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Abstract:
An investigation was made to synchronize estrus in beef cows by feeding a progestogen (6 a-methyl 17
a-hydroxy-progesterone acetate). A total of 284 cattle were used in three trials at three different
locations. The hormone was mixed with the concentrate at the rate of 90 mg. per pound and the
hormone fed cattle (groups1-C and 2-C) were group fed 2 pounds of this concentrate per cow per day
for 18 days. The control animals in Trials I and II received 2 pounds of the same concentrate free of
hormone at the same rate and in Trial III the control cows received no concentrate.
Standing estrus was exhibited by 62.4 percent of the cows in a 3% day period following hormone
withdrawal in the progestogen fed groups as compared to 9.9 percent in the controls. Hormone feeding
significantly (P<.01) increased the number of cows showing estrus during the 3% day period following
treatment but the number of feedings (1-S vs 2-S) had no significant (P>.05) effect.
Conception to first service pbst feeding was 32.8 and 36.7 percent for the hormone fed and control
groups, respectively. Total conception rate to breeding during three cycles was 96.6 and 83.3 percent
for the progestogen fed and control groups, respectively. These results indicate that progestogen
feeding lowered conception rate to first estrus following hormone withdrawal and possibly enhanced
overall conception rate.
One trial was conducted with 108 ewes in an attempt to synchronize estrus and to determine the effect
of progestogen feeding on reproductive performance. Two groups, 1-S and 2-S, were fed one pound of
grain per ewe per day which contained 50 mg, of the progestogen and feeding continued for 18 days.
The control group, S, was fed the same ration without the progestogen at the same rate and for the same
period of time. The ewes in groups S and 1-S were placed in the breeding pens immediately following
hormone withdrawal and the ewes in group 2-S were placed in the breeding pens 9 days after hormone
withdrawal.
During a 3 day period beginning 24 hours after hormone withdrawal, 94.7 and 39.4 percent of the ewes
exhibited estrus in groups 1-S and S, respectively. These differences due to treatment were highly
significant (P<.01) . The ewes remained synchronized during the second cycle as indicated by 94,8
percent of the ewes in group 2-S exhibiting estrus during the three day period beginning 18 days
following hormone withdrawal.
Conception to first service was 67.7, 61.8 and 80.0 percent for groups S, 1-S and 2-S, respectively.
Overall conception rates were 90.0, 100.0 and 97.1 percent for groups S, 1-S and 2-S, respectively.
Progestogen feeding slightly reduced the conception rate following breeding at first post treatment
estrus but overall lambing performance was higher in the two hormone fed groups. Progestogen
feeding had no significant (P>.05) effect on lambing rate or type of birth distribution.
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-viiiABSTRACT
An investigation was made to synchronize estrus in beef, cows by feeding
a progestogen (6 a-methyl 17 a-hydroxy-progesterone acetate). A total of
284 cattle were used in three trials at three different locations. The
hormone was mixed with the concentrate at the rate of 90 mg. per pound and
the hormone fed cattle (groupsl-C and 2-C) were group fed 2 pounds of this
concentrate per cow per day for 18 days. The control animals in Trials I
and TI received 2 pounds of the same concentrate free of hormone at the
same rate and in Trial III the control cows received no concentrate.
Standing estrus was exhibited by 62.4 percent of the cows in a 3% day
period following hormone withdrawal in the progestogen fed groups as
compared to 9.9 percent in the controls. Hormone feeding significantly
(P<^.01) increased the number of cows showing estrus during the 3% day per
iod following treatment but the number of feedings (1-S vs 2-S) had no
significant (P^>>05) effect.
Conception to first service pbst feeding was 32.8 and 36.7 percent for
the hormone fed and control groups, respectively. Total conception rate to
breeding during three cycles was 96.6 and 83.3 percent for the progestogen
fed and control groups, respectively.'* These results indicate that progesto
gen feeding lowered conception rate to first estrus following hormone with
drawal and possibly enhanced overall conception rate.
One trial was conducted with 108 ewes in an attempt to synchronize
estrus and to determine the effect of progestogen feeding on reproductive
performance. Two groups, I-S and 2-S, were fed one pound of grain per ewe
per day which contained 50 mg, of the progestogen and feeding continued for
18 days. The control group, S, was fed the same ration without the progesto
gen at the same rate and for the same period of time. The ewes in groups
S and I-S were placed in the breeding pens immediately following hormone
withdrawal and the ewes in group 2-S were placed in the breeding pens 9
days after hormone withdrawal.
During a 3 day period beginning 24 hours after hormone withdrawal, 94.7
and 39.4 percent of the ewes exhibited estrus in groups I-S and S, respec
tively. These differences due to treatment were highly significant (P<^„'01) .
The ewes remained synchronized during the second cycle as indicated by 94,8
percent of the ewes in group 2-S exhibiting estrus during the three day
period beginning 18 days following hormone withdrawal.
Conception to first service.was 67.7, 61.8 and 80.0 percent for groups
S, I-S and 2-S, respectively. Overall conception rates were 90.0, 100.0
and 97.1 percent for groups S , I-S and 2-S, respectively. ^Progestogen
feeding slightly reduced the conception rate following breeding at first
post treatment estrus but overall lambing performance was higher in the two
hormone fed groups. Progestogen feeding had no significant (Pj>,05) effect
on lambing rate or type of birth distribution.

INTRODUCTION
The word synchronization means to bring together or to cause to happen
at the same time.

Synchronized estrus is when all the females exhibit estrus

either at the same time or over a much shorter interval than occurs under
natural conditions.
It has long been the goal of reproductive physiologists to control re
productive phenomena of animals. Artificial insemination is one method of
reproductive control which has been developed and successfully applied in
the livestock industry and particularly with cattle.

In the western range

area there are some limitations in applying artificial insemination due to
the necessity of congregating large numbers of cows in a small area for a
25 to 35 day period.

If some means were available to effectively synchron

ize estrus in cattle it would alleviate this problem and make possible the
application of artificial insemination to a much larger segment of the
cattle industry.
Many new developments have appeared in the area of reproductive control
the past decade.

Fertilized ova have been successfully collected and, trans

ferred from one female to another in mice, rabbits, sheep and cattle.
Fertilized ova recovered from bred cows and ewes a few days post breeding
have been collected, transferred into rabbits and shipped from one country
to another and later recovered and transferred to the appropriate species
and have resulted in. live calves and .lambs born.

Media have been developed

to store fertilized ova for an extended period of time.

Semen has been

successfully frozen and rodent ova have also been successfully frozen and
later capable of development.
the sex of the offspring.

Research efforts are now underway to control

Considerable work has been in progress in

-2in attempts to find methods of synchronizing estrus which will be easy to
apply, very effective, cheap and with little or no side effects.

The

production of.a very effective method of synchronizing heat is a necessity
before many of the above mentioned procedures can be effectively applied in
the livestock industry.
Much of the synchronization work reported to date has involved small
numbers of animals and many trials have not been under western range condi
tions .

It was therefore considered important to study synchronization of

estrus in cattle and sheep under conditions as they prevail on the farm.

LITERATURE REVIEW
SOME BASIC CONCEPTS OF HORMONE ACTION AND INTERACTION
An application of recent advances made in our knowledge of the mech
anism regulating ovarian function in cattle is essential to a clear under
standing of the developments now occurring in the field of estrous cycle
regulation.
The basic interactions between the pituitary and the ovary, shown
schematically in a somewhat over simplified form appear in Figure I
(Hansel 1961) .
Follicle Stimulating
Hormone
(FSH)---------

Anterior
pituitary

Luteinizing
Hormone
--- > (LH)

Luteotrophic
Hormone
(LTH)

+

Ovary

Follicle

Ovulation

Corpus
luteum

EstrogenProgesterone
Figure I.

Interrelations between the anterior pituitary and the ovary.

Follicle growth and ovum maturation occur primarily under the influence
of FSH, although small amounts of LH undoubtedly synergize the reaction.
This rapid follicular growth, which occurs between the IOth day of the cycle
and the beginning of the estrus in the cow is associated with increased
estrogen production.

Estrogen is thought to inhibit the pituitary production

of FSH and to facilitate the release of sufficient amounts of pituitary LH
to cause ovulation in addition to bringing the animal into estrus.

The

gonadotrophins producing basophils (delta cells) in the bovine pituitary

undergo a very rapid process of degranulation just before the beginning of
estrus, which may reflect the final FSH release which causes preovulatory
swelling of the follic-le (Hansel et al., 1.958) .

LH release in the cow prob

ably occurs at some later time, during the 18 hour period of estrus, and
ovulation results, on,the average, 11 hours after the end of estrus (Hansel
et al., 1958) .
Following ovulation, the corpus luteum begins to develop and the third
pituitary gonadotrophin, luteotrophic hormone (LTH) is thought to cause it
to secrete progesterone.

However, it should be emphasized that it has not

yet been possible to specifically demonstrate a luteotrophic hormone in the
bovine.

The corpus luteum normally increases in size and progesterone con

tent until the 16th day of the cycle, at which time it begins to regress
rapidly.

Simpson.(1959) has given an excellent detailed account of these

interrelationships between the gonadal and gonodotrophic hormones.
Since 1950 a great deal of information has accummulated to show that
the hypothalmus, and higher nerve centers as well, exert marked influences
over the secretion of the pituitary gonadotrophins.

Results of experiments

conducted in this area have given rise to a neurohumoral concept of the
mechanism of ovulation and corpus luteum formation.

It appears that the

release of the pituitary gonadotrophins necessary for follicle maturation,
ovulation and corpus.Iueum formation is controlled by one or more neurohum- '
ors produced by hypothalmic nuclei, or higher nerve centers, and transported
to the anterior lobe of the pituitary by way of the specialized hypophyseal
portal vascular- system.

Evidence of this concept, especially as related to

the bovine, was reviewed recently by Hansel (1959).

-5Little is known of the nature of these hypothaImic mediators, or of the
exteroceptive pathways to the hypothalmus and the stimuli which activate
them in various species. Although incompletely understood, this mechanism
is of particular importance because it changes our concepts of how gonadal
hormones influence gonodotrophic hormone secretion and provides a partial
answer to the question of how changes in an animal’s environment are con
verted into changes in the nature and quantities of gonodotrophins secreted.
Studies aimed at finding the nature of the hypothalmic neurohumors
and the environmental factors which influence their release in the cow have
provided additional methods for altering the cycle.
METHODS OF ALTERING THE ESTROUS CYCLE
A great deal of experimental work has been conducted in an attempt to
find a simple and dependable method for regulating estrus and ovulation in
animals, without impairing fertility.

There are several potential practical

applications for such a method in all the farm animals, especially in beef
and dairy cattle operations.

Such a method will not only treat several

types of infertility but the predetermination of estrus and ovulation will
allow large numbers of animals to be bred within a period of a few days.
Development of such a method is necessary before artificial insemination
can be applied on a large scale in the livestock.
Enucleation of Corpus Luteum
It has been known for some time that the corpus luteum regulates the
time of estrus.

Loeb (1918) reported that the removal of the corpus luteum
(

shortened the estrous cycle in the guinea pig.

Hammond (1927) and McKenzie

and Terrill (1937) found this to be true also for the cow and the ewe.

Dowling (1949) removed the corpora lutea from 76 dairy; cows and reported 90
percent stood for service 2 to 4 days later.

He also pooled data of 232

animals and showed a variation of onset of estrus after the expression of
the corpus luteum to be I to 7 days with a mean of 4 days.

Dowling further

reported that the first ova occurring after expression of the corpus lutea
were readily fertilized.

This method has the disadvantage that the corpora

cannot be easily removed at all stages of the cycle.

Hemorrhage after the

removal of the corpora lutea may also be a problem.
A simple method for altering the estrous cycle consists of manual
removal of corpus luteum through the rectal wall.

This method is only

practicable in large species of animals like cattle, buffalo, camel, horse,
and elephants.

The expression of corpus luteum results in the female

coming into estrus as it removes the inhibitory effect of progesterone, thus
new follicles develop and estrus occurs.

Hammond and Bhattacharya (1944)

mentioned..that on the average the cow will come in heat four days after the
removal of the corpus luteum.

Jakobson and Teige (1956) found much varia

tion in a large group of cows in Denmark (Table I).

Roberts (1956) reported

observable estrus occurred in 50 to 8.0 percent of the cows within 2 to 7
days after corpora lutea removal.

Conception occurred in 50 to 55 percent

of the animals bred.
Hammond Jr. (1950) treated cows with various doses of pregnant mare
serurn^'.: either towards the end of the normal cycle, or prior to expression
of the corpus luteum.
ovulations and calving.
commercial application.

The object of the treatment was to obtain twin
The results were not consistent and did not justify

Table I.

Group

The occurrence of estrus in cows after removal of corpora lutea from the ovaries . I/
Interval in days, from enucleation
Estrus
Estrus
to 1st insemination
No. CL
not induced
induced
8-21
removed
1-7
22-28
29-50

Cows not bred since
calving

Cows inseminated
since claving

1,509

No.
%

183
12.1

1326
87.9

811
82.0

129
9.7

269
20.3

117
8.8

597

No.
%

43
7.2

554
92,8

351
63.2

, 59
. 10.7

104
19.0

40
7,2

No.
%

57
12.9

383
87.0 .

256
66.3

29
7.6

„
18.8

. 28.
7.3

No.
%

10
5.0

190
95.0

116
61.1

20
10.5

37
19.5

17
9.0

Heifers not previously
•400 .
bred
.
'\
Heifers previously
inseminated

200

Total
Average
I/

(Jakobs en and Teige, 1956)'.

No.
7,

293
10.7

2453
89.3

1532
62.5

237
9.7

482
19.7

202
8.2

“

8
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Regardless of the skill of the person performing the operation, an
occasional cow will die after corpus luteum removal as a result of excessive
hemorrhage (Hansel, 1959).

The incidence of adhesions in and around the

oviduct also appears to be increased as a result of corpus luteum removal.
Such adhesions may lead to infertility in subsequent years.

These factors

have lead to a decline in the popularity of manual corpus luteum removal
as a treatment for "retained" corpora lutea and almost preclude the routine
use of this method to regulate estrus and ovulation.
Progestogen Injection or Feeding
Progesterone is a steriod hormone produced mainly in the corpus luteum
which develops cyclically in the ovary.
membranes during pregnancy.

It is also produced by placental

Progesterone has other functions in addition

to suppressing estrus and ovulation and maintaining pregnancy (Turner, 1961) .
Several compounds have been synthesized in the last decade, which have
progestogenic activity.

Scientific workers have attempted to control estrus

in several mammalian species using some of these synthetic compounds.
Laboratory animals
Selye at al. (1936) reported that injection of 4 mg. of synthetic pro
gesterone caused the cessation of estrous cycles.

There was ovarian atrophy,

hypertrophy of pituitary and slight atrophy of thymus.

Everett (1940)

reported that administration of small sub-inhibitory quantities of progester
one restored the regular cycles in persistant estrus rats.

The effective

amount ranged from 0.25 mg, to 1.0 mg. per day.
Crystalline progesterone in doses 1.5 mg. and greater inhibited estrous
cycles in normal female rats, but were resumed 3 to 5 days following the

-9Iast injection.
1937).

Smaller doses, less than 1.5 mg. failed to do so (Phillips,

An injection of extract of sows' corpora lutea and progesterone

prepared from stigmasterol inhibited ovulation after mating in rabbits.

In

many rabbits injection of progesterone inhibited post paftum estrus and they
did not accept the buck (Makepeace et al_., 1937) .
An injection of 0.5 to I mg. of progesterone usually caused atresia of
large follicles and appearance of diestrous in persistant estrus. rats
(Everett, 1943).

Ring (1944) reported that estrogen and progesterone admin

istered in sequence were more effective than estrogen alone in inducing
sexual receptivity in the spayed female mouse.

The optimum amount of pro

gesterone was 0.05 mg. and the optimum time interval between injections
was 48 hours..

The mating behavior induced by the synergistic action of

progesterone and estrogen appeared to be more normal in character than that
induced by estrogen alone.
Murray and Eden (1952) reported that am injection of progesterone (I
to 15 mg./lb. body weight) delayed estrus in bitches for a protracted period.
The injection was repeated at 2 to 3' weeks interval.
of toxicity.

There was no evidence

Similar results for bitches were also reported by Candlin

(1955) by injecting progesterone (I to 2 mg./lb. body weight) at weekly
intervals.

The animals showed normal estrus about 10 days to two weeks

followed by withdrawal of the hormone.
Cochrane and Meyer (1957) reported high doses of progesterone, when
injected into the bred female rats, delayed nldatin.

Karnofsky et aJL. (1952)

reported that newly born mice were highly susceptible to the toxic and leth
al action of progesterone, but within 2 to 3 days, resistance developed

-10rap idly „

Progesterone given during the last three days of gestation caused

death of embryos.
Dziuk (1960a) indicated that diets containing either progesterone or
6 a-methyl 17 a-hydroxyprogesterone acetate completely inhibited mating in
mice.

Inhibition was effective after a preliminary treatment period of 4

days and extended beyond end of treatment for at least 64 hours later.
Eighty-nine percent of the mice which mated were pregnant.
females had a mean of 10.4 living fetuses.

The pregnant

Ingestion of treated diets by

males did not affect their fertility or libido.
Cattle.
When heifers were injected with progesterone for a varying number of
days starting near the end of the estrous cycle, it was observed that all
the heifers exhibited estrus 5 to 6 days after the last injection (Christian
and Casida, 1948; Willet, 1950; Graham, 1952; Donker9 1952; Trimberger and
Hansel, 1955; and Greenstein at aJL., 1958).

These workers also reported

that 50 mg. of progesterone injected daily was capable of inhibiting estrus
and ovulation during the treatment period.

When lower levels were injected

daily it prevented estrus during the treatment period but did not suppress
ovulation.
Other workers have indicated that animals exhibit estrus 3 to 8 days
after the last injection of progesterone.

The majority of the animals will

come in heat from the fourth to the sixth day post treatment (Donker9 1952;
Dziuk, 1955; Nichols, 1957; Hansel and Malvin, 1960; Hapsel et a l ., 1961;
and Ulberg et_ al_., 1951).

When animals were given a single injection of pro

gesterone they exhibited estrus 15 to 30 days later (Foote, 1962; Fosgate

-11et a l •, 1962; Nellor and Cole, 1954; 1956; and Ulberg et a l ., 1954).
It has been reported by several people that by feeding synthetic pro
gestogen (Provera) for several days, cows exhibited heat 2 to 5 days after
the last feeding (Collins et a l ., 1961; NelIor et a l ., 1960; and Zimbleman
et ajL , 1961)o

Some workers have indicated that the length of the first

astrous cycle after treatment was prolonged for several days beyond normal
time (Trimberger and Hansel, 1955; and Willet, 1950).
Several scientists have reported that conception on the first estrus
after treatment with progestogens is lowered.

This decrease in fertility

is temporary and overall conception is not affected (Graham, 1952; Foote,
1962; Trimberger and Hansel, 1955; and Zimbleman, 1961).
Nelms and Combs (1961) conducted a trial by feeding Provera at the rate
of 0.8 m g ,/lb. body weight.

Ninety percent of the cows showed estrus on the

third, fourth, and fifth day following the removal of the hormone„

Sixty

percent of the cows calved as a result of breeding at the synchronized
estrus.

In the second trial cows received 220 mg. of Provera per day on

twice a day feeding for 15 days.

Estrus occurred in all cows, on the second

and third day. after the removal of the hormone.

Sixty-seven percent -of■the

cows were diagnosed pregnant to breeding on the first estrus following
treatment.

It has been indicated by several workers that when the ewes were inject
ed with 10 mg. of progesterone for several days estrus and- ovulation was
suppressed during the treatment period.

Seventy to 95 percent of the ewes

exhibited estrus within 3 to 7 days of the last injection (O'Mary, 1950;

-12Dutt and Gasida9 1948; Hunter, 1954; Raeside and Lamond, 1956; Robinson,
1959; and Foote and Matthews9 1962).
Some workers used only a single injection of progesterone to synchron
ize estrus in ewes and it was reported that estrus and ovulation was sup
pressed for 12 to 16 days.

This inhibition depends upon the stage of breed

ing season (Robinson, 1956(a) and 1956(b) and Wagner et al., i960).
Several injections of progesterone followed by an injection of pregnant
mare serum (PMS) in various,dose levels have been used in normal ewes.

This

combination of hormones has been reported to be more effective in controlling
/
estrus and ovulation than the use of progesterone alone (Hunter, 1955; Butt9
1953; Robinson9 1956(b) and 1958; Raeside and Lamond, 1956; Benny and
Hunter9 1958; Edgar and Ronaldsom9 1958; Gordon9 1958; Davies and Dun, 1957;
Lishmam and Hunter9 1961; and Bradon and Radford9 1960).
Ewes fed 50 to 100 mg. of Provera (6 a-methyl 17 a-hydroxy progesterone)
mixed with their feed, did.not exhibit estrus during hormone feeding.

Two

to five days after the last feeding' of Provera9 75 to 98 percent of the ewes
exhibited estrus (Hinds, 1961; Hinds et a l ., 1962(a) and 1962(b); Evans et
al . . 1961; Combs et al.., 1961; and Hague et a l .$ 1961 and 1962).

Similar

results have been reported by feeding 50 mg. of Provera per ewe per day for
14 days by Evans et al., (1962).
Ifc has been reported by several workers that fertility on the synchron
ized estrus of ewes is lowered.

This, decrease in fertility was temporary

as the optimum fertility was regained by the second post-treatment estrus
(Foote and Matthews, 1962; and.Hogue et a l ., 1961 and 1962).
On the other hand Evans et a l ., (1961.and 1962) reported that 63 to

-1384.2 percent of the ewes lambed to the first post treatment breeding.

Hinds

et a d . , (1962(a)) mentioned that there was no evidence to indicate any influ
ence of hormone treatment on percent of ewes lambing, number of lambs born
per ewe lambing, or performance of lambs.
\
It has been shown that ewes treated with Provera remained synchronized
up to the third estrus post feeding (Foote and Matthews, 1962; and Hogue et
a l ., 1961).
Swine
When gilts were injected with 50 to 100 mg. of progesterone for several
days, both estrus and ovulation were suppressed.

Doses lower than 50 mg.

suppressed heat but ovulation was not prevented (Ulberg et. a l ., 1951(b);
Baker et al.., 1954; and Sammelwitz and Nalbandov, 1958).
It has been observed that estrus and ovulation were successfully sup
pressed when gilts were fed Provera once daily at varying dose levels above
50 mg. for several days.

The gilts exhibited estrus 3 to 6 days after the

last feeding of Provera (Nellor, 1959 and 1960).

Eighty nine percent of the

gilts showed heat 4 to 5 days after progestogen feeding (0.5 mg. per pound
body weight daily,, for 15 days) was terminated.

Similar results have been

reported by First et a l ., (1960 and 1961).
Dziuk (1960(b)) fed gilts either crystalline progesterone or Provera
(1000 mg. or 20 to 30 mg, respectively) for 14 to 21 days.

Estrus was in

hibited in 62.5 percent of gilts receiving 1000 mg. of progesterone per day
but ovulation was not inhibited,.

Estrus was inhibited by all levels of

Provera feeding but ovulation was inhibited only by levels exceeding 50 mg.
per day per gilt.

On the fourth, .fifth, sixth, or seventh day after

“

14

“

resuming normal diet, 50 percent of the animals showed estrus and 80 percent
ovulated.

The conception rate and number of fetuses (litter size) were not

affected by hormone treatment.
Dziuk and Baker (1961 and 1962) indicated that follicles capable of
ovulation were developed in gilts 5 or 6 days after withdrawal of oral
administration of 500 mg. 6 a-methyl 17 a-hydroxy progesterone acetate per
female per day for 8, 9, or 10 days.

These follicles began to ovulate

spontaneously in some gilts about 10 days after treatment but ovulation had
not occurred before 18 days after treatment in other cases„

When gilts were

injected with 250 to 2000 I.U. of Human Chorionic Gonadotrophin (HGG) 5, 6,
7, or 8 days after treatment, ovulation occurred in 94 percent of the ani
mals 40 hours after injection.

A small percentage of the animals exhibited

estrus at this ovulation, while most of the animals exhibited estrus 21 to
23 days later.
It has been reported that when gilts were fed CAP (Syntax RS-1280, 6

6
ChloroiZV -17 acetoxyprogesterone) above 25 mg. daily for 18 days, it inhi
bited estrus and follicular growth during treatment. However, lower levels
did not suppress the follicular growth (Wagner and SeerIy, 1961).
It has been reported that cystic ovaries develop in a high percent of
the gilts,following progestogen treatment (Ulberg et a l ., 1951(b); and
Wagner and Seerly, 1961).
Fahning et_ a l ., (1962) concluded that effective synchronization was ob
tained in gilts following progesterone injections (100 mg. daily or 300 mg.
every third day) and neither fertility nor litter size were impaired.
Ulberg (1955) reported that there are marked species differences in

-15response to controlled estrus with the use of progesterone.

Gilts which

require the highest daily injections of progesterone to control estrus are
the. least predictable.

Some groups will develop cystic follicles on one

dosage while other groups will become cystic on the other dosages.

The loss

of potential young in this species seems to be through factors acting on the
ovary or ova.

The reaction of cattle to a given dosage of progesterone can

be predicted to a certain degree.

However, a temporary condition of infer

tility develops on all but the most critical dosage.

It appears that the

higher dosage will best control time of estrus but the lower dosage will
permit a higher conception rate.

Sheep which require the lowest dosages of

progesterone to control ovarian function seems to be most predictable.

The

subsequent conception rate is least affected.
Oxytocin Injections
The currently prevailing concept is that oxytocin is a neurosecretory
product that arises in the neurons of certain hypothalmic nuclei (Turner,
1961).

The hormone-containing secretion flows along the axons of the

hypothalmo-hypophysial tract and is freed into the posterior lobe of the
pituitary (Turner, 1961) .

Two main functions have been ascribed to oxytocin

in the promotion of the uterine contractability;

(a) to facilitate the

ascent of spermatozoa in the female tract after intromission and (b) to expel
the fetus from the female tract at parturition.

One of the best established

functions of oxytocin is its role in stimulating milk ejection (Truner, 1961)
Recent studies in the mechanism of ovulation in the females has given
considerable importance to oxytocin with a concept of neurohumoral control
of the release of the hormones causing ovulation.

It is believed that the
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neurogenic mechanism causes the release of luteinizing hormone (LH) in the
cow (Hansel, 1959) .

This factor might be oxytocin as suggested by Hays and

Van Demark (1953), who showed that the oxytocin was released at mating and
artificial insemination.

Marian et al., (1950) reported that sterile copu

lation hastened ovulation time in heifers.
Hays and Carlevaro (1956) reported that noncycling cows showed estrus
I to 7 days following electrical stimulation by the insertion of electrodes
in the rectum.

Similar results have been reported by Hafez (1961).

This

suggested release of gonadotrophic hormones that stimulate follicular devel
opment (Hays and Carlevaro, 1956).
Armstrong and Hansel (1958) found that daily injections of oxytocin
preparation (Armour's Purified Oxytocic Principle, P.O.P.) apparently free
of gonadotrophins, caused major alterations in the bovine estrus cycle.
Seven daily injections of oxytocin (50 I.U. intravenously and 100 I.U.
subcutaneously), the first of which was given during estrus and prior to
ovulation, were followed by normal estrus and ovulation 2 to 5 days after
the last injection.

The corpora lutea which formed while the oxytocin in

jections were made appeared to be nonfunctional, or at least only partially
functional.

The subsequent estrous cycles were of normal length and ovula

tion occurred at the normal time.

Similar results have been reported by

others (Hansel et_ al_., 1959; Hansel and Wagner, 1960; and Hansel et_ a l ..
1961).

Lower conception rates occurred in the heifers bred at the estrus

following the oxytocin plus progesterone treatment (Hansel et a l ., 1959) .
Oxytocin administered to heifers (50 I.U. intravenously plus 50 to 100
I.U. subcutaneousIy) at the beginning of estrus significantly hastened the

-17time of ovulation.

In a subsequent experiment essentially the same doses

of oxytocin proved incapable of overcoming the ovulation blockage effects
of atropine when both substances were given at the beginning of estrus.
Chorionic gonadotropin is the only substance yet tested which is capable of
overcoming atropine blockage... of ovulation in the dow (Hansel et a l ., 1958) .
Hafez (1961) reported that .\daily administration of natural or synthetic
oxytocin to post pubertal,.non lactating, dairy heifers during the first week
of the estrous cycle markedly]shortened the diestrual period.

The next

estrus occurred from 8 to 12 days after the previous one, instead of the
usual 21 days.

These precautious estrous periods seemed normal in every

respect, being followed in all cases by ovulation at the expected time.

In

all cases the subsequent diestrual periods were of formal length.
Estrogen Injections Alone and in Combination With Other Hormones
Zavadovskii et a l . (1936) reported that when the cows were injected
with 200 to 3000 M.U, of Prolan, the ovulation was induced in 33 to 40 per
cent of the animals.

Doses ovef 700 M.U,. were most effective but very large

doses caused signs of degeneration.

•• L-•
Pituitary emulsion,and'whole pregnant

urine were also effective.
Estrus can be produced in the ovariectomized cows by remarkably small
doses of estrogenic substances.

The small amounts of progesterone can act

synergistically with estrogen in the production of estrus (Asdell et a l .,
1945; Melampy et a l ., 1957; and Sykes, 1955).

Larger doses of progesterone

on the other hand, clearly inhibit the induction of estrus in the ovariec
tomized cows and reduce the length in normal cows (Hansel, 1949; and Melampy
et al.., 1957).

In addition to producing estrus in ovariectomized cows.
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estrogenic hormones have been shown to cause many of the changes in the
reproductive tract occurring in the normal animals during the estrus cycle
(Hansel, 1959).
Estrus and ovulation can be inhibited by daily injections of small
amounts of progesterone and estrus occurs 2.5 to 9.5 days post treatment
in 86 percent of the animals.

Administration of several daily injections

of progesterone has a depressing effect upon the rate of pregnancy in
animals inseminated during estrus subsequent to treatment, with the higher
dosage being more detrimental.

An injection of 0.5 to 10,0 mg. of estra™

dial benzoate three days after the last injection of progesterone initiated
estrus and caused ovulation without a further reduction in pregnancy rate.
The estrogen also removed much of the variation in the onset of the estrus
subsequent to progesterone administration.

There was no indication that

any treatment affected productivity of the cow during the administration of
the hormones, the gestation length, birth weight, or the sex ratio of the
calves born.

It was suggested that estrogen used in this sequence facili

tates the release of the luteinizing hormone to cause ovulation in beef
cattle (Ulberg and Lindley, 1960).
Foote and Waite (1961) used estrogen and progesterone in various
combinations to synchronize estrus in ewes.

It was found that the ewes

which were receiving estradial in addition to progesterone demonstrated
estrus significantly earlier than groups receiving estradial alone or
controls.
An injection of progesterone to rats on the third day of the estrous
cycle accelerates ovulation and vaginal corriification by 24 hours.

An

-19injection of progesterone on the first day of diesfcrous results in five day
cycles (Everett, 1948).
It was found that neither estrogen nor progesterone when injected alone
was followed by ovulation in rabbits.

Forty percent of the rabbits ovulated

after the combined treatment of estrogen and progesterone.

These rabbits,

after treatment, ovulated spontaneously without the coital stimulus normally
required fco induce LH release from the hypophysis in this species (Sawyer
at al., 1950).
Wiltbank and Zimmerman (1962) gave a combined treatment of progesterone
and estrogen to synchronize estrus in cows.

Within five days of. the last

treatment, 68 to 100 percent of the animals exhibited heat in various groups
of animals.

Anderson ejfc a l ., (1962) reported that the estrus was inhibited

when the heifers were given 98.5 percent 17-a-efchyml=17-hydroxy ester-5 (10)=
em-3-one (non-ethynodrel) and 1.5 percent 17-a=ethynl-3=17 estradial-methyl
ether for 10 days at the rate of .042 to .8 mg. per pound body weight.
injected animals were observed in estrus 3 to 7 days post treatment,

The

-A

single injection of these steroids did not synchronize estrus.
Kidder BtiSijL, (1955) injected gilts with diethylstilbestrol on either
the sixth, eleventh, or sixteenth day of the estrual cycle.

Injections on

the eleventh day were observed to lengthen the estrual cycle significantly,
apparently due to the Luteimization of the follicles.

Injections on the

sixteenth day were variable in effect but most frequently caused a signifi
cant shortening of the cycle.

Injections given on the sixth day of the cycle

had no apparent effect.
Bay et a l ., (1959) synchronized estrus in swine by injecting FSH

x
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(Amour's pituitary gonodotrophin) .

The FSH was administered at levels

ranging front 20 to 40 Armour units per gilt.

Five to 80 mg. of estradiol

benzoate was injected one day after FSH injection.

It was noticed that ■

estrogen had little effect in promoting estrus in gilts injected during the
luteal phase of estrous cycle, whereas estrus was induced by treatment dur
ing the early follicular phase.

Fifty percent of the gilts given a single

injection of FSH at various stages of the estrous cycle showed boar accept
ance 18 to 23 days after this hormone was administered.

Sixty-five of 73

ova recovered from these gilts showed cleavage stages of two or more blastomeres.

Estrus was induced in ovariectomized gilts administered 0.2 mg.

o f 'estradial benzoate per 100 pound body weight.

Estrus was not observed

in animals receiving I mg of estrogen and a single injection of progester
one at the rate of 50, 100 or 200 mg. per 100 pound body weight.
Spalding (1955) reported that ovulation was induced in gilts during the
various phases of the estrous cycle but a single injection of 35 I.U. of
gonadotrophin (FSH) but heat did not occur in any of the injected animals.
An intravenous injection of sheep pituitary extract to gilts caused
ovulation 36 to 48 hours after, whether.administered on the sixth, seven
teenth or twentieth day of the estrous cycle (Tanabe et_ a l ,, 1949).
Heitman and Cole (1956) gave a single injection of equine gonadotrophin
(1120 to 3400 I.U.) to laetafcing sows of four breeds.

The injection induced

estrus in 76 percent of the sows injected between the 20th and 39th days of
lactation and 86 percent of those injected between the 40th and 50th days.
Following breeding at this time, 44 percent farrowed when injected between
day 20 and day 39 while 66 percent farrowed in the later injected group.

-21Breeding sows a second time, 24 hours after the first, resulted in a higher
percentage of sows farrowing than breeding only once on the first day of
estrus.

-22CHEMICAL, PHYSICAL, AND PHYSIOLOGICAL PROPERTIES OF THE PROGESTOGEN "PROVERA"
This progestogen is steroid in nature.

Under trade name it is called

"PROVERA" (Upjohn) or "Depo-Provera" while as a trivial name it is called
17 a-acetoxy 6 a-methyl-progesterone or 6 a-methyl 17 a-hydroxy-progesterone
acetate.

Systematically the compound can be named as 17 a-hydroxy 6 a-methyl

pregn-4-en-3-one I7-acetate.

The structural formula appears in Figure 2.
CH~

I
C = O

O

—

O-C-CH

CH3
Figure 2.

Structural formula of "Repromix" (Provera)

(Barnes, 1962).

Provera is a white to off-white, odorless., crystalline powder melting
at 200 to 208° C .

It is practically insoluble in water, only slightly sol

uble. in ether and somewhat soluble in alcohol and chloroform.

The inject

able form of the compound is known as "Depo-Provera" while the. oral adminis
tration form is known as "Provera" .

The premix containing Provera and us->d

for beat synchronization of farm animals is called by its trade name
"Repromix".
Provera shows exceptionally high progestational activity when adminis
tered in tablet form by mouth, of Depo-Provera by intramuscular injection

-23the duration of action is greatly prolonged.

Comparative studies in ovar-

iecfcomized rats indicate that orally and subcutaneousIy administered Provera
are respectively approximately 5 and 25 times as effective as subcutaneously
administered progesterone in maintaining pregnancy.

Progesterone is rela

tively inactive orally (Upjohn, 1962).
Provera is highly active in suppressing ovulation in experimental ani
mals „

When injected subcutaneously, Provera is 20 to 30 times as potent as

progesterone in this respect.

Comparative studies of the suppression of

follicle stimulating hormone (FSH) and luteinizing hormone (LH) in rats
indicate that Provera is considerably more active than progesterone.
The estrogenic activity of Provera as measured on spayed immature rats,
is approximately 1/10,000 that of estradial.

Androgenic activity of Provera

as measured on castrated weanling rats, by the increase in weight of seminal
vesicles, is non-significant (Upjohn, 1962).
Provera has been and is being used very liberally in the human practice.
Replacement therapy with progestational agent has been found useful in a
number of conditions associated with pregnancy and menstruation including
■'secondary amenorrhea, functional Uterine -bleeding, infertility, threatened
and habitual abortion, dysmenorrhea and premenstrual tension.

In the pre

sence of a deficiency of endogenous progesterone administration of Provera
in adequate doses is capable of re-establishing normal cyclic menstruation,
producing changes in the endometrium necessary for implantation of the fer
tilized ovum, and of maintaining pregnancy.

Due to its ability to suppress

ovulation it is commonly used as antifertility agent in human practice
(Upjohn, 1962).
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-24Common use of Provera as an antifertility agent in humans has lead the
animal physiologist to utilize it in the reproductive control of animals.
In the past few years, animal scientists have initiated trials using Provera
or Repromix to synchronize the estrus cycle of female animals.

PROCEDURE
- SYMBOLS
Throughout the remainder of this report the following symbols will be
used for the sake of convenience:
Cattle
C

-- Control group fed 2 pounds of same ration fed the
synchronized groups but no progestogen except in Trial
. Ill where the cattle in this group received no supplement,

1- C -- Synchronized group fed 180 mg. of Provera per cow at one
daily feeding in 2 pounds of concentrate.
2- C -- Synchronized group fed 180 mg. of Provera per cow in two
daily feedings, I pound of concentrate in the morning and
I pound in the evening.
Sheep
S

-- Control group which were fed I pound of grain mixture per
ewe per day with no progestogen.

1- S -- Synchronized group which were fed 50 mg. of Provera per
ewe per day in I pound of grain mixture and bred at
first estrus following hormone withdrawal.
2 - S -~ Synchronized group which were fed 50 mg. of Provera per
ewe per day in I pound of grain mixture and bred at
second estrus following hormone withdrawal.
OBJECTIVES
These trials were initiated with the following objectives:
To determine the effectiveness of feeding a progestogen (Provera)
on synchronization of estrus in cows and ewes.

-26To determine the effect of progestogen feeding on reproductive
performance of cows and ewes.
To investigate the effect of one, two or three inseminations at
specific intervals subsequent to progestogen feeding on reproductive
performance of cows.

)
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The first trial was conducted at the Jess Kilgore Ranch at Three Forks.
Forty-seven heifers in very good condition and 12 to 14 months of age were
available for the experiment.

These heifers were of Angus, Hereford and

Angus X Hereford breeding and averaged 669 pounds going on trial.

The

heifers were fed in drylot throughout the feeding period, with each treatment
group being in a different area.
The Provera containing premix. Repromix, was mixed into a commercial
concentrate (Table II) at the rate of 90 mg. per pound of feed.

This 20

percent protein concentrate was then pelleted by a local feed company.

The

same concentrate without the progestogen was also available for feeding to
control animals.
Table II.

Composition of the basic concentrate.

Ingredient

Pounds

Mill run

750

Barley

200

Dehydrated Alfalfa

200

Cottonseed Meal

500

Trace Mineralized Salt

50

Feed Phosphate (Deflourinated phosphate)

40

Vitamin A (20,000 I.U.)

4

Wheat Germ

100

Molasses

156

2000

“28 The two synchronized groups, I-C and 2-C, received a total of 180 mg.
of the progestogen each day in two pounds of feed.

The difference in the

treatment being I-C received the entire two pounds of feed at one feeding
each morning while group 2-C received one pound in.the morning and one pound
in the evening.

The control group, C, received two pounds of the concen

trate containing no progestogen each morning. All animals were kept in
drylofc and were given mixed hay (alfalfa and grass) ad libitum.

All ani

mals were group fed and carefully observed for estrus while on treatment.
Each animal in this trial was identified by individual eartags and .also by
a number brand.

The feeding began April .27 and continued for 18 days.

After the 18 day treatment period had terminated, the heifers were
carefully checked several times during the day for symptoms of estrus.
Animals that showed heat in the morning were inseminated the same afternoon
and animals showing heat in the evening were inseminated the following
morning.

In cases where extended periods of estrus were noticed, if a

heifer showed estrus 12 hours after being inseminated she was reinseainated
24 hours after the first insemination.

Any heifer which did not exhibit

estrus within 3% days from hormone withdrawal were bred artificially and
data pertaining to mucous and opening of the cervix were noted.

The insem

ination program in the control group began May 15 and continued 33 days.
During the period 2I days following the last Provera feeding, the
heifers were reinseminated if they exhibited heat and following this time
they were placed in a pasture with a bull.

Seventy days after the termina

tion of the treatment all the heifers were pregnancy tested by rectal
palpation.
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A second trial was conducted on the Nick Muir Ranch at Harlowtoim,
Montana,

One hundred fifty females of all ages and either of the Angus or

Hereford breed were available on this trial.

The breed and age distribution

in each treatment group were as follows:
Mature Hereford cows - - - - 21
Hereford heifers - - - - - Mature Angus cows
Angus heifers

5

------

19

- - - - - - -

5

50
The mature cows in this trial were 45 days or more post parturn at the
time experimental feeding began.

All animals were individually identified

by numbered, two inch square plastic ear tags.

The same concentrate, was used

in this trial as in Trial I and the same treatments were imposed.
mals were placed in individual pastures by treatment.
sparse due to the preceeding drought.

The ani

The grass was very

The animals in each pasture were

congregated before the concentrate was fed.
The treatment was initiated on May I and continued for 18 days.

The

two synchronized groups., I-C and 2 -C, were congregated in corrals during
the period from 24 to 72 hours after hormone withdrawal.

A sub treatment

was imposted on all progestogen fed females based on number of inseminations:
Gne insemination

-- routine insemination, 12 hours after detected
in estrus, if estrus not detected inseminated
72 hours after withdrawal.

Two inseminations

-- 48 and 72 hours after withdrawal regardless of
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estrual condition.
Three inseminations -- 48, 60 and 72 hours after withdrawal regardless
of estrual condition.
All animals were inseminated with frozen semen of their respective
breed.

The insemination program in the control group began May 14 and

continued for 43 days.

The cows were later put on pastures with bulls of

different breeds to color mark calves which resulted from natural mating.
TRIAL III
This trial was conducted on the George Brewster Ranch at Birney, Montana,
which is situated in the southeastern part of' Montana.

One hundred and five

females of Hereford breeding were available for the trials.

The number of

S

cattle in each treatment group were unequal being 45, 30 and 30 for groups
G, I-G and 2 -C, respectively.
The Provera was mixed with sorghum grain at the rate of 90 mg. per
pound of grain.

The controls in this trial did not receive any concentrate

during the trial period.

Group I-C received two pounds of the concentrate

per cow per day at one morning feeding and group 2 -G received a total of two
pounds' of the concentrate but was fed one pound■in the morning and one pound
in the evening.

The treatment period began June 14 for group I-G and on June

12 for 2-C and continued for 18 days in both groups.

Each of the treatment

groups grazed in small individual pastures and the animals were group fed
the concentrate.
Insemination of the control animals began on June 22 and a routine
insemination program was followed.

Beginning 24 hours post treatment the

animals in groups I-G and 2 -G were watched continuously for symptoms of

-
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estrus. As the cows were detected in heat they were inseminated 8 to 12
hours later.

In cases where extended estrus was observed cows were rein

seminated 24 hours after the first insemination.

Cows not detected in heat

in the two synchronized groups, I-C and 2-C, were inseminated 72 hours, post
treatment.

Following the insemination program the cows were all naturally

mated on pasture. .
TRIAL IV
This trial was conducted at the Fort Ellis Farm about 5 miles east of
Bozeman.

One hundred fifteen ewes of Targhee, Columbia and crossbred breed

ing which were the property of the Montana Agricultural Experiment Station
were used in this trial.
years.

The ewes were of mixed ages varying from I to 7

The ewes were allotted into three groups with the age and breed

distribution being equal in each group.

The number of ewes in groups S,

I-S and 2 -S was 37, 39, and 39, respectively.
Provera was added to the concentrate which consisted of 60 percent dry
rolled barley and 40 percent beet pulp.

The concentrate containing Provera

(50 mg. per pound) was fed groups I-S and 2 -S at the rate of one pound per.
ewe per day, once a day.

The control group, S i received one pound of the

grain mixture which contained no hormone.
on October 26 and continued for 18 days.

The experimental feeding began
All ewes were group fed the con

centrate and in addition first cutting alfalfa hay of relatively poor qual
ity was fed ad libitum.
All the ewes in S and I-S were separated into breeding pens according
to breed.

Two rams were placed in each ,pen and the ewes of each specific

breed, regardless of treatment, were exposed to the same rams.

The rams were

-32painted on the brisket twice each day during the breeding period with a
thick paste made from fuel oil and ochre.

The breeding date of each ewe was

available by noting the date staining appeared on the ewe's rump.
were checked twice daily for fresh breeding marks.

The ewes

As the breeding date of

each ewe was recorded a paint,brand was also made on the head to facilitate
the spotting of freshly marked ewes.
The ewes in group 2-S were not exposed to rams until 9 days after
hormone withdrawal.

At this time they were separated by breed and put into

breeding peris along with the ewes from groups S and I-S.

The ewes remained

with the rams for two consecutive estrous cycles.
All the ewes were wintered as one group and first cutting alfalfa hay
was fed ad libitum.

During the last month of pregnancy the sheep were group

fed a 20 percent protein pellet.

All the ewes were sheared prior to lambing.

All lambs were individually weighed shortly after birth and identified by
means of a numbered aluminum ear tag in each ear.

The date of birth, ewe

number, sex and other pertinent data were recorded at this time.

RESULTS AND DISCUSSION
CATTLE
The Effect of Treatment on Estrus Control
Trial I
The heifers in the hormone fed groups began to exhibit estrus 24 hours
after the last feeding (Table III).

Two heifers in group 2 -C had shown

estrus within 24 hours and no animals in group I-C exhibited estrus until
36 hours after withdrawal.

The majority of the heifers in the hormone fed

groups showed estrus 36 and 48 hours after hormone withdrawal with the per
centage- being 75 and 80 for I-C and 2 -C 9 respectively.

The heifers In 2-C

exhibited estrus more rapidly than those in I-C with 14 of 15 heifers show
ing estrus within 48 hours as compared to 12 out of 16.

Two of the 16 ani

mals (12.2%) in the control group exhibited estrus during the 3% day period
after withdrawal as compared to 81.2 and 93.3 percent in groups I-C and 2-C,
respectively.

When the data from both hormone fed groups were combined, the

two peak periods of exhibiting estrus are at 36 and 48 hours with 83.9
percent having shown estrus within 48 hours from the last feeding.
Table’'III.

Treatment

Effect of treatment on estrus control, Trial I.
No. exhibiting estrus during 12
No.
No.
not
hour intervals after hormone
of
withdrawal.
showing
animals 24
36
48
72 estrus!,/
60

Percent
in estrus
within
3% days

C

16

0

2

0

0

0

14

12.2

I-C

16

0

3

9

I

0

3

81.2

2-C

15

2

9

3

0

0

I

93.3
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12

12

I

0

4

87.1

All hormone
fed (1-0
and 2-C)

I/ 'During the period 3% days after hormone withdrawal.

-34Hormone feeding significantly (P<^>01) increased the percent of animals
showing estrus within a 3% day period following last feeding (87.1% vs 12.2%).
Twice a day feeding of the hormone containing concentrate also significantly
(P<^.05) increased the percent of heifers exhibiting estrus as compared to
once a day feeding (93.3% vs 81.2%),
In this trial one heifer in I-C showed heat on the IOth day o f 'feeding
but also exhibited estrus 36 hours post treatment.

One heifer in 2-C

exhibited estrus on the 14th day of feeding and this animal also manifested
standing estrus 48 hours post feeding.

Three animals in I-C (18.8%) and one

animal in 2 -C (6.7%) did not exhibit estrus during the 3% day period follow
ing hormone withdrawal.

In the control group five heifers (31.2%) did not

exhibit estrus during a 21 day breeding period and two heifers (12,5%) did
not. show standing estrus during the entire 33 day insemination period.
Trial II
The results showing the effect of treatment on estrus control in Trial
II is shown in Table IV.

No animals in the hormone fed groups exhibited

estrus within. 24 or 36 hours after withdrawal but within 48 hours 17 animals
were found in standing estrus in both I-C and 2-C.

Within 60 hours from

last feeding, 58 percent, of the animals in I-C had shown estrus as compared
to 49 percent in 2-C,

The percent, of females which had shown estrus within

3% days after the last feeding was 10.0, 49.0 and 60.0 percent, for groups
G , .I-C and 2-C, respectively.

Progestogen feeding significantly (P<^„01)

increased the percent of animals exhibiting estrus within a period 3% days
after last feeding (54.4% vs 10.0%).

The differences in the percent of

females exhibiting estrus due to once or twice a day feeding of hormone

-35(60.0% vs 49.0%) was not significant (PJ>.05).
Table IV.

Treatment

Effect of treatment on estrus control. Trial II.
No. exhibiting estrus during 12
.N o .
No.
hour intervals after hormone
not
of
showing
withdrawal.
36
animals 24
48
60
72 estrusl/

Percent
in estrus
within
3% davs

C

50

0

3

0

I

I

45

10.0

I-C

50

0

0

17

12

I

20

60.0

2-C

49

0

0

17

7

0

25

49.0

All hormone
fed (I=C
and 2-C) 99

0

0

34

19

I

45

54.4

\J

■

During the period 3% days after hormone withdrawal.
In this trial 20 females (40%) did not show standing estrus in group

I=C and 25 females (51%) did not show standing estrus in group 2=C during
the 3% day period following hormone feeding.

In the control group 17 ani-

mals (34%) did not show estrus during the first 21 days of the breeding
period and 13 animals (26%) were not observed in standing estrus during
the entire 43 day insemination period.

No animals were recorded in estrus

in the two hormone fed groups during the feeding period.
Trial III
Considerable difficulty was experienced in getting the cows to eat the
sorghum grain with which the progestogen was mixed.

The trial began with

30 animals in groups I-C and 2=C and the trial concluded with 28 in I=C and
only 15 in 2-C.

Any cow which did not consistently eat the grain was

removed from the trial.
In this trial, as in Trial II, no females in the two hormone fed groups
exhibited estrus within 36 hours following the termination of the feeding

“36period.

The largest number of animals exhibited estrus between 36 and 48

hours after hormone withdrawal (Table V ) .

Within 60 hours after the last

hormone feeding, 46;6 percent of the females in I-C and 66.7 percent of the
cows in 2 -C had shown estrus.

The percent of animals which showed standing

estrus during the 3% day period following the last feeding was 60.7, 66.7
and 8.9 percent for groups 1-C, 2-C and C, respectively.

The differences

due to treatment in the percent of cows showing estrus during the 3% day ■
period were significant ( P < ^ 0 1 ) .

When the data for both the hormone fed

groups were pooled, the percent of animals showing standing estrus during
the 3% day period following hormone withdrawal is 63.7 percent for the hor
mone fed groups and 8.9 percent for the controls,

Hormone feeding signifi

cantly (P<f.01) increased the percent of animals showing estrus during the
three day period.

The percent of females not exhibiting estrus in groups

I-G and 2 -C was 39.3 and 33.3 percent, respectively.

Management problems

arose which terminated the insemination program at the end of twelve, days
Table V.

Effect of treatment on estrus control. Trial III.
_____ ___ _
No.
•Percent
No. exhibiting estrus during 12
No.
hour intervals after hormone
not
in estrus
of
showing within
withdrawal.
Treatment
animals 24
36
48
60
72 estrusl/ 3k days.
C

45

0

0

2

2

0

41

8.9

I-C '

28

0

0

13

0

4

11

60.7

2-C

15

0

0

3

0

5

66.7

o ■

0

3

4.

16

63.7

All hormone
fed (1-C
and 2-C). 43
I/

7 '

20

During the period 3% days after hormone withdrawal.

-37so data on the number of control animals which were not observed in estrus
were not available.
Pooled data of Trials I, II and III
The effect of progestogen feeding on manifestation of estrus is shown in
Table VI.
table.

The data from all three trials are pooled and reported in this

Hormone fed females showed estrus most frequently at 48 and 60 hours

after withdrawal.

In these trials 62.4 percent of the females exhibited,

estrus 3' days following withdrawal as compared to 9.9 percent of the females
in the controls for the same period.

Many animals which did not exhibit

estrus were easily inseminated and showed mucous discharge indicating the
possibility of ovulation without outward signs of heat as previously reported by Hansel (1961).
Table VI.

Treatment

Effect of treatment on estrus control. Trials I, II and III.
No. exhibiting estrus during 12
No.
Percent
No.
hour intervals after hormone
not
in estrus
of
withdrawal.
showing within
60
animals 24
36
48
72 estrusl/ 3% days

Control (C)

111

0

5

2

All hormone'
fed (I-C
and 2-C)

173

2

12

66

I/

3

23

I

5

100

9.9

65

62.4

During the period 3% days after hormone withdrawal.
Some differences existed which possibly had an influence on the effec

tiveness of the progestogen feeding on estrus synchronization.

The percent

of animals showing estrus 3 days following withdrawal was highest in Trial
I.

The animals in this trial were all yearlings, well grown and many of

these heifers were crossbred and may have benefited from this herterozygozity.

The weather during the time of breeding the progestogen fed animals

-38was very mild.

These.factors may have played a part in the results reported

from this trial.
In Trial II, inclement weather during the second and third day post feed
ing may have exerted an undesirable effect on reproductive performance of
these cattle.

Weather records (U. S. Department of Commerce, 1962) indicate

that the precipitation for Harlowton was 0.25, 0.57 and 0.69 inches for the.
19th, 20th and 21st of May, respectively.

Maximum temperatures were 71, 63

and 49 degrees F and minimum temperatures were 43, 40 and 41 degrees F for
the same three days, respectively.

At the Muir ranch only 3 miles from

Harlowton it was estimated that the precipitation was considerably greater
than this, due to local showers.

The rain which occurred on the second day

post feeding and the hail which occurred on the third day caused considerable
discomfort to the animals principally due to the deep mud in holding and
working corrals where the animals were held for 2% days.

This could have

been a very serious factor affecting the exhibition of standing estrus in
this trial.

Another factor making this trial different was the fact that

most of the females were mature, lactating cows.
The percentage of animals exhibiting estrus in Trial III was considerably
less than Trial I.

High temperatures when the animals came off feed could

have been detrimental to usual estrual performance.

Temperatures for Birney,

Montana for a seven day period beginning June 29th and -ending July 5th were
92, 91, 96, 89, 75, 85 and 94 degrees F, respectively.

Minimum temperatures

for the same days were 47, 58, 50, 56, 52, 43 and 49 degrees F, respectively.
The progestogen fed animals were exposed to the sun with no shade available
whereas the controls did have access to shade from brush and trees.

Most of

-
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the females on this trial were laetating, mature cows which made it differ
ent from Trial 1«
A number of workers have reported that after the injection of a suitable
amount of progesterone 70 to 100 percent of-the treated animals exhibit heat
but the time of exhibiting estrus was scattered over several days, (Christian
and Casida, 1948; Willet, 1950; Hansel and Trimberger, 1952; Nellor and Coles
1954 and 1956).

Zimbleman (1961) fed Provera tp 16 heifers and reported

that 75 percent of the .heifers exhibited 'estrus between 48 and 84 hours
after the last feeding.

In Trial I the percent exhibiting estrus was higher

than that reported by Zimbleman„
The Effect of Treatment on Conception and Calving Performance
Trial !_
The breeding information desired was the specific post treatment estrus
and breeding to which the cattle conceived.

Calving dates were available

for most of the cattle and date of breeding was estimated 1 from this date by
subtracting 283 days from date of calving.

Variations of + 9 days were

accepted as normal.and when the variation was greater than this it was con
cluded that the cow had conceived to breeding at a different estrus than the
one in question.

All animals losing identity prior to calving were mot con

sidered in the calving information reported.
The conception information on the heifers in. Trial I is noted in Table
VII.

The conception to first estrus was greater in both hormone fed groups

(1-C and 2-C) being 43.7 and 33.3 percent, respectively, as compared to
18.8 percent for the -controls.

The mean conception rate to first service

for both hormone fed groups was 38.7 percent.

-The conception rate to

-40breeding at second estrus was higher than at first-estrus in all groups
being 56.2, 53.3 and 44.0 percent for 1-C, 2=C and C, respectively.

All

heifers in the once a day hormone feeding group conceived to first or second,
estrus following treatment, whereas 13.3 and 31.2 percent of the heifers in
twice a day feeding and controls, respectively, conceived to third estrus
following treatment.

One heifer in the control group calved to a breeding

later than the third estrus.

Treat■.ment

•No.
of
heifers

1st

estrus
No. %

2nd

3rd
later
.'.estrus
estrus /,estrus
No.
7o No.
% . No. : %

No.
Dry

Concep
tion on
3 cycles
%

Avg.
calv
ing
date

C

16

3

18.8

7

43.8

5

31.2

I

6.2

0

93.8

I=C

16

7

43.8

9

56.2

0

0.0

0

0.0

0

100.0

Mar. 3

2-C

15 .

5

33.3

8

53.3

2

13.3

0

0.0

0

100.0

M a r o 15

38.7 17

54.8

2

6.4

0

0.0

0

100.0

All hor■ mone fed
(1-C and •
2-C)
31

12

M a r . 27

' Mar. 9

When the information for the two hormone, fed groups are combined and
compared with controls the conception rate for the first, second and third
estrus following, treatment .are 38.7 vs 18,8* 54.8 vs 43.8 and 6.4 vs 31.2
percent for hormone fed vs controls, respectively.

These differences in

conception rate due to treatment were significant (P<^.05) .
It is interesting to note that 46 out of 47 heifers calved to breeding
during the first three estrual cycles post treatment.

One heifer in the

control group .calved to a later breeding resulting in a 100 percent calving

-41rate,
The mean calving date for groups 1-C, 2-C and C was March 3, March 15
and March 27, respectively,

the mean calving date for the combined synchron

ized groups was March 9, which was 18 days earlier than the controls.
Reproductive performance of the heifers on this trial was not impaired
due to hormone feeding.
Trial II
In this trial several cows lost identification tags and thus had to be
removed from the calving information tabulated in Table VIII.

The conception

rate following breeding on first post treatment estrus was 27.9, 33.3 and
43.2 percent for groups 1-C, 2-C and C , respectively.

The conception rate

following breeding on second estrus was highest in the two hormone fed
groups being 48.8 and 31.1 percent for groups I-C and 2-C, respectively and
15.9 percent for the controls.

The overall conception rate was highest in

the two hormone fed groups being 100.0 and 91.1 percent in groups I-C and
2-C, respectively, as compared to 79.5 percent for the controls.
Table VIII.

Treat
ment

Effect of treatment on conception. Trial II,___________ _______
Concep
Avg,
tion. on
calv
No.
1st
2nd
3rd
of ■
No.
estrus
3 cycles ing
estrus
estrus
No .
7=
7=
7=
No .
Dry
7=
date
heifers
No.

C

44

19

43.2

7

15.9

9

20.6

9

79.5

M a r . 20

I-C

43

12

27.4

21

48.8

10

23.3

0

100.0

M a r . 17

2-C

45

15

33.3

14

31.1

12 '26.7

4

91.1

M a r . 20

88

27

30.7

35

39.8

22

25.0

4

. 95.4

Mar. 19

All hor
mone fed
(1-C and
2-C)
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When the data from the two synchronized groups are pooled and compared
with th e .controls, it is noted that conception at first estrus is higher in
the controls (43.27,) than the hormone fed groups (30.77,).

The overall con

ception rate based on cows calving was higher in the synchronized (95.47,)
than in the controls (79.57=)..

These differences in calving performance due

to treatment were significant (P<^,01) .
In this trial hormone feeding lowered conception to first post treatment
service but did not interfere or possibly even stimulate conception to later
services as indicated by'20.4 percent' of the controls that were barren as
compared to only 4.5 percent in the combined synchronized groups.
The average calving date for treatments 1-C, 2 -C and C was March 17,
March 20 and March 20, respectively.

The mean calving date for the pooled

synchronized groups and the controls were March 19 and March 20, respective
ly.

Progestogen feeding was ineffective in synchronizing or hastening

.calving date due to the detrimental effect of hormone feeding on conception
to breeding on first post treatment estrus.

Observations at breeding indi

cated that some cows had a short diestrous period, thus exhibiting estrus 8
to 10 days following synchronized estrus.
An additional objective of Trial II was to determine if two or three
inseminations at 12 hour intervals beginning at 48 hours after hormone with
drawal was as effective as the common practice of one insemination, 8 to 12
hours after the cow is detected in estrus.

The pooled data of all cows bn

progestogen feeding is grouped by number of inseminations reporting the
resulting calving performance (Table IX).

Two inseminations at 48 and 72

hours after progestogen withdrawal, resulted in the highest conception rates

-43 Table IX. Effect of number of inseminations on conception. Trial II.
No. of
No. of
Conception on 1st estrus
Failed to conceive
No.
No.
%
inseminations
animals
%
One

36

9

25.0

27

75.0

Two

29

11

37.9

18

62.1

Three

34

7

20.6

27

79.4

The conception rates in groups inseminated once, twice or three times were
25.0, 37.9 and 20.6 percent, respectively.

These differences in conception

rate due to number of inseminations were non significant (?/■ .05).
Pooled data. Trials I and II
The pooled data reporting reproductive performance of all cattle in
Trials I and II are reported in Table X.

Reproductive performance of ani

mals in Trial III are not reported because many of the animals lost identity,
were lost or sold before calving.

Conception to first post treatment breed- ,

ing was 32.8 and 36.7 percent for progestogen fed and controls, respectively.
More of the hormone fed cows conceived to breeding at second post treatment
estrus than in the controls (43.8 vs 23.3 percent).

The overall conception

rate to breeding for three estrual cycles was highest in the hormone fed
groups (96.6%) as compared to the controls (83.3%).
These results indicate that progestogen feeding lowered conception to
first post treatment service but did not adversely affect and possibly stim
ulated overall conception rate.

The number of barren cows was 10 out of 60

or 16.7 percent in the controls as compared to 4 out of 119, or 3.4 percent
in the hormone fed groups.

The average calving date was also 10 days earlier

in the progestogen fed groups as compared to the controls.

-44Table X.

Treat ment
C

Effect of treatment on conception. Trials I and II.
Concep
No.
2nd
later
3rd
tion on
1 st
estrus
estrus
N o . 3 cycles
of
estrus
estrus
cows No. %
No. % . No. %
No. %
%
Dry
60

22 36.7

14 23.3

14 23.3

All hor
mone fed
(I-G and
2-C)
119

39 32.8

52 43.7

24 20.2

10 16.7

4

3.4 .

Avg.
calv
ing
date

9

83.3

M a r . 23

4

96.6

M a r . 14

Similar results have also been reported by several workers (ZimbI©man,
1961; Foote, 1962; Trimberger and Hansel, 1955; Hansel and Malven, 1960; and
Fosgate et al_., 1962) .

On the other hand, Nelms and Combs (1961) reported

that 60 and 67 percent of the cows calved as a result of breeding at the
synchronized estrus following progestogen feeding in two trials.
Cattle Summary
Three trials were conducted with 284 cattle to determine the effect of
feeding a progestogen (6 a-methyl 17 a-hydroxy-progesterone acetate) on
estrus synchronization and calving performance.

The hormone was mixed with

a concentrate at the rate of 90 mg. per pound and each treated animal
received two pounds of feed per cow per day for 18 days, either at one feed
ing or at two feedings each day.

One hundred seventy three animals received

the progestogen containing feed and 111 animals served as controls and
received the same concentrate without the hormone except in Trial III where
the control animals received no concentrate.
Progestogen feeding was effective in prohibiting estrus during the feed
ing period and the majoring of the females exhibited estrus 48 and 60 hours
after hormone withdrawal.

The proportion of females exhibiting estrus

-45within 3% days after withdrawal in the hormone fed groups was 62.4 percent
and varied from a low of 54.5 percent in one trial and to a high of 87.1
percent in another.

The percent of control animals exhibiting estrus during

the same 3% day period was 9.9 percent and these differences were highly
significant (P<^.01).

The number of feedings per day had no significant

effect on exhibition of estrus after withdrawal,

In one of the trials 2

heifers exhibited estrus during the feeding period but they also manifested
standing estrus 36 to 48 hours post hormone feeding.
The conception rate to breeding on first estrus was 32.8 and 36,7 percent
in the hormone fed and control groups, respectively.

The overall conception

rate to breeding during three cycles was 96.6 and 83.3 percent in the pro
gestogen fed and control groups, respectively.

Hormone feeding decreased

conception rate to first service but appeared to have a stimulating effect
on overall calving performance.
The mean calving date was 9 days earlier in the hormone fed groups as
compared to the controls.

The variation in mean calving date due to hormone

feeding was 16 days earlier in the first trial and only one day earlier in
the second trial.
Two inseminations at 48 and 72 hours after hormone withdrawal resulted
in the highest conception rate (37.9%) as compared to one insemination
(25.0%) and three inseminations (20.6%).

These differences however were not

significant (P\*.05) .
Differences in reproductive performance of the cattle on the three trials
would indicate that differences in management or climatic conditions during
the trial in all probability played a role in the results that were obtained.

i

-46SHEEP
The Effect of Treatment on Estrus Control
The treatments involved in the sheep trial (Trial IV) were different in
that the objectives were to determine the effect of progestogen feeding on
estrus control and further to determine the effect of breeding on first or
second post treatment estrus on reproductive performance.

The number of

animals exhibiting estrus at 12 hour intervals beginning 24 hours after hor
mone withdrawal and continuing to 96 hours post treatment are reported in
Table XI.

No information is available for group 2 -S pertaining to when

they exhibited estrus during the first 17 days following hormone withdrawal.
The information reported for group 2 -S in Table XI indicates the effect of
hormone feeding on estrus behavior during the second cycle.

The period 24

hours after last feeding would be actually 18 days after hormone withdrawal
in treatment 2 -S.
Table XI.

Treatment

I/
2/

Effect of treatment on estrus control. Trial IV._________ ________
No. exhibiting estrus during 12
Percent in
Noi
hour intervals after hormone
No. not
estrus
of
withdrawal.__________________ _______ showing within 3
72
96 estrus!/ day period
ewes 24
36
48
'60
84

S

33

0

0

6

3

3

I

0

20

39.39

S-I

36

0

2

11

8

11

0

2

2

94.44

S -21 /

39

4

13

7

5

2

3

3

2

94.87

During the period beginning 24 hours and ending 96 hours after hormone
withdrawal.
The information on group 2-S pertains to estrus behavior during the
first three days of the second cycle with the 24 hour interval being
equivalent to 18 days and the 96 hour interval equivalent to 21 days
after hormone withdrawal.
In treatment 1-S, 94.4 percent of the ewes exhibited estrus during a

-47three day period beginning 24 hours and ending 96 hours after withdrawal.
During this same period 39.4 percent of the controls showed estrus,
differences due to treatment were highly significant (P<^01).

These

Several

workers have reported that when ewes were injected with progesterone or fed
progestogens for several days, 70 to 90 percent exhibited estrus a few days
after hormone withdrawal (O'Mary et_ a l ., 1950; Robinson, 1959; Hinds ejt al.,
1961; Hinds, 1961 and 1962; Evans et_al.; 1961; Combs et_ a l ., 1961 and
Hunter, 1956).
Most of the ewes (83.3%) in treatment I-S exhibited estrus at 48, 60 and
72 hours following withdrawal.

In treatment 2-S where the information on

estrus pertains to the second cycle, 94.9 percent of the ewes were marked
by the ram during the three day period beginning 18 days and continuing
through 21 days after withdrawal.

This indicates the ewes are well synchron

ized on second cycle which is in agreement with the work of Foote and
Matthews (1962) .
As indicated in the procedure, the ewes in group 2-S were put in the
breeding pens 9 days after hormone withdrawal,

During the period beginning

9 days and ending 17 days after withdrawal, 11 ewes were marked by rams.
Nine of these ewes were marked on the IOth through 13 days after withdrawal
but one animal was marked on each of days 15 and 16 post feeding.

All of

these animals were also remarked during the period, 18 through 21 days after
hormone withdrawal.

It is possible that some of these marks were due to

false jumps of the ram.

Hinds et a l ., (1962) reported the same phenomena

occurring in their trials.

-48 The-Effect of Treatment on Conception and Lambing Performance
Conception rate on first service was 61.8 and 67.7 percent in groups I-S
and S, respectively (Table XII).

Progestogen feeding non-significantIy

(P\>.05) lowered conception rate at first service.

This was previously

reported by several workers (Foote and Matthews, 1962; Evans et aJL., 1962
and Hogue et al., 1962) .
Evans et a d . (1962) reported that 42.1 percent of the ewes lambed to
breeding at the first post treatment estrus, indicating progestogen feeding
considerably lowered conception rate following breeding at first estrus.
The same authors (1961) reported that there was no evidence to indicate an
influence of hormone feeding on percent of ewes lambing.
Table XII.

Treatment

Effect of treatment on reproductive performance. Trial IV.____
Conception to
N o . of
Dry
Mean lambing
1st service
All services
%
No.
day and date
No.
7.
No.
ewes

S

31

20

67.7

28

90.3

I

24.5 (April 24)

I-S

34

21

61.8

34

100.0

0

21.8 (April 22)

2-S

35

28

80.0

34

97.1

I

16.0 (May 3)

A non-significantIy (P>.05) higher conception rate to first service
occurred in group 2-S which was bred on the second estrus following progesto
gen feeding.

The impairment of fertility occurring at first estrus after

hormone withdrawal did not carry over into the second estrus.

This is in

agreement with the work of Foote and Matthews (1962).
The overall conception rate resulting from breeding on three cycles was
90.3 percent in the control group and 100.0 and 97.1 percent for the- hormone
fed groups I-S and 2-S, respectively.

As reported with cattle, this would

-49indicate that progestogen feeding impairs conception at first estrus, but
appears to enhance overall reproductive performance.
Actual lambing date was converted to a number with April I being the base
line and thus day I.

Since ewes in group 2 -S were bred on second estrus

following hormone withdrawal, the lambing date was corrected by subtracting
17 days from actual lambing date and thus were comparable to groups I=S and
S.

Both a mean numerical value for day of lambing as well as actual mean

lambing date are reported in Table XII.

The hormone fed ewes bred on second

estrus had a significantIy (P<TL05) earlier lambing date than the controls
(Table XIII).

The actual mean lambing date for groups I-S, 2-S and S was

April 22, May 3 and April 24, respectively.
Table XIII.

Effect of treatment on mean lambing date, Trial IV.
multiple range test by Duncan)!/.

Treatment

S

Mean lambing
day

l/

24.5

(New

I-S

2-S

21.8

16.0

Any two means not underscored by the same line are significantly
different.
The lambing performance of ewes (Table XIV) indicated that the control

Table XIV.

Treatment

The effect of treatment on type of birth and lambing rate,
Trial IV.
No. of
Type of birth
Lambing rate
ewes
Single
Twins
Triplets
per ewe lambing

S

26

10

13

3

1.7

I-S

30

15

14

I

1.5

2-S

30

13

17

0

1.6

-50group had the highest lambing rate per ewe lambing (1.7) as compared to
1.5 and 1.6 for groups I-S and 2-S, respectively.

There was no significant

(?%>..05) treatment effect on lambing rate or type of birth distribution.
Sheep Summary
This investigation was initiated to determine the effect of progestogen
feeding on synchronization of estrus in ewes during the normal breeding
season.

A further objective was to determine the carry over effect of hor

mone feeding on subsequent reproduction.
A total of 108 ewes were allotted to three treatment groups:

Group

S were the control animals which were fed one pound of concentrate per
ewe per day for 18 days and bred immediately post feeding; groups I-S and
2-S were both fed one pound of concentrate, containing 50 mg. of Provera,
per ewe per day for 18 days and ewes in I-S were bred on first estrus fol
lowing hormone withdrawal and ewes in 2-S were bred on second estrus follow
ing withdrawal.
During a three day period beginning 24 hours post feeding, 94.4 percent
of the ewes in group I-S exhibited estrus as compared to 39.4 percent for
the controls.

Only 2 animals out of the 36 in group I-S did not exhibit

estrus during this 3 day interval.

Estrus remained synchronized on the

second cycle as indicated by 94.9 percent of the ewes exhibiting estrus
during a 3 day period in group 2-S.

These differences in the percent of

ewes in estrus during a three day period due to treatment were highly signi
ficant (P<.01).

Eleven of 35 animals in 2-S were recorded as showing

estrus between days 10 and 16 after withdrawal and also returned and were
bred on days 18 through 21 post treatment.

-51Conception to first service was 67.7, 61.8 and 80.0 percent for groups
S , I-S and 2-S, respectively.

Progestogen feeding non significantly (P^>*»05)

lowered conception at first service, however the hormone fed ewes which were
bred on the second estrus post treatment showed the highest first service
conception rate.

Overall conception rate based on ewes lambing was 90.3,

100.0 and 97.1 percent for groups S , I-S and 2-S, respectively.

This would

indicate the possibility of progestogen feeding enhancing reproductive
performance on second and third services following hormone withdrawal.
Treatment had no significant (P^>..05) effect on type of birth or lambing
rate.
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