors in estrus detection resulting from either silent or undetected 

estrus occur in both breeding systems, however, the problem is less 

severe in the PGF2a breeding system because all cattle are inseminated 

by the a.m. of day 8 of the breeding season. Cattle with a PGF^a 

induced ovulation accompanied by a silent or undetected estrus 

have a chance to conceive first service Al while cattle in the
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cpnveritional system with silent, or undetected estrus do not get 

inseminated. Therefore, a greater error in estrus detection in the 

conventional system could reduce the Al first service pregnancy rate 

and could offset any negative effect from breeding nonestrus cattle 

in the PGF2a-,system that were not cycling.
These results unequivocally demonstrate that, total pregnancy 

rate, total Al pregnancy rate and Al first service pregnancy rate in 

the PGF2a breeding system, are in all cases comparable and in some 
cases superior to those for the conventional breeding system. In 

addition, these results demonstrate that estrus synchronization of 

beef cattle under range conditions can be successfully employed by 

a single injection of PGF2& administered on the fifth day of breeding 
without affecting fertility at the first post PGF2CX breeding. Early 

estrus synchronization studies, featuring various progestogen 

compounds showed decreased Al first service fertility at the first 

post treatment estrus when compared to nontreated controls 

(Trimberger and Hansel, 1955; Ulberg and Lindley, 1960; Wiltbank 

jet al. , 1965; Dhindsa _et al., 1967). More recent studies using the 

progestogen compound SC21009 (ear implants) in combination with 

estradiol valerate, in addition to employing a shorter duration 

progestogen treatment, have found fertility to be comparable to 

controls (Burrell jBt al. , 1972, Whitman et: al., 1972 and Wishart and 

Young, 1974). Due to the stress related to administration of implants
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and handling of the cattle these agents have not been readily accepted 

for estrus synchronization.

The following analyses were conducted to assess.the effect(s) of 

breeding estrus and nonestrus cattle. The Al first service conception 

rate of cattle inseminated to an observed estrus (table 20) for the 

PGFzct breeding system (55%, combined analysis, groups I through 7) was 

comparable with the conventional breeding system (36%). These results 

demonstrate that fertility of the PGF2a induced estrus is comparable, 
to the naturally occurring estrus of the conventional breeding system.

The Al first service conception rate for cattle inseminated at 

the nonestrus breeding was 16% in combined analysis (group I through 7, 

table 21). The low conception rate observed at the nonestrus - breeding 

could be attributed to the fact that in this breeding management 

system, anestrus and infertile cattle were inseminated. In addition, 

the timing of the nonestrus breeding in relation to when ovulation 

occurs in these cattle may be a factor contributing to the low concep

tion rate.

Total pregnancy rate (table 24), total Al pregnancy rate (table 

25) and Al'first service pregnancy rate (table 26) for cattle receiv

ing the second injection of PGF2a and for controls were 73 and 63%, 30 
and 18% and 12 and 11%, respectively. These data were not statisfi- . 

dally different, however, a nonsignificant trend (P=.0766) suggests 

an increased total Al pregnancy rate for those cattle receiving the
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the second PGF2C( injection (table 25).

In a combined analysis of the first 10 days of the Al breeding 

season (table 22), the Al pregnancy rates were increased (P<.0001) 

for the PGF2a breeding system (41%) over the conventional breeding 

system (17%).

Figures 4 and 5 depict the percent of the herd pregnant per day 

throughout the Al breeding season. Of the cattle that conceived during 

the Al season in the PGF2Ct breeding system, 82% (1974 breeding) and 

78% (1975 breedings) had done so by day 10 compared to 54% (1974 

breeding) and 38%.(1975 breeding) for the conventional system. These 

results demonstrate the ability of a PGF2 a breeding system to essen
tially accomplish in 10 days what is accomplished in 25 days in a 

conventional breeding system. As a result of a greater number of ■ 

cattle conceiving early in the breeding season, the average day of 

conception (table 23) was advanced five days (P<.001, combined analysis) 

for the PGF2a breeding system when compared to the conventional breed

ing system.■

Breeding systems utilizing two injections of PGF2Ct necessitates 
a minimum of at least three handlings of the cattle. A desirable 

feature of the single injection system of administering PGFgU, is that 

the injection and first insemination can be accomplished with a maximum 

of two chute runs per cow.

A study of the Al first service pregnancy rate (combined 1974 

and 1975 breedings) vs days postpartum at the day of PGF2u injection
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(figure 6), reveals a trend for pregnancy rate to increase until 
cattle are 65 days postpartum. At this time, the rate tends to de

crease until 75 days postpartum. The Al first service pregnancy rate 

then increases until approximately 83 days postpartum at which time 

the rate begins to decline.

The estrus response (combined 1974 and 1975 breedings) of these 

same cattle reveals a similar increasing trend (figure 7) as the 

number of days postpartum advances. There are, however, slight de

creases in the estrus response again for those cattle that are 69 to 

72 days postpartum.

The Al first service pregnancy rate of cattle inseminated to an 

observed estrus (combined 1974 and 1975 breedings) vs days postpartum 

at the day of PGF2<i injection (figure 8) suggests that cattle in the 
range of 69 to 80 days postpartum exhibit a trend for a decreased 

•pregnancy rate. The Al first service pregnancy rate of cattle insem

inated nonestrus (combined 1974 and 1975 breedings) vs days postpartum 

at the day of PGF^a injection (figure 9) also suggests that cattle in 

the range of 69 to 76 days postpartum exhibit a trend for a decreased 

pregnancy rate. A precise explanation of these observations is not 

available. It may be speculated that the decreased pregnancy rates 

may be due to an effect of either treatment or lactational stress on 

the cow. 'In order to partially explain these results, further study
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is required comparing Al first service pregnancy rate vs days post

partum of cattle in the conventional system to those cattle that 

received PGFgQ-

Estrus response of PGFga treated cattle vs days postpartum on 

the day of PGFga injection, Al first service pregnancy rate of PGFga 

treated cattle inseminated to observed estrus vs days postpartum on 

the day of PGFga injection and Al first service pregnancy rate of PGF2a . 
injection are depicted in appendix figures I through 12 for individual 
groups I through.7.

Summary

Breeding studies were conducted at the Montana State Prison Ranch 

utilizing PGF^a as an estrus synchronizing agent in beef cattle in 

the Fall 1974 and Spring and Fall 1975 breeding seasons. Seven groups 

of cattle were utilized which consisted of: group I, Fall 1974 bred 

virgin heifers, n=92; group 2, Fall 1974 bred early calving lactating 

cows, n=148; group 3, Fall 1974 bred late calving lactating cows, n=85; 

group 4, Spring 1975 bred 14-mo. virgin heifers, n=87; group 5, Spring 

1975 bred 20-mo. virgin heifers, n=153; group 6, Spring 1975 bred spring 
calved lactating cows, n=345. and group 7, Fall 1975 bred. Fall calved 

lactating cows, n=324. Cattle in groups I, 4 and 5 were straight 

and crossbred beef heifers. Cattle in groups 2 were cows from the 

first half of the Fall 1974 calving season and group. 3 were from the 

second half of the Fall 1974 calving season. Cattle in groups 2, 3
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6 and 7 consisted of straight and crossbred beef cows with calves at 
side. Cattle within each group were randomly assigned into either 

the PGF2a or conventional Al breeding system. The Al season was 

30, 28, 22, 25, 25, 25 and 25 days for groups I, 2, 3, 4, 5, 6, and 
7, respectively, each followed by a 20-day natural breeding season. 

Detection of estrus was periodic from pre-dawn until dark. Cattle 

in both systems that were detected in estrus from pre-dawn until 

9 a.m. were inseminated at approximately 5 p.m. while those detected 

from 9 a.m. until dark were inseminated at 5 a.m. the next day. Cattle 

in the PGFg^ system were observed for estrus and bred from day 0 to 4 
at which time remaining cattle in the PGF2a system were injected IM 

with 33.5 mg PGF2a THAM-salt. Cattle observed in estrus from the 

time of injection until 72 hr post-injection (groups I, 2 and 3) or 

80 hr post-injection (groups 4 , 5 , 6  and 7) were bred in accordance . 

with the general breeding scheme. At 72 hr post-injection (groups 

I, 2 and 3) or 80 hr (groups 4, 5, 6 and 7) all PGF2 a treated cows 
that had not been observed in estrus were inseminated (nonestrus). 

Immediately after the nonestrus breeding, half of the cattle in the 

nonestrus breeding were given a second injection of 33.5 mg of PGF2 a 
THAM-salt, and the remaining half served as the control. Total 

pregnancy rate combined analysis (groups I, 2, 3, 4, 5, 6 and 7) for 

the PGF2a system was significantly higher (78 vs 72%, P=.0185) than
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in the conventional system. Group 6 revealed a higher total pregnancy 
rate in the PGF2a system (80%, P=0327) than for the conventional 
system (70%). The total pregnancy rates for the PGFg^ and conventional 

systems were not significantly different for groups I, 2, 3, 4 and 5 
or 7. In the combined analysis (groups I through 7) the total Al 

pregnancy rate for the PGFg^ system was significantly higher (47%, . 

P=0016) than the conventional system (39%). In group 7 the total Al 

pregnancy rate for the PGF2a system (40%, P=.0115) and those receiving 
PGF2 (38%, P=.0447) was significantly higher than the conventional 

system (26%). The total Al pregnancy rates, were not significantly 

different for groups 1,2, 3, 4, 5 and 6. There were no significant 

differences between systems for Al first service pregnancy rate in 

any group. The Al first service conception rate when bred to an 

observed estrus in the PGFg^ system was comparable to controls for 

groups I, 2, 3, 4, 5 and 7. In group 6 the Al first service conception 
rate when bred to an observed estrus was higher for the PGF^xx system 

(58%, P=0130) and for those receiving PGF2a (62%, P=.0073) than in 
the conventional system (40%). The cattle receiving the second 

injection of PGF2a at the 80 hr nonestrus breeding (groups 4, 5, 6 and 
7) revealed no significant differences in total pregnancy rate, total 
Al pregnancy rate or Al first service pregnancy rate when compared 

to controls. In a combined analysis (groups I through 7) the number
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bf- cows conceiving the first 10 days of the Al season was. greater 

(P<.0001 in the PGFg^ system than in the conventional breeding system. 

This resulted in the average day of conception being 5 days earlier 

in the PGFg^ breeding system (P<.001, day 17) compared to the con

ventional system (day 22). A study relating Al first service preg

nancy rate vs days postpartum at the day of PGF2a injection, estrus 
response of PGFya treated cattle vs days postpartum on the day of 

PGF2ot injection, Al first service pregnancy rate of PGFga treated 
cattle inseminated to observed estrus vs days postpartum on the day 

of PGFga treated cattle inseminated nonestrus vs days postpartum on 

the day of PGFga injection indicated that fertility may be decreased 

when a cow is approximately 75 days postpartum.



- 86-

TABLE 17. *TOTAL PREGNANCY RATE OF A PGF2a BREEDING SYSTEM COMPARED
TO A CONVENTIONAL BREEDING SYSTEM (ALL 1974 and 1975 
BREEDING)_____________________________________________

Treatment
PGF2a Receiving Conventional

Group system PGF2a system

Fall bred
heifers 76% 37 69% 27 64% 27
(group I) 49 39 42

Fall bred early 53 41 66calving cows 
(group 2)

75% 55 84%

Fall bred late
calving cows 
(group 3)

79% f 77% 20
26 76z i

Spring bred
14-mo. heifers 61% — 61% 22 55%
(group 4) 41 36 44

Spring bred
20-mo. heifers 87% 64 79% 48 79% —
(group 5) 74 61 79

Spring bred 
cows 80% 75% H O 70% 113b
(group 6) 167 147 164

Fall bred
cows 76% 73% 102 70% 114
(group 7) 161 140 162

Combined 78% 464C 73% 370 72% 44^d
analysis 598 504 616

a,b P=.0327 
c,d P=.0185 
*Total pregnant 
Total in group
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TABLE 18. *TOTAL Al PREGNANCY RATE OF A PGF2a BREEDING SYSTEM
COMPARED TO A CONVENTIONAL BREEDING SYSTEM (ALL 1974 
AND 1975 BREEDING)

Treatment
Group PGF2a Receiving Conventional

sys tern PGF2« system

Faal bred
heifers 
(group I)

67% 12 49 62% H39 52% H  42

Fall bred early 
calving cows 
(group 2)

53% —  68 53% —  55 54% —  79

Fall bred late 
calving cows 
(group 3)

42% H  38 31% -I 26 37% H  46

Spring bred
14-mo. heifers 
(group 4)

27% H  
41

22% -I
36

21% -2. 
44

Spring bred
20-mo. heifers 
(group 5)

62% H74 5 n  Ir 497. H

Spring bred 
cows
(group 6) 45z Ti? 37Z 147 37zTif

Fall bred 
cows
(group 7)

40% - H a 
161

38% - H b 
140

26% - H c 
162

Combined
analysis 47% §§§ 417. 38z i f f

a, b P=.0115
b, c P=.0447 
e,f P=.0016
*Total Al pregnant
Total in group
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TABLE 19. -'-Al FIRST SERVICE PREGNANCY RATE OF A PGF2a BREEDING
SYSTEM COMPARED TO A CONVENTIONAL BREEDING SYSTEM (ALL 
1974 AND 1975 BREEDING!________________________________

Treatment
Group PGF2a Receiving Conventional

system PGF2cx system

Fall bred 
heifers 
(group I)

61% 22 
49

56% 22 
39 50% —  42

Fall bred early 
calving cows 
(group 2)

35% —  68 36% —  55 51% —  
79

Fall bred late
calving cows 
(group 3)

40% 12 38 271 Te
37% —  46

Spring bred 
14-mo. heifers 

(group 4)
27% 77 41 227. ^ 2n i

Spring bred
20-mo. heifers 
(group 5)

5 5 X ^ 1 46% 22 61 48% 22 79

Spring bred 
cows
(group 6)

32Z » 277. M 35xTi!
Fall bred 

cows
(group 7) 30% ^ 1 4 0 2»  ltf

Combined
analysis 22337/- Ti 32%i57 224zn

*AI 1st service pregnant 
Total group
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TABLE 20. *AI FIRST SERVICE CONCEPTION RATE WHEN BRED TO AN OBSERVED

ESTRUS IN A PGF2a CONVENTIONAL BREEDING SYSTEM COMPARED TO 
A CONVENTIONAL BREEDING SYSTEM (ALL 1974 AND 1975 BREEDING)

Treatment
Group PGF2ct

system
Receiving

PGF2a
Conventional

system

Fall bred 
heifers 
(group I)

62% 18
29 58% 11

19 70% 21
30

Fall bred early 
calving cows 
(group 2)

51% 20
39 58% 15

26 65% 40
62

Fall bred late 
calving cows 
(group 3)

62% 1321 56% 5
9 71% 17

24

Spring bred
14-mo. heifers 
(group 4)

54% 7
13 44% 4

9 24% 7
29

Spring bred
20-mo. heifers 
(group 5)

64% 35
55 61% 25

41 63% 40
64

Spring bred 
cows
(group 6)

58% 43a
74 62% 33b

53 40% 149

Fall bred 
cows
(group 7)

45% 37
83 45% 27

60 52% 42
81

Combined
analysis 55% 173

314 55% 120
217 51% 226

439

a, c P=.0130
b, c P=.0073
-fAI 1st service pregnant
Total group minus non-estrus cattle
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TABLE 21. *AI FIRST SERVICE CONCEPTION RATE WHEN BRED NON-ESTRUS AND
RECEIVED PGF2a (ALL 1974 AND 1975 BREEDING)

Group
Treatment
Receiving

PGF2a

Fall bred 
heifers 
(group I)

55% §

Fall bred early 
calving cows 
(group 2) i n  2§

Fall bred late 
calving cows 
(group 3)

127. if

Spring bred
14-mo. heifers 
(group 4)

13% 3!

Spring bred
20-mo. heifers 
(group 5)

257. ^

Spring bred 
cows
(group 6) 97- i

Fall bred 
cows
(group 7)

14%

Combined
analysis ^  289

^Pregnant one service Al
Received PGF2* and bred non-estrus
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TABLE 22. *PERCENT OF BEEF CATTLE PREGNANT THE FIRST TEN DAYS OF THE
Al BREEDING SEASON IN A PGF2a BREEDING SYSTEM COMPARED TO 
A CONVENTIONAL Al BREEDING SYSTEM (ALL 1974 AND 1975 
BREEDING)__________________________________________________

Treatment
Group PGF2a

system
Conventional

system

Fall bred 
heifers 
(group I)

Qb
2n

Fall bred early 
calving cows 
(group 2) 4”  I in a

Fall bred late 
calving cows 
(group 3)

42Z I f
m  T

Spring bred 
14-mo. heifers 
(group 4)

277» 41
,£
ni

Spring bred
20-mo. heifers 
(group 5)

617» 74
i/h187» 79

Spring bred 
cows
(group 6) m  iff1 15Z iSJ

Fall bred 
cows
(group 7) 3n m u% iff1

Combined
analysis 4 n 17xIlfn

a,b P=.0004 k,I P=.0001
c,d P=.0228 m,n P<.0001
e,f P=.0266 *
g,h P<.0001 
i,j P=.0002
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TABLE 23. *THE AVERAGE DAY OF CONCEPTION IN A PGF2a BREEDING SYSTEM

COMPARED TO A CONVENTIONAL BREEDING SYSTEM (Al AND SUBSE
QUENT NATURAL BREEDING SEASON INCLUDED) (ALL 1974 AND 
1975 BREEDING)

Group
n

PGF2ct 
systern 
day n

Conventional
system
Day

Fall bred 
heifers 
(group I)

38 IOa 27 15b

Fall bred early 
calving cows 
(group 2)

54 19 66 19

Fall bred late 
calving cows 
(group 3)

30 16 35 19

Spring bred
14-mo. heifers 
(group 4)

25 21 24 25

Spring bred
20-mo. heifers 
(group 5)

64 13c 62 21d

Spring bred 
cows
(group 6)

133 20 113 22

Fall bred 
cows
(group 7)

122 18e 114 25f

Combined
analysis 466 178 441 CM

a,b P=.052 
c,d P=.001 
e,f P<.001 
g,h P<.001
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TABLE 24. THE EFFECT OF THE SECOND INJECTION OF PGF2a AT THE 80 HR 

NON-ESTRUS BREEDING ON TOTAL PREGNANCY RATE (ALL 1975 
___________ BREEDING)__________________________________________________

Group
Received 2nd
injection_________________ Control

Heifers
14-month 63% 10 47% 7
(group 4) 16 15

Heifers _8 820-month 89% 73%
(group 5) 9 11

Spring
cows 80% 20 67% 16
(group 6) 25 24

Fall
cows 70% 28 63% 25
(group 7) 40 40

Combined
analysis 73% 66 62% 56

90 90
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TABLE 25. THE EFFECT OF THE SECOND INJECTION OF PGFZa. AT THE 80 HR
NON-ESTRUS BREEDING ON TOTAL Al PREGNANCY RATE (ALL 1975 
BREEDING)_________________________________________________

Group Received 2nd 
iniection Control

Hiefers
14-month 13% 2 13% 2
(group 4) 16 15

Heifers
20-month 44% 4 27% 3
(group 5) 9 11

Spring
cows 28% 7 17% 4
(group 6) 25 24

Fall
cows 35% 14 18% 7
(group 7) 40 40

Combined , <banalysis 30% 27
90 18% 16

90

a,b P=.0766
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TABLE 26. THE EFFECT OF THE SECOND TREATMENT OF PGF2ct AT THE 80 HR 
NON-ESTRUS BREEDING ON Al FIRST SERVICE PREGNANCY RATE 

____________(ALL 1975 BREEDING)_______________________________________

Group Received 2nd
injection___________ Control

Heifers
14-month 13% 13% _2
(group 4) 16 15

Heifers
20-month 44% -it 9% I
(group 6) 9 11

Spring
cows 0% -2 4% I
(group 6) 25 24

Fall
cows 13% -2 15% 6
(group 7) 40 40

Combined
analysis 12% 90 11% 10

90
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the 1974 (combined analysis).
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Figure 6. Al 1st service pregnancy rate (cattle inseminated to
estrus and non-estrus) vs. days postpartum on the day
of PGF2a injection for mature cows in the 1974 and
1975 breeding seasons (combined analysis).
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Figure 7. Estrus response of PGF2a treated cattle vs. days for
mature cows in the 1974 and 1975 breeding seasons (combined 
analysis).
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Appendix Figure I. Estrus response of PGFct treated cattle vs. days
postpartum on the day of PGFZct. injection for mature
cows in the spring 1975 breeding season.
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Appendix Figure 2. Al 1st service pregnancy rate of cattle inseminated
to an observed estrus vs. days postpartum on the day
of PGF2a injection for mature cows in the spring
1975 breeding season.
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Appendix Figure 3. Al 1st service pregnancy rate of cattle inseminated
non-estrus vs. days postpartum on the day of PGF2a
injection for mature cows in the spring 1975 breeding
season.
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Appendix Figure 5. Al 1st service pregnancy rate of cattle inseminated
to an observed estrus vs. days postpartum on the day
of PGF2ot injection for 1st calf heifers in the fall
1975 breeding season.
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non-estrus vs. days postpartum on the day of PGF2ct 
injection for 1st calf heifers in the fall 1975 
breeding season.
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Appendix Figure 7. Estrus response of PGF2 a treated cattle vs. days
postpartum on the day of PGF2a injection for mature
cows in the fall 1975 breeding season.
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Appendix Figure 8. Al 1st service pregnancy rate of cattle inseminated
to an observed estrus vs. days postpartum on the day
of PGF2a injection for mature cows in the fall 1975
breeding season.
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Appendix Figure 10. Estrus response of PGF2a treated cattle vs. days
postpartum on the day of PGFZa injection for mature
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Appendix Figure 11. Al 1st service pregnancy rate of cattle inseminated
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of PGF2 a injection for mature cows in the fall 1974
breeding season.
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