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INTRODUCTION

The modification of reproductive activity in the beef female by
varisus exegencus hermeones has been widely studied during the past -
two decades. It has provided centrel mechanisms, whereby the phy-
siclogist could mere intensively study ovarian activity. Cme very
impertant aspect ef these studies has been the develepment of ftech-
niques for synchrenizing the estrual activity of a cow herd,

A practical program for estrus synchrenizatien ceuld greatly
facilitate the widespread use of artificial inseminatien in beef
herds, thereby exﬁending‘the use of proven sires. However, treat-
ments which result in a synchrenizatien of estrus give rise te other
problems, The most impertant ef these preblems is reduced fertilitya
The exact nature of this decline in fertility at the induted estrus
with certain treatments is net knewn, and requires further study.

An impertant problem in the beef industry is the peried of
lactational anestroﬁs.f@ll@wing parturitien. Attempts have been
made teo stimulate ssxual activity during‘this peried, and thereby
shorten the calving interval. OCertain hermene treatments have sti-
mulated sexual activity but, generally, the respense has been var-
iable and fertility has been low.

This study was carried out teo detérmine the effects of differ-

ent hormonal treatments on beef females of varying ages. Oral



progestogens and placental gsnadotrepins were empleyed in an attempt
to stimulate the development of precocious puberty. Oral proges-
togens were used in sexually mature breeding females to synchronize
estrus and study subsequent fertility levels, The effect of various
combinations of gonadal hormeones wae studied in post-;-paz"tum besf

CowWs,



REVIEW OF LITERATURE
Investigations With Prepuberal Animals

The ovaries of sexually immature animals of some species have
long been known to be capable of supporting the development and
release of viable eva, In a study of ovarian development Iin calves,
Casida et al. (1935) reported that follicular development was well
underway a few days after birth and appeared to be augmented with
age. Casida (1934) had observed that the presence or absence of
vesicular follicles appsared to be the limiting factor governing

the ovary's ability to respend o exegeunous gonadotrepins. This

*

type of ovarian siructure is descriptive of that which Nalbandov
(1964) classifies as a fertiary feollicle. Casida {1934) studied the
ovaries of 190 veal calves which had besn slaughtered at ages from
cne to twelve weeks and reported only 3 ecalves lacked vesicular
fellicles.

Vesicular fellicles are present al birth in the lamb and foal,
but do not appear in the sexually immature pig until 10-14 weeks
of age (Casida, 1934), Histological studies were made of the
ovaries of 16 purebred gilts by Casida (1935) to determine when
the process of formation of tertiary follieles began, Vesicular

follicles were just beginning to be formed at 83 days of age. A



gilt 36 days of age was nuh reép@ sive to gonadotropins, again indi-
cating that the existence of vesicular folllicles was a prerequisite
for ovarian responss to an injection of exogensus gonad-stimulating
hormones. Induced cvulaticns in immature rats and mice were ob-
tained only after antrum formation {vesiculation) which occurred af
12-14 days of age in mice and 11 days of age in rats (Zarrow and
Wilsen, 1961),

The exact mechanism which stimulates the development of ter-
tiary follicles from primary follieles is unknown. Casida et al.
{1935) suggested this might bs due to an increasing gonad-stimulating
activity on the part of the pituitary long before puberty. In con-
trast to this view are the resulis cbbained by Hollandbeck gt al.
(1956) which indicated the onset of puberty coincided with the low-
est titer of available pituitary genadetrople hormone. They
hypothesized the drop in gonadetropic hormone levels from birth to
puberty may be dus to an acltuel decreass iu the rate of hormone se-
creticn, but it was more likely due o 2 shift in the properiion
of follicle stimlating hewmens (FSH) and Intsinizing bermene (IH)
making uﬁ the gonadotroplc cemplex. Werkers in the past few years:
have come to accept the sonaept that FSH and IH exist as twe separate
entities and not as ome complex.

The exact age at which farm animals reach sexual maturity is
quite variable and dependent on many factors. Wiltbank gt al. (1959)
studied 125 Hereford helfers to debtermine the approximate age and
welght at which calves exhiblied thelir first estrus. Their average

age and weight at puberbty was 434 days and 562 pounds, respectively.



CGain from weaning te puberty was Lound to be more highly assccisated
with age at puberty then was wesaning weight. The average daily gain
of heifers (Angus, Brahwan, aod Zebu cross) from weaning until one

3

year of age and from weaning to

=~

8 months of age was observed to in-
fluence the age of puberty (Reynelds gb al., 1963). Oiher studies

have illustrated the importance of adequate nutritional levels on

o

the occurrence of first estruz in farm animals, Sorenson eb al.,
(1959} studied the influence of plans of mubtrition on the develop-
ment and function of the reproduchive organs of dalry heifers up to
80 weeks of age. Feeding levels were designed %o furnish 60, 100,
and 140 percent of the total digestible nutrients (TDN) recommended
for growing dairy heifer@n. First estius was detected at 72.0, 49.1,
and 37.4 weeks of age, respectively, for the preceding feeding re-
gimes. Studies with swine alse indicate a high energy intske is
desirable for early pudberty and high ovulation rates (Haines gt al.,
1955; Robertsen gb al., 1951).

Other factors affecting age abt peberty in dalry heifers wers
presented by Hawk ef al. (1954)., Spring beors heifers reached first

-

estrus at a gignificantly (P< .01) earlier sge than those born during

N

each of ths other seasons, Although ne explansticon was given, one
would suspect ths aburpdemce of spring forage aveilable the following

year would raise the energy inbteke snd, therchy hasten the onset of

Lo
puberty. In this sbudy a highly significaunt negative correlation
(-.33) was reporied betwesn age ah puberty and breeding efficiency.

9

These findings supporbed their initial kypothesis that breeding effi-
clency may be lowersd by exireme delays in the gecurrence of first

estrus,



Numerous workers have tested the effects of gonadotropins on the
ovaries of the immature female. Casida et al. (1943) noted in calves
ranging in age from seventeen to one hundred seventeen days that treat-
ment with a pituitary gonadotropin stimulated the ovaries to exhibit
a measurable gross response depending on the presence of vesicular
follicles. The increase in size of the ovaries during treatment
bore only a slight association with the number of follicles present
at the beginning of treatment. They believed the ovarian response
to the gonadotropic treatment is probably more affected by some
basic condition which had produced or maintained those follicles in
the first place., They also reported that artificially matured and
ovulated follicles of prepuberal calves were fertilizable, but the
fertilization rate was extremely low (2 of 19). Casida (1934) ob-
served that injection of unfractionated sheep pituitary extract,
which has primarily a follicle-stimulating effect, produced marked
follicular maturation in prepuberal calves when administered in large
doses, Small doses of the partially purified follicle-stimulating
substance injected into 3- to 5-month old lambs resulted in folli-
cular maturation, ovulation and formation of a corpus luteum, The
preceding results are in direct contrast of those of Hertz and Hisaw
(1934) who observed the occurrence of ovulation only after a combina-
tion of treatments involving both follicle stimulating hormone and
luteinizing hormone. This indicated that the ovulatory process may
depend on a synergistic balance between the two gonadotropic hor-
mones. Mansour (1959), while studying the hormonal control of ovula-

tion in ewe lambs, was able to consistently achieve ovulation in



animals primed with pregnant mare's serum (PMS) followed by chorionic
gonadotropin (HCG)., The absence of ovulation from animals treated with
PMS suggests the possible absence or inadequacy of necessary ovulating
factors. In a study by Rowland (1944), follicular maturation was pro-
duced in immature rats by PMS with ovulations occurring after injec-
tion of chorionic gonadotropin (HCG). Limited success in stimulating
ovulation was observed when PMS alone was administered.

Marden (1953) and Black et al. (1953) were able to obtain large
numbers of follicles but very few mature corpora lutea in calves in-
Jected with follicle stimulating substances. Marden found the
development of a corpus luteum could occur as early as the third week
of postnatal life. Black et al. (1953), in a more extensive study,
reported a general fertilization failure thought to be associated with
either an inadequate or improper maturation of the follicles and ova,
or with a possible inability of the juvenile uterus to induce matura-
tion and full fertilizing capacity in the sperm. They hypothesized
it might also be due to impaired sperm transport in the juvenile re-
productive tract. Casida (1935) tested both horse pituitary powder
and pregnant mare's serum and reported no typical follicular matura-
tion with the pituitary powder (2.5 grams in aqueous suspension) but
produced three ovulations in eight days in a 113-day old gilt adminis-
tered 15 grams of PMS, Follicles similar in size to normal mature
follicles were more easily ovulated than those that were larger.

Fox et al. (1964) observed an influence of age on the response
of the immature rabbit ovary to PMS. With 200 IU PMS, there was an

increased sensitivity with age to a peak followed by a decline in



response. Howe et al. (1962) reported two factors that affected re-
sponse to exogenous gonadotropic hormones. The first of these in
older heifers was the stage of the estrous cycle at the time of
treatment. The second factor was a hypothesized complex inter-
action between the pituitary and the ovaries and possibly the ad-
renals following the injection of two or more hormones. In their
studies Howe et al. (1962) reported that injections of pregnant
mare's serum and chorionic gonadotropin resulted in hyperfollicular
development. Progesterone injections ranging from 2.5 to 100 mg.
per treatment reduced substantially the number of small follicles
with a corresponding increase in the moderate and large follicles
and some ovulation. The addition of estradiol was later found to
suppress follicular growth (Howe et al., 1964). Estradiol and pro-
gesterone may have inhibited the follicle stimulating action of PMS,
or estradiol may have acted directly on the ovary to inhibit the
development of the follicle, Suppression may have been due to the
interaction of exogemous hormones and the endocrine glands in situ.
The response of the ovaries of immature animals to gonadotro-
pins would, no doubt, be subject to modifications by many factors.
These may include; (1) an inherent species-specific, maturation rate,
(2) the effects of other endocrine glands throughout their develop-
ment, (3) the influence of endogenous gonadal hormones, and (4) the
various inductive mechanisms, particularly of nervous system origin
(Bodemer et al., 1959). Quinn and Zarrow (1964) noted PMS induced
ovulation in the immature rat appeared to involve a neuroendocrine

mechanism which can be inhibited by the action of certain drugs

(morphine and chlorpromazine) on the central nervous system,



It was postulated by Byrnes and Meyer (1951) that as the animal
becomes older the pituitary becomes increasingly refractive to estro-
gen. This refractiveness was believed to be an important factor in
the attainment of sexual maturity, Apparently more estrogen is
required to limit the release of FSH and invoke the release of IH,
Possibly early in life not enough follicular maturation occurs be-
fore ovulating hormone is released, therefore, the ovum is not re-
leased. This work disagrees in theory with that of other workers
who believe the lack of viable ova is associated with an insigni-
ficant production and release of ovulating hormone (Hertz and Hisew,
1934; Mansour, 1959).

Grant (1936) reported oestrus behavior in sheep will not occur
unless a waning corpus luteum is present in the ovaries. This
assumes that in some way luteal tissue from the previous cycle con-
ditions the follicles which are approaching maturity to undergo a
preovulatory enlargement and luteinization in the presence of the
correct anterior pituitary FSH-IH balance in the blood. This raises
the question as to how the initial corpus luteum is formed at the
onset of sexual maturity to elicit ovulation where no previous luteal
activity has occurred. Cole and Miller (1933) and Marden (1953)
reported that although the outward manifestations of heat were lack-
ing the reproductive organs were not entirely quiescent throughout
anestrous, Marden (1953) noted in most animals a series of cycles
ensue before puberty in which follicular enlargement occurred, but
was not followed by ovulation, These nonovulatory cycles ocecur un-
til luteinization appears with the formation of the initial corpus

luteum, It may be that the granulosa cells of the follicles
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approaching maturity becoms capable of exerting a mild lutsal action
even before ovulation has occurred.

Marden (1952), to test the theory of the waning corpus luteum,
subcutanecusly injected an FSH active substance twice daily for periods
of from seventy two o one hundred and twenty hours in the presence of
a regressing corpus luteum. Those cows recelving FSH without subse-
gquent ILH had 4 new ovulations out of 130 follicles stimulated (3
percent). Those cows receiving both FSH and LH had 126 unovulated
follicles and 199 fresh ovulations (61 percent). Silent ovulations
oceurred in a large number of instances. These results agree with
those of Rowson (1951) who reported that in cows treated with pregnant
mare's serum, 52 percent ovulated when the corpus luteum was present
as compared to a 14 percent ovulation rate in cows with the corpus

luteum removed.
Synchronization of Estrus

Considerable research time has been devoted to experiments dealing
with control of the estrual cyele, WNumerous compounds have been tested
in an attempt to more accurately predict the time of onset of estrual
behavior and occurrence of ovulation. Such attempts hope to provide
to the producer a means of more closely controlling the breeding season
and extend the application of artificial insemination, egpecially in
beef cattle production systems,

Reports indicate thus far that synchronization is not difficult
to obtain with exogencus progesteroneé, or certain other hormeones, but
with certain limitations that may tend to cause the producer o criti-

cize their use., There is a tendency for some decrease in fertility



when the treated animals are mated at the induced estrus. The exact
nature of the cause of reduced conception is not known.

The amount of literature dealing with synchronization and subse-
quent fertility is quite voluminous. There are many different as-
pects which must be considered, such as type of hormonal agent,
method of administration, dosage level, mode of action, and response
in terms of estrual activity and fertility after drug administration.
To cover it completely is nearly impossible; therefore, only that
dealing with cattle will be discussed.

Various means have been used to administer the drugs. The pro-
gesterone and estrogenic compounds were at first injected intramuscu-
larly to study their physiological effects. The development of oral
progestational agents has made the use of hormones of more widespread
value, Certain compounds have been equally effective whether given
orally or injected.

Progesterone injections have been known for some time to inhi-
bit estrus. Christian and Casida (1948) tested the effect of daily
intramiscular injections of 25 and 50 mg. for 14 days. Fifty mg.
was found to completely suppress heat and ovulation during treatment
with estrus occurring 5-6 days after treatment. Injection of 25 mg.
prevented estrus but did not completely inhibit the occurrence of
ovulation, Use of 50 mg. or 25 mg. progesterone injections for 14
days followed by insemination at second post-treatment estrus re-
sulted in conception rates of 57.9 percent for the 50 mg., group and
72.2 percent for the 25 mg. treated group. A study of the subse-
quent fertility of heifers injected with 50 to 100 mg. of progester-

one was conducted by Willett (1950), Estrus was observed tc occur

11
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an average of 5 days following the injeations of progesterone. Use
of an inexperienced inseminator resulted in decreased conception
rates of 39 percent (5 of 13 heifers) as compared to a 67 percent
(6 of 9) conception rate by an experienced inseminator.

Using a limited number of beef heifers, Ulberg and Patterson
(1954) injected 3 levels of progesterome (12.5 mg., 25.0 mg., and
50.0 mg.) for 14 or 19 days and found the overall fertilization
rate was 77.0 percent, with a decrease in the fertilization rate as
the progesterone dosage increased. Daily injections of 50 to 100
mg. of progesterone resulted in a 12.5 percent conception rate from
first post-treatment service and a 65.2 percent conception rate for
second post-treatment service (Trimberger and Hansel, 1955). From
these and other results, Ulberg (1955) speculated that the harmful
effect of progesterone is temporary and probably the inability to
remain pregnant is due to embryonic death and not to a fertiliza-
tion failure.

Nellor and Cole (1954) tested the effects of crystalline
progesterone implants (540 and 1120 mg.) and found estrus and ovu-
lation were inhibited for at least 16 days after a single injection.
In a later study Nellor and Cole (1956) reported the 1120 mg. dose
prevented estrus and ovulation, but was ineffective in synchroni-
zing estrus because only one heifer cycled immediately following
treatment while the remainder showed heat from 29 47 days later.
Injection of 560 mg. progesterone followed 15 days later by a
single injection of 2140 IU of equine gonadotropin stimulated 16
of 19 to exhibit estrus 1-4 days after the gonadotropin injection.

Administration of this level of gonadotropin should be stimulus
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enough to elicit estrus without previous priming with progesterone.
The conception rate subsequent to this treatment was 17 percent.
This poor conception rate was found to be due to the presence of
many infertile ova,.

Ray et al. (1961) reported very inconsistent results with exo-
genous progesterone injections followed by gonadotropins. Injec-
tions of 560 mg. of progesterone followed 14-15 days later by
750-2250 IU of PMS resulted in very aberrant exhibitions of heat
(2-38 days post-treatment) and only one pregnancy in eight insemi-
nated animals. They also noted what they concluded to be a sub-
functional uterine endometrium, Lowered fertility observed
subsequent to progesterone treatment was believed to be partially
due to this underdeveloped endometrium., In a trial with intact
rats, Barnes and Meyer (1964) reported that the viability of the
embryo varied inversely with the dose of MAP, Estrone injections
simultaneously with MAP stimulated implantation. Apparently the
block placed on luteinizing hormone release was detrimental in that
LH stimulates the production of estrogen which is required for
uterine preparation before implantation.

Johnson et al. (1958) initiated a study using a reposital
type progesterone (100 mg.) injected intramuscularly on either the
2, 3, 4, 6 and 9th day following breeding to improve reproductive
efficiency. It was not intended to synchronize estrus but to pro-
mote the formation of a more optimal uterine environment. The
reposital progesterone resulted in a 67.9 percent conception at
first service as contrasted to 42.0 percent in the control group.

Injection of exogenous progesterone had been shown to prevent the
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release of luteinizing hormone (Zimbelman et al., 1961; Loy et al.,
1960), thus causing a decrease in the potential ability of the corpus
luteum to provide progesterone necessary for the development of a
sufficient uterine endometrium to maintain pregnancy. Apparently
Johnson et al. (1958) provided this needed progesterone.

Other compounds have been used in an attempt to synchronize
estrus., Anderson et al. (1962) injected daily a mixture consisting
of 98.5 percent 17-ethynyl-17-hydroxy-estr5(10)-3n-3-one (Norethy-
nodrel) and 1.5 percent ethynyl-3, 17-estradiol-3-methyl ether
(Enovid) for 10 days. This mixture, referred to as NE, was adminis-
tered to two groups at the rate of 0.042 mg. and 0.065 mg. per pound
of body weight, respectively. The daily injected groups (1 and 2)
returned to estrus 3-7 days post-treatment and a 44 percent concep-
tion rate was obtained. Its oral effectiveness was tested in group
3 and group 4 at the rate of 0.4 mg. and 0.8 mg. per pound of body
weight per day. However, this compound was not active orally as
indicated by the lack of synchronization and the 75 percent concep-
tion rate.

Other work involving the use of estrogenic substances has been
done in low fertility cows (Reynolds gt al., 1956). Administration
of 10 mg. of diethylstilbestrol daily in the ration from 24 days
before breeding to slaughter at 34 days post-breeding apparently
did not increase conception rates. Only 29 percent of 13 treated
animals had conceived and were carrying a normal embryo at slaughter,
Wickersham and Schultz (1964) found diethystilbestrol (DES) treated
dairy heifers had a lower breeding efficiency than nontreated heifers.

No effect on milk production was observed after DES was administered.
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Fertility following an injection of 2 mg. of estradiol 96 hours
after termination of progesterone injections (25 mg. per day for 14
days) was compared to that obtained when 25 and 50 mg. daily injec-
tions of progesterone were given for 14 days (Ulberg and Lindley,
1960). The conception rate at first service for the controls was
50.9 percent of 106 heifers, 31.2 percent of 64 given 25 mg., 17.2
percent of 40 given 50 mg., and 38.1 percent of 42 given 25 mg. pro-
gesterone plus 2 mg. estradiol. Estradiol improved conception at
first service somewhat when compared to progesterone treatments alone
but still was considerably below the contrel results,

Wiltbank (1962), using two hundred cycling heifers, studied
synchronization and fertility after administration of combinations
of various levels of progesterone (20 and 40 mg.) and estradiol (O,
20, 40, or 80 meg.). Seventy-three percent of the heifers receiving
20 mg. injections of progesterone for 24 days were in estrus during
the 2nd, 3rd, and U4th day following treatment while 88 percent of
those receiving 40 mg. of progesterone were in heat during the 4th,
5th, and 6th days. Ninety-eight percent of those getting 40 mg. of
progesterone plus estradicl were in heat during a four-day period.
Conception rates ranged from 13-56 percent with the highest rate
obtained in the 40 mg. progesterone plus 80 mcg. estradiol group.
The conception rate of the control heifers was 60 percent indicating
some decrease in fertility associated with treatment.

The postericr pituitary substance, oxytocin, has been studied
by some researchers to determine its effect on reproductive activity
(Armstrong and Hansel, 1959; Hansel et gl., 1961). Armstrong and

Hansel (1959) reported daily injections of oxytocin from 15 days



post-estrus for a complete cycle induced estrus at an average of 10,6
days after the previous estrus. The purpose of this treatment was to
explore the possibility that oxytocin might enhance gonadotropic se-
cretion. Instead the occurrence of estrus was somewhat delayed with
an estrual cycle interval of 25.6 days. The time of the next subse-~
quent heat period was, however, 20.4 days. Hansel et al. (1961) used
a combination of 130 U,S,P. units of oxytocin and 50 mg. of proges-
terone concurrently for seven days. Most of the heifers subjected

to this treatment came in estrus 6-8 days following the last pro-
gesterone injection rather than 3-5 days after the last injection as
anticipated, Of 26 animals treated as previously described, 50 per-
cent conceived and calved in a 16-day period.

Probably the most widely used oral compound has been 6- -methyl-
17-acetoxyprogesterone (MAP). This substance is very effective in
synchronizing estrus but some reduction in fertility after its use
has been noted (Zimbelman, 1961; Nestel ¢t al., 1963). Hansel and
Malven (1960) fed MAP at a level of 968 mg. for 10 days followed by
500 mg. for another 10 days per animal per day. No estrus was cb~
served during treatment but only 8 of 22 cows settled when artifi-
cially mated three days after the treatment period., Nellor et al.
(1960) reported that levels above 0.4 mg. MAP per pound body weight.
per day for 15-20 days resulted in complete inhibition of follicular
development during the treatment period. Oral administration of 0.2
mg. MAP per pound body weight per day suppressed estrus but ovulation
was not completely inhibited in all animals.

Zimbelman (1961), comparing individual and group feeding of

0.5 mg. MAP per pound of body weight, found 12 heifers (75 percent)

16
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in heat between 48 and 84 hours after the last feeding. The concep-
tion rate at first service for the untreated, individually fed, and
group-fed animals was 6 of 8 (75 percent), 2 of & (25 percent), and
6 of 8 (75 percent), respectively. Eighty-one percent of the cows
in the two treated groups conceived with one or two services, The
preceding study is comparable to that of Nelms and Combs (1960) who
observed complete suppression of estrus in 33 cows with calves that
were group-fed 220 mg. MAP per day. Heat in these animals occurred
on the second and third day post-treatment in all cases, and the re-
sulting pregnancy rate was a creditable 66 percent. Group feeding
60 two-year-old heifers 250 mg. MAP per head per day resulted in 40
percent pregnant at first service. This conception rate was, however,
found to be similar to the rate obtained in 60 control females bred
during the first 21 days of breeding. Even though conce?tion in the
treated heifers was low, their calving dates were observed to be
more grouped than those of the control group. Collins et al. (1961)
also reported complete inhibition of estrual behavior in 15 beef
heifers during a twice-a-day feeding trial of MAP at the rate of 0.5
mg. per pound of body weight. Fourteen heifers were in estrus 2

to 8 days after the end of treatment. Nestel et al. (1963) reported
85 percent of 38 animals exhibited an induced estrus after the
cessation of MAP feeding, but only 24 percent of these heifers con-
ceived to artificial insemination. Sorenson (1962) fed 180 mg. MAP
daily in cottonseed meal for 18 days and observed 75 percent of 97
heifers exhibited a synchronized estrus, Using both artificial in-

gsemination and natural mating he obtained the following conception
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rates: control, 60.4 percent; artificial inseminated synchronized
group, 33.3 percent; and naturally serviced synchronized group, 53.1
percent. In a later trial with 54 heifers treated 18 days, concep-
tion at first service was 29.6 percent, An explanation for the 20
percent decrease in fertility with artificial insemination was not
readily available.

Although several different dosages of MAP have been studied,
Zimbelman (1963) concluded that 180 mg. per day was sufficient to
prevent any ovulatory activity. Zimbelman (1963) and Johnson and
Ulberg (1965) noted that the progestercne compounds produce an
antiovulatory effect, with follicular development occurring but the
matured ova not being released. They believed the progesterones
did not prevent the production and release of the FSH-like gonado-
tropins but did inhibit the release of ovulating hormone,

Wiltbank (196Y4) divided one hundred cycling beef heifers into
two groups to study the use of dihydroxyprogesterone acetopheide
(DA) to synchronize estrus, In the first phase he fed 400 mg. of
DA daily for 9 days plus an injection of estradiol valerate on the
second day to one group while the others served as contrels.
Approximately 25 days after the first synchronized estrual period
the treatments were reversed, Synchronization for these two trials
was 86 percent and 82 percent, respectively, with most of the
heifers in heat in a 36-<hour period. Pregnancy examinations 35
days after breeding during the second phase indicated 50 percent
of the cyeling animals and 32 percent of the synchronized animals

were pregnant, The difference in conception rates of treated and



control heifers was believed to be due to greater embryonic mertality
in the heifers fed DA (Parker et al., 1965).

Van Blake et al. (1963) experimented with 6-chloro.°-dehydro-
acetoxyprogesterone (CAP) and found that four of four treated cows
conceived after being fed 0.05 mg. per pound for 15 days. Using lar-
ger numbers in another phase of this trial, 16 of 23 conceived when
bred at the induced estrus after being fed 12 mg. per day for 18
days. More extensive research needs toe be dene before the true

value of this product can be determined,
Post~Partum Interval

Cattlemen have long been faced with the problem of delayed re-
breeding of cows after parturition. This period, known as the post-
partum interval, is one of the more variable aspects of the repro-
ductive cycle of bovine females. Suspended reproductive activity
because of long periods of ovarian inactivity are very critical
problems to the beef preoducer. Where the breeding seasocn is limited
long post-partum intervals present the possibility of having dry cows
in the following season because of a nonreturn to estrus in time for
breeding. Burris and Priede (1958) regressed the percentage of cows
failing to calve on previous calving date and found for each delay
of 20Idays in the previous calving date, 6.1 percent do not calve,

Sexual activity, as denoted by the psychic manifestation of
heat, appears to be suppressed semehow by lactation which has been
referred to as the natural birth spacing mechanism (Ferin ef al.,

1964), Post-partum ovarian quiescence has been hypothesized to be
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due to a deficiency of gonadotropins or a low ovarian sensitivity
or possibly a combination of both, Saiduddin and Foote (1964)
suggested the post-partum interval might possibly be a pituitary
recovery pericd subsequent to the period of extensive inhibition
during pregnancy. They observed a significant (P<05) increase
in mean relative pituitary potency from day 5 to day 30 following
parturition.

Several reports pertaining to the interval from calving to
subsequent reproductive activity such as uterine invelution, first
ovulation, and first estrus, are present in the literature. Lasley
and Bogart (1943) made 711 observations on range beef cattle and
calculated the mean length of the interval from parturition to first
estrus to be 80,2+ 1.30 days. This figure can be contrasted to
results obtained by Buch et al. (1955) who found the interval from
parturition to first estrus to be only 33 days in dairy cattle.
They also reported the average period required for full involution
of the uterus was 47 days, with primiparcus cows involuting earlier
than pluriparous cows, They observed estrual behavior in all of
their females before inveolution was complete. These findings are
unique in that most workers report the interval from celving to
first estrus averages from 15 days to 20 days longer than the in-
terval from parturition to involution of the estrus. Foote gt al.
(1960a), using records kept on 13 pairs of twin beef heifers (9
fraternal and 4 identical) with 61 service periods, determined the
time to uterine involution, first ovulation, and first estrus after

calving were 43,7, 38.4, and 58.6 days, respectively. Casida and
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Venzke (1936) had earlier reported the time from parturition to first
ovulation in dairy cattle was 40,7 days,

In other work involving beef cattle, Lindley et al. (1958),
drawing from the records of 3,606 gestations of Hereford cows,
reported the average interval from calving to first estrus to be
75.5 days which is slightly longer than the time period noted by
Warnick (1955). Warnick observed that first estrus after parturi-
tion in Angus cows occurred in 59,2 days as compared to Herefords
which required 62.7 days. This breed difference was not signifi-
cant nor was age of the cow or sex of the calf found to have any
significant influence on post-partum interval.

Factors affecting the onset of reproductive activity after
calving has been a topic of interest to several workers. Norwood
(1963) concluded post-partum interval was significantly affected
by parity, season and retained placenta. He found involution in-
tervals averaged five days longer in pluriparous cows than in
primiparous cows (40,25 vs 35.25 days). Herman and Edmondson
(1950) did not observe a seasonal effect on the interval from
calving to first estrus which they noted was 57 days with a stand-
ard deviation of 28 days. Average daily milk production and the
occurrence of first estrus were also found not to be related to
one another, However, other workers have reported a relationship
between frequency of milk removal and return to sexual activity
(Clapp, 1937; Wiltbank and Cook, 1958), Clapp (1937) stated cows
milked two times daily came into estrus an average of 23 days

sooner than did cows milked four times daily. Wiltbank and Cook
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(1958) found the interval from parturition to first estrus to be 84
days for nursed cows as compared to 54 days for cows milked twice
daily. Somehow the release of oxytocin apparently inhibited the
production of sufficient amounts of estrogen to bring the cows in-
to estrus,

Another factor which is thought to have a significant influ-
ence on post-partum reproductive phenomena is energy level before
and after calving (Wiltbank et gl., 1962), They concluded that
in spring calving cows the level of feeding before calving had
more influence on the occurrence of estrus after calving while
level of feeding after calving was more important in obtaining
higher conception rates than level of feeding before calving., In-
creasing the energy intake from a low to a high level on cows that
had not shown estrus in 90 days stimulated 8 of 10 to exhibit estrus
in an average of 49 days, In females not raised to a higher energy
level, none of the 10 showed estrus. Low-low levels (4,5 1bs, TDN
before and 8.0 1bs. TDN after calving) apparently caused a high
percentage of the cows to fail to exhibit estrus and increased the
services per conception to 3.00 as compared to 1,55 in the high-
high level (9.0 1bs, TDN before and 16.0 1lbs. TDN after calving.
Turman et al. (1965) reported rebreeding of two-year-old heifers
may be a problem even when maintained on a liberal plane of nutri-
tion, but low planes of nutrition are likely to cause prolonged
delays before conception. Comparing three levels of winter feeding
they observed the following average post-partum intervals for the
high, moderate and low levels of feeding were 65, 70, and 78-85

days, respectively.
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Many researchers have attempted by various hormonal treatments
to shorten the period of lactational anestrous following calving.
Numerous types of drugs have been administered to stimulate sexual
activity, Attempts to obtain an earlier first estrus by drug in-
duced synchronization has not been successful in all instances. The
gonadal hormones, estrogen and progesterone, as well as diethyl-
stilbestrol diproprionate, have had limited success, In the early
work with stilbestrol, Casida and Wisnicky (1950) injected 20 mg.
within 9 hours after calving and noted a slight nonsignificant de-
crease in post-partum interval to first estrus (63.1 vs, 57.7).
Silent first ovulation was observed to have occurred in 68 percent
of the cows.

Foote and Saiddudin (196l4a) studied the effect of single and
multiple 800 mg. acetylcholine injections 12 days after calving
and obtained negative results., Treatment did not significantly
affect the uterine involution rate but the intervals from calving
to first ovulation, first estrus and conception were significantly
longer, If post-partum anestrous is due to a lack of gonadotropins,
apparently acetylcholine is not sufficient stimulus to elieit in-
creased release of the triggering mechanism for meore production.

The effect of oxytocin on interval variation from parturition
to uterine involution, first ovulation and first estrus was studied
by Cameron and Fosgate (1964), This substance is known to have a
stimulatory effect on the contracture of the myometrial layer of the
uterus, An increase in muscle tonus in the uterus would seemingly

shorten the period to post-partum reproductive activity. The
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average intervals for the treated and untreated groups, respective-
ly, were as follows--to uterine involution, 41.0 and 42.7 days; to
ovulation, 27.5 and 24,7 days; and to first estrus, 41.3 and 40,9
days. Cameron and Fosgate (1964) stated oxytocin could also exert
its influence through inhibiting gonadotropic secretion, but this
hypothesis did not appear to hold true in this study as indicated
by the small nonsignificant differences reported between treatments.

Fosgate et al. (1962) studied the physiological effects of 22
daily intramuscular injections of 100 mg. l7-alpha-hydroxyproges-
terone-N-caproate on post-partum reproductive activity and observed
treatment significantly (P<.0l) increased the time from parturi-
tion to uterine involution and first estrus. The treated and un-
treated animals exhibited involution and first estrus in 42.0 vs
27.5 days and 70.0 vs 47.9 days, respectively. Conception rates
for the two groups were similar,

Zimbelman (1963) attempted to synchronize post-partum beef
cows by initiation of MAP treatment prior to the occurrence of
first post-partum ovulation. He observed a significant decrease
in variability but was unable to decrease the time interval from
calving to first post-partum ovulation. He reported 19 of 22
treated post-partum cows had synchronized ovulations as determined
by rectal palpations. Palpation accuracy was observed to be
limited, Zimbelman noted that ovulation may be synchronized in
nursing cows which had not yet begun to cycle if the time at which
ovulation was normally expected was being approached. Possibly

the mechanism sustaining the anestrous period is of neural origin
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and not subject to control by exogenous hormenes. Foote gt al.
(1960b) used a progesterone injection at the rate of 1 mg., per 1b,
14 days after ealving to study post-partum response to hormone ad-
ministrations. Uterine involuticn was net influenced by the pro-
gestational substance (41.7 ve 41.4 days) but treatment exerted

a negative influence on time of first ovulation (61.1 vs 41.7 days)
and first estrus (83,0 vs 65.6 days) for the treated and control
group, respectively,

Estrogen injections within two weeks after calving have been
successful in shortening the number of days required for the onset
of reproductive activity (Foote and Walker, 1961; Foote and Hunter,
1964), The average intervai ffom parturition to first ovulation
reported by Foote and Walker (1961) was 16 days shorter for the cows
treated with 10 mg. of P-estradiocl than for the untreated cows,
Treatment did not significantly decrease the variation of the inter-
val to first ovulation in the treated primiparcus cews as it did in
the treated pluriparous cows. Foote and Hunter (1964a) injected
10 mg. estradiol-17f Intravencusly 15 days after calving and found
the average interval from parturitien to first estrus, first ovula-
tion and second ovulation were all significantly (P<,01) shorter in
the treated than in the control group. These results indicate that
corpus luteum formation was normel and regular cyclic conditions can
be stimulated to ocecur in post«partum individuals., By some intri-
cate mechanism, pessibly by blecking the release of the substance
referred to as lutectrophic hormone (Simmons and Hansel, 1964),

estrogen causes the regression of the corpus luteum of lactation.
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The actual existence of this lutectrophic substance hes not been
verified, éxéépt in certain laboratory animals,

Niswender et al. (1964) reported injections of verious levels
of estradiol-17p (0, 30, 40, 80, 160, 320, and 640 meg.) twice
daily from day 6 to either day 12 or day 18 of the estrous cycle
caused a reduction in progesterone concentration and total proges-
terone content., This was determined by ovariectomizing 100 year-
ling heifers at day 6 (controls), day 12 and day 18 of the estrous
cycle, They alsoc studied the effect of twice daily injections of
estradiol-17p on corpus luteum weight, Only the 640 meg. level re-
duced corpus luteum size when ovariectom& occurred on day 12,
Ovariectomy after estrogen treatment from day 6 to day 18 indicated
all measures of corpus luteum activity were significantly (P< ,05)
reduced below that of the control values. This study indicates
the possible mode of_action of estrogens, Apparently they somehow
inhibit luteetropic activity resulting in a regression of luteal
tissue present.

Other studies of the influence of estradiol on post-partum
reproduction have been done (Quevedo gt al., 1965; Foote et 2al.,
1965), Using three different herds of Holstein cattle which in-
cluded 58 pluriparous and 46 primiparous cows, Quevedo et al.
(1965) reported the results of treatment of one-half of each age
group with 10 mg. estraediol-l7p intravenously 12 days post-calving.
An increasing number of parities and treatment both tended te in-
crease the length of the interval from parturition te uterine in-
volution, Average interval to first estrus was decreased in the

treated animals, but the observed difference was not significant,
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Foote gt al. (1965) treated 40 Hereford cows either on the 12th
or 17th day post-calving or on both the 12th and 17th day post-
calving with 10 mg. estradiol intravenously and observed no sig-
nificant difference among group averages for the interval from
calving to uterine involution, first ovulation, and first estrus.
Greater variation in the intervals to first ovulation and first
estrus was reported for the groyp receiving two injections of
estradiol-17p five days apart.

Some work has been done in beef cattile using a combination
of the ovarian hormones, Foote et al. (1960c) studied the effects
of a single dose of progesterone 30 days affer calving as well as
an injection of progesterone plus 10 mg., estradiol 20 days after
progesterone. The average number of days to first estrus were
essentially the same in the treated groups as they were in the un-
treated group. Evidently large single doses of progesterone are
not capable of triggering the release of the gonadotropins. Injec-
tion of 50 mg. of progesterone and 10 mg. of estrogen, either
8ingly or in combination, reduced the interval from parturition to
uterine involution, first ovulation, and first estrus (Foote, 1962;
Foote and Saiduddin, 1964b; Foote and Hunter, 1964b), Although a
single injection of progesterone was reported in earlier studies to
be ineffective in reducing these time periods, multiple injections
used in the studies by Foote and his coworkers were successful.

The results obtained with the estrogen injections appeared to
substantiate those obtained by Niswender et gl. (1964) who noted

corpus luteum regression with high levels., Norwood (1963) found
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estradiol, progesterone, and MAP did not significantly reduce in-
volution interval in primiparous cows. Injection of .05 mg., g -
estradiol, however, did significantly increase the interval from
calving to uterine involution in pluriparous cows when injections
were made on alternate days. Quevedo et al. (1965) had observed
this lengthening of post-partum interval to involution following

single injections of estradiol.
Summary of Review of Literature

The ability of prepuberal animals to respond to gonadotro-
pins appears to depend on the presence of vesicular follicles.
This type of ovarian structure is present at birth in the calf
and the lamb but not until 14 weeks of age in the pig. Injection
of the placental gonadotropins, PMS and HCG, have produced ovula-
tion of viable ova in both lambs and calves. To obtain luteal
tissue development and ovulation apparently both a follicle sti-
mulating hormone and a luteinizing hormone are essential,

Numerous studies have explored the use of both injectable pro-
gesterone and orally active synthetic progesterone analogs in
suppressing estrus and ovulation. Very reliable results allowing
one to predict the time when heat will occur after cessation of
treatment have been obtained with these compounds. Quite variable
results have been obtained with regard to conception rate after
treatment.

Lactational anestrous is another problem the animal physiolo-

gist has attempted to solve through the application of various
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hormone treatments. Estradiol-l7f has achieved scme success in de-
creasing the time from parturition to cocinecident estrus and ovula-
tion, Again fertility at these induced pericds of estirus has been

a problem,



GENERAL PROCEDURE

The data in this study were collected over a period of two
years, The results pertain to the use of various hormones in
combinations for differing ages of beef females, Certain trials
required specific sets of procedural practices, However, since
many procedures were employed, in general, in all trials they
will be discussed as a group in this section.

The animals used in these studies were part of Project 1219
or the purebred breeding herd (Project 1256) maintained at the
Fort Reno Livestock Research Station at E1 Reno, Oklahoma. The
sexually immature heifers employed to study prepuberal responses
were Herefords, Angus and Angus-Hereford crossbreds, Natural
matings in the breeding herd were made to Hereford and Angus bulls.
One trial involving breeding at first or second estrus after
treatment required the use of artificial insemination to semen of
Red Angus bulls, The breeding season usually began May 1 and ex-
tended through July. Bulls were removed from the breeding pastures
on August 1, Out-of-season breeding records, and all records per-
taining to estrual behavior in the prepuberal heifers were obtained
by using vasectomized bulls,

The cattle were grazed on native grass pasture throughout the

year, Supplemental grain and cottonseed meal was provided to
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maintain desired winter gain or as a means of administering the oral
progestogen, Specific trials calling for differences in energy level
will be discussed later under the procedures of that particular ex-
perimental period,

The 6~methyl—17—acetoxyprogesteronel (MAP) was administered in
the daily feed allotment. The animals were individually fed in all
except one trial in which group feeding was practiced. The MAP was
received as a premix in soybean meal at the rate of 33 mg. MAP per
gram of soybean meal. .fhs recommended dosage rate, 180 mg, MAP per
day (Zimbelman, 1963) was administered in two ways. In the prepub-
eral heifers, which were individually fed in all trials, the amount
of premix (5,14 gms.) required to supply 180 mg. was weighed into
individual packets and the contents of these packets were sprinkled
over the heifers' daily allotment of feed, The individually fed cows
were, for the most part, fed 3 1bs, of milo plus 2 1lbs. of cottonseed
meal in which the MAP had been mixed previously. The group fed heifers
received 3 1bs, of milo and 1.5 1bs. of cottonseed meal containing the
recommended amount of MAP., In the group feeding trial the ration was
placed once daily in open troughs with adequate trough space such
that all heifers could eat without crowding. The heifers were fed in
the morning and only & limited number of the animals failed to consume

their portion of the ration,

lﬁepromix, The Upjohn Company, Kalamazoo, Michigan,



The pregnant mare's serum2 (PMS) used was a commercial prepara-
tion containing 50 IU per ml. Twenty ml, of PMS were injected sub-
cutanecsusly in the neck regien.

The choriconic gonad@tr@pin3 (HCG) was a powdered commercial
preparation ceontalning 500 IU per ml., This materlial was injected ine
travenously at the rate of 1000 IU per animal.

The estradiol=17ﬁq (ECP) used in the study of inveolution of the
bovine uterus was an oil soluble 17 (beta) eyclopentylpropicnate ester
of alpha estradicl and provided 1 mg. of estradicl-l178 per ml, In-
Jections of ECP were given intramuscularly in the rump area,

Rectal palpaticns were made in prepuberal heifers to determine
the amount of ovarian response to treatment which had occurred., The
ovaries were manipulated to cbtain some estimate of the degree of
follicular development and to determine if ovulation and subsequent
corpus luteum formation had oceurred, Rectal palpations were made
weekly in post-parturient cews to study the phenomencn of Invelution
of the uterus. These weekly palpations were centinued until invelu-
tion of the uterus had occcurred.

An estimate of the milk preduction of the cows was alse obtained.
The procedure for cobtaining this estimate invelved separating the

calves from their mothers the evening before milk production estimates

2Gonadin, Cutter Laboratories, Berkeley, Califernia.

3Libigen, Savage Laboratcries, Houston, Texas.

MECP, The Upjohn Company, Kalamazoo, Michigan.
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were gbtained, The following day the calves were weighed to the
nearest half-pound, then allowed to suckle their mothers, After
nursing was completed the calves were reweighed and the weight before
nursing was subtracted from the weight after nursing., This differ-
ence was assumed to be the amsunt of milk obtained. The calves wers
again penned away from the mothers during the day and the procedure
repeated that evening., The total of these two figures provides an
estimate of the cows daily milk produetion., The process was re-
psated twice, one week apari, to obtain an estimate of the cows'?

milk production.



TRIAL T
Materials and Methods

Fifteen Angus, Hereford, and Angus-Hereford crossbred heifers
were allotted to three treatments on the basis of weight and age
in the summer of 1964, with the mejor emphasis placed on weight as
indicated by the results of Sorenson gt al. (1959), The range in
age and weight for these heifers was 208-242 days and 360-540 1bs.,
respectively. None of the heifers had attained puberty as indi-
cated by the observation of estrus. Rectal palpations carried out
before treatment failed to detect palpatable corporaalutea indi-~
cating that litile ovarian activity had occurred.

All heilfers were individually fed 1.5 1lbs. CSM and .5 1b. ground
milo per head per day., The treatments were as follows: GCroup 1 (MAP)
received 180 mg. MAP per heifer per day daily for 15 days; Group 2
(MAP $PMS{HCG) received 180 mg. MAP per heifer per day daily for 15
days and were injected subcutaneously on the Jast day of MAP feeding
with 1000 IU of PMS followed three days later by 1000 IU eof HCG in-
traveneously; and Group 3 (PMS}HCCHMAP) received a subcutanecus in-
Jeetion of 1000 IU of PMS followed 3 days later by an intravenous
injection of 1000 IU of HCG. Ten days after the HCG injection, 180
mg. MAP per heifer per day was fed for 15 days. Individual packagés

containing 180 mg. MAP were mixed into each heifer's feed allotment
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at time of feeding to make certain each heifer received her daily
treatment dosage.

All heifers were checked with vasectomized bulls to determine
oceurrence of estrus prior to, during or following treatment., Rec-
tal palpations were carried out on heifers 3 days after the MAP feed-
ing period or 3 days after injection of PMS, Palpation of heifers of
this size is extremely difficult meking diagnosis of ovarian activi-
ty uncertain and in certain instances impossible. The observations
made by rectal palpation were follicular development, occurrence of
ovulation, and corpus luteum formation as a result of treatment,
and coincident ovarian activity as an indication of the establishment
of a regular cyclic pattern of estrus behavior,

A fourth group (PMS4HCG) of 5 Angus and Angus-Hereford crossbred
heifers ranging in age from 205-223 days and in weight from 320-355
1lbs, were injected subcutaneously with 1000 IU of PMS and 3 days
later with 1000 IU of HCG intravenously. No attempt was made to pal-
pate the heifers -in Group 4 because of their small size.

The animals used in the prepuberal studies are listed in Appendix

Table XXIII.
Results and Discussion

The purpose of this study was to study the effectiveness of MAP
and the placental gonadotropins, PMS and HCG, in triggering the
mechanism to stimulate the onset of puberty. The use of PMS and
HCG has been known to cause estrus and ovulation, but whether sub-

sequent estrual periods occur after these treatments has not been
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reported, The funetion of MAP could be to regress all luteal tissue
present or it might possibly serve as a block on pituitary hormone
release, The results of Trial I are summarized in Table I.

Estrus was not detected in any of the heifers in group 1 which
received only MAP daily for 15 days during the treatment period or
soon after the removal of MAP from the ration. Two heifers of this
group apparently were in estrus but not detected since they con-
ceived to the service of the fertile, although supposedly vasec-
tomized, bull which had been inadvertently used. Although preg-
nancies at this young age were undesirable, the presence of the fer-
tile bull did provide data that would not have been observed
otherwise. The bred heifers with no record of estrual behavior being
observed indicated that the use of a marking harness was an un-
reliable means of detecting estrus in this trial.

Using a gestation length of 275 days to calculate an estimated
breeding date for the two pregnant heifers it was found that concep-
tion had apparently occurred very soon after the removal from MAP
treatment, Although estrus was not observed it is obvious that the
heifers were in estrus, did ovulate a fertilizable ova, and were
capable of conceiving and carrying the fetus to term. Both of the
calves were alive at birth, each weighed 50 1bs, with one heifer
requiring a cesarotomy.

One of the three nonpregnant heifers in group 1 exhibited an
estrual period approximately 40 days after the MAP treatment but
did not return to estrus. The other two nonpregnant heifers of this

group did not cycle. Palpation three days after treatment was



TABLE I

EFFECT OF 180 MG, 6-METHYL-17-ACETOXYPROGESTERONE (MAP) AND PLACENTAL GONADOTROPINS (PMS
AND HCG), SINGLY OR IN GOMBINATION, AND IN DIFFERENT SEQUENCES ON
ESTRUAL BEHAVIOR IN PREPUBERAL BEEF HEIFERS

Obgerved in From PMS In a 2nd From 1lst
Ave, Ave, Egtrus After ~ Treatment Post Treat, to 2nd

Group  Treatment No, Age Wi, PMS__ HCG MAP To Estrus _Estrus  FEstrug

1 MAP 5 224 400 0 - -8 - - -
2 MAP-PMS-HCG 5 232 hob i - - 3 2 7
3 PMS-HCG-MAP 5 227 432 5 - 1 2 1 27
4 PMS-HCG 5 216 333 4 1 - 3 ' 3 15

8Two heifers found to be pregnant had apparently conceived shortly after removal from treatment
without being observed in estrus.

it



38

successful in only two of the 5 heifers, because of the extreme small
size of the other 3 heifers, The ovaries of the 2 heifers palpated
were smooth and apparently of normal dimensions,

Howe et al. (1962) reported that progesterone injecticns adminis.
tered to immature dairy heifers reduced the number of follicles present,
Whenever the progesterone treatment was followed by PMS and HCG only
26 percent of the heifers ovulated, The use of gonad-stimulating sub-
stances after the progesterone treatment period apparently stimulated
a measurable amount of ovarian response before slaughter of the animals,
The progestational agent used in Trial 1, MAP, although not triggering
the observable exhibition of estrus after treatment did apparently pre-
vent ovulation until after the removal of treatment, Zimbelman (1963)
concluded MAP accomplished this by preventing the release of ovulating
hormene,

The heifers of group 2 receiving MAP for 15 days followed by the
PMS and HCG injections responded to the treatments with estrus occurring
in 4 of the 5 heifers after PMS, but failed to develop a cyclic pattern
of heat expression. The injection of PMS was followed by estrus approx-
imately 60 hours post-treatment in these 4 heifers. A corpus luteum
was palpated 3 days after PMS in 3 of 4 heifers reported in estrus.

The HCG was given at this time but apparently was unnecessary because
ovulation had already occurred., The fourth heifer was difficult to
palpate thus a positive diagnosis was not pessible. Two of these four
heifers returned to estrus in a 5-9 day period indicating the corpus
luteum was not functionally maintained or estrus would have been re-

tarded. The presence of corpora lutea after PMS alone conflicts with
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the results obtained by Mansour (1959) in sheep. He concludad ovula-
tion did not occur unless a luteinizing substance in addition to PMS
injection contained enough luteinizing hormone to stimulate ovulation.

The intravencus injection of 1000 IU of HCG was found by rectal
palpation to have stimulated the formation of large masses of luteal
tissue increasing the size of the ovaries tc 2 or 3 times normal di-
mensions, The HCG administered in this manner appeared to have caused
considerable luteinization of the follicles present without stimila-
ting further ovulation. Later palpations of these heifers revealed a
regression to normal size of the ovaries with no functional activity
occurring, Howe gt al. (1962) reported ovulation in 3 of 8 heifers
treated with PMS and HCG with excessive follicular development occur-
ring in all calves, Apparently the HCG source used in this study
when injected intravenously acted so rapidly that luteinization of
the follicle occurred before ovulation was possible. The usual ob-
servation reported after a combination of injections including PMS and
HCG was follicular development followed by ovulation (Hertz and Hisaw,
1934; Mansour, 1959; Rowland, 1944),

Of the 2 heifers in group 2 that were observed in estrus twice,
one was marked by the vasectomized bull as being in estrus 22 days
after the previous heat pericd. This was the only heifer to exhibit
two estrual periods at what cculd be considered at normal time interval.
Palpation 7 months later indicated this heifer was pregnant to the ser-
vice of the fertile teaser bull. After calving a breeding date was
estimated and found to approximate this latter estrual date, Concep-
tion in this case prevented further cyclic estrual activity. Ancther

heifer on this treatment was also found to be pregnant and was



caleculated to have conceived approximately 40 days after the PMS in-
Jecticn, This heifer had been in estrus 3 days after the PMS injec-
tion but did not have later recorded heat dates, although it is
obvieus that at least one ceceurred, Possibly she had had a short

~ estrual period and mated to the vasectomized bull during the night.
Marking harnesses were used but this again indicates their unrelis-.
bility,

The one heifer in this group which did nect exhibit estrus
failed to ovulate, The cother two nenpregnant heifers failed to
establish a regular pattern of cyclic activity as evidenced by a
lack of estrual behavior subsequent to the estrus induced by PMS.

The results obtained in heifers of group 3 indicated that the
injection of the placentsl gonadotropins (PMS and HCG) prior to the
15-day feeding perind of MAP was not as successful in stimulating
ovarian activity following MAP treatment as was cbserved when the
gonadetroping were administered after feeding. The injection of 1000
IU of PMS again stimulated estrusl behavisr (5 of %), Palpation
after the intravencus injection of 1000 IU of HEG revealsd 3 of 4
heifers ovulated with excessive luteinization of other uncvulated
follieleg occurring in all four heifers. The HCG again sppeared
to cause & luteinization witheut ovulation., The small size of one
heifer of group 3 prevented making any cbservaticns by palpatien.

Only one heifer in group 3 exhibited estrus following treatment
with MAP fer 15 days beginning 10 days after the HCCG injectien., This

heifer had reached & weight of 550 pounds although only 9 menths of

&0

agé, Wiltbank ¢t gl. (1965b) reported Angus-Hereford crossbred heifers

i RS



reach puberty at 550 pounds &nd 13.2 months of age. This heifer, if
weight ig the most impertant criterion determining puberty, could
conceivably have reached puberty. However, such was not indiceted be-
cause she failed fo return to estrus until 60 days later. The other
four heifers in this group did net exhibit estrus other than after the
PMS treatment prisr to MAP administration. Palpat&an approximately

30 days after cessation of MAP tregiment revealed a corpus luteum on
the ovary of one heifer later found tc be pregnant., Celculation based
on date of calving indicated mating te the vasectomized bull had
occurred approximately 20 days after the removal of MAP from the ra-
tion, No studies have been reported which could be compared to this
treatment. Preduction of an artificial corpus luteum with PMS and
HCG was apparently accomplished, bulb regresgion of this structure with
MAP seemingly returned the heifers to thelr previcus anestreus condi-
tion,

A fourth group of 5 heifers were treated with PMS and HOG withe
out MAP to study whether or not the artificial cerpus luteum produced
would regress naturally and stimulate later estrual eycles *ho ocour.
When only PMS and HCG were administered 4 heifers exhibited estrus 3
days after the PMS injection and the fifth heifer was in estrus 6 days

following the HCG treatment. Three of 4 heifers respsnding to PMS
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returned to estrus, twe of them within 5 te 7 days after the first heat

pericd., Awother heifer returned to estrus 33 days later and cone
ceived to the service of the fertile teaser bull., This heifer was 8,5
months of age at the time of conception., One other heifer of this
group was not observed in heat but cenceived approximately 60 days

af'ter the PMS-HCG induced estrual peried recerded for her, The two
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remaining heifers of this group did net return te estrus subsequent
to the induced estrual period. The heifers in this group were not
palpated because of their size. Treatment of prepuberal animals with
a combination of PMS and HCG has repeatedly been observed to stimu-
late follicular development and ovulatory activity (Marden, 1953;
Mansour, 1959; Howe gt &l., 1962). However, establishment of a
regular pattern of cyclic activity has not been reported. The pres-
ence of the fertile teaser bull confounded the results of this trial
with regard to the onset of cyclic activity but apparently cyeclic
behavior was not triggered as evidenced by a failure to observe
estrus in the nonpregnant heifers.

The results of this trial are in agreement with reports in the
literature that prepuberal calves do respond to treatment with exo-
genous hormones, especially the placental gonadotropins, PMS and HCG.
Two of 5 heifers treated with MAP alone apparently exhibited estrus
after treatment although these periods must have been a shert dura--
tion., No heat date had been recorded, but they conceived at some
estrual date shortly after removal from treatment., Treatment with
PMS both before and after MAP feeding stimulated the exhibition of
estrus, The use of HCG after PMS stimulated some ovulations but in
many instances appeared to have luteinized the existing follicles
without stimulating ovulation., Incorporation of MAP into the ration
after the PMS and HCG injections resulted in only one induced estrus
of five treated animals., The injection of PMS and HCG without MAP
resulted in all heifers exhibiting estrus after treatment with 3

heifers returning to estrus at later dates but not when normally
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expected, Only one heifer was in estrus twice after treatment at what
could be called a normal interval, This resulted from treatment
first with MAP for 15 days followed by PMS and HCG,

Seven of 20 heifers used in this study conceived during the
course of this trial, The average age at conceptien for these heifers
was approximately 8 months with a range from 7 to 9 months of age.

Six heifers gave birth to live calves with an average birth weight
of 51 pounds, One heifer required a cesaréan section; however, the
other 6 heifers although requiring considerable assistance calved
normally.

The results obtained in trials of this type where the obser-
vation of estrus is the major criterion of response can be subjeet
to considerable error., Heifers of this age are known to have sub-
threshold heat cycles of very short duration. The marking harnesses
available did not do a satisfactory job. Some heifers in estrus
late in the evening or during the dark hours are not detected. Heat
detection depends on the herdsman cobserving the bull or other
heifers riding. Undetected heats are known to oeccur only if preg-
nancy results as it did in this trial where unrecerded matings had

ocecurred,



TRIAL II
Materials and Methads

Approximately 2 months after the Trial I treatments wers im-
posed, 14 of the 15 heifers used in groups 1, 2, and 3 of Trial
I were reassigned to ancther set of treatments, One animal used
previcusly whose size was approaching that observed at the onset

t al. (1965b) was not used in Trial II.

of puberty by Wiltbank
The heifers were allcotted to 2 groups on the basis of previcus
treatment and weight. Group I received a single subcutaneous
injection of 1000 IU PM3 followed & days later by 180 mg., MAP
daily for 15 days. Group 2 heifers received only the subeutan-
eous Injection of 1000 IU FMS with no subsequent feeding of MAP.
The heifers were individually fed 1.5 1lbs, coltensesd meal
and .5 1b, ground mile of supplemental feed per head per day.
To insure that all heifers received their daily treatwent, the
progestational material (MAP) needed per day was weighed into
individual packets and poured over the feed allotment of ths
treated heifers, Vasechiomized bulls were used to detect estrus.
Rectal palpations were made 3 days after the PMS injectlon and 2

days following cessaticn of MAP trealtment.
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Results and Discussion

This trial was Initiasted te determine if PMS alene was suffi-
cient to stimulate estrusl behavier followed by the develspment of
a regular pattern of cyclic behavior., These heifers were clder and
nearsr an age at which puberty normally occurs. Impesition of
treatments at this age might possibly be more successful in animals
nearing puberty than in animals 90-100 days younger., The purpsse
of administering the MAP treatment after the PMS injection was to
determine what eovarian activity might oceur should the progesiogen
regress the luteal tissue formed. It is of importance to know
whether MAP will trigger the mechanism for follicular development
and ovulation or return the animals to the anestrous state which
persists befeore the onset of puberty.

The data pertaining teo 2 heifers in group 1 and 3 helfers of
group 2 were omitted when it was determined that the heifers were
pregnant as a resull of cenception follewing previous treatment.

The results pertaining to the nonpregnant heifers in this trial
are symmarized in Table II,

Only one of the five nonpregnant heifers in group 1 exhibited
estrus after the PMS itreatment. This heifer did net, howsver, come
in heat following the 15-day period during which MAP was administered
in the ration, Three of the remsining four heifers exhibited estrus
within 2 days following the MAP treatment pericd. One hei:
this greoup of three was noted te have anether estrual pericd. This
occeurred 19 days later, which wenld be considered a normal gyele

interval. No further estrual behavier to indicate sstablisbment of



TABLE II

EFFECT OF 1000 IU PREGNANT MARE SERUM (PMS) ALONE OR IN COMBINATION WITH 180 MG, 6-METHYL-
17-ACETOXYPROGESTERONE (MAP) FOR 15 DAYS ON REPRODUCTIVE ACTIVITY
IN PREPUBERAL BEEF HEIFERS

SNumber in - Imterval = Interval No. Observed Intervarl

Average Emtrus From PMS Number in  From MAP in Second Between
~ Age Following To Estrus Estrus Ts Estrus Post=Treat- Egtrual
Group _Trestmwent Ne, _ (Days) PHS (Days) After MAP  (Days) _ ment Estrus Perieds
1 PMS - MAP 5 297 1 3 3 2.3 1 19
2 PMS 4 305 2 2.5 - - 0 -

9%
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a regular cyclic pattern was cbserved in any of this group of heifers.
This one heifer exhibiting two pericds of estrus after MAP treatment
was 11 months of age at the time of second post-treatment heat and
gould have conceivably reached puberty without treatment; however,
the lack of subsequent cycles would not indicete the ounset of puberty
had occurred, Wiltbank et al. (1965b) had, however, reported Angus
heifers wintered fo gain 1.0 pound per day had an average age at
puberty of 11.2 months,

The failure of more of the heifers in group 1 to exhibit estrus
following the PMS treatment wase not expected. Only one previcus
treatment probably would not be encugh to sensitize the ovaries and
make them refractive to subsequent treatments.

Rectal palpation after PMS revealed ovulation had not occurred,
This observatien differs from those made in Trial I where ovulation
was diagnesed as having occurred, but deoes agree with reporis in
the literature by Mansour (1959) and Hertz and Hisaw (1934). They
egncluded ovulatioﬁ requires a combination of injectiens involve
ing a follicle stimulating substance followed by a luteinizing sube
étanee° Howe gt gl. (1962) used a combination of PMS and HCG to
cbtain evulation in sexually immature heifers.

Of the four nonpregoant heifers in Group 2 enly twe were ob-
served in estrus following the PMS itreatment. Healt was manifested
in these 2 heifers frem 1 to 4 days after the PMS trsatment.

Neither of these two heifers were ebserved in heat at any subse-
quent time nor were the cther 2 heifers in this greup. Rectal

palpations In this group led te the conclusisn the ovaries were not



stimalated by the PMS ag indicatsd by their cuber marging being
smooth.

The greater response to MAP treatment than in Trial I might
possibly indicate that as heifers approach puberty they are more re-
sponsive to a progestaticnal agent, but would seen to contradict the
response to PMS unless the évaries were refractory to PMS. Whereas
response to PMS was exhibited by almest all of the animals in Trial
I, very few responded when PMS was injected a second time at the conset
of Trial 1T, Since the dosage level used was the same in both trials,
some mechanism inhibited the ovaries from responding the same when
treated the second time. Nalbandov (1964) reported animals treated
contimiously with a protein bormone from a different species grad-
ually lose their ability to respend to it., Since the animals had
received only one previeus injection of PMS this antihormene reaction
would not be expected to have occurred., The results of this trial
would indisate such a buildup of antihormones had oeourred., The
present state of being pregnant in some of the heifers prevented the
exbibition of any wesponse te FMS treatment. The exact cause for all
the nonpregnant heifers not responding was net understood.

The MAP treatment after PMS possibly permitted the regression
of the luteal tissue formed after PMS administration, bub was net
sufficient stimulus to elicit the establishment of cyelic estrual
behavicr, One heifer did have one estrous cycle of normal length,
but could not be ceonsidered as having reached puberty since a eyclie

pattern of estrual behavier was not established,



TRIAL TII
Materials and Methods

Seventeen Angus-Hereford crossbred heifers born in early 1964
were individually fed 180 mg. MAP daily in 2 pounds of cottonseed
meal for 15 days. These heifers ranged in age and weight from 301
to 366 days and 400 to 555 pounds, respeetively., Their average age
and weight were 324,9 days and 477.6 pcunds, which are near the age
and weight at which puberty or the exhibition of first estrus
occurs as reperted by Wiltbank et gl. (1965b).

Harnessed vasectomized bulls were used to detect estrﬁs prior
to, during and following treatment in these heifers. All heifers
that had not exhibited estrual behavier within 30 days after the
cessation of MAP treatment received a single subcutanesus injection
of 1000 IU of PMS,

Rectal palpations were made 1 day prier to the beginning of
treatment and 6 days following the end of the MAP treatment peried

to determine ovarian activity,
Results and Discussicon

This study was initiated to study the possibility of stimulating
the onset of puberty in heifers nearing the age at which first estrus

normally occurs, Karlier studies have shown MAP treatment was
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ineffective in triggering the develcpment of a regular cyclic pattern
of estrual activity in heifers 8.10 months of age. Its potential in
stimulating cyelic activity in 10-12 month old heifers could be much
different.

The results of this trial are summarized in Table III, Of the
17 heifers receiving 180 mg, MAP daily seven (41.2 percent) exhibited
an induced estrus. Those seven heifers were in heat 2-5 days follow-
ing the removal of MAP from the ration. Two other heifers came in
heat on the nineteenth and twenty-second day after the last feeding of
MAP with the length of time after feeding before estrus was shown
indicating the possibility of occurrence of silent ovulation scon
after the MAP treatment ceased. A corpus luteum was detected in
cne of these heifers 6 days after treatment providing proof of ovulae
tion occurring without estrus. Six of the nine heifers returned to
estrus at a time which could be considered normal for the regular
cycle to have occurred, One of the 3 remaining heifers did not exhi-
bit estrus until 90 days later; whereas, the other twolheifers were
not observed in heat again throughout the observation periocd. Not all
of the 6 heifers that did have two normally spaced estrual periods
after treatment developed a regular cycle. Four exhibited an estrual
period after a normal interval, but twe others lapsed into an anss-
trous condition. All heifers of this group which exhibited some estrual
behavior eventually were observed in anestrous, but recycled at scme
later date. These irregular cycles indicate the peseibility «f reg-
ular cyclic ovarian activity, but with estrogen levels not high
encugh to stimulate estrus. It could alsc be poor detection assc-

ciated with the unreliability of the marking harnsss,



TABLE III

DEVELOPMENT ©F ESTRUAL BEHAVIOR AFTER A 180 MG, 6-METHYL-17-ACETOXYPROGESTERONE TREATMENT
FOR 15 DAYS ATONE, OR FOLLOWED BY 1000 IU PMS IN ELEVEN=MONTH-QLD HEIFERS

T T e ——

Ave,  No. Obsexrved Days From  lNe, Ovulated No. Observed  No. Observed
Age Average in Induced Treatment To © Days Posi- in Second Post- in Third Poste
gpeatmenta Ne,. . (Days) Weight Estrus First Estrus _ Treatment? Treatment Fatrus Treatment Est.
MAP 17 3249  477.6 7 3.7 5 6 4
MAP -~ PMS 8 327 475 7 2.1 - 2 0

5PMS was administered 30 days post MAP treatment in all heifers nob observed in estrus feollowing
the 18-day treatment pericd.

bOne known silent ovulation,
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Rectal palpation of all heifers 6 days after the cessation of
MAP treatment revealed for the most part that those animals which
had exhibited an induced estrus had alse ovulated. Apparently the
corpus luteum was normal and functional because a number of these
animals completed a normal cycle and exhibited heat again. Two
heifers in estrus late on day 5 after treatment did not have a cor-
pus luteum when palpated on day 6.

Eight heifers which had not exhibited estrus within 30 days
post-treatment received a subcutaneous injection of 1000 IU PMS.
Seven showed heat within a 3-day period, with six of 7 heifers in
estrus on the second day after the injection. One heifer of this
group was not observed in estrus., Only two heifers returned at a
time resembling a normal interval after the PMS induced estrus,

The occurrence of cyclic estrual activity after the induced
estrus where palpation indicated a corpus luteum was present
provides some support for the theory of the essentiality of a
waning corpus luteum (Grant, 1936), He reported estrus behavior
will not occur unless a waning corpus luteum is present in the
ovaries, Marden (1952) alsc reported the presence of luteal tissue
in the ovaries improved the chance of occurrence of estrual activity.
The failure of PMS to stimulate more cyclic estrus behavior than
occurred can perhaps be attributed to the lack of luteal tissue.
PMS has a partial luteinizing effect, but is more effective as a
follicle-stimulating substance. Mansour (1959) and Hertz and Hisaw
(1934) were able to produce ovulation only with a combination of

a follicle-stimulating and luteinizing hormones, If PMS did not
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stimilate enough luteal tissue formation the overall failure of the
heifers to return te estrus would substantiate Grant's (1936) claim
that a waning corpus luteum is required for subsequent cyclic es-
trual behavior.

The results of this trial indicates that oral progestogens
can be effective in stimulating the mechanism for onset of pub-
erty in calves if the heifers are near an age where puberty nor-
mally occurs. The response to the eral preogestogen would be a
short term effect in that a eyclic patiern of estrual activity will
not be established, The use of PMS was also effective in causing
the exhibition of estrusg, but since only two of eight heifers reo-
turned, it could not be considered a satisfactory procedure for
gtimulating the onset of cyclic estrual activity in this age of

heifers.



TRIAL IV
Materials and Methods

This study was initiated in the spring, 1964, using 38 two-
year-o0ld Hereford heifers that had calved in Februavy and March,
The heifers used in this gstudy had been divided inte twe groups
the preceding fall and maintained at different levels of nuiri-
tion prior to calving. Nineteen heifers were fed a high level
(H) defined as the amount of supplemental feed necessary to main-
tain their fall weight through calving. The other 19 heifers
were fed a low-moderate level (IM) which was the amount of supple-
mental feed during gestation to allow a 15 percent decrease in
their fall weight, Following calving all heifers were placed on
the high level of feeding. The heifers grazed native grass pag-
ture during the wintering perisd with access to a complets min-
eral mixiure fed free choice, The helifers were individually fed
the supplemental feed which was ground milo and cottonseed meal
fortified with synthetic vitamin A to previde 15,000 IU per
heifer per day. Fach heifer received 2 1b. cottonseed meal per
day and mile was adjusted on the basis of weight changes in the
heifers of each lot as determined by welghing the heifers every
28 days. An effcort was made to standardize asmcunt of £111 by

h@iding the heifers away frem feed and water overnight in drylet.
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All heifers at calving were scored fer calving difficalty on a
scale from 1-5 as follows:

1.-Calved naturally without aid.

2.-Seme assistance required;

3.-Difficult parturition but calf pulled by hand.

I .Very difficult parturition with mechanical assistance re-

guired.

5.=Cesarean sechtion operation.

The primiparous heifers used in this trial were albternately
assigned to either a treated or ccntrel group at the time of calve-
ing. An attempt was made to &llot the cows such that the average
calving date for the ftwo groups would be approximately equal, The
heifers of both groups were pasbtured tegether and individually fed
the same quantity of supplemental feed, The treated group was fed
180 mg. MAP per heifer per day for 18 days beginning en the twenty-
fifth day after parturition. The MAP was measursd inte individual
packets containing 180 mg. and the contents of one package were
poured over each treated cow's feed alletment, insuring that all
treated cows received the prescribed deose recommended by Ziwbelman
(1963). Treatment was on en individual heifer basis beginning on
day 25 after calving,

Fertile Hereford bulls were maintained with the cows following
calving with mating permitted at the first post-partum estrus.
These bulls remained with the cows throughout the breeding season
and were removed August 1. Pregnancy was diagnosed on the basis

of rectal palpations made in esrly October. The heifers calved
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February to April 1965, The 1965 calving dates were used tc confirm
the 1964 breeding dates and toc calculate calving intervals.
Student's "t" test, as illustrated by Steel and Torrie (1960),
was used to determine if a significant mean difference in the length
of the post-partum interval tec first estrus, time from calving to
subsequent conception, and the calving interval might exist between

the treated and control group.
Results and Discussiocn

This study was initiated to determine the effect of 180 mg. MAP
per head per day in stimulating the onset of post-partum reprcductive
activity in lactating beef cows. It was hypothesized that MAP would
cause a regression of the corpus luteum present during lactation,
and whenever the progestational substance was removed the release
of gonadotropins would be uninhibited and follicular growth and
ovulation would occur., Should MAP stimulate an earlier return to
reproductive activity feollowing calving, the calving interval would
be shortened, thus improving the reproductive efficiency of the cow,

The results pertaining to degree of synchronization are pre-
gsented in Table IV with the distribution of matings for the cows
illustrated in Figure 1.

None of the 18 treated heifers were observed in estrus before
or during the 18-day treatment period which began 25 days after
calving. Four heifers (22 percent) were observed in estrus within
three te six days fellewing the removal of MAP from the diet which
would indicate some synchrenization had been pessibly achieved,

Two of the four synchronized heifers were kuown to conceive to
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natural service at this induced estrus. Six additional heifers were
observed in estrus st a time when the second subsequent pest-
treatment heat period would be expected to occur, but neither of the
two nonpregnant heifers which had earlier exhibited an induced es-
trus were cobserved in heat at this time., Four of the 6 heifers in
heat from day 16 to day 28 conceived, By 28 days post-treatment six
of 18 (33 percent) treated heifers had conceived and subsequently
preduced live calves at parturitien. The remaining heifers in the
treated group returned to cyclic activity at varying intervals
following treatment. Only one heifer of the treated group failed

to produce a live calf. All untreated heifers produced calves

after normal gestation intervals. It would appear from the results
of this trial that an oral progestogen is relatively ineffective in
synchronizing estrual activity in noneycling post-partum beef heifers,

but had no detrimental effect on subsequent fertility.

TABLE IV

DEGREE OF SYNCHBONIZATION OBTAINED FOLLOWING ADMINISTRATION OF 180 Mg,
6=METHYI~17~ACETOXYPROGESTERONE (MAP) PER DAY FOR 18 DAYS TO NON-
CYCLING LACTATING BEEF HEIFERS BEGINNING 25 DAYS AFTER PARTURITION

No. in Estrus  No. No. in Estrus  No.
by 6 Days Cone 16..28 Days Cone
Group  No, Post-T geivi t-Tregtment _ gceiving
MAP 18 4 2 6 4

The heifers used in this experiment were not palpated, thus
nothing was determined about corpus luteum regression, follicular

development or occurrence of silent ovulations, Rectal palpations
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were not carried out in an attempt to eliminate this possible cause
of early embryonic death less. This decision was strengthened by
the report by Zimbelman (1963) that there was considerable error
associated with rectal palpations made in post-partum cows, It was
not known whether the four heifers in estrus following removal of
MAP from the ration failed to conceive because of an anovulatory
estrus or for some other reason. However, it would appear that
some of those heifers which exhibited estrus did ovulate normally
since six of ten conceived.

Various workers have attempted to synchronize the occurrence
of estrus in noncycling post-parturient cows. In general, their
efforts also have not met with much success. Zimbelman (1963) did,
however, report that 19 of 22 treated post-partum were considered
synchronized on the basis of occurrence of ovulation between 2 and
7 days after the last feeding, Administration of 180 mg, MAP
per head per day began either 9-15 days or 16-22 days pcst-partum
in an effort to begin treatment before any ovulatory activity
occurred, Syncrhonization was reported as having occurred if ovu-
lation was ncted by rectal palpation. However, with this technique
considerable error was believed to occur because of the uncertainty
of differentiating between a fcllicle and a corpus luteum in post-
partum cows.

Foote et al. (1960b) reported no synchronization in Angus and
Shorthorn cows treated 14 days post-calving with a single implant
of 1 mg, per pound body weight of progesterone, First estrus post-

partum after this treatment ranged in occurrence from 35-154 days.
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Foote and Hunter (1964b) alse reperted very littls synchronization was
achisved by injscting 50 mg. progestersne daily frem day 12 to day 23
post-calving, The cows averaged 4l days from parturiticn to first
estrus with a range of 26-54 days, This same progesterone treatment
plus 10 mg. estradicl 17-P on day 25 or the estradiol treatment alone
did produce greater synchrvenization, The progesterone plus estradiol
treatment resulted in an average date of occurrence of {irst estrus
of 27 days (range 26-l13 days); whereas, the average date of ccour—
rence of estrus in those treated with estradicl alone wag 27 days
with a range of 26-37 days and a standard deviation of 2,5 days.

Ten of the 18 treated cows (55. 6 percent were observed in heat
within 27 days after removal of treatment which would bé 2 post-partum
interval of 69 days or less. Of 18 control cows, 16 (88,9 percent)
were observed in estrus on or prior to day 69 post-partum., The re-
maining eight treated cows had extended periods of anestrus (70~169
days) before reproductive activity was observed, This compares to a
range of 71 to 92 days for the remaining control cows,

The other measures of reproductive psrformance studied were the
interval from calving to first pest-partum estrus, percent concep-
tion at the first pest-partum estrus, and the calving interval, These
results are given in Table V and VI, In Table V the meang for the
subgroups of level of nutriticn are listed and in Table VI the twe
different planes of nutriticn are combined to give an cverall mesn
for the MAP treated and the control group. The impertant features
of these two tables are the values sascciated with post-partum inter
val, days from calving te conception, percent conception at the first

post-partum estrus, and the calving interval.
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Since allotment to the treatment or the control group was on the
basis of calving date, the average pretreatment calving dates are
very comparable, Average calving difficulty ecore was slightly higher
for the cows maintained at the higher plane of nutriticn, indicating
higher feeding regimes prior to calving tend to be associated with an
increase, though nonsignificant, in the difficulty of parturition.
The average birth weight of the calves produced by these Hereford
heifers is presented in Table V. The high level groups had average
birth weights of 70.9 and 69,3 1bs.; whereas, the average weights
for the low-moderate level cows were 63.9 and 66,4 1bs, The differ-
ence was small and seemingly should not be great enough to explain
the difference in average overall calving difficulty scores for the
high and low-moderate groups of 1.9 and 1.6, respectively. While
the average difference in birth weight seems toc offer the most logi-
cal explanatién for the difference in calving difficulty it should
be noted that the low-moderate group with the lowest average birth
weight had an average calving difficulty score similar tc that of
the high groups., There is alsc the possibility that the heifers on
the high level deposited encugh internal fat in the area arouﬁd the
birth canal to hinder parturition, but this could net be determined.

The heifers maintained at the high level of nutriticn lost more
weight at calving than desirsd. They were thecretically fed to gain
enough weight between the end of the breeding season and beginning of
the calving season Euch that body weight after calving weuld ‘be simi-
lar to their previcus fall body weight. The low-moderate group was

fed so body weight after calving would represent a 15 percent loss in



TABLE V

A COMPARISON OF THE REPRODUCTIVE PERFORMANCE OF TWO-YEAR-OLD
HEREFORD HEIFERS MAINTAINED AT TWO LEVELS OF WINTER FEEDING
BEFORE CALVING AND TREATED WITH 180 MG, 6-METHYL-17-
ACETOXYPROGESTERONE (MAP) FOR 18 DAYS BEGINNING

ON DAY 25 POST-PARTUM

Item MAP Croup Control
Low Low
Plane of Nutrition High - H 1
Number 10 8 9 11
1964 Ave, Calving Date 59.6 51.9 60,8 60,5
Ave, Birth Weight 70.9 63.9 63.9 66.4
Ave, Calving Difficulty Score 2.0 1.8 1.8 1.5
Weight Change at 1lst Calving -86.5 =137.5 -52,2 -131.4
% Fall Weight Loss 10.2 16.0 9.9 15,3
Ave. Date lst Estrus 135.9 125.8 117.9 119.3
Post-Partum Interval 76.3 73.1 57 3 58.7
Days Calving to Conception 95.6 77.0 68.4 67.7
% Conception at lst PPEx 55.6 75.0 66.7 54,7
1965 Ave. Calving Date 70.4 43,9 50,3 48.8
Calving Interval 3754 ___358,0 355,3 354.3
TABLE VI

THE INFLUENCE OF 180 MG, 6~METHYI-17-ACETOXYPROGESTERONE (MAP)
PER DAY FOR 18 DAYS BEGINNING DAY 25 POST-PARTUM ON THE
REPRODUCTIVE PERFORMANCE OF TWO-YEAR-QOLD HEREFORD HEIFERS

Item _MAP SD_ Contral SD

Number 18 20

1964 Ave, Calving Date 56.2 60.6

Ave. Birth Weight 67.5 67.6

Ave. Calving Difficulty Score 1.9 1.4 1.6 1.1
Ave, Date of 1st Estrus 131.4 118.6
Post~Partum Interval 7h,9%¢ 30,6 58, O%x 15.8
Days Calving to Conception 86.8 34,5 71.4 22.3
% Conception at 1lst PPE* 64,7 60.0

1965 Ave. Calving Date 57.9 49,5

Calving Interval 367.9 33.5 354 .8 8.5

¥PPE . Post-Partum Estrus
#%(P<,05)
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body welghnt following calving., The goal in the iow-mcderate group
was realized for both the MAP and contrsl group (16 and 15.3 percent
loss, respectively) but the high level treated and conbtrcl group
lost 10.2 and 5.9 percent, respectively, of their fall weight (Table V),

The average date of cecurrense of first post.partum estrus was
day 75 with a standard deviation of 30.6 days. Treatment began on
day 25 and was terminated 18 days later. The earliest that estrus
could have sceurred would have been day 42. The length of time from
calving to the exhibition of first esbtrus wag net found to be
affected by plane of nutrition but & significant (P<05) mean differ-
ence due to MAP treatment did seceur. The oral ingestion of 180 mg.
MAP increased the post-partum interval from calving to first estrus
by 17 days (Table VI)., The reassn for this differsnce was not known.
Zimbelman {1963) reported MAP feeding had no significant effect on
the average interval from calving or end of treatment to either
post-treatment ovulation cr conceptlon within trials,

The pericd from calving bo conception alse was longer for the
MAP tresated cows by approximately 15 days, but the difference was
net significant (Table V)., The incresse in the interval %o first
estrus follewing calving would be reflscted in this peried, Cone
siderable variatiocn between levels of nubtritisn in the treated cows
existed (Table V), with the interval from calving te conceplion
longer in the group maintained at the high level. The standard de-
viation for the MAP treated group was 34%.5 duys.

The concepticon rate at the first post-partum estrus was com-

parable for the two groups being 64.7 percent for the MAP group



and 60 percent for the centrols, The within group plane of nutrition

subgroups varied considerably and this together with small numbers

of cbservations redused the possiblliiy of obtaining a significant

§+y
O

difference (Table V), The conception rate in the MAP lew-moderate

energy group was higher than the high energy group, but the reverse
was true in the control group. OConception rate was apparently nct

influenced by treatment in this trial.

The mean calving interval, or the time from the birth of one
ealf to the subsequent birth of ancther, was 12 days longer in the
treated group than in the centrcls with considerable within treat-
ment variatisn., The use of MAP, although increasing the interval
from calving to first estrus did not cause a significant inerease
in calving interval. This was probably because concepticn rate at
first pest-partum estrus was not extrsmely high and censiderable
variation existed within beth treatment groups with regard to calve
ing interval.

The results of this trial indicate that cral ingestion of the
progestogen compound, S-methyl-l7-acetoxyprogestercne, did not pro-=
duce an alteralion of ovarian activity in pest-partum cows, Pre-
sumably a progestogen blocks the release of luleinizing hormenes.
If such is true, the maintenance of luteal activity in the ovary is
mediated by some other seource or substanse. The extension of pogt-
partum reproductive quiescence in this trial by feeding 180 mg. MAP
was not expested. Apparently the heifexr réquires a set pericd of
time to reccver from the after effects of pregnancy and rebuild

the uterus befere starting another gestation pericd. The use of
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progestogens sometow inhibited this recovery, thus extending the

period of anestrous follicwing calving,
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TRIAL V
Materials and Methods

This trial was initisted in the fall, 1963, using 60 weaner
Hereford heifers maintained at the Fort Reno Livestock Experiment
Station. The average fall age and weight for these heifers was
approximately 250 days and 480 1bs,, vespectively.

A11 heifers were fed at a moderate level (0.5 1b. gain per day)
from Nevember 1 until March 1, On March 1, the heifers were divided
on the basis of weight and sire inte twe comparable groups of 30
heifers each, One group remained on the mcderate level of feeding
to theoretically gain 0.5 1b, per day and the other grsup of 30
heifers were raised to a higher plane <f nutrition to obtain an
average daily gain of 1.0 1b. per day. The heifers were main-
tained at these two different levels «f nutrition, designated mod-
erate energy (ME) and high energy (HE), until shortly before the
breeding season begén on May 1.

A1l heifers were individually fed during the wintering peried.
Beginning in mid-Cetober, they received a daily allegtment of 1.5
1b. of cottonseed meal fortified with symthetic Vitamin A to pro-
vide 15,000 IU per heifer per day fed every other day. Approxi-
mately November 1, cne lb., mile per head per day was added to the

diet, and was gradually increaséd te 3 1lbs, per hiead per day,
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Beginning March 1, the heifers of the high ensrgy 1ot were increased
to 5 1bs, of mils per head per day which was further increased to 6
1bs. per day 15 dsys later., The vitamin A foriifisd cottonseed meal
was continued at the level of 1.5 lb. per head per day througheut
the winter feeding period,

The 30 heifers maintained at sach energy level were alletted on
the bazis of weight into twe comparable groups of 15 heifers each.
The treatment design is preseunted in Table VII, Estrus in one group
of 15 heifers from the high energy group (lot I) and one group of 15
heifers from the moderate energy group (Lot I1) was synchronized atb
a time to permit them to be artificially inseminated at the first
induced estrus. Estrus in the remaining group of heifers on each
energy level (Lots III and IV) was synchronized at a time to permit
insemination at the zame time ag lots I and IT but at their second
post-treatment estrus, Only nine of the 60 heifers had net shown

at least one egtrual perisd previcus to the MAP treatment,

TARLE VII

ARRANGEMENT OF TREATMENTS
ARTIFIGIAL ¢N:LMTNAT
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Synchrenization was accomplished in all heifers by feeding 180 mg,
G-methyl-l7-acetoxyprogesterone {(MAP) per heifer per day for 18 days.
The MAP was mixed with the cottonsesd meal at the rate of 3,64 grams
of the pharmaceutical premix (Repromix) to 1 1b. of cobttonseed meal.
Each heifer was individually fed once daily her allstment of MAP., 1In
order that all heifers csuld be inseminated during the same peried,
time of feeding MAP was staggered, The heifers in Lots IIT and IV,
which were to be bred at the sscond posi-treatment estrus, were fed
MAP for 18 deys starting Maveh 25 and ending April 11. The heifers
in lot T and Iot 1T were fed MAP beginning April 15 and ending May 2.
Artificial insemination of all lots was begun May 1, and carried out
for six days.

Vasectomizad bulls wesring grease-marking harnesses were main-
tained with these heifers prior te, during and after breatwent. The
error associated with detecting ssirus by using harnesssed vasectomized
bulls bas been discussed previously (Triasl 1), The fertile vasec-
tomized bull previcusly memblioned in Trdlal I was alse inadvertently
used in these greups of heiferg and valerbtunately seitled scme of
the heifers,

A1l first service matings following the MAP fseding pericds were
by means of artificiasl insemination. Artificial insemipation was
practiced eonly at the one service pericd, The heifers were pasture-
mated at all later hesl perisds te fertile bulls maintained with
the herd until August 3. The semen of all bulls used had besn evalua-
ted for motility and adequate concentraibicen, sud all bulls were be-

lieved to be of goed fertility.

68



All artificial irseminatlons were made using frozen semen from a
single ejaculate frem & Red Angus bull, This bull was in the bull stud
of the American Bresders Ssrvice and had asu excellent fertility recor

The services of an expsrienced inseminator witk a very crsditable rec-

(D

ord for services per ceheeplticn on virgin heifers were cobbained to
minimize the possibility that any decreass in concepbien rate would be
due to an inexperienced inseminater, The pickup bulls used for subse=
quent natural matings were black Angus that had been progeny tested to
a level te indicate they did not carry the recessive red gene,

Differencs in concepticn rate were tested by using a chi-square
test for two independent samples as illustrated by Siegel (1956).
Bartlett's test for h@mageneity of varisnce (Steel and Torrie, 1960)
was used to test the effect of MAP treatment on the variatien in

time of occurrence of mating during the breeding seaseon,

Resulits and Discussai

E

Sixty yearling Hereford heifers were fed 180 mg., MAP per head per
day for 180 days to sbudy its effectivensss in synchronizing estrus.
A compariscn was mede of concepbicn rabtes to artificial insemiration
carried oub a2t the first or second post-treatment estrual pericd.
Two planes of mutrition were fed during the two menths immediately
preceding the breeding seazcon to study the resposnse to MAP and sub-
sequent coneception rate of heifers recelving a high versus a moderate
energy intake,

The average daily gaing prior to and during the treatment pericds

ef the varicus lots of heifers were close ke what was desired and
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are reporbted ir Table VIII, The hseifers of all lots gained approx-
imately 0.4 1bs. per day during the wintering pericd pricr to March
1. The heifers of Lotz II and IV were confinied on a meoderate energy
level (ME) but average daily gain did incresse slightly above the de-
sired 0.5 1bs, per day when grazing conditioms impr oved in mid-April,.
As 8 result, the average daily gain in Iets II and IV was 0,53 and
0,63 1bs, per day, respectively, during the two-month period pre-
ceding the breeding season., The heifers eof Lots I and III were raised
to a high energy intake (HE) fer the twe months preceding the breeding
seascn. The average daily gein during this perisd was 0.94 and 1.15
lbs,per day for Lot I and Lot III, respectively.

Nine heifers (15 percent) were cbserved in estrus while receiv-
ing MAP (Table VIII)}, Estrus during treatment was observed in only
otie heifer of the two groups mated at the induced estrus, This
heifer wag in the moderate snergy greup (Lot II), and was not ob-
served in heat and inseminated at the induced peried. She did, how-
ever, return to eabrus 19 days pest-trsatment, and conceived but later

gborted, Pgur heifers in eacsh of lots TIIT and IV exhibited estras
during treatment, ALL feur heifers in Let IIT did, however, exhibit
estrus agailn twe days after the last MAP feeding. Two concelived o
service by the fertile vasschcomiz d bull at this indused perisd while
the other two heifers conceived to artificial insemination al the
second pesi-trestment sstrus. Twoe of the four heifers observed in
estrus during treatment in the moderate energy group (Lot IV) were
obgerved teo have an induced estrus two and three days after the last

MAP feeding., All feur heifers of Lot IV wers observed in heat at



TABLE VIII

DESCRIPTION OF THE 60 HEREFORD HEIFERS FED 180 M3, 6-METHYL-17-ACETOXYPROGESTERONE FER HEAD
PER DAY FOR 18 DAYS AND CBSERVED FOR OCOURRENCE OF ESTRUS AND CONCEPTION
TG ARTIFICIAYL INSEMINATION AT FIRST OR SECOND POST-TREATMENT ESTRUS
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the time when second post-trsatment estrus should have cccurred, None
of these four heifers conceived fto artificial insemination at this
heat perisd, but all conceived alb the next subsequent heat period when
natural mating ccourred,

Three of the nine heifers in estrus during treatment did neot ex-
hibit a synchronized estrus after cessation of the MAP treatment,
thus reducing the respense to syncbhronization with the oral progestogen.
Since all later conceived no detrimental effect on fertility was
apparent, Silent eovulation could have pessibly oecurred, but was not
knowit to have dene so because of the lack of palpation data.

Zimbelman (1963) concluded 180 mg. MAP per day prevented gvula-
tion. Most werkers have reported a complete suppressicn of estrus
during treatment period (Nelms and Cembs, 1960; Hansel and Malven,
1960; Ziumbelman, 1961; Anderson gh 8l., 1962), however, they used a
higher dosage level. Nelms and Combs (1960) used a dosage level of
220 mg. MAP per day while Hansel and Malven (1960) fed MAP at a
level of 968 mg. for 10 days then reduced it to 500 mg. feor another
10 days and inhibited all signs of heat during the trestment period.
Zimbelman (1961} studied beth group feeding and individual feeding
of 0,5 mg, MAP per pound of body weight daily and reporied complete
suppression of estrual activity. Anderson et al. (1962) fed MAP
at two levels (150 and 210 mg. per head per day for 20 days) and
completely inhibited estrus during treatment, Collins et al. (1961)
reported that 0.5 mg. MAP per pound ¢f body weight daily fer 20 days
prevented estrus and evulation in all bulb cne animal during treatment.

The distribution of estrual behaviepr given in Table IX and pre-

sented in Figures 2 and 3 illustrate the degree of synchrenizatien
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obtained at both first and second estrus following MAP treatment.
Sixty percent of the 55 heifers exhibiting estrus did so on the second
day following treatment., All heifers exhibiting a first post-treatment
estrus did so within one to six days after the end of the treatment
period. All heifers which exhibited a second estrus after MAP were
observed to be in heat in a 10-day period beginning 18 days fcllowing
removal of MAP from the ration. The distribution of occurrence of

the second post-treatment estrus is given in Table IX and illustrated
in Figure 3. Approximately 75 percent of the heifers were in estrus
within a four-day period beginning 21 days after removal from MAP
treatment, Included in this group are all heifers of lLots III and

IV that were not bred at the induced estrus, plus those of ILots I

and II that did not conceive to artificial insemination at the induced

estrus.
TABLE IX
DISTRIBUTION OF ESTRUAL BEHAVIOR OF HEREFORD HEIFERS
INDIVIDUALLY FED 180 MG, 6-METHYI-17-
ACETOXYPROGESTERONE PER HEAD PER
DAY FOR 18 DAYS
T N A T e T e e T T . . T . T e T e T T e e R T T T T T
Day After No. in Percent Day After No. in Percent
MAP Estrus _ in Fstrug _MAP Estrus _ in Esgtrus
1 7 12,7 18 1 259
2 33 60,0 19 4 10,0
3 6 10.9 20 5 12,5
5 L T3 21 11 27.5
6 2 3,6 23 5 20,0
24 3 Vil
25 1 2.2
26 1 2.5
27 k) 2.5 -
Iotal 55 100,0 40 100,0
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The intervals from last days of feeding of MAP to the otcurrence
of first estrus are given ir Table X. The intervals were comparable
in all four groups. The moderate energy group bred at the seccnd post-
treatment estrus exhibited a slightly longer mean interval fﬁ@m lash
feeding o occurrence of the induced estrus, Collins et al. (1962)
reported a comparable mean interval from last feeding to estrus of
2.5 days after treatment with 0.5 mg. MAP per pound body weight daily
for 20 days. The mean interval from last feeding to second post.-
tregtment estrus was alss cowmparable for all four groups excepd both
moderate energy groups btended te require more time before the second

induced estrus occurred (Table X).

TABLE X

THE AVERAGE INTERVAL T¢O FIRST AND SECOND POST-TREATMENT LESTRUS
IN HEREFORD HEIFERS INDIVIDUALLY FED 180 MG, 6-METHYI..
17.ACETOXYPROGESTERONE PER HEAD PER DAY FOR 18 DAYS

Interval Interval
From MAP From MAP
To First Te Second
Groun Neyo Fatrus Nev, Estrus
Bred at First Estrus s
High Energy 15 2.3 9 19,6
Moderate Energy 12 2.3 8 22,5
Bred at Second Estrus
High Energy 15 2.4 13 21,7
Mgderate Energy 13 2.8 13 22,7

Two of the five heifers not showing an induced estrus were in Lot
IV, while the other three heifers were in Lot II. Both heifers of Lot
IV and one heifer of Lot 11 were cbserved in estrus when the sscend

post~treatment estrual pericd would be expecied teo occur, This
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indicates the possibility of silent ovulation having ecccurrved at the
induced estzus., The two kelfers of Lot II nst observed in sstrus

at either the first or seccnd pericds after MAP were later found to be
pregnant ag a result of mating with the fertile teaser bull, On

the basis of calving dates, cone of these heifers apparently conceived
shorﬁly affer MAP treatment, The other heifer conseived appreximately
14 days after the last day on which artificial inseminaticn was per-
formed. Four additicnal heifers, scheduled to be artifieially in-
gseminated at the second estrus after treatment, conceived to natural
matings with the vasectomized bull at their first post-treatment es-
trual period, These results again point out how the use of a fer-
tile, although supposedly vasecomized bull affected the results of
this trial,

The actual number of days during which artificial insemination
was practiced in each group was significantly reduced (P<,003) in the
groups bred at fivet estros when sompared to the twe groups bred ab
the second pest-treatment estrus, The variatisn in time of ccourrence
of estrus would be expested te ilncrease sach oycls after the induced
estrus because of the nermal range for the estrous eycle, Lasley
and Bogart (1943) reported 79 percent of 781 cycles in range beef
cows were between 17 and 23 days in length. The gther 21 percent
were either mere than 23 days, ¢r less than 17 days in length,

The results presented in Table X would indicate level of energy
had very little influence on time of oceurrence of estrus after
treatment, The first induced estrus in the group bred at the first

eatrus occurred 2,3 days after cessation of treatment in beth the
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high and moderate energy groups (Table X). In the groups bred at sec-
ond estrus (Lots III and IV), there was also a comparable interval from
cessation of treatment to the first induced estrus (2.4 days for the
high energy group and 2.8 days for the low-moderate energy group).

The interval from the end of MAP treatment to the occurrence of sec-
ond estrus was similar for all groups (19.6, 22.5, 21.7, and 22.5 days).
The high energy group bred at first estrus did have a three=day shorter
mean interval. The difference in energy content between the two levels
apparently was not extreme enough to produce a statistically signifi-
cant influence on response to treatment if one truly exists (Table XI
and Figure 4). Both moderate energy groups did exhibit a slight in-
crease in the interval between cessation of treatment and occurrence

of a second induced estrus. This difference was not statistically

significant.

TABLE XI

THE INFLUENCE OF PLANE OF NUTRITION ON OCCURRENCE OF FIRST AND
SECOND POST-TREATMENT ESTRUS IN HEREFORD HEIFERS INDIVIDUALLY
FED 180 MG. 6~-METHYL~-17-ACETOXYPROGESTERONE
PER HEAD PER DAY FOR 18 DAYS

First Estrus Second Fsfrus
—No. in Egtrus —~No. in Estrus
Day After High Moderate Day After High Moderate
MAP Energy Energy MAP Energy Energy
14 6 i8 18 -4, 0
2 17 16 19 3 1
3 2 4 20 3 2
4 2 2 21 4 7
5 2 1 22 5 3
6 1 1 23 1 4
24 2 1l
25 i i 0
26 0 1
27 0 1
Total 30 25 20 20
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The preceding results relaitive to synchronization of estrus are
comparable te those reported in the litersture, Nelmg and Combs
(1960) reported 220 mg, MAP per head per day for 15 days caused heat
to ocecur on the seecond and third day post-treatment in all of 33
cowa; whereas, Collins et 81, (1961) cbserved 14 of 15 beef heifers
were in estrus within 2 to 8 days following MAP treatment st a level
of 0.5 mg, per pound of bedy weight for 20 days. Sorenson (1962)
noted 75 percent of 97 heifers exhibited a synchronized estrus, some-
whatilawer than the 92 percent of 60 heifers reported in heat in
this trial. Nestel et al. (1963) observed 85 percent of 38 heifers
exhibited an induced estrus following MAP treatment.

The conception rates at first service, number of repeat matings,
gservices per cencepticn and number of open heifers are presented in

Table XII.

TABLE XII

THE FIRST SERVICE CONCEPTION RATE, SERVICES PER CONCEPTION AND
NUMBER OF OPEN HEIFERS FOLLOWING ARTIFICIAL INSEMINATION AT
THE FIRST OR SECOND POST-TREATMENT ESTRUS PERICD AFTER
TREATMENT WITH 180 MG, 6-METHYI.1l7-ACETOXYPROGESTERONE
PER HEAD PER DAY FOR 18 DAYS

mmmm%m&mmﬂ = LTI .-_Sv'm‘&;{ﬁm i
No. Bred No. Percent No. ©&ves,/

Artifi- Cole Cone Repeat Con- No .
Group eially ceived ceived Matings cepbion Gpen
Bred at First Estrus
High Energy 1z i 33.3 10 1.7 2
Moderate Energy 10 4 40.0 11 1.5 1

Bred at Second Estras
Righ Ensrgy 13 7 53.8
Msderate Energy 11 1 9.

SR
Ne}
R
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The number conceiving when artificially inseminated at the first

induced estrus was & of 22 heifers bred (36,4 percent), The differ—
ence between the tws energy levels was not significant. Of the
twelve heifers in the high energy group which were artificially ine-
seminated, four conceived (33,3 percent); whereas, four settled of‘
ten (40 percent) artificially bred in the moderate emergy group.
One heifer in the moderate energy group did conceive to natural
service at the first induced estrus. This raised the first service
conception rate for this group to five of eleven (45.5 percent).

| The lower first gervice conceptien rate fer the high energy
group was reflected somewhat in the slight increase ncted in ser-
vices per conception. The high energy group required 1.7 serviees
per conception as comparsd to the moderate energy group which
averaged 1.5 services for concepiion to eccur. Six of the eight
heifers in the high energy group (Lot I) failing to conceive to
artifieial inseminaticn at the induced estrus later conceived to
their first natural mating by fertile black Angus bulls; further
more, ﬁhree additional heifers sebtlsd teo later natural mating by
the pickup bulls and twe heifers were open al the end of the brzed-
ing season., A total of 22 matings were reguired by the 13 heifers
of Iot I that settled, Additian&llmatings to two open heifers
were not counted. Twenty-one matings were reguired to settle the
14 cows in the moderate energy group bred first at the induced
estrus, Two required three services; whereas, six settled at

first natural service after artificial inseminaticn. The large

number of gecond services in let I, in addition to the fact that
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three heifers in Lot II were not inseminated caused the increase in
number of services per conception for Lot I. The high energy group
had two open cows with known breeding records, while the moderate
energy group had only one nonpregnant cow.

The first service conception rate in the two lots artificially
inseminated at the second post-treatment estrual period was eight
of 24 heifers (33.3 percent). The major cause of low first service
conception rates was only one conception of 11 heifers (9.1 percent)
bred in the mederate energy group. The high energy greup had a 53.8
percent conception rate with seven conceiving of 13 heifers bred.
Whereas, conception rate was higher in moderate energy groups than
the high energy group bred at the first induced estrus, the reverse
was true in the groups bred at the second post-MAP estrual peried.
The explanation for the cause of the extremely low first service
conception rate in the moderate emnergy group was not readily avail-
able, This very low conception rate was contrary to most reports
in the literature.

The extremely low first service conception rate of the moderate
energy group artificially inseminated at the second post-treatment
estrus was reflected in the services per conception feor the high
and moderate energy groups of 1.5 and 1.9, respectively. Nine of
the 10 heifers in the moderate energy group still open after arti-
ficial insemination did, however. conceive to the first natural
service after the second post-treatment estrual periocd insemination,
The high energy group required 22 matings to settle all 15 cows,

the only group which had all cows preduce a live calf.



The conception rate to artificial insemination in this trial was
found to be very low, even when practiced at the second post-treatment
estrus. Of 22 heifers artificially bred at the first induced estrus,
eight conceived (36.4 percent). However, when 24 heifers were insemi-
nated at second estrus only eight settled to first serviece (33.3
percent), The low percentage of conceptions at first service follow-
ing MAP treatment has been observed by other workers (Sorenson,

1962; Nestel et al., 1963; Hansel and Malven, 1960), Concepticn

rates at the first induced estrus following treatment have almost
universally been reported as less than 50 percent. First service
conceptions at second estrus have generally been higher,

The first service conception rate of 36.4 percent observed fol-
lowing artificial insemination at the first induced estrual period
after MAP treatment in this trial was comparable to those reported
by others. Hansel and Malven (1960) reported only eight of 22 cows
conceived when artificially mated three days after the treatment
period, Only 24 percent of 38 heifers conceived to artificial in-
seminaticn in a trial reported by Nestel gt al. (1963). Nelms
and Combs (1960) observed that group feeding two-year-cld heifers
250 mg. MAP per head per day resulted in 40 percent pregnant at
first service. Anderson gt gl. (1962) reported conception rates
after the 20-day feeding period were 55 percent for the treated
group and 60 percent for the controls. Collins et al, (1961) re-
ported 17 of 30 dairy heifers (56,7 percent) inseminated were preg-
nant after synchronization with 0.5 mg. MAP per pound of body

weight fed 20 days. Sorenson (1962) observed 33.3 percent of the



artificially inseminsted synchrenized group cenceived at first ser-
vice, in ancther trial Serenscn (1962) found 5% heifers treated 18
days with 180 mg. MAP had a first serviee concepiion rate of 29,6
percent,

Varicus werkers have reported & rebound effect on fertility
at the second post-treatment estrual pericd, follewing preogesterone
injections as well as progestegen treatment. Zimbelman (1961}
both individually fed and group fed two groups of eight heifers,
The first service concepticn rate was 25 percent (2 of &) and 75
percent (6 of 8) for the individually fed and group fed lots,
respectively. Of these two treated groups, 13 of 16 heifers
(81 percent) conceived with one or two services. In ancther trial
conducted by Zimbelman (1963) conception rate after 28 days in
three groups of beef heifers fed 180 mg., MAP was 87, 85, and 83
percent. These conception results through twe services wers com=
parable te what was commonly expected,

There are several possible reasons for the low first service
conception rates observed in this trial. ©ne plausible explansticn
copuld be that the semen, although micrgscopleally good, lacked the
fertilizing capacity necessary for normel conceptien rates., The
inseminateor might have played an important role in decreasing
fertility at artificial insemination. Such was not believed to
be true because this technician was chssen on the basis of his
past record in settling heifers. A control group whers synchrg-
nizaticn was not attempted would have been desirable for compariscn

to first and second induced estrus conceptions. It was decided
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nct to have a control group because the objective of this trial was
to compare conception rate at the first induced estrus to concep-
tion rate at the second post-treatment estrual periocd. The centrol
group would have also reduced the numbers within all groups, which
were to some extent limited even without a contrecl group. One other
important consideration which influenced the decisicn to not include
a control group was that the services of the inseminator were avail-
able for only one week and only a small portion of a control group
would be expected to exhibit estrus in that peried.

In this trial a cervical infection was detected in six heifers
by the inseminator. This was in all likelihood contracted at an
earlier heat period from the vasectomized bulls., At least one
heifer of each group was reported to have a cervical infecticn,
with only one group having more than one infected heifer. The high
energy group which was inseminated at the first induced estrus had
three infected heifers. One settled to the vasectomized bull, one
conceived at the next service period to the pickup bull and one
remained open. The three heifers in the other groups all conceived
to the first natural service by the pickup bulls, Nome of the
heifers with known cervical infections conceived to artificial irne
semination, While it could not be determined, it is pessible that
a low grade infection was present in several additional heifers
and could have affected conception rate to artificial insemination,

The heifers were bred for crossbred calves in an effort ts ine
sure that as many cows as possible would produce and rear a live

calf, Crossbred calves are known to exhibit a greater liveability



than straightbred calves. Wiltbank gt al. {1965a) reported a two
percent inerease in c¢alves born alive where straightbred dams were
carrying crossbraed calves versus straightbred dams carrying straight.-
bred offspring.

The use of semen from red Angus bulls for artificial insemina-
ticn and black Angus for natural matings resulted in tweo different
colors of crossbred calves frem the Hereford heifers. This made it
pessible to pinpeint borderline matings as to whether the heifer
conceived to artificial insemination or to natural service,

The effect of synchrenization on distribution of ecalving dates
is ghown in Figure 50 The 55 heifers exhibiting an induced estrus
did so within six days following btreatment; whereas, the 40 heifers
that exhibited a second estrusl period did so within & %en-day
interval, Using the calving dates of these heifers known te have
settled to first service and comparing the variances in day of
calving of heifers bred at the first induced estrus versus those
bred at the second estrus, the variation in calving date was not
significantly different between the two groups. The small numbers
conceiving at first service may have had a majer infliuvencs against
obtaining a significant difference., The results do indicate that
lack of 100 percent concepbion and inherent diffesrences in length
of gestation will spread calving dates cver a much lenger interval
than that required for breeding,

The effect of varying the energy intake two months before the
breeding seasen was found noht teo have a statlisticelly significant

influence on the occurrence of estrus and on conception rate

86



Number
Calving

4

\

Al at First Estrus

/\ —-+— AI gt Second Estrus

i L 13

Week of the Calving Season

Calving Distribution of Hereford Heifers Fed 6-Methyle
17-Acetexyprogesterone to Synchronize the Occurrence
of Egtrus and Artificially Inseminated at the First

ar Second Peost-Treatment Estrus,

/8



88

following MAP treatment., The conception rate for the various treat-
ment groups are presented in Table XI, The numbers within a group
were smell and first service conception rates between lots were so
similar that all differences were nonsignificant. Only the mocderate
energy heifers bred at second induced estrus had a difference
approaching significance and this was because only one heifer of
eleven inseminated conceived, However, nine of ten heifers nat-
urally bred at the next subsequent estrus conceived, The results

of this trial indicate that the two energy levels fed for two
months before breeding did not have a statistically significant
effect on the heifers' response to MAP and first service conception
rate,

Nine heifers were reccrded as not having been observed in es-
trus before the cnset of treatment. Two heifers in this group were
in the moderate energy lot inseminated at the induced estrus. They
both were observed in heat two days post-treatment and one conceived
to artificial insemination. The other heifer conceived to the first
natural service. Three heifers in the high energy lot and four in
the moderate energy lot also had not exhibited a prior estrus.

These heifers in each group all exhibited an induced estrus, Ome
heifer in the high energy group conceived to artificial insemina.
tion and the remaining two settled to their first natural mating.
In the moderate energy group, one settled to the artificial mating
and the other two conceived to the natural matings. The fourth
heifer in this group was not observed in induced estrus but did ex-

hibit a second post-treatment heat period., She did not conceive



&9

when bred artificially but did when mated later to a pickup bull,
Silent ovulaticn apparently cccurred at the induced estrus,

These results indicate if heifers have reached the approximats
age and weight at which puberty should have occurred, their response

will be similar to that of comparable heifers that are cycling.



TRIAL VI
Materials and Methods

The 84 heifers used in this study were part of the purebzed
Hereford and Angus herds (Project 1256) maintained at the Fort Reno
Experiment Station. These heifers ranged freom 12 to 15 monﬁﬁs.of
age. The 23 Hereford heifers ranged in weight from 440 to 650 pounds
while the range for the 61 Angus heifers was from 400 to 600 pounds,
The heifers had been wintered on wheat pasture until February 1, 1965,
They wefe then placed on native grass pasture supplemented by alfalfa
hay. Beginning March 15 the heifers were group fed 1.5 pounds
cottonseed meal and 3 pounds ground milo per head per day.

The 23 Hereford heifers and 61 Angus heifers were allotted withe
in breed to one of the two treatment greups. Group 1 served as the
controls and were group fed a ration of 1.5 pounds of cotionseed meal
and 3 pounds of ground milec per head per day. Group 2 received the
same daily ration plus 3.5 gms. of the progestational premix (Repro-
mix) mixed with each pound of cottonseed meal. This amount provided
180 mg. MAP per head per day which was the deosage level recommended
by Zimbelman (1963), Beginning March 26, 36 days before the mating
season began, the MAP was fed ecnce daily for 18 consecutive days.
Ample trough space was provided so all heifers of a group could eab

at one time.
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It was necessary to consider several factors in assigning these
heifers to treatment groups. The heifers were part of the breeding
project and had previously been assigned to 21 different breeding
groups; therefore, it was necessary to equalize the number treated
and untreated within a particular breeding group. There were eight
breeding groups of Hereford heifers and 13 Angus heifer breeding
groups, Line of breeding was also considered and an effort was made
to equalize between the two treatments the number of heifers from a
particular line, In allotting heifers within each breed an attempt
was made to balance the number which had shown estrus prior to treat-
ment, Three Hereford heifers (13.6 percent) and 37 Angus heifers
(60.7 percent) had been observed in estrus before the treatment period.

Vasectomized bulls, whose semen had been checked for presence
of sperm, were maintained with the heifers prior to, during, and
following the treatment period until the heifers were put into
their predetermined breeding groups on May 1. Natural mating using
previously assigned purebred Hereford and Angus bulls was begun 20
days post-treatment. The breeding season extended from May 1 to
August 1 with each pasture checked twice daily to record matings.
The vasectomized bulls were equipped with marking harnesses to aid
in heat detections before the breeding season began., It was not
feasible to use the harnesses during the breeding season; therefore,
visual observations were the means of obtaining breeding recerds.
The accuracy of these records might be questioned because of the
possibility of night breeders and the short duration of estrus that

heifers are known to have, Within 10 days after the cnset of the



breeding season 61 percent of the treated group and 54.8 percent of
the controls had been cbserved in estrus. These figures indicate a
fairly large number of the heifers were exhibiting estrus and being
mated. Later palpation records indicated that & small number of
heifers had mated but had not been cbserved in estrus.

A heifer in this trial was considered as having conceived if an
estrual period was not recorded within 60 days follewing mating,
Sixty-day nonreturn rate was believed to be the most reliasble way to
determine first service concepticn rate because palpations in the
early stages of pregnancy are subject to considerable error., Alseo
it was feared that palpation at this early date might increase the
occurrence of early embryonic deaths, Rectal palpations were, how-
ever, made shertly after the end of the breeding season but only on
heifers without a recorded mating or where mating had not cccurred
60 days prior to the end of the mating period. All heifers in this
trial were palpated October 1 to confirm pregnancy and’breeding 1eG=
ords,

Bartlett's test fer homogeniety of variance as illustrated by
Steel and Torrie (1960) was used to test the effect of MAP treatment

.on the variation in the time of cceurrence of mating during the‘
breeding season. Differences in conception rate were tested for by
using a chi-square test for two independent samples &as illustrated

by Siegel (1956).
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Results and Discussion

This study was initiated to test the effect of MAP on synchroniza-
tion of estrus and subsequent fertility to natural service at the sec~
ond post-treatment heat period in heifers group fed 180 mg. MAP per
head per day for 18 consecutive days. The results pertaining to syn-
chronization of estrus in the 42 heifers group fed MAP are reported
in Table XIII and illustrated in Figure 6. All observations on one
heifer of the treated group were omitted when palpation after failure
to exhibit estrus revealed infantile reproductive tract. Twenty-seven
percent (11) exhibited estrus during the feeding period. The number
in estrus during treatment imposed by group feeding was higher than
the 15 percent (9 of 60) observed in heat during individual feeding

trials using MAP as the treatment material (Trial V).

TABLE XIII

DISTRIBUTION OF THE OCCURRENCE OF FIRST AND SECOND POST~TREATMENT
ESTRUS IN HEREFORD AND ANGUS HEIFERS FOLLOWING GROUP FEEDING OF
180 MG, 6~METHYL~17-ACETOXYPROGESTERONE PER HEAD DAILY

.. FOR 18 DAYS
No. Day of No.

Day Exhibit-= Percent 2nd Post- Exhibit—- Percent
After ing in Treatment ing in
Ireat, Estrus  Estrus  Estrus  Fstrus Estrus

5 0 0 20 3 Te3

2 4 9.8 21 1 2.4

3 12 29.3 22 7 7.1

4 9 22.0 23 10 24 4

5 7 R &' 0 B 24 2 4.9

6 3 2.4 25 1 2.4
26 2 4.9

L 3 7.3

Total 33 80.5 29 70.7
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The time of occurrence of estrus during treatment varied from
the onset of treatment to within four days prior te the cessation
of treatment, Rectal palpaticns were not performed; therefore, it
was unknown whether this estrus was accompanied by ovulation.
Zimbelman (1963) stated the amount of 6-methyl-l7-acetoxyprogesterore
required teo inhibit ovulation was greater than the amount needed to
suppress the exhibition of estrus. The relatively high incidence
of estrus during treatment indicates one limitation of a group-
feeding program. It suggests that some heifers obtain less than
their daily individual feed allotment and others more than the de.-
sired dose which could alter the response following cessation of
treatment, Efforts should be made to see that each heifer consumes
her feed allotment so that estrual behavier will be inhibited,
Apparently the estrus during treatment was not an impertant factor
since nine of the 11 heifers (81.8 percent) exhibiting estrus dur-
ing the MAP treatment period in this trial returned to heat within
five days pest-treatment. Ten of the 11 heifers mated during the
first week of the breeding season with six cenceiving at this first
service,

Zimbelman (1961) reported four of eight heifers were in estrus
during the treatment period when fed 150 mg. MAP once or twice
daily. He concluded frem other trials, however, that 180 mg. MAP
was completely effective in preventing estrus during the treatment
period. This observation by Zimbelman in addition to the results
of Trial V where heifers were individually fed 180 mg. MAP per head

per day indicates group-fed heifers do not always receive the daily



minimum dose required for retardation of estrus, Collins et al.
(1961) reported group feeding 0.5 mg, MAP per pound of body weight
inhibited estrus in 35 of 36 dairy heifers during the treatment
period. This dosage is slightly higher than that given in this trial,
which when expressed as milligrams per pound was approximately 0.3
mg.

Of the 41 normal heifers in the treated group, 33 (80.5 per-
cent) were observed in estrus within a two- to six-day period follow-
ing cessation of treatment (Table XIII). The mean interval from
last feeding to occurrence of estrus was 3.7 days. The remaining
eight heifers of the treated group were not observed in estrus in
the 20-day periocd between the time of treatment and the onset of
the breeding season. Six of these heifers did, however, exhibit
estrus within the first four days of the breeding season indicating
silent ovulation may have occurred at the induced heat period. It
could also have been due to an error of detection as well as an
actual failure to exhibit heat., The remaining two heifers in this
group mated later in the breeding season, Tue occurrence of estrus
following treatment is illustrated in Figure 6,

The 80.5 percent of the heifers in this trial exhibiting an in-
duced estrus compares favorably with the 85 percent of 38 heifers
exhibiting estrual behavior as reported by Nestel et al. (1963).
Zimbelman (1963) reported that 93 percent of the heifers exhi-
biting estrus did so within four days after treatment with a mede
of 2.0 days for beef heifers, Similar results were found in an-

other study where 0.5 mg. MAP per pound of body weight was fed



(Collins et al., 1961), Nellor ek al. (1960) repurted a longer in-
terval of from four to five daye after 15 to 1€ daily treatments
with 0,4 mg. MAP per pound of body weight in beef heifers. This
longer interval agrees with the results of this trial, whereby

68,4 percent of the 80.5 percent exhibiting estrus did so on the
third, feourth, and £ifth day after treatment, In Trial V where

60 Hereford heifers were individually fed the same dosage as in
this trial, 84 percent of the heifers had exhibited estrus by the
third day after the end of treatment with 60 percent of the

heifers showing heat the seceond day {(Table IX).

When these heifers were allowed to recycle and then placed in
breeding pastures for mating at the second post-trestment estrus
75.9 percent of the 38 treated heifers which mated did so in an
elght-day peried begirning on the firat day of the breeding seasch
(Figure 7). The fact that 76,3 percent of the 38 heifers mating
exhibited estrus in the first eight days of the breeding season in-
dicated that, although some variation in cysle length existed, the
animals still tendsd teo be gynchrenized. Others have reported that
the effect of syachronization was gradually lost as the time post-
treatment incresases., Thirty-six of the 38 heifers in the treated
group had recorded matirgs in the first 21 days of the bresding
season as cempared to 3% of 37 controls exhibiting estras during
the firgt 21 days of the mating pericd. This distributicn of mate
ings is illustrated in Figure 7. The histogram indicates both the
treated and the coentrel groups tended teo exhibit a grouping of mate

ings soon after the start of the breeding sesasen, The results
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indicate the management practice of increasing energy intake by the
addition of grain to the raticn approximately 45 days (March 15)
prior to the breeding season had some stimulatery effect on reproduc-
tive activity. The variance in occurrence of second post-treatment
estrus during the breeding season was significantly (P<,005) less
for the MAP treated heifers than for the contrsl heifers,

Two heifers in the treated group were not detected in heat dur-
ing the breeding season, but rectal palpations after removal of the
bulls revealed both were approximately 65-70 days pregnant, The
other heifer in the treated group had a recorded mating only 15
days before the end of the breeding season; therefore, rectal pal-
pations shortly after the end of the mating season were inconclusive,
Palpation 60 days post-breeding revealed she had conceived, Five
heifers in the control group were not observed in estrus. Three
were later found to be pregnant with two diagnosed as open heifers.

Of the 33 heifers that exhibited an induced estrual period soon
after treatment there were only two in which estrus was not detected
during the breeding seascn, These heifers, however, were found to
be 150 days pregnent when palpated 60 days after the breeding season,
The size of the fetus and the cotyledons indicated the heifers were
bred soon after May 1, when the second post-treatment estrual cycle
was scheduled tc occur, This emphasizes again one very large source
of error present when mating reccrds are being taken. It was not
possible with twice daily cbservations to detect all heat periecds
and record all matings, In this trial alone five heifers without

recorded matings were later diagnosed as pregnant.
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Because 60-day nonreturn rate was the criterion of conception,
it is important to consider the interval between first and second
mating in these two groups. Any mating followed by another mating
within 60 days was ruled net a first service ccnception. Any time
two matings occurred more than 60 days apart it was assumed that con-
ception had eccurred but the embryc has subsequently died for some
unknown reason, Thus, to arrive at first service conception rate,
intervals under 60 days were categoriezed as no conception; where-
as, those intervals whose estrual periods were more than 60 days
apart were assumed to be first service conceptions. These inter-

vals are presented in Table XIV,

TABLE XIV

NUMBERS OF NONTREATED HEIFERS AND HEIFERS TREATED WITH 6-METHYL-
17-ACETOXYPROGESTERONE WITH A SECOND RECORDED MATING AT VAR~
IOUS INTERVALS AFTER THE FIRST MATING

716 17223 20=30  31-40  41-50 51-60 6170 71-80
Sxoup days _ deve  days _ dgys __days days days days

Treated 0 i 2 3 0 1 5 3 1

Nontreated 6 4 1 3 1 3 0 1

Very short esirous cycles were observed in six of the centrol
heifers between the first agd second mating, These could well be the
result of an error of detecticn with the bull mounting but mating rot
completed. If this were true, however, it would be expected in beoth
groups, The occurrence of these short estrous cycles was not randem

across treatment, rather the shert cycles occurred only in the contrd

group.
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Two heifers in the group fed the progestationsl compecund returned
to estrus at intervals exceeding 60 dsys after the first mating as
did one heifer in the centrol let. These heifers were congidered to
have conceived at first serviece with embryonic mortality believed to
be the cause of the return to estrus, Rectal palpations after the
breeding season revealed, however, that one heifer of each group was
pregnant at the time she exhibited this estrus. Nalbandov (1958)
reported approximately five percent of 8ll cows exhibit estrual acti-
vity during pregnancy. The remaining heifer in the treated group
which had a 68-day interval between first and second estrus was found
to have coneeived at the second estrus; therefore, embryonic mor-
tality felleowing conception at the first mating could have occurred,
The known gccurrence of embrbénic mortality was very low in this
trial, indicating ne deleterisus effect of treatment.

The influence of group feeding 180 mg, MAP per day for 18 days
on fertility at second post-treatment estrus is presented in Table
XV, Sinece both Hereford and Angus heifers were used, first serviee
conception rates were broken dewn by breed, In beth the treated
and centrel groups concephbion rate within each breed was approxi-
mately equal., However, the difference in firgt service conceptien
of 73.7 and 48.6 percent of the treated and eentrol groups, respec-
tively, was significant (P<.005). The 48,6 percent first service
conception rate observed for the controls was unusually low. No
explanation can be given as te why these helfers did net settle

as readily to first service asz might be expected.
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TABLE XV

INFLUENCE OF GROUP FEEDING 180 MG, 6-METHYL-17-ACETOXYPROGESTERONE
ON FERTILITY OF OBSERVED MATINGS AT SECOND POST-TREATMENT
ESTRUS AS INDICATED BY 60-DAY NONRETURNS

No. No. 60-Day Percent
Group Treated % Nonret Nonreturns
MAP 41 38 28 73.7%
Hereford 11 11 8 T2
Angus 30 27 20 74.0
Control 42 37 18 Lg 6%
Hereford 11 11 5 45,4
Angus 31 26 13 50.0

*(P< .005)

It was apparent from the data obtained in this study that com-
pletely accurate breeding records are not obtainable by twice daily
observations of heifers spread throughout several breeding pastures,
Rectal palpations 5 days after the termination of the breeding season
revealed that two of three treated heifers and three of five non-
treated heifers were pregnant. At the time rectal palpations were
carried out approximately 60 days later it was estimated that the
two treated heifers and two of the three control heifers had con-
ceived approximately 140-150 days ehrlier, apparently at an unob-
served estrus pericd. The estimate made at the time of palpation
of the probably stage of gestation of the remaining control heifer
indicated that conception had occurred 20 days, or approximately
one cycle later than had the other two heifers.

It was believed that stage of gestation could be estimated with

some degree of accuracy by rectal palpation. For this reason



palpation records were combined with breeding records in preparation

of Table XVI,

CONCEPTION RECORDS OF NONTREATED AND TREATED HEIFERS RECEIVING
6~-METHYL~17-ACETOXYPROGESTERONE AS EVIDENCED

TABLE XVI

BY RECTAL PALPATION

No.

Per-
cent

103

First Later Total
No. Service Per- Service Concep-
Group Treated Conception cent Conception tignsfiz Open_ _Open

MAP I 26 63.4 11 90.2
Hereford 11 6 54,5 3 81.8
Angus 30 20 66.7 8 93.3
Control 4o 22 52.4 14 85.7
Hereford 11 5 45,5 6 100.0
Angus v | 17 54,8 8 80,6

oo o N E

The conception results of Table XVI vary slightly from those of

Table XV where first service conception was based on 60-day nonreturn

rate, The palpation data revealed two Hereford heifers in the treated

group that had been considered first service conceptions were not

pregnant,

First service conception rates using palpation data was

10.3 percent lower than when 60-day nonreturns were used (63.4 versus

73.7). Theoretically these heifers could have conceived at this first

estrus, but later lost their calves and had not had an opportunity to

return to estrual activity before the breeding season ended.

Also in

the treated group one Angus heifer without a previous breeding record

was found to be pregnant.

(90.2 percent) conceived during the 90-day breeding season compared

to 36 of 42 control heifers (85.7 percent) conceiving.

Although the

Of 41 treated heifers in the MAP group, 37



difference was not statistically significant, treatment did tend to
improve conception rate, Also more treated heifers were bred in a

shorter period of time which would group calvings and reduce labor

requirements at calving time.

Palpations also revealed that 60-day nonreturn rate was not
completely accurate in estimating the percent first service con-
ception rate in the control group. Two heifers in this group
apparently exhibited false heats or may have been marked while not
in estrus. The size of the fetus indicated the length of pregnancy
corresponded more closely with the first estrual period rather than
the second period. Use of 60-day nonreturn rate resulted in an
estimate of 48.6 percent (18 of 37) for the first service concep-
tion rate. Palpation data indicated this figure should be 52.4
percent (22 of 42), The difference between these two estimates can
be explained by the fact the 60-day nonreturn rate was based on ob-
served matings; whereas, the estimates given in Table XV was a
comparison between the stage of gestation as to when conception
oceurred and reported mating using all heifers. Heifers diagnosed
as being pregnant 150 days were assumed to have conceived at their
first estrus even if such was not observed.

The palpation remarks indicated 60-day nonreturn was fairly
accurate, but that certain discrepancies can be found when this
technique is employed. Examples of these discrepancies were noted
in the treated group where one heifer was diagnosed by palpation as
being open after exhibiting only one heat period. There is some

likelihood here of embryonic death which occurred too late for
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return to estrual activity before termination of the mating season,
One heifer in the treated group was believed to be carrying a shorter
term fetus than the breeding records indicated. Use of breeding rec-
ords alone led to the conclusion that 28 of 38 (73.7 percent) treated
heifers that mated conceived at their first estrus; whereas, palpa-
tion records indicated 26 of 41 heifers (63.4 percent) conceived to
first service. The 10 percent difference indicated breeding records
were fairly accurate, A smaller difference was found in the control
group. Breeding records indicated 18 of 37 (48.6 percent) untreated
heifers that mated conceived; whereas, palpation records led to the
conclusion that 22 of 42 heifers (52.4 percent) had settled at their
first mating. It should also be pointed out that the use of rectal
palpations should not be assumed to be 100 percent accurate. Some
confusion as to exact date of conception would be expected to ocecur
since the difference in fgtal size and development in two females
whose conception occurred 20 days apart might vary only a slight de-
gree,

Sorenson (1962) reported 54 heifers treated 18 days with 180 mg.
MAP had a 29.6 percent conception rate at first service. Anderson
et al. (1962) observed a 55 percent conception rate in heifers fed
MAP for 20 days as compered to a 60 percent conception rate in the
control group. Zimbelman (1961), however, reported a first service
conception rate of 75 percent in dairy heifers group fed 0.5 mg. MAP
per pound of body weight daily for 20 days. In three trials where
beef heifers were bred a second estrus, Zimbelman (1963) reported

that 87, 85, and 83 percent of the heifers bred conceived to first
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service, He reported an overall conception rate of 76 percent where
both beef and dairy heifers and beef cows were mated at the second
post-treatment estrus., In the preceding Trial V where first service
conception at the first induced estrus was studied, the results were
not indicative of what was usually observed, The conception rate at
first and second estrus was 36.4 and 33.3 percent, respectively. The
reason for the unusually low conception rate at the second synchro-
nized estrus was unknown. First service conception at second post-
treatment estrus in the individually-fed heifers was considerably
below that of the group-fed heifers (33.3 percent vs 73.7 percent).
It is likely that a major portion of this difference might be asso-
ciated with the use of artificial insemination (Sorenson, 1962). How-
ever, Zimbelman (1963) also used artificial insemination and reported
high conception rates at the second post-treatment estrus (87, 85,
and 83 percent),

Important consideration must be given the good fertility ob-
tained from matings made at second post-treatment estrus in this study.
While no comparison was made with fertility at the induced estrus in
this study other workers have observed low conception rates when
heifers were bred at the induced estrus (Nestel et 8l., 1963; Sorenson,
1962). Nestel et al. (1963) reported 24 percent conceived to artifi-
cial insemination and 32 percent conceived to natural service at the
induced cycle. Sorenson observed 33.3 percent conceived to artifi-
cial insemination while 53.1 percent conceived to natural mating when
both groups were bred at the first induced cycle. Collins et al.

(1961) artificially inseminated 30 heifers after MAP feeding and
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found that 17 (56.7 percent) conceived. Artificial insemination of 60
two-year-old heifers on the third, fourth,and fifth days after treat-
ment--regardless of expression of estrus--resulted in 40 percent preg-
nant (Nelms and Combs, 1960)., Nellor and Cole ( 955) found concep-
tion rate was less than 20 percent with artificial insemination after
progesterone implants followed by gonadotropin injections. Barmes
and Meyer (1964) believed MAP increased the rate of embryonic deaths
in rats by delaying implantation, If this same hypothesis were true
in other species low conception rate was not due to ovum infertility,
but to an improper uterine environment and increased embryonic deaths.
Synchronization at second post-treatment estrus was observed to be
maintained to a large extent, but the factors which might cause a
failure to conceive at first estrus apparently do not play as large
a role; therefore, conception occurs more readily.

The management practices employed in this trial differed marked-
ly from the usual practices, The availability of many bulls with
the heifers assigned to 21 different breeding groups made artificial
insemination unnecessary, The use of many breeding pastures, however,
increased the labor requirements with regard to amount of time spent
checking the different pastures, If a producer were to use a pro-
gestational compound and maintain the treated females together,
axtificial insemination would be a necessity unless an unusually
large bull battery were available,

Table. IX illustrated a consequence of feeding MAP which must
be considered before an extensive program incorporating its use can

be employed. If breeding were practiced at the first estrus in a
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sizeable herd, the number of bulls needed would be quite large, Breed-
ing at second estrus tended to spread the occurrence of estrual be-
havior over more days, but there were still over 25 percent of the
females in heat during one day. If the number of females treated

is of any magnitude, it would seem in most herds that the only an-
swer would be the use of artificial insemination. However, with

this type of program and assuming a 90 percent detection rate and

70 percent first service conception rate, the producer would need to
furnish enough pickup bulls to breed approximately 35 percent of his
herd still not settled,

One possible means of relieving the pressure of having large
numbers of females in estrus in a short period of time would be to
begin feeding the progestational material to a portion of the herd
adding additional groups at 10-day inecrements., At the end of 18
days feeding each group of cows would be removed from treatment and
be placed with the bulls, Since there are apparently no adverse
side effects from feeding Repromix for long periods of time, it would
be feasible, physiologically, to begin feeding all cows at one time.
At the end of 18 days, 15 or 20 cows could be removed from treatment
and natural mating begun, At seven-day intervals other groups of
20 could be removed and bred, thus preventing overuse of the bulls
or necessitating the use of artificial insemination.

Breed regulations on purebred breeders using artificial insemina-
tion, the additional labor requirement, and the cest of the proges-
tational material are factors that will influence the use by breeders

of programs of synchronization., The advantage in conception rate
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obtained by MAP treatment in this trial was not of the magnitude

to justify its use with natural mating,



TRIAL VII
Materials and Methods

This trial was initiated in the spring of 1965 using 90
commercial Hereford cows (Project 1219) maintained at the Fort
Reno Livestock Experiment Station. Approximately one-third of
these cows (34) were three-year-olds suckling their second calf,
and the other two-thirds (56) were two-year-olds raising their
first calf, The trial was initiated to study the effect of es-
tradiol on three facets of post-partum reproductive activity;
uterine involution, occurrence of first post-partum estrus, and
response to an oral progestin, 6-methyl-l17-acetoxyprogesterone
(MAP).

Data on uterine involution were obtained on 26 pluriparous
and 33 primiparous cows. As the cows calved they were paired and
one of each pair assigned within age groups to the treated and
the other to the untreated group. The treatment was a single 5
mg. dose of estradiol-17p (ECP) injected intramuscularly in the
rump region 8 to 15 days after calving, Rectal palpations were
begun two weeks after calving and were repeated weekly until in-
volution was complete. Complete uterine involution in these
cows was ascertained to have occurred when the following criteria

reported by Buch et al. (1955) were observed:
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(a) Return of the uterus to its normal location in the pelvie

or near-pelvie region.

(b) Normal and approximately equal size of the uterine horms

was noted.

(c) Attainment of normal uterine tone and consistency was

realized.

Time of occurrence of first post-partum estrus was determined
by means of vasectomized bulls maintained in the herd at all times
following calving. A cow was recorded as exhibiting first estrus
after parturition when she would permit the bull or other cows to
mount,

Before the synchronization portion of the experiment was begun
two estimates of milk production were obtained one week apart in
late March and early April, at which time the calves ranged from
four to 60 days of age. The procedure followed was to separate the
calves from the cows overnight. The following morning the calves
were weighed prior to and following the suckling period. They were
again separated from their dams and the same weighing procedure em-
ployed eight hours later, The difference in the weight of the calf

before and after nursing was used as an estimate of the cow's

total daily milk production., The purpose was to provide an approxi-

mation as to whether the cow was producing a high or low daily yield
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of milk at the time of initiation of the progestogen treatment rather

than to obtain a measure of actual milk production. These cows av-

eraging nine total pounds or more at the two weigh periods each day

were categorized as the high-producing cows; whereas, those producing

less than nine pounds per day were recorded as low producers.
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There are many errors involved in this procedure of obtaining
milk production estimates. Such differences as incomplete removal
of milk and urination or defecation by the calf between weighings
could affect the estimate tremendously. The very young calves in
this trial would not be expected to be as complete nor as rapid in
nursing as the older calves, Also, unless carefully watched, the
older calves tended to nurse cows other than their own dams, causing
an overestimate of their dams' production. Another source of error
impending on this procedure is that the dams tend to remain in the
area where the calves are confined, thus decreasing water and food
intake which reduces milk production, This would probably be re-
flected more in the high-producing than in the low-producing cows,

On April 8, 89 cows were allotted within age group and previous
ECP treatment to one of three groups on the basis of calving date,
level of milk production, whether or not involution had occurred, and
whether they had exhibited & post-partum estrus, An attempt was
made to balance across treatments the number of cows that had com-
pletely involuted, those that had exhibited an estrual period since
parturition and those regarded as heavy milk producers.

The three treatments imposed starting April 8 were as follows:
control, no treatment; MAP, 180 mg, 6-methyl-l7-acetoxyprogesterone
per head per day for 18 days; and MAP+ECP, 180 mg. MAP per head per
day for 18 days plus a single intramuscular injection of 1 mg.
estradiol-17p(ECP) on the second day of the MAP feeding period, The
cows of the control and MAP groups received a placebo treatment of 1

ml. distilled water at the time the MAP4ECP group received the
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injection of 1 mg, ECP, All cows were individually fed the same ra-
tion with the daily allotment of MAP added on April 8 and withdrawn
from the feed on April 25,

When these three treatments were combined with the previous
treatment of one-~half the herd with ECP there were six treatment
groups as outlined in Table XVII., With regard to the effects of MAP
there were two different control groups. One group had not received
a prior treatment with ECP and was designated as the control-control
group (C-C); whereas, the other control group had been pretreated
with 5 mg. estradiol-17p (ECF) and was referred to as the ECP-control

group (ECP-C),

TABLE XVII

ALLOTMENT OF POST-PARTUM HEREFORD COWS TO THREE TREATMENT GROUPS
THREE WEEKS PRIOR TO BREEDING FOLIOWING A PREVIOUS
ADMINISTRATION OF ESTRADIOL-178 AT A ZERO AND 5MG.

LEVEL 8-15 DAYS POST-CALVING

_——
Ir 8-15 D t-Calving
Group Control : ECP
Control 182 12
6-methyl-17-acetoxyprogesterone = 13
6-methyl-17-acetoxyprogesterone~
Estradiol-17 16 13

8Number of animals per treatment group.

Two groups were individually fed 180 mg, 6-methyl-l7-acetoxypro-
gesterone (MAP) per head per day for 18 days beginning April 8 and
ending April 25, Again one group had not been treated with ECP pre-

viously (C-MAP); whereas, the other had been injected 8-15 days
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post-calving with 5 mg, ECP (ECP-MAP). The last twe groups received
a combination of treatments., Both received the same level of MAP
as the preceding group, but also were injected with a single intra-
muscular 1 mg, ECP treatment on the second day of the MAP feeding
period. These two groups then were designated as C-MAP4ECP and
ECP-MAP4ECP depending on the previous treatment with 5 mg, ECP,

The breeding season began April 26 with hand mating to six
mature Hereford bulls carried out at the first induced estrus in the
progestogen~treated cows and at the naturally occurring estrual
periods in the control groups (C-C and ECP-C). Beginning May 3 one
Angus bull and four yearling Hereford bulls were used in a pasture
mating program to complete the breeding program, All bulls had
been semen tested and were believed to be fertile., The yearling
bulls were assigned to four breeding pastures with approximately
15 cows per pasture, The pastures were observeu twice daily and
all known matings recorded. The bulls were not equipped with mark-
ing harnesses, thus only cows observed in heat had recorded matings.
The bulls were removed from the mating pastures August 2. Rectal
palpations were carried out September 29 to determine the number
of cows which had conceived.

Differences in the time required for involution of the uterus
and the occurrence of first estrus after parturition between treat-
ments within age groups were tested using Student's "t" test as dis-
cussed by Steel and Torrie (1960). An age by treatment interaction
regarding invelution of the uterus was tested for using the Doolittle

technique presented in Steel and Torrie (1960), Chi-square analysis
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as discussed by Siegel (1956) was used to test for significant differ-

ences in conception rate between the six treatment groups.
Results and Discussion

Interval from Parturition to Involution of Uterus

Palpation records from 26 pluriparous and 33 primiparous Hereford
cows were studied to determine whether a single injection of estro-
gen shortly after parturition had a significant effect on shortening
the inferval from parturition to invelution of the uterus. Treat-
ment with 5 mg. estradiol-17 p (ECP) was found to result in a signifi-
cant (P <,0l) reduction in the mean interval from parturition to
uterine involution in the pluriparous cows but not in the primiparous

cows (Table XVIII).

TABLE XVIII

EFFECT OF A SINGLE INTRAMUSCULAR INJECTION OF 5 MG, ESTRADIQOL-17 P
(ECP) ADMINISTERED 8-15 DAYS POST-CALVING ON THE INTERVAL FROM
PARTURITION TO INVOLUTION OF THE UTERUS IN TWO- AND THREE-
YEAR-OLD POST-PARTUM HEREFORD COWS

Mean Interval

Age To Uterine Standard
Group Ireatment No., __Involution Deviation
3 years ECP 11 39, 6% 4,9

Control 15 Ly u 8.9
2 years 5 ECP 17 38.5 5.8
Control 16 27.2 6.6

**P< .01
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The time required for involution of the uterus was decreased five
days (39.6 vs 44.4 days) in the treated cows giving birth to their
second calf as compared to nontreated cows. However, injection of
ECP into cows which had produced only one calf did not result in a
significant difference. Instead, the mean interval was found to be
approximately one day longer (38.5 vs 37.2 days) in the treated
group as compared to the untreated group. Buch et al. (1955) re-
ported primiparous cows involuted earlier than pluriparous cows.
Norwood (1963) also reported post-partum interval to uterine invo-
lution was significantly affected by parity with pluriparous cows
averaging five days longer to involution than primiparous cows (40,25
vs 35,25 days). Injection of estradiol-l17 p by Norwood (1963) did
not cause a significant reduction in inveolution interval in primipar-
ous cows, Foote et 8l. (1965) injected 10 mg., of estradiol and did
not observe a significant difference among group averages for the
interval from calving to uterine involution.

The reason for the significant mean difference in the pluriparous
cows but not in the primiparous cows was difficult to explain. Cal-
culation by the Doolittle technique of a treatment by age interaction
revealed & significant (P <.10) interaction did occur. This inter-
action measures the failure of each age group to respond the same to
the treatment with ECP, A= age of cow increased, treatment decreased
the time interval from parturition to invelution of the uterus, One
of the physiological functions of estrogen is to sensitize the myo-
metrium of the uterus to the effects of oxytocin which in turn in-

creases the magnitude and force of muscle contracture. It is
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possible that the increased contractions aid in the earlier develop-
ment of uterine tone. The ECP treatment preobably increased the
contractility of the uterine muscle. The stimulus of suckling should
provide sufficient oxytecin. The ECP treatment probably increased
the contractility of the uterine muscles of the cows of both groups.
However, the myometrial muscles of the primiparous cows, having been
subjected only one time to the stretching necessary to provide room
for the fetus, may return te normal tone quite rapidly even without
estrogen treatment, The pluriparous cows were aided by ECP in attain-
ing uterine tone, thus invelutien occurred sooner because of the in-
creased contractility of the treated group over the controls, These
results indicated estrogen therapy would be most beneficial in
hastening uterine inveolution in cows that had produced more than one

offspring.,

Interval from Parturition to First Estrus

The results of mating records obtained by use of harnessed vasec-
tomized bulls were analyzed to determine the effect of a single 5 mg.
intramuscular injection 8-15 days post-calving on the interval from
parturition to exhibition of first post-partum estrus., There were
14 three-year-old cows and 25 two-year-old cows injected with ECP.
Of those treated, 12 and 22 of the three- and two-year-gld groups,
respectively, exhibited an induced estrual periods within one to seven
days after administration of ECP. The average interval from treat-
ment until the manifestatien of estrus was 3.1 days. Breeding io
fertile males was not permitted at this induced period, and the

induced estrus ignored when calculating the post=partum interval.
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The post-partum intervals to first estrus reported in Table XVIII
were calculated by using only those cows which exhibited estrual acti-
vity before the MAP treatment period began on April 8. In this study
14 of 39 cows (36 percent) exhibited estrus before the synchroniza-
tion trial was initiated; whereas, 18 of 40 untreated cows (45 percent)
exhibited estrus during the same period. The analysis of the data re-
vealed injection of ECP did tend to reduce the interval from calving

to first estrus in the two-year-old cows (Table XIX).

TABLE XIX

EFFECT OF A SINGLE 5 MG, ESTRADIOL-17p (ECP) INTRAMUSCULAR
INJECTION 8-15 DAYS POST-CALVING ON THE INTERVAL FROM
PARTURITION TO THE EXHIBITION OF
FIRST POST-PARTUM ESTRUS

Mean
No. Interval
Age Treat- No. Observed To First Standard
Group ment Iregted in Estrus Estrus Devigtion
Prior to April 8

3 years ECP 14 5 29.8 12,3

Control 16 11 Ly 5 22,5

2 years ECP 25 9 36,6% 5.3

Control 24 7 45,7 9.9

*P<,00,

The mean difference in time required after parturition to exhibi-
tion of first estrus was found to be significantly (P <,05) reduced by
ECP treatment in the primiparcus group (36.6 vs 45,7 days), but was
not significantly influenced in the pluriparous group. The mean
difference for those showing estrus was greater in the pluriparous

group (29,8 days for the treated as compared to 44,5 days in the
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controls) but the variation within treatment groups was of much
greater magnitude as indicated by the standard deviations of 12.3
and 22.5 days for the treated and control groups, respectively. The
large standard deviation in the case of the control cows in the
three-year-old group was probably the result of some of the control
cows having a very short post-partum interval ranging from 16 to 30
days in length,

Apparently in this trial since similar numbers of the control
and treated cows in the two-year-old group returned to estrual acti-
vity before MAP treatment was initiated, and since the cows within
the group returned at fairly comparable intervals a significant
difference was realized. Of the 25 ECP-treated two-~year-olds,
nine (36 percent) returned to estrus before the MAP feeding period
was initiated, Their average interval from parturition to first
estrus was 36,6 days with a standard deviation of 5.3 days. The
interval for the untreated group was 45.7 days with a standard de-
viation of 9.9 days. In the 24 control two-year-old cows, seven
(29.2 percent) were observed in estrus before MAP feeding began.
The ECP possibly had some stimulatory effect on ovarian activity in
the two-year-old cows, but apparently did not in the three-year-old
cows. With regard to the three-year-old cows, only five of 14
treated cows (35.7 percent) exhibited estrus before MAP treatment;
whereas, 11 of 16 control cows (68,8 percent) returned to estrus
before MAP treatment began. Although the average interval was only
29.8 days for the treated group and 44,5 days for the control, it

would not be pessible to cenclude treatment reduced the interval
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from calving to first estrus when 33 percent fewer cows ever exhi-
bited estrus.

The average interval from parturition to first estrus in this
phase of Trial VII are biased downward. All cows in this portion
of the study did net have time to come into estrus naturally since
it was necessary to initiate the progestogen treatment on April 8.
Thus, any cow previously in heat was inhibited from exhibiting
estrus until the 180 mg. MAP treatment was removed from the ration.
Of the 39 treated cows, only 14 (35.9 percent) exhibited estrus as
compared to 18 of 40 control cows (45 percent) showing heat prior
to start of MAP treatment, The limited data available suggestis that
treatment with 5 mg, ECP tends to reduce the interval from calving to
first estrus. The physiological mechanism for this reduction in
post-partum interval to first estrus was possibly the effect of es-
trogen in limiting of the functional life of the corpus luteum.
Niswender et al, (1964) reported high doses (640 meg.) caused a
decline in the functional activity and size of the corpus luteum,
The estrogenic substance, ECP, apparently was instrumental in re-
gressing the corpus luteum,

Foote (1962) observed that 10 mg. injections of estradiol-178
reduced the interval from parturition to first estrus by over 20
days (49 ¢ 14.2 versus 27 ¢ 2.5 days) in pluriparous Hereford cows.
Foote et al. (1964a) noted similar results in 20 beef cows treated
with 10 mg. estradiol-l7P injected intravenously. The average in-
terval from parturition to estrus was significantly (P< .,0l) shorter

in the treated cows than in the untreated cows. Norwood (1963)



121

reported that the post-partum interval is significantly influenced by
parity and season. The same conclusion with regard to parity can be
drawn from the results of this trial. No explanation is readily avail-
able to surmise why parity influenced the response of certain cows to
estradiol-17 B therapy.

In this trial no attempt was made to determine the average in-
terval from parturition to the occurrence of first ovulation. When
invelution was designated as completed, further palpations ceased.

Up to the time of involution, palpation of the ovaries was carried
out whenever possible, In some instances the ovaries were well down
in the body cavity and impossible to reach, Silent ovulation was
believed to have occurred in 17 of the 79 cows (21.5 percent) on
which first estrual data were collected, Zimbelman (1963) reported
palpation of post-partum cows for the occurrence of ovulation and
certain limitations, Difficulty in differentiating between small

follicles and corpora lutea limited its usefulness.

Synchronization of Estrus in Post-Partum Cows

In this portion of the trial the post-partum cows which had
previously been allotted on the basis of calving date, level of
milk production, and occurrence of uterine involution and first
post-partum estrus were treated with MAP and ECP to study the role
of exogenous hormones in stimulating the onset of sexual activity
and their effect on fertility.

The effect of MAP, either alone or in combination with ECP,
on the occurrence of estrus following treatment is presented in

Table XX, If the period of day one to day six post-treatment is
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used as a measure of the degree of synchronization, estrual activity
of the lactating beef cows in this trial was not synchronized by MAP.
Approximately identical responses were observed in the control and
MAP treated groups. If post-calving treatment prior to MAP adminis-
tration was not considered, the percent of cows in estrus during the
period 1-6 days after the last MAP feeding in the control, MAP and

MAP4ECP groups, respectively, was 44.8, 46,7, and U44.8 percent.

TABLE XX

THE INFLUENCE OF 180 MG, 6-~-METHYL-17-ACETOXYPROGESTERONE (MAP) AND
ESTRADIOL-178(ECP), AIONE OR IN COMBINATION, ON THE OCCURRENCE
OF ESTRUAL BEHAVIOR IN TWO- AND THREE-YEAR~OLD HEREFORD COWS

W
_Occurrence Of Fstrus -
Treatment gax Aﬂ_ er last MAP Feeding
—GXoup No,  1=6_ 7=1 15=21 . 22-28 29-35 _36-100
Control-Control 18 10 3 1 1 1 0
ECP-Control 11 3 3 0 1 0 3
Subtotal 29 13 6 1 2 1 1
Control-MAP 17 10 0 1 1 2 il
ECP-MAP 13 l 0 1 0 0 2
Subtotal 30 14 0 2 1 1 6
Control-MAP+ECP 16 7 0 1 2 0 4
ECP-MAP+ECP 13 6 1 0 2 0 1
Subtotal 29 13 i 1 L 0 5
Contrpl=Post-Calv. 51 27 3 3 I 2 8
ECP-Post~Calv, 37 13 4 1 3 0 4

The treatment prior to MAP appears to be the major factor in-
fluencing the observed estrual response in the period immediately
subsequent to MAP, There were 55,6, 58.8, and 43.8 percent of the
cows observed in estrus 1l-6 days after MAP feeding was terminated in

the control, MAP, and MAPMECP groups, respectively, when the
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post-calving ECP treatment was cmmitted., In comparisen, there were
27.3, 30.8, and 46,2 percent of the cows in estrus in the control, MAP,
and MAP¢ECP, respectively, that had received a single 5 mg. ECP injec-
tion within 8-15 days after calving, Of the 51 cows that had not been
treated with ECP in the 8-15 day post-calving period, 27 (52,9 per=
cent) were observed in estrus within six days after MAP was removed
from the ration. Only 13 of 37 cows (35.1 percent) which had been
pretreated with 5 mg, ECP were observed exhibiting estrual activity.
The only group in which pretreatment with ECP had any apparent bene-
ficial effect on time of first estrus was in the MAP{ECP lot. When
this treatment was administered subsequent to the ECP pretreatment,
the variance in occurrence of the first induced was significantly
(P<.005) reduced as compared to cows not receiving the ECP pretreat-
ment prior to the MAP4ECP combination of treatments,

The data reported in Table XX reveal no apparent effect of the
MAP or MAP4ECP treatments per ge on numbers of cows subsequently ob-
served in estrus, The percent of cows on each treatment that had
been in estrus by 100 days after the last MAP feeding were: controls,
82.8 percent; MAP, 80 percent; and MAP4ECP, 82.8 percent., However,
when the data was recorded for each lot it was evident that there
were differences related to whether or not the cows had received ECP
in the period 8-15 days post-calving, The percent of cows in each
group that had been observed in estrus by day 100 post-MAP were:
contrel-control, 88.¢ percent; ECP-control, 72.7 percent; control-
MAP, 100 percent; ECP-MAP, 53,8 percent; contirol-MAP4+ECP, 87.5 per-

cent; and ECP-MAP4ECP, 76.9 percent., Of the 37 cows receiving the
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post-calving 5 mg., ECP treatment, 67.6 percent had been observed in
heat by day 100, compared to 92.2 percent of the 51 contirol cows.
Tests for homogeneity of variance revealed that the time to first
observed estrus in cows receiving the MAP or serving as controls
following the pretreatment with 5 mg. ECP was significantly (P <.005)
increased over cows not pretreated with ECP then later serving as
controls or freated with MAP,

Of the 30 cows receiving 180 mg, MAP per head per day without
an additional treatment at the time of synchronization, 14 were ob-
served exhibiting an induced estrus, or sexual desire within six
days following the termination of MAP feeding. Of these 14 cows, in-
volution of the uterus was known to have had occurred in 10 of the
cows, Involution of the uterus had also occurred in 11 of the 16
cows which had not been observed exhibiting an induced estrus, There-
fore, involution of the uterus was not believed to be a major factor
in the occurrence of estrus following cessation of treatment with
the oral progestogen (MAP) to induce estrus. In reference to the
cows which had involuted before the MAP treatment, 10 had received
the 5 mg. ECP injection 8-15 days post-calving; whereas, the remain-
ing 11 cows had served as controls before the synchronization trial
was initiated., The remaining cows that had not involuted were about
equally distributed between the ECP-treated and control group.

More cows in both the control and ECP-treated groups failed
to exhibit estrual activity before synchronization was attempted
than failed to involute, In the 14 cows that exhibited an induced

estrus after termination of MAP alone, seven (50 percent) had been
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observed in estrus before the first MAP was given. Only two of those
that had an observed period of sexual desire had received a prior
treatment with ECP 8-15 days after calving, Of the 16 cows that did
not exhibit an induced estrus, 10 (65 percent) had not shown estrual
activity before the MAP treatment was begun. Six of these nonestrual
cows had received the post-calving injection of 5 mg. ECP, These
results with regard to synchronization in noncycling cows are com-
parable to results presented elsewhere (Zimbelman, 1963; Hansel
et al., 1961). The oral progestogens now available are very satis-
factory compounds for synchronizing the occurrence of estrual acti-
vity in eyecling animals, but are not as effective in controlling or
inducing the expression of estrus in noncycling lactating beef cows.
Twenty-nine cows received a combination of injections inveolving
both 180 mg. MAP per head per day and a single 1 mg. intramuscular
injection of ECP on the second day of the MAP feeding period. Thir-
teen of these cows had previously received a 5 mg. ECP injection 8-
15 days post-calving., Of these 29 treated cows, 16 failed to exhibit
an induced estrus within six days after the termination of the MAP
feeding period, Whereas, 11 of 13 cows in the group that had ex-
hibited an induced estrus had inveluted uteri and were observed in
estrus before the MAP treatment began, only four of 16 of the cows
that did not have an induced estrus had both involuted uteri and an
observed heat before treatment, The two remaining heifers in the
group exhibiting an induced estrus had both undergone invelution of
the uterus, but had not been observed in estrus before initiation of

MAP feeding. In addition to the four cows in the noninduced group
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which had exhibited both estrual activity and involution, six cows
haa involuted but were not observed in estrus and six other cows both
failed to either involute or show estrual activity before MAP feed-
ing was initiated, Occurrence of both invelution and estrual acti-
vity in these two groups appeared te be a major influencing factor
on occurrence of estrual activity after MAP, Other factors are
apparently exerting some influence because of the failure of four
cows which had involuted and had been observed in a pretreatment es-
trus to exhibit an induced estrus, Errors of heat detection might
have played a role.

In the groups treated with MAP and ECP to synchronize the
occurrence of estrus, six of the 13 cows exhibiting an induced estrus
had received a prior 5 mg, ECP injection. Of the 16 cows not observed
exhibiting an induced estrus after the combined MAP and ECP treatment,
seven had been injected 8-15 days post-calving with 5 mg. ECP, The
prior treatment with ECP apparently did not have an influence on the
occurrence of an induced estrus in the groups receiving a combination
of MAP and ECP to synchronize estrus,

The age of 06w was noted to ﬁave an effect on the occurrence of
an induced estrus after the termination of the MAP feeding in all four
groups., Only 13 of 36 treated two-year-old cows (36.1 percent) ex-
hibited an induced estrus while 14 of 23 treated three-year-old cows
(60,9 percent) were observed in estrus within 1-6 days following
the termination of MAP feedings. Apparently the three-year-old cows
were able to overcome any inhibitory influence lactation might have

.on post-partum sexual behavior,
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The results obtained in this trial are somewhat comparable to
those obtained in Trial IV, The untreated control cows in Trial IV
had a significantly (P< .05) shorter post-partum interval than did
the noncycling cows treated with 180 mg, MAP for 18 days during
lactation. The results in this trial indicated that the control
cows returned to estrus sooner in the period after the cessation of
treatment than did those treated with 180 mg, MAP, Foote gt al.
(1960b) had observed that a 1 mg, injection of progesterone per
pound of body weight 14 days after calving increased the interval
to first estrus (83.0 versus 65.6 days). Foote (1962), using B0
pluriparcus Hereford cows, found that daily injections of progester-
one, progesterone plus a single injection of estradiol-l7pf, or a
single injection of estradiol-l17p alone would significantly reduce
post-partum interval. The use of daily injections of progesterone
apparently produces & response in lactating, noncycling beef females

that oral progestogens will not produce.

Conception Rate

Immediately following the MAP feeding period, the breeding pro-
gram was initiated. All cows were observed closely for estrus and
hand mated to mature Hereford bulls for the first week following
cessation of MAP feeding. Thereafter, the cows were pasture mated
with twice daily checks to obtain breeding records. Rectal palpa-
tions made September 29 again indicated mating records using observed
matings were not completely accurate. Several females without recorded
matings were later found to be pregnant., Another factor of importance

was the presence of a sterile yearling bull in the pasture mating
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group. All bulls had been semen tested and none with apparent semen
deficiencies used, It appears that microscopic evaluation of semen
was not completely effective in determining fertility. Breeding rec-
ords later indicated one of the yearling Hereford bulls failed to
settle any of the cows he serviced, For this reason conception data
was reported only for the two-year-old cows. The cows in this trial
were considered to have conceived at first service if the estimated
length of gestation made at the time of the pregnancy check confirmed
the breeding date available, If breeding records were not available,
the cows were arbitrarily recorded as having conceived to first ser-
vice if the estimated length of gestation was 130 or more days.

The conception data in the two-year-old cows are presented in
Table XXI, Pretreatment with ECP resulted in a significant (P<.05)
increase in the first service conception rate compared to the group
pretreated as controls (69,6 vs 46,7 percent), The ECP and control
pretreated groups had 16 of 23 cows and 14 of 30 cows, respectively,
settle to first service. Apparently ECP had some stimulatory effect
on the development of a suitable uterine envirenment capable of main-
taining a fertile ovum.

The influence of pretreatment on the two controel groups was noted
to produce substantial differences in first service conception rate.
The control group which had been pretreated with ECP had the highest
first service conception rate of any group (85.7 percent) with six
of seven cows conceiving to first mating., The difference in concep-
tion rate between the two control groups was highly significant

(P<,01). The cause for this large difference was the extremely low
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first service conception rate in the centrol-control group (36.4
percent). A first service conception rate of 85.7 percent would be
considered very good and could probably be attributed more to chance
in thie trial than to treatment., On the other hand, a 36.4 percent
conception rate is relatively poor and would not be expected in a
group of cows treated as these were. This conception rate could

be related to some other unknown factor, especially when it was
noted that total conception rate in this control-control group was

only 63,6 percent,

TABLE XXI

THE CONCEPTIONS RESULTS OF TWO-YEAR-OLD HEREFORD COWS FOLLOWING
TREATMENT WITH 180 MG, 6-METHYIL-17-ACETOXYPROGESTERONE (MAP),
AIONE OR IN COMBINATION WITH A SINGLE ONE MG, INJECTION OF
ESTRADIOL~17p (ECP) AS DETERMINED BY RECTAL PALPATION?

Conceiving te ~ Conceiving During

No. Hirst Service Breeding Season

Group Cows No, _ Percent No, Percent
Control-Control i | 4 36.4 7 63.6
ECP-Control 7 6 85, 7% 7 100.0
Subtotal 18 10 55.6 14 77.8
Control-MAP 10 8 80, Ox* 10 100.0
ECP-MAP 8 4 50.0 8 100.0
Subtotal 18 12 66,7 18 100.0
Control-MAP4+ECP 9 2 22.2 6 67.8
ECP-MAP4+ECP 8 6 75.0% 8 100,0
Subtotal 17 8 il B 14 82.4
ECP Pretreatment 23 16 69.,6%% 23 100.0
Control Pretreatment 30 14 Le.7 23 76.7

gPalpations were performed 90 days post-mating.

A1l treatments compared to the control-control group.
CStatistically different from control-pretreatment.
*(P <.05) *%(P< ,01).
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The cenception data in the groups treated with 180 mg. MAP alone
to synchronize the occurrence of estrus indicated pretreatment 8-15
days after calving with 5 mg. ECP resulted in a lower first service
conception rate than was noted in the group serving as a control
(50 percent versus 80 percent). It should be noted that this was
the only group in which ECP pretreatment reduced first service concep-
tion response. Both groups treated with MAP alone had an improved
first service conception rate over that of the control-contrel group
(80 and 50 percent vs 36.4 percent, respectively). The control-MAP
and ECP groups had eight of 10 cows and four of eight cows, respec-
tively, conceiving to first service compared to only four of 1l of
the control-control cows, The first service conception rate in the
groups treated with 180 mg. MAP alone to synchronize the occurrence
of post-treatment estrus was higher (66.7 percent) than that in the
control and MAP4ECP group (55.6 and 47.1 percent, respectively).
These results are slightly different from what is normally reported
in the literature (Sorenson et al., 1962; Nestel et al., 1963;
Anderson et gl., 1962). Conception rate after synchronization with
MAP was usually less than the controls when mating was permitted at
the induced estrus.

When a combination of treatments invelving both MAP and ECP were
given to synchronize estrus, different results pertaining te concep-
tion occurred. The group receiving the ECP-MAP4FCP treatment had a
first service conception of 75 percent (six of eight) which was
statistically (P <,05) different from the contrel-control group (36.4

percent). The control-MAP¢ECP group had a very low conception rate
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of 22.2 percent (two of nine). Three cows in this group failed to
conceive throughout the breeding season. The breeding records on these
cows were not particularly good because of the failure to observe

the occurrence of mating in several of the cows. The pretreatment
with ECP 8-15 days after calving in this instance was beneficial.

An explanation for the severe drop in first service conception rate in
this control-MAP4+ECP group was not readily available.

Total conception throughout the breeding season was also pre-
sented in Table XXI, All three groups which had received the post-
calving injection of 5 mg. ECP conceived and were pregnant at the time
palpations were done. The control groups, however, had only one group
in which total conceptiion was 100 percent and this was the control-
MAP group. All the 23 two-year-old cows which had received the ECP
post-calving treatment conceived, compared to 23 of 30 control pre-
treated cows conceiving (76.7 percent), The difference in overall
conception between the two post-calving main groups was statistically
significant (P <.0l1). The control groups had a total of seven open
cows at the time of pregnancy diagnosis., Four of these were in the
control-control subgroup and three in the control-MAP4ECP subgroup.

The pretreatment with estradiol-l7 papparently greatly enhanced
later conception. No open or nonpregnant cows were noted in the groups
that had been previously treated with ECP. Conception at first service
was much higher in all groups with the exception of the control-MAP
group. Matings in all groups were extremely scattered throughout the
breeding season and no pattern of return to estrual activity could be

established, Synchronization occurred in some cows but hormone
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treatments to synchronize were much less effective than when adminis-
tered to cycling, nonlactating females. The only stimulatory effect
was the response in improved first service conception rate following
a 5 mg., ECP treatment 8-15 days post-calving.

These results are somewhat contradictory to those of Foote (1962).
He studied the effect of daily injections of progesterone, alone or in
combination with 10 mg., estradiol-17p, and reported the number of ser-
vices per conception were higher in the estrogen treated group than
was true in the control (2.1 and 1.4, respectively). The number of
services where pregesterone was given alone was comparable to the con-
trols, butl progesterone plus estrogens increased the number of services
per conception to a value comparable to that of the estrogen treated
group. The results reported here are not directly comparable, but are
such that, in this study, it can be concluded that pretreatment with
ECP had a stimulatory effect on first service conception. They did
note also that conceptions occurred sooner in these treated groups.
Zimbelman (1963) reported synchronization of ovulation in 19 of 22
post-partum cows started on MAP 16-22 days after parturition. Sixteen
of these 22 cows became pregnant at first ovulation. Use of 150 mg.
MAP in this case produced much better synchronization results than
did 180 mg, MAP did in the studies under report. Fosgate et al. (1962)
used 17~ hydroxyprogesterone-N-caproate and noted cows bred at the
first estrus after treatment had a 70 percent conception rate, Estrus
did not oceur though until 70 days post-calving following 22 intra-

muscular injections of this compound,
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Effect of Level of Milk Production

A study was made to determine the effect of high or low milk pro-
duction on length of interval from parturition to involution of the
uterus, occurrence of first estrus, and the response to MAP. The pro-
cedure, as discussed earlier, was to weigh the calf before and after
suckling following an interval when the calf was penned away from the
dam, The purpose again was not to obtain precise measures of milk
production but to determine if the cow was a high or low producer,
These cows producing nine 1lbs, per day or more were categorized as
high producers, The results of this study are presented in Table XXII
and Figures 8 and 9. The daily production in the two-year-old cows
ranged from 4,0 to 12.0 1lbs, per day; whereas, the production in the
three-year-old cows ranged from 5,0 to 16,0 1lbs. per day. The majority
of the cows produced from eight to 11 lbs. per day.

The differences presented in Table XXII indicate that whether a
cow was in the top half or bottom half in level of milk production
had very little influence on the various aspects of post-partum re-
production. The difference in mean interval from calving to uterine
involution was approximately 2.5 days in both age groups. However,
this difference was in favor of the high producers in the two-year-old
cows and the low producers in the three-year-old cows. The time
from calving to involution in the two-year-olds was 39,3 and 36.8
days, and in the three-year-old cows it was 41.6 and 44,0 days for
the low and high producers in both age groups, respectively. Similar
circumstances were noted to have occurred with regard to the time from

parturition to first estrus. The two-year-old cows required 48.5 days



TABLE XXII

THE INFLUENCE OF LEVEL OF MILK PRODUCTION ON INTERVAL FROM
PARTURITION TO INVOLUTION OF THE UTERUS, OCCURRENCE OF
FIRST ESTRUS RESPONSE TO MAP, AND FIRST
SERVICE CONCEPTION RATE

Age of Level of Milk Production
Item Cows No, Iow Half  High Half
Post-Partum 2 years 30 39.3 4 1.5 36.8 ¢ 1,6
Interval to
Uterine Invo- 3 years 22 41.6 + 1.4 440 & 3.5
lution (days)
Post-Partum 2 years 26 4g.6 + 6.2 149.8 4 6.9
Interval to
First Estrus 3 years 21 52.9 4 6.6 51.7 &+ 7.4
(days)
Cows Observed in
Estrus 1-6 Days After
Last MAP Feeding (%)
Control j 2 years 18 22.2 16.7
3 years 11 27.2 272
MAP 2 years 18 22.2 16,7
3 years 12 25.0 25.0
MAP4ECP 2 years 18 5.6 22.2
3 years 11 27.2 36.3
Percent Conception (%)
First Service 2 years 30 56,7 56.5

Total Conception 2 years 30 90.0 82.6

134



Control
5 - ~——— ECP-Treated
I 4
Number ]
of Cows
2 1 _ﬂ__r“__,;,w\
1 1 \\\_\\<//
\

] T
10 11 12 13 14
Average Daily Production (1lbs,)

Figure 8, The Distribution of Average Daily Milk Production in Two-Year-Old
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after calving for estrus to occur in the low level of milk production
cows and 49.8 days in the cows producing more than 9 lbs. per day.
The occurrence of estrus in the three-year-old cows producing more
than 9 lbs, of milk per day required an interval of 51.7 days com-
pared to 52,9 days for the low level cows., The occurrence of an in-
duced estrus following treatment was apparently not associated with
level of milk production to any sizeable degree, First service con-
ception was also comparable between the two levels of milk production,
First service conception in the two-year-old cows was 56,7 and 56,5
percent in the low and high level of production, respectively. To=-
tal conception during the breeding season for the two-year-old cows
was 90,0 and 82,6 percent for the low and high producers, respective-
ly. Conception data for the three-year-old cows was omitted because -
of use of an infertile bull, Level of milk production was concluded
to have an insignificant association with the occurrence of repro-
ductive activity after calving and was believed not to be associated
with the degree of synchronization or conception rate of the cows

after synchronization,



SUMMARY AND CONCLUSIONS

Various hormone treatments were administered to alter the repre-
ductive activity of prepuberal and post-puberal heifers and lactating
beef cows, Three trials were conducted with prepuberal heifers to
determine the influence 6-methyl-l7-acetaxyprogesterone (MAP), pregnant
mare serum (PMS), and human chorionic gonadotrepin (HCG) might exert
on stimulating the occurrence and development of a cyclic pattern of
estrus. Two trials to study the degree of synchronization of estrus
and subsequent fertility after synchronization of post-puberal heifers
were conducted. The first such trial involved individual feeding with
fertility after mating at the induced estrus compared to mating at the
second estrus after an 18-day MAP treatment period. The second syn-
chronization trial involved 84 weaner heifers, half of which were fed
180 mg., MAP per head per day. Synchronization of observed estrus and
fertility at the second heat were studied. Two trials using post-
partum cows were conducted., In the first, only MAP was administered
in an attempt to shorten the period of reproductive quiescence follow-
ing calving. In another trial the effect of estradiol-17§ (ECP) treat-
ment on the interval from parturition to uterine inveolution and first
estrus were studied, Ip addition, the influence of MAP alone or in
combination with ECP on the degree of synchronization of estrus and

subsequent fertility was studied.
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In Trial I a single intramuscular injection of 1000 IU PMS did
stimlate estrual activity in 13 of 15 prepuberal heifers whose aver-
age age was 225 days. The injection of PMS alone did stimulate ovula-
tion in four of nine heifers. This would indicate that PMS was suffi-
cient treatment to produce both follicular development and ovulation,
When these PMS treatments were followed by an intravenous injection
of 1000 IU of HCG ovulation occurred in six of nine heifers palpated.
Injections of HCG caused luteinization of some follicles in all ani-
mals without a resultant ovulation. This could be the result of the
intravenous injection of a large dese of luteinizing hormone. The
use of MAP either before or after PMS and HCG had no apparent influ-
ence on stimulating cyclic aotivity; The feeding of 180 mg, MAP per
head per .iay stimulated only two of five heifers to exhibit estrus
after cessation of MAP feeding with conception occurring in both.
The use of PMS and HCG without MAP resulted in all heifers of a young-
er group (five of five) exhibiting an observed estrus., Three heifers
of this group were later observed in estrus but not at a normal in-
terval. Only the MAP plus PMS and HCG treatment group had one heifer
which exhibited an uninduced estrus at what was considered a normal
interval. Seven of 20 heifers subjected to these various treatments
became pregnant to the service of a fertile teaser bull., The use of
MAP alone or in combination with PMS and HCG was ineffective in stimu-
lating cyclic estrual behavior. Apparently these treatments were
not capable of triggering the onset of puberty.

In Trial II the effect of a treatment of 1000 IU PMS followed

by 180 mg. MAP per head per day was compared to 1000 IU PMS alone on
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estrual activity in 300-day-old prepuberal heifers. Following the PMS
treatment one of five heifers came into estrus before the MAP treat-
ment was begun. After cessation of MAP treatment three of four heifers
exhibited estrus with one exhibiting another heat peried 19 days
later., In the group administered PMS alone two of four heifers were
observed in estrus. The failure to respond to PMS was not expected
in either group, Six of the heifers in these groups had received a
prior 1000 IU PMS injection. Apparently the ovaries had become re-
fractory to PMS, although only one previous dose would not be ex-
pected to accomplish this, Whereas, treatment with MAP after PMS was
not successful in Trial I, three of four heifers exhibited an induced
estrus in Trial II after MAP feeding was terminated. Possibly the in-
crease in age (average of 3 months) of these heifers between the first
and this second treatment was a factor in expression of an induced es-
trus. Another possibility is the need for the presence of a corpus
luteum before further estrusl activity usually occurs,

In Trial III administration of 180 mg. MAP per head per day for
18 days to 17 prepuberal heifers whose average age was 375 days sti-
mulated the exhibition of estrus in seven heifers (41.2 percent) with
six and four observed in a second and third post-treatment estrus, re-
spectively. The administration of 1000 IU PMS to eight heifers of
this group pretreated with MAP which had shown no prior sexual be-
havior resulted in seven exhibiting heat, None, however, returned
to estrus soon after this initial heat period. These heifers were more
responéive to MAP than any group treated previously. OSince they were

approximately 11 months old they could possibly be nearing an age when
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the puberal estrus normally occurs, This factor was probably of pri-
mary importance in determining degree of response,

In Trial IV the use of 180 mg. MAP per head per day for 18 days
in a group of 38 lactating post-partum two-year-old beef cows given
for 18 days beginning on day 25 post-calving significantly (P .05)
increased the interval from calving to first estrus in the 19 treated
cows by 16.9 days (74.9 vs 58.0 days). Four heifers (21 percent)
were observed in estrus within three to six days after termination of
MAP feeding. Percent conception at first post-partum estrus was not
statistically different nor did level of nutrition significantly affect
reproductive activity after parturition. The standard deviations for
calving interval and days from calving teo conception were large in-
dicating considerable variation was associated with these measures of
post-partum reproductive activity. Incerporation of MAP into the diet
of noncycling cows did not produce the desired response of reducing
post-partum interval but instead lengthened it significantly by
approximately 17 days.

In Trial V 180 mg. MAP per head per day for 18 days was used to
synchronize 60 heifers. Artificial insemination was carried out at
the first induced estrus in 30 heifers and at the second post-treatment
estrus in the other 30 heifers. Each group of 30 heifers was fur-
ther divided into two groups of 15. All heifers had been wintered
at a moderate energy intake (0.5 1b.) gain per day. Then two months
before start of breeding two groups of 15 each were raised to a high -
level of energy (1 pound gain per day) before breeding, while the
other group was maintained at the moderate energy level. Varying

the energy intake in these heifers for 60 days preceding breeding



was not found to have a statistically significant influence on the
time of occurrence of estrus nor conception rate, With regard to
synchronization, 55 heifers (91.7 percent) were observed exhibiting
an induced estrus within six days after treatment ended, with 60
percent doing so on day two following the termination of treatment.
Of the heifers that were allowed to recycle before breeding or did
not conceive to first mating, 75 percent were in estrus on day 20,
21, 22,and 23. The second heat periods were observed over a wider
range of days, but were still obviously synchronized. Eight of 22
heifers (36.4 percent) conceived to first service when artificially
inseminated at the induced estrus. In the group artificially insemi-
nated at the second post-treatment estrus first service conception
was again extremely low, with eight of 24 conceiving (33.3 percent).
There was very little difference between level of nutrition and its
influence on first service conception rate in the group bred at
first estrus (33.3 and 40.0 percent). A large difference was noted
between the high and moderate levels in the groups bred at second
estrus. The high level group had 53.8 percent (7 of 13) conceive

to first service compared to only 9.1 percent concepiion rate in the
moderate level group (1 of 11 heifers), This low first service con-
ception rate was also reflected in services required per conception
where values of 1.5 and 1.9 were noted for the high and moderate
energy groups, respectively. The number of services per conception
for the group bred at first estrus was 1.7 and 1.5 for the high and
moderate energy groups, respectively. The first service conception

rates in this trial were very low when insemination occurred at
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either the first or second post-treatment estrus, The low conception
rate at the induced estrus was expected but was not anticipated when
breeding was begun at the second post-treatment estrus. Possible ex-
planations for the low first service conception rate observed were the
presence of low level cervical infection or low fertilizing capacity
of the semen used, which was not believed to be true.

The degree of synchronization in this trial was very good, but
conception rates affer synchronization were low. Varying energy in-
take before the breeding season was not noted to have any significant
influence on the occurrence of estrus or conception data in the groups
bred at induced estrus. The difference between conception rates of the
high energy and moderate energy group bred at the second peost-treatment
estrus was quite large but cannot be explained other than it was
pProbably a difference due to chance.

The purpose of Trial IV was to study the effects of group feeding
180 mg, MAP per head per day for 18 days on the first service concep-
tion rate of yearling Hereford and Angus heifers bred naturally at the
second post-treatment estrus, Of 41 heifers receiving the MAP treat-
ment, 26.8 percent (11) were observed in estrus during the feeding
period, varying in occurrence from the onset of treatment to four days
before cessation of treatment. This percentage was higher than the 15
percent observed in estrus during treatment in the previous individually
fed MAP trial, The failure to obtain the two 1b. daily allotment of
feed in the group fed lot could be the cause of increased estrual acti-
vity between the two trials. The degree of synchronization was good

with 80.5 percent of the heifers observed in estrus in a two- te
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six-day period. When allowed to recycle and then placed in breeding
pastures for natural mating at the second post~treatment estrual
period, 75.9 percent of the 38 treated heifers that had recorded matings
did so in the first eight days of the breeding season. The use of MAP
significantly (P <.005) reduced the variation in time of eccurrence of
estrus after the breeding season began. Rectal palpations 90 days
after termination of the breeding season revealed the concepiion rate
at first service was 63.4 percent (26 of 41) compared to 52.4 percent
(22 of 42) for the control lot. The difference was net significant but
did indicate that MAP might enhance conception rate when breeding is
carried out at the second post-treatment estrus,

In Triel VII, 5 mg. ECP was administered to 11 three-year-old and
17 two-year-old cows 8-15 days after calving in an attempt to shorten

the interval from parturition to involution of the uterus and occurrence

of first estrus, The ECP injectien decreased significantly (P<.01l) the
mean interval from parturitien te uterine invelution in pluripareus
cows, but not in the primiparous cows. The interval in the treated
cows was five days shorter than it was in the nontreated cows (39.6 vs
44 4y days). A significant (P< .10) interaction between age and treat-
ment was noted, As age increase treatment had a greater influence on
the uterus and facilitated its return to normal size and tonus. These
results suggest that estrogen hastens uterine involution in cows that
have produced more than one calf, In contrast somewhat to the preced-
ing results was the observation that the mean interval from calving

to occurrence of first estrus was significantly (P<,05) reduced in

the two-year-old treated cows, but not in the three-year-old cows,



The 25 two-year-old cows that received 5 mg, ECP intramuscularly had
an average interval from parturition to first estrus of 36.3 days
compared to an interval of 45.7 days for the untreated group. The
mean intervals for the three-year-old treated and untreated group,
respectively, were 29.8 and 44,5 days. Only five of the 14 treated
cows were observed in estrus before an oral progestogen was given.
In the untreated group 1l of 16 cows exhibited heat. The average
interval from parturition to first estrus was biased downward in
all four groups because all cows did not have an oppertunity te re-
turn to estrual activity before a progestogen treatment to syn-
chronize estrus was initiated,

An attempt was made to synchronize the occurrence of estrus in
post-partum cows using 180 mg. MAP per head per day for 18 days,
alone or in combination with a single 1 mg, injection of ECP on
the second day of the MAP feeding period. Considering the prior
ECP or control treatment 8-15 days post-calving, this resulted in
the formation of six subtreatment groups, If post-calving treat-
ment prior to the MAP treatment was not considered, the percent of
cows in estrus during the period 1-6 days after the last MAP feed-
ing in the control, MAP and MAP{ECP groups, respectively, was 4y .8,

46,7, and 44,8 percent, Treatment 8-15 days post-calving was noted
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to have major influence on the occurrence of estrus after cessation of

MAP feeding, In the groups receiving no ECP, there was 55.6 percent
of the control group, 58.8 percent of the MAP group, and 43.8 percent
of the MAP+ECP group observed in estrus within 1-6 days after the

last feeding., In compariseon there were 27.3, 30.8, and 46.2 percent
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of the cows in estrus in the contirol, MAP, and MAP4ECP groups, respec-
tively, that had received a single 5 mg. ECP injection within 8-15
days after calving. Of the 51 cows not pretreated with ECP, 27 (52.9
percent ) were observed in estrus within six days after MAP feeding
was stopped; whereas, 13 of 37 cows (35.1 percent) which had received
the 5 mg. ECP pretreatment were observed in heat in a similar time.
Age of cows was also noted te have an effect on the eccurrence of an
induced estrus after the termination of the MAP feeding period. Only
13 of 36 treated two-year-old cows (36.1 percent) exhibited an in-
duced estrus while 14 of 23 treated three-year-old cows (60.0 percent)
exhibited an induced estrus within 1-6 days following the termination
of the feeding period. If ECP had an inhibitery influence on the
occurrence of a post-MAP treatment induced estrus, the three-year-old
cows were able to overcome it somewhat,

The conception results obtained after attempting to synchronize
the occurrence of estrus with MAP or MAP4{ECP were noted also teo be
influenced by the pretreatment with ECP, The two-year-old cows which
received the 5 mg. ECP injection 8-15 days post-calving had a 69.6
percent first service conception rate (16 of 23) and all cows con-
ceived during the 90-day breeding season. The cows which had been
pretreated as controls had only a 46,7 percent first service concep-
tion rate (14 of 30) which was significantly (P< ,05) less than for
the ECP pretreatment group. Alse only 76.7 percent (23 of 30) of
the control pretreated groups conceived during the breeding season,
Those cows treated with 180 mg. MAP alone had a higher first service

conception rate than those treated as controls or with 180 mg. MAP



147

alone had a higher first service conception rate than those treated as
controls or with 180 mg, MAP plus 1 mg., ECP (66.7 vs 55.6 and 47,1 per-
cent, respectively). The first service conception rates of the sub-
groups are as follows: centrol-control, 36.4 percent; ECP-control,
85.7 percent; control-MAP, 80.0 percent; ECP-MAP, 50.0 percent;
control-MAP-ECP, 22.2 percent; and, the ECP-MAP4ECP was 75.0 percent.
Only the differences associated with the ECP-contrel, control-MAP,

and ECP-MAP4ECP were significantly increased over the contrel-control
group to which all were compared. .

The pretreatment with 5 mg. ECP apparently had more influence on
later conception rate than any other factor. Conception was much
higher in all ECP treated groups than the contrel-control group with
the exception of the control-MAP group. All of the cows pretreated
with ECP conceived during the breeding season; whereas, only 76,7 per-
cent of the control pretreated group did so. Apparently the ECP had
some stimulatory effect on the reproductive tract resulting in the pro-
duction of more viable ova or a more suitable uterine environment for
implantation to occur.

The association of level of milk production with response to the
various hormones was also studied. The data obtained indicated that
level of milk production had very little influence on reproductive ac-
tivity during the post-partum interval, Cows preducing over nine lbs,
milk per day at two years of age had an interval of 36.8 and 49,8 days,
respectively, to uterine involution and first estrus; whereas, those
producing less than nine 1lbs, per day had intervals of 39,3 and 48.5

days, respectively, to involution and first estrus. These same
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intervals in the three-year-old cows were slightly longer. In the high-
producing cows they were 44,0 and 51.7 days. compared to 41.6 and

52.9 days, respectively, in the 1ow-pfoducing cows, The resulis per-
taining to the occurrence of the induced estrus within 1-6 days after
treatment were comparsble as were the conception results between level
of milk production groups. The first service conception was 56.7 for
the low-producing group and 56.5 for the high-preducing group. Total
conception results were also approximately equal. Level of miik pro-
duction was concluded not to have a significant asgsceiation with the

post-partum reproductive performance of the cows in this study.
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4
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9

10
11
12
13
14
17
18
20
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28
33

39

21
23
29
22
4

26
47
i
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37
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TABLE XXIII

IDENTIFICATION OF ANIMALS USED IN THE PREPUBERAL STUDY

Ear Birth
Brand _ Mark Date®
T10 1-14
428 3-7
420 2-24
4o8 2-14
Y27 3-6
422 2-26
406 2-12
426 3-3
Lok 3-1
411 2-17
432 3-10
423 2-27
436 3-19
429 3-8
402 2-10
410 2-16
419 2-23
T42 10-9
T43 10-19
T46 10-29
T47 10-30
T92 11-6
T96 11-10
T97 11=13
7171 10-11
7335 10-15
0335 10-19
9334  11-12
9335 11-30
9336 12-1
2477 11-12
2478 10-29
2480 10-17
2496  10-15
1475 10-23
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Beginning Age in First Subse-
Treatment Days at Breed- Treat- quent
Weight st Tpt, _ding ___ment Irt,
400 367 Angus pb
420 314 Crossbred P
495 326 Crossbred P
555 336 Crossbred P
405 315 Crossbred P PMS
510 324 Crossbred P
525 338 Crossbred P s
495 318 Crossbred P
L85 320 Crossbred P
550 333 Crossbred P
525 311 Crossbred P PMS
470 323 Crossbred P PMS
480 302 Crossbred P
4o5 313 Crossbred P
495 340 Crossbred P PMS
460 334 Crossbred P PMS
ly5 327 Croasbred P PMS
540 236 Crossbred PMS-HCC-
P
360 234 Crossbred P-PMS-
HCG PMS
355 237 Crossbred PMS-HCG
460 215 Hereford PMS-HCG-
P PMS-P
430 216 Crossbred P-PMS-
HCG PMS-P
L80 212 Crossbred P PMS
395 209 Crossbred P PMS
405 242 Angus P-PMS-
360 238 Angus HCG  PMS
375 226 Angus  PMS-HCG-
P PMS-P
340 223 Angus PMS-HCG -
320 206 Angus PMS-HCG
320 205 Angus  PMS-HCG
330 208 Angus PNMS-HCG
395 224 Angus P PMS-P
370 236 Angus  P-PMS-
HCG PMS<P
370 238 Angus P PMS-P
385 222 Angus  PMS-HCG-

i 2 PMS
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TABLE XXIII (Continued)

: " Beginning  Age in First Subse-
Ear Birth Treatment Days at Breed= Treat- quent
Brand _Mark __ Date® Weight lst Trt, ing ment __ Trt,
b 1494 10-11 1400 234 Angus  PMS-HCG-
P PMS
36 1486  10-21 itg) 233 Angus  P-PMS-
HCG PMS-P

8Heifers 362 and 1-18 were born in the spring, 1964, Heifers with
brand numbers higher than 18 were born in the fall, 1963,

®p in this instance refers to the MAP treatment.,
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