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Abstract:

The purpose of this study was to determine the feasibility of inseminating a group of heifers without
estrous detection at a predetermined time after injections of prostaglandin Fga and GnRH. Sixty-eight
cycling Hereford heifers were divided randomly into five groups. Groups 1 through 4 were given 2
injections (IM) 11 days apart of 30 mg of PGF2a -THAM salt (PGF2a) . Groups 1 and 3 were injected
with 100 ug IM of GnRH 60 hr after the second PGF2a injection.

Groups 1 and 2 were inseminated at 72 and 96 hr after the. second PGF injection and groups 3 and 4
were inseminated once at 80 hr. Group 5 was a control, and they were bred at 12 hr after estrus. Forty
of the 56 PGF2a treated heifers (71%) expressed estrus after the second injection. The average interval
from the first and second PGF2a injection to estrus was 53 and 51 hr, respectively. Conception at the
synchronized breeding in the 72 and 96 hr and 80 hr groups was 43 and 14% (P=.04), respectively, for
all heifers bred and 63 and 19% (P=.01), respectively, for those that were observed in estrus. The
heifers that were inseminated twice at 72 and 96 hr all conceived to the 72 hr breeding except one
which conceived to the 96 hr breeding. The first service conception rates for all heifers bred and those
showing estrus were 21 and 32% for the GnRH groups and 36 and 48% for the no GnRH groups,
respectively. There were no significant differences in conception rates between the treated heifers bred
for 25 days by AI (63%) and the control heifers (66%) bred for 38 days- by Al. The conception rates
for the entire breeding season Al and 45 days of clean up were 100, 100, 100, 93, 100% for groups 1
through 5, respectively.
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ABSTRACT

The purpose of this study was to determine the feasibility of
inseminating a group of heifers without estrous detection at a pre-
determined time after injections of prostaglandin Foo and GnRH.
Sixty~eight cycling Hereford heifers were divided randomly into five
groups. Groups 1l through 4 were given 2 injections (IM) 11 days apart .
of 30 mg of PGFy, ~THAM salt (PGFyqy). Groups 1 and 3 were injected
with 100 ug IM of GnRH 60 hr after the second PGF,, injection.

Groups 1 and 2 were inseminated at 72 and 96 hr after the second PGF
injection and groups 3 and 4 were inseminated once at 80 hr. Group 5
was a control, and they were bred at .12 hr after estrus. Forty of
the 56 PGFjy treated heifers (71%) expressed estrus after the second
injection. The average interval from the first and second. PGFyq
injection to estrus was 53 and 51 hr, respectively. Conception at
the synchronized breeding in the 72 and 96 hr and 80 hr groups was

43 and 14% (P=.04), respectively, for all heifers bred and 63 and 19%
(P=.01), respectively, for. those that were observed in estrus. The
heifers that were inseminated twice at 72 and 96 hr all conceived to
the 72 hr breeding except one which .conceived to the 96 hr breeding.
The first service conception rates for all heifers bred and those
showing estrus were 21 and 327 for the GnRH groups and 36 and 48% for
the no GnRH groups, respectively. There were no significant differ-
ences in conception rates between the treated heifers bred for 25
days by AI (63%) and the control heifers (66%) bred for- 38 days-by AI.
The conception rates for the entire breedlng season AI and 45 days of
clean up were 100, 100 100, 93, 100% for groups 1 through 5,
respectively.




INTRODUCTION

Under modern management of beef céttle operations, 1abor'éonser-
vation is a very important factor. Iﬁ o;der to utiliée the advantages’
of a?tificial inseﬁination within a herd, previoﬁs syéﬁems have Y
- required many man-hours of oBéervation for signs of esfrus. In addi~
tion to thishlabor, long breeding periods havé résulteé in additional
labor requirements for extended calviﬁg periods. If estrus could be
controlled so that a large number of animals cpuld be brgd at one
time without estrous detection, a considerable aﬁounﬁ of iaborvcbﬁld
be saved.

Various investigators have recéﬁtly repofted that estrous cycle;
in cattle gould be cbnfrolled with p;ostégiaﬁdins (Lauderdale et al.,
1973; Stellflug et al., 1973; Lauderdale, 1972; Liehr et al., 1972;
Louis et al., 1972a; Louis et al., 1972b; Rowson et al,, 1972;
McCracken et al., 1970). It has beén shOWnbthat fertility of cattle
synchronization with prostaglandlns is comparable to that of cattle

which are inseminated W1thout estrous control (Lauderdale et al., 1974).

The purpose of this s;udy was to evaluatg different systems -
which might enable an opéraéqr to artificially'inseminate a large
group sf cattle afﬁer'estroﬁs synchrdnizétion without estrous detec-
tion. ‘An evaluation ﬁas ﬁadg of iﬁseminéfing at diffgfgnt pfg-
determined times after estrous synchroﬁization with'prostéglandin Foo -

(PGan). The effects of using GnRH after:PGan treatment for better

control of ovulatioﬁ time were also studied. These various effects
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were evaluated by determiniﬁg first service conception rates in the
heifers and by looking at their subsequent calf's performance up to

weaning time.




REVIEW OF LITERATURE

General

The reproductive or estrual cycleiis regulated by hormonal
interactions (Niswender et al., 1974); The hypothalamus seéretes_
releasing hormones (GnRH) which act to rgiease tﬁe gonadotropic
hormones, follicle stimulating hormone (Fsﬁ) and luteinizing hormone --
(LH), from the anterior lobe of the bituitary. FSH is secreted from

the pituitary into the blood, where it travels to the ovary to stimu-

-late follicular development, LH (also from the anterior pituitary)

trgvels to the ovary and acts synergistically with FSH Eo stimulate
secretion of estrogén by the foliicle. As the f911ic1e grows, its
increasing secretiop of estrogen triggers‘the release of a surge of
LH from the pituitary. This high level of estrogen from the follicie.
acts on the central nervous system to.briﬁg'thé cow ;nto behéviorai
estrus, by which time the'estrogén secretion is already félling again
(Short, 1972). The LH surge is responsible for final maturation and
rupture of the foilicle, resulting in the release of the ovum
(ovulation). Ovulaﬁion occurs frém 24 to 30 hours after the onset

of the LH peak. After ovulation, the secretion of estrogen and
gonadot;opins‘is greafly reduced. At this reduced level, LH is
partially responsible for the transformation of the granulosa cells
from the ruptured follicle into luteal cells which secrete progesterone.
Pituitary LH (Hanéel gﬁ al., 1973) or pos;ibly LH acfing syﬁérgisti-

cally with ﬁrolactin from the anterior pituitary (Niswender et gl;,
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1974; Short, 1972) caﬁses maintenance and secretion of progesterone by
the corpus luteum (ruéturgd folliéle). Progesterbne exérés'a negative
feedback on.the hypotha;amus and/or adenohypophysis to inhibit the LH
surge (Niswender et)al., 1974) or to block the positive response §f "
the hypothalamus éo éétrpgen and so inhibit the LH surge (Short, 1972).

The secretion of progesterone increaSeé as the corpué luteum
(CL) grows; ﬁntil it is at a maximum size on approximately day‘12 of
the cycle. .It remains fairly constant until day 16 (Hansel et al.,
1973) at which time, in the nonpregnant animal, the CL éegresses
rapidly.

The CL life is prolonged in several species which have been
hysterectomized (LaVoie.gg al., 1975; Wiltbank and Casida, 1956;
Loeb, 1923). Furthermore, it has been found that the endometrium
. controls CL regression (review by Mélamﬁy and Anderson, 1968); It
has been postulated that the endometrium secretes a substance or .
unknown luteolytic factor (ULF) which causes iuteal regression. Thé
CL esséntially stops funcfioning as measured b&,progesterone secretion
within 12 to 24 hours féllgwing the onset of luteal regression. Once
this luteal ?egression has 6ccurred, the animal is fegdy to.repeat
. the estrous éycle.

At any given time, it is quite likely that most of the animals
within a group will be at different stagés of the estrous cycleT " The

goal of estrous synchréniiation is to put all animals at the same
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stage so that artificial insemination can occur at one time.

In early synchronization experiments, exogenous progesterone

was given to animals for a period and then was withdrawn so that the
- LH surges would occur at -approximately the same time,

Progesterone

Chr;gtian and Casida (1948) first repor;ed that daily injecfions
of progesterone suppressed estrus and prevented oQulation auring the
entire treatment period., Treatment was.started on the fourteenth da&
of the estrual cfcle agd consisted of 14 daily iﬁjections of proges-
terone in corn oil, All heifers treated with 50 mg ;f progesterone
per day came in estrus 5 to 6 days after thé end of tfeatﬁéﬁti

It was later shéwn (Ulberg and Lindley, 1960; Ulberg gg_gl.;
1951) that lower daily dosages of 25 or 12.5 mg of progesteroné |
usually prevent estrus and ovulation. Howgyer, Ulberg et al. (1951)
féund that follicles in the ZQ to 30 MM range will deyelop during
tfeatment, Estrus will occur with these follicles ovulating when
the injection period is sfopped. It was shown that follicles under
the influence of pro;onged daily injections of 12.5 mg would regress
'and be replacgd by. another féllicle at 2 to 3-week intervalsf Dosages
10@er than 12.5 mg had little if any effect. The aﬁthors concluded
that progesterone inhibited LH from acting on the ovary. Loy é; al.

' (1960) later postulated thét progesterone inhibigs thef}elease of LH

from the pituitary, thereby preventing its action upon the ovary.
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Other reports (Woody et gl.; 1967; Nellor gnd'Cble, 1956; -
Trimberger and Hansel, 1955) have shawn that.progesterone injections
are effective in suppressing esfrus and ovulation when they are given
regardless of thé stage of the estrous cycle wheﬁ bégunh

Willett (1950) injected 50 to 100 mg of progesterone into
heifers daily for 13 to 17 days. Affef termination of_injections,
'ﬁhe heifers were observed.for estrﬁs. They were:artificially iﬁsem-
inated once when observed in estrus and again 24 ﬁours 1a;e;. Eleven
pregnancies resﬁlted from the 22 breediﬁgs. Other research did not
show the high first-service conception rate that Willett reported.
Trimberger and Hansel (1955) reported gettling 3 of 24 (12.5%) of the
cows from natural service after dosages of 50, 75 or-100 mg of pfoges-
terone for 14 days compared to 64%’fir$t-service conception in the
céntrol group. |

Ulberg and Lindley:(1960) used progésterone levels varying from
12,5 mg to 50 mg, Estrus occurred 2;5 to 9.5'days post treatment in
86% (291/333) of the anipals treated. They reported that administra-
tioﬁ of 14 daily injections of progesterone had a depressing effect
upon the rate of pregnancy in animals inseminated during estrus
subsequent to treatment, with the higﬁer~dosages being more detrimenfal.
They also obse?ved that an injection of 0}5 to 1.0 mg of estradiol.
benzoate 3 days éfter'thé last injection of’progesterone initiated -

estrﬁs and caused ovuiation, as &etermined by rectal palpation and
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subsequent slaugﬁter, without a further réduction in pregnancy rate
from those animals given.ohly progesterone.. The estrogen also elim-
inatea much of the variétion in time. in the onset of estrus, after
progesterone administration. They reported thét ﬁhere’we?e no
indications that any treatment affected productivity of the cow.(calf
weaning weight, gestation length, birth weight, or sex ratio of
calves). 'This work suggested thét estrogen, when used in sequence
with progesterone, faciiitated‘the release of LH to cause ovulqtion
in beef cattle,

Wiltbank et al. (1961) postulated that estrogen causes LH.
release after finding that_varying levels of estradiol valerate,‘
estrone or a natural estrogenic coﬁpound-caused early regression of
the CL in more than 50% of the heifers treated. Tﬁis sﬁppqrted carlier
work done by Greenstein gglgl. (1958). However, estrus and ovuiation
were not consistent following this early régressibn.. Later, Wiltbank
et al, (1965) conducted trials’using injections of progesteroﬁe alone
or in combination with an estrogen compound. wa hundred-twenty
cycling heifers were synchronized Wigh 24 daily injections of 20 mg
of progesterone alone or in combination With 10, 20 or 40 ug:of.
estradiol or 40 mg of progesterone with 20, 40 or 80 ug of estrédiol.
Two other groups reqeive&:the progesterone plus thrge iﬁjection; of
estradiol on tﬁe 23rd; 24th and 25th days. 'Synchroni;ation varied

" from 70 to 100% of the heifers exhibiting ést;us in a 4-day period.

However, fertility was significantly lower in most of the heifers
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receiving treatment as compared to the control gréups. Wiltbank et al.
(1965) concluded that the injection of estrogen with'40~mg of proges-
terone increased synchronization, bué it did not with the lower 20 mg
dose-of progesterone) Hoﬁeve?, this ﬁéy havé'beeﬁ due tolthe'timé of
estrogen injectidn. |

Under range livestock ménagement systems, it is not practicél
to inject heifers daily for the duration of the treatment period.
Nellor and Cole (1956) found that a single injection of 540 to 1120 mg‘
of crystalline progesterone in starch emulsion was capable of prevent-
ing estrus and ovulation in 179 treated ﬁeifers regardless of the
stage of estrus when treatmenF was éiven. Estrus occurred 15 to 19
days after the progesterone injection in 89% of the heifers receiving
540 to 560 mg of progesterone.and 1l5:to 23 dafs after the-injection
in heifers given 700 fo 1120 mg'of érdgesterone. Ovulation bc;urred
in 95% of the heifers following this estrus. This treatment.is of
questionable practicality becauseipf the wide range éf time (8 daysjz
that the treated heifers in a group would come into estrus.

Avery et al., (1961) used different treatments on three groups
of cows. One group received daily injections of 50 mg of progesterone.
Another group received injections of 150 mg of progesterone every
third day and the third group had their corpus .lutea éxp:éssed or
removed manually via rectal palpation, ’Thére was no sigﬁificant

différence in the first service conception rate of any of the three
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groupé after breeding. Thirty-four percent of thé 59 treaéed cows
conceived to first service as compared to 32% of the 53 in the control
group. It should be noted that corpus luteum expression-is not.
recommended because of possible exééssive hemorrhage in the animal.

Oral Progestogens

Significant progress was made in practical estrus synchroniza-
tion in 1960 when it was found that estrus could be inhibited fy
adding a synthétic orally active progestbgen to the cattle feed.
Nellor et al. (1960) fed;Gé-methyl-17aacetoxyprogesterone (medroxy-
progesterone acetate or MAP) to 77 heifers at various stages of the
estrous cycle. Heifers were treated indivi&ually or in groups to
receive 0.44 to 1.76 mg of MAP per kg of body weight daily for 15.tb
20 days. Estrus was inhibited at ail levels of treatment, regardless
of the stage of the cycle when treatment was started. Ovulation
without behavioral esfrus occurred at thé 0.44 mgllevél and levels
above 0.88 mg resulted in compléte inhibition of follicular growth
during treatment, Estrus occurre& 4 to 5 days after the end of treat-
ment with 0.88 mg and the period from end of treatment to the start
of estrus increased as dosage increaséd. |

| Nelms and Combs (1961) fed 60 heifers at a level of 250 mg per
day for 14 days. ﬁach heifer was inééminated on the third, fourfh

and fifth days following removal of MAP from the feed. They were
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inseminated without observing estrus, with a -40% conception rate,
This was not significantly different from the 607% first service con-
ception rate for the controls that were inseminated.over:21 days.

Hansel and Malven (1960) also inseminated without ;egard to
estrus after feeding MAP. They fed 968 mg per'animal pef day for 10
days, then fed an additional 10 days at a rate of 500 mg per head per
day. No animals came.inestrus dufing the 20 day feeding period.
Sixteen of 32 heifers came in estrus on the third and fourth days
following treatment termination. All of;the animals ﬁere bre&.by AI
.regardless of estrus‘and_half df them were injected with 0.5 mg of |
estradiol at the time of breeding; Thirteen of the'16 heifers not
showiﬁg estrus oVulated.. Only 22 apiﬁalé were pregnancy tested after
inseminatiﬁn and 8 were féund pregnant kS of 9 showing eétrué‘and 3 qf
13 not showing estrus conceived). The conception rate was equal in
the estradiol treated group and in .the group receiving only MAP,

:Hansel et al. (1961) élso used estradiol injectibns at the time
of insemination on half of 32 cows that were fed MAP for 20 days.
.Sixéeen of thé cows camg‘in heét and an additional 13 ovulated without
estrus. All cows wefe inseminated 3 to 4!déys after treatment and 25%
conceived the fi¥st service. Aggih, the estradiol did not improve .
conception. |

Fahning et al. (1966)'£eported 18 of 20 heifers fed Q{Sé ng pér

kg body weight.pef day for at least 11 days showed estrus 2 to 4 dayé
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following last feediﬁg. 'fhey were inseminated starting at estrus,

once every 12 hours until ovulation. Thelcontrol group were insemin-
ated three times at 12 hour intervals, starting at estrus. First
service conception was significantly lower in the ﬁAP treated heifers
(26.3%) compéfed to .the control group (81%).

' Dhindéé et al. (1967) rgpqrted a 33% first service conception
rate in 119 cows fed 186'mg MAP for 18 days. This was not significant-
ly different from the 37% first sérQice conception among 60 control
cows. Eighty-seven percent of thé treated cows exhibited éstrus

between 18 and 78 hr after treatment ended. Dhindsa et al. (1967)

also inseminated three groups of heifers a different number of times

after MAP treatment, One group was inseminafed once at 12 hr after

estrus, another group was inseminated at 48 hr and again at 72 hr and

"a-third group was inseminated three times, at 48, 60 and 72 hr. The

conception rates were 25, 38 and 21%, respectiyely, and were not
significantly,différent. No explanation was given for the overall
low conception rates.

Zimbelman (1963) studied different do;e levels of MAP, 93% of -
the heifers that éxhibited estrus of the 170 on test were in estrus
on the second, third and fourth days after last feeding. The average
conceétién rate df all treated énimals bred within 7 dastafter last
feeding was 51%, but.thgre was gréat Variation_iq conception from

trial to,tfial."The'conception rates of treated animals at second
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service and of untreated animals were 76 and 74%, réspectivély. No
apparent effect of MAP treatment was noted on the average gestation
length or birth weight of the calf.

The high cosf and the varied results of MAP caﬁéed'the SQéréh.
‘for more potent drugé whiéh‘could be effecti&e whén used in smaller
quantities than MAP. Researchers found that haiogeﬁa;ing certain’
adrenocortical steroids pr&duced a nuﬁber of hélogenated progestins
(Van Blake et al. 1963)..

One of the halogeﬁated progestins is 6-chloros®-17 acétoxypro—
gesterone (CAP). Van Blake et al. (1962).first reported that CAP fed
at levels of from .055 mg to .66 mg per kg of body weight per Aéy
for 15 or 20 dayé suppressed estrus during the feeding period;‘ They
found that estrus occ&r;ed 4 to 7.days after feeding CAP for 15 dayé.
at the .055 mg and .11_mg levels. Seven of eight animals conceived
to firég'service insemination. Van Blake et al. (19635 later confirmed
their earlier results with. a test using 20 untreated heifers and 69
heifers treated with varying levels of CAP. They found the hormoné
extremely potent in inhibiting estrus and QVulation. Heifers fed .044
mg per kg of bédy weight were sfnchronized in a period of 4 fdv6.dayé
~ after hormone removal. .First service conception rates iﬁ the 57
treatéd heifers was 61% coﬁpared to 65% in the 20“cqntrols; Subéeqﬁent
cycles were of normal 1enéfh and fertilitya |

b
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Wagner et al. (19635 also tested‘dbéage levels on different
groups of heifers. They used dosages\withoﬁf regard to ﬁeifer weight
and found that 5.0 mglof CAP per day did not inhibit cyclip activity .
in 60% of the heifers treated, However, 10 mg and 25 mg levels did
inhibit estrus. The lower the CAP ddsége was, the shorter Fhe average
iﬁterval was between the end of treatment:and tﬁe onset of esfrus.
However, 90 to 100% of the heifers were synchronized within P day
period, aﬁd the first service conception rates were 42 and 50%.

There was no control éroﬁﬁ in this study. ‘They also gave supplemental
exogenous est?adiol (0.5 ﬁg)‘twé da&s after the last CAP feeding éo
one group of 16 heifers. These heifers exhibited estrus within a

24 hr period on the third day after CAP wiphdrawal. First sefvice
conception on these heifers was 50% which,was.not significantly
different from the 42% first service Eénception rate in the ogher

.40 heifers given only CAP.

As with progesterone injectioﬁé, CAP treatments began shoﬁing
lowered fertility in later tests. Wagner gg.gl.'(1§68) reéorted
lower conception rates in 187 CAP treated heifers compared to
controls (33 vs. 55%, respeétively).. Héﬁéel_g& al. (1966) used MAP
or CAP treatments on 832 cows'and found that fertility'of MAP treated
cows approximated that obtained in the normal controls. However,

CAP fed cows had significantly lowered fertility. Hansel et al,

(1966) went on to report that fertility with natural or artificial
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breeding did not differ significantly and that fertility of MAP and

CAP treated cows was uniformly high at the second post synchronization

estrus.

Melengestrol acetate (MGA), another synthetic progestogen, was

orally 300 to 900 times as potent as MAP and was found to be effective

in inhibiting estrus and ovulation in heifers (Ziﬁbglman and Smith,
1966). Dose levels over 0.4 mg per heifer per day were éudcessfui‘in
suppressing estrus (Youﬁg gglgl;, 1967; Zimbeiman and Smith, 1966).
Zimbelman and Smith (1966) fed different levels of MGA to different
groups of heifefs-for 15 to 18 days. They reported first servicé

- conception ratés in the various groups ranging from 25 fo 88%; with .-
an overall average of 42% on 72 heifefs. There was no control group
in this stﬁdy. As.with the other progestogens, they found that the
a&érage interval from the last feediﬁg of MGA to estrus increased aé'
the dose level increased.

Roussel et gl..(1969) found that after feeding 1.0 mg of MGA
per day for 14 days to 15 heifers, the first service conception rate
(47%) was not significan£1y"different from‘that of 15 uﬁtfeated
controls (40%). Roussel and Beatty (1969) treated 30 dairy cows for
14 days on the éame-l.O mg level. The occurrence of estrus after MGA
withdrawal was 93%. However, the.first service conception rate was
only 26%. TFirst service conception for the controls was not given.

‘They reported that the total conceptibn rate after the second estrus
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was 60 and 53% for the treated and control cows, respectively. Thig
indicated that MGA had no detrimental effect on the second service
conception. The mean interval from first to second estrus after MGA
was 21.9 days, and there WAS no significant difference in célving

the MGA treated cows (no multiple births or ﬁfenatal losses,; calving

difficulty and retained placenta not significant).

Chakraborty et al. (1971) settled'only one of twelve heifers
treated with MGA on the first'service. They fed 1 mg of MGA for 14
days irresﬁeqtive of-the stage of estrus when treatment was started.
Synchronized estrus followed MGA termination from 3 to 6 days. -This
low conception rate was coﬁpared'éo 7 of 12.control heifers settling
first service,.

Hill et al. (1971) also reported significantly lowered

‘ fertility in heifers treated with MGA. They also found that the

;ime of the estrdus cycle when feeding MGA stafted influerced synchro-
nization and fertility. When treatment started on day 4, 20% of the
heifers failed:to exhibit estrus and when started on day 15 of the
cycle, 47% of the treatéd heifers failed to show estrus. Laparotomy
following insemination yieided 9 cleaved ova from 14 éeifers starting
treatment on day.4 and 5-c1eavedIOVa from 12 heifers sfarfing treat-
ment on day.15. These compéred to 8 gleaved o&a from 9 ﬁeifers in

the control group.

Smith and Zimbelman (1968) gave injections of'z, 5 or 10 mg of .
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estradiol cypionate to 63 heifers duripg the last feediné or'on‘Aay
1 or 2 after the 1as£ feeding of MGA. Thirty-five heifers served as
controls and were given only MGA. Estradiol cypionate'increa;éd
overall incidence of estrus (93 vs. 76%); but it had a defrimentai
effect 6n first service conception (20%'in estradioi cypionate freat-
ment vs., 32% in thosé given MGA alone)f |

Another progestogen, 16-a1pha-i7-dihydrbxyprogesterone aceté-
phenomide.(DHPA) was tested in the late 1960's. As with the éthef
progestogens previously desdribed, varying fertility reéulted, .

Wiltbank et al. (1967) successfully synch;onized 96% af a ‘group
of heifers in a 48 hr period after.feeding 500 mg of DHPA daily for |
20 days. The first service conceptioﬁ?étefqr this group wds 26% as
coﬁpared to 54% in the control group (P<.05). When 400 mg DHPA was
fed for 9 days with 5 mg of estradiol valerate injected on fhe secoﬁd
day, 84% of the treated heifers were in estrus during a 96 hr period.
- First service conception rates in heiférs treated were not significant-
ly affected.

- Wiltbank and Kaéson (1968) furthered their study with 400 mg
DHPA daily for 9 days anﬂ 5 mg.of estradiol valerate on the segond
day of feeding. Estrus was synchronized in 95% of the 66 tfegted |
heifers with 54% concéiviné. FIfty-two percéntAof the 33 control
heifers conceived.' They went on'to report tﬁat the same treatment

in lactating cows significantly reducea concéption at the synchronized
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estrus.

Progestogen Implants

Although feeding progestational éoﬁpounds aided estrous synchron-
ization from a,practicél'étandpoint, workers felt that the amount of .
progestationai égent'giveﬁ to igdividuai animals needed fp be gauged
more Accurateiy. Two maﬁbf rqutéé hévé beén ﬁsed to administér‘drugé.
in more accurate amounfs.

S8ponges or pessaries wh;ch have been saturated.with a measured "
aﬁount of drug may be piaced in the Végina of the cow, where the drug
will be slowiy absorbed. The sponges'may be manually rémoved afAény
time for termination of drug administ;étion. This methéd ié ﬁsed
effectively quite ofteﬁ fof'estroﬁs synéﬁronization in eWes:“
Flurogegtoﬁe acétate (SC9§80 or Cronoler); a progestogen that is
offeh used in sheep; has:been qsed in goviﬁe pessaries. Carrick and
Shelton (1966) first showed that Gronolone blocked estrus an& ovulation
for éhe 18 to 20 days during which pgssariés were intact in a majority
of the énimals tfeated; however, fertilitylwas low. |

éhimiéu'_g al. (1967) ?épo;féd estrus in cows océurring within
two days of withdrawal of 18 d;y'pessaries saturated with 100 or 200 mg
of Cronolone. They reported ﬁo Significant'différence iﬁ fifst}éerviée
conception between contféifcows (20/29) . and those tregte& with eithef'
Ieyél of Qronoléﬁe §6/12). They algo,;epdrted no significant &ifference

between treatments started on the fifth, tenth or fifteen day of the
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estrual cycle,

Wishart and Hoskin (1968) reported lowered first service
fertility in 55 heifers showing estrus of 66 retaining pessaries from
81 treated with 200 mg Croﬂolone pessaries for 21 days (43.7% compa?éd
to 61.9% in the controls). Sreenan (15%5) and Sreenan and ﬁulvhill
(1975) verified phese low fertility-resﬁlts afterusipg Cronolone .
pessaries on heifers for 20 days. Hdwg&er, when treatment was re-
duced to 10 days an& progesfoerone plus estradiol valerate was given
intramuscularly at the stért of treatment, conception ﬁas increased
to and above the normal rate.

Ayalon and Marcus (1975) reported the use of MAP in vaginal
pessariéé. They put pessaries with 250 mg MAP in'12 cows and heifers
for 14 days. First ser&iée conception was 60%.

Thé major drawback in the use of vaginal pessaries is that
problems arise in tﬁeir retention. There is a difference in the
retention of different sizes and shapes of.qunges'(Carrick and Shelton,
1966) and it has been found'that retention is higher in cows treated
for shorter periods of‘time (10 vs. 20 days) (Ayalon aﬁd Marcus, 1975;
Wishart and Hoskin, 1968; Sreenan, 1957).

The other major means of adminiétering progestogens in accurate
amounts is through the use éf subcutaneiouS'implénts.' The.implants.
are madé‘of a material thaf will absorsuand release thé drﬁg, but

which will not be absorbed themselves once inside the animals.
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Implants have been placed in the flank'and brisket areas of animéls.
Recently, most implants'héve been placed in theeeaf.

. Dziuk et al. (1966) used silicone implants with MGA in cows
to test for effectiveness of inhibition of-estrus; Théy implantei
70 ‘cows and after five days introduced five fertile bulls to the herd.
Implants were removed at various intérvals up to 64 déys frém implan-
tation. - Estrus was observed in 45 cows (64%) between 36 and 72 hr after
implant removal. Three cows concei&ed'while implanted.

Curl et al. (1968) showed that subcutaneous iﬁplaﬁts of'anqthe¥
érogestpgen (norethanérolone,:SC-5914, or NE) controlled estrus and
ovulation in cattle, :Thirt&-two cows were divided into Six treat-
ment groups. The different groups were tre;ted with varying 1evéls
of NE imprégnaﬁgdx polyhydroxy polymer implanté. Ten cows either losf’
their implants ox exhibite& estrﬁs during treatment.- Of the.22 treated
cows ,which did not lose their iﬁplants and/or exhibif estrus during
treatment, 18 (81.8%) exhibited estrus within 48 hr after fhe 16 day
implant removal, Of the 22. treated cows which were inseminated, 15
_ (68.2%) conceived at fi?st breeding. Treatment levels of 153.7 and
168.0 mg NE appeared to be most effective for synchronization as
compared-to either :higher or lower doéage levels.

Woody aqd Piercé (1974) implanted heifers subcutaneously behind
the shoulder with.horethandrolone and injected with estradiolf

valerate starting on various days of the'cyC1é. They found that heifers
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implanted prior to 10 dayé postestrus had longer (P<.01) intérvals:'
to estrus after implant removal than those implanted after 10 days
postestrus. They also found in anbther_trial that there were more
heifers in estrus when'implanted on day 14 than those implanted on day
2, and more were in estrus after a 16 day treatment than after a nine
day treatment. Conception at firét servicg ﬁas 50 to 83% in a11'9-day
treatment groups- (averaging 73%) and was 83% in the 16rday t?eatmeﬁt
group in which implant insertion was 2 days after estrus. 'HOWever,
when implants were inserted 14 days after estrus and removed 16 days
later, no heife;s conceived to first sef?ice. :No statistical-analysis
was reported for these data.

Liang and Fosgate (1970) showed.ﬁﬁathyd;on plastic implants

with 300 mg of 17-alpha-ethyl-19 nortestosterone (Nilevar) .successfully

inhibited esttus and ovulation in cows implanted subcutaneously for
17 days.

Wiltbank et al.  (1971) used.Nilevgr implants on heifers for
either 16 days or for 9 days. Estradiol valerate was injénted on the
day of implanting. Eighfy—seven percent of 15 heifers implanted for
16 days exhibited estrus in 96 hr as compared to 93% of the 42 heifers
implanted for nine days; _First service cdngéption'was 38 and 61%,

respectively, for those implanted for 16 and 9 days. This compares to

65% first service conception in the untreated controls. In a second
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group of heifers implanted for 9 days, 50% were pregnant at first
service as compared to 69% in thé controls (Ps.05).

Roche (1974a) also found a differenéelin conception rates.
between heifers implanted for &ifferent lengths of .time. 1In heifers'
given progesterone implants and estradiol bénzoate for eithef 9 or
12 days,.there was no significant difference‘in cohceptiqn, but
coﬁception in these groups was significantly higher than in those
treated for 18 or 21 days. Estrous ;esponse was low in animals.
implanted on days 3 and 17, but high betweén 5 and 15. 1In anqtﬁer
test, Roche (1974b) foun& that reducing progesterone administration
from 20 to 10 days and giving 5 mg.of estradioi benzoate onnthe day
of implantation resulted in increased first service conception from
57% in 15 heifers.tréateq 20 days to 82% in 15 treatea'fof 10 days-
but also resulted in reduced estrous response (93%.in 20 day treatment
vs. 73% in 10 day ;reatment). Injection of 400 ug of estradiol
benzoate 16 hr after implant removal on a 10 day treaﬁménf‘diq.not
increase estrous response and lowered'first service conception
(40% in 23 treated vs. 80% in 18 controls).

Ear implants of 19'a1phé-acetOXy 11 beta-methyl 19 nqrpfeg 4ene
3, 2 dione (sC21009, éyncro-ﬁate B or ﬁorgestamet) have also been
shown effective iﬁ synchronizing estrus in cycling heifers. Burrell
et gl; (1972) reported 93 to 98% of ﬁeifers treated for 9 days with

5 mg SC21009 implants ﬁlus 5 mg éstradiol vélérate shdwiﬁg estrus
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within 4 days of implant removal. The number of heifers treated
and percent conceiving for the contr61 and freated groups, respéctive-
ly, were 77 (65%) and 79 (55%). There was no'siénifiéant difference
in conception between treated groups and comtrol groups. ‘Wishart
and Young (1974) also reported good synchronization in heifers given
9 day SC21009 implants along with 3 mg of 8021009 and 5 mg of_eétradiol
valerate at the time of implantation. They inseminate& ;t 48 and 60
hr after implant removal and reported fertility comparable to controls.
Twenty ciea#ed‘ova were obtained from the 25 treated heifers as compa red
to 21 cleaved ova from the 25 control. heifers.

Burrell et al. (1972) observed that when heifers were implanted -
for 16 days or implanted for 9 days and given 7.5 mg of estradioi
valerate, first service éonception was significantly lower than controlé.
The number of heifers and conception rate‘in the 16 day treatment
group compared to the control éroup was 76 (32%) and 77 (65%) (P<.05)f; '
The group of 55 heifers treated with 7.5 mg estradiol valéra;e and a |
9 day implént had a éonception rate of 40%. This‘is compared to 55
control heifers with 647% first service conception. Whi tman et al.
(1972) f;und.that when cows were “implanted for 9 days and estradiol
valerate levels were inpréased-froﬁ 5 mg Fov7.5 mg, synchronizatioq
.incfeased buﬁ:fe¥tilit§ decfeése&; Tﬁey treated five groups.§£'cows
with 5 mg SC21009 iﬁplants. The groups received differeﬁf leveié 6f

estradiol valerate at the time of implantation. Of the cows in the
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groups receiving 5 mg estradiol valerate 79 and 74%, respectively, -
exhibited estrus within 4 days of implant removal. With 6 mg
estradiol.?alerate, 75% of the cows e#hibited estrus within 4rdays, .
.84% with 6.5 mg and 92% and 100% with 7.5 mé. The cénceptiqﬁ rate at.
first service for those céws bred at éynéhronized estrus iﬁ treated
groups compared to cows bred for 21 days in control groups were 39%
vs. 47% and 74% vs. 63% at 5 .mg of'estradioi valerate, 56% vs. 66%

at 6.5 mg of estradiol vélerate,and 45% vs. 53% and 43% vs. 66% at.
7.5 mé of estradiol valerate. No conception data was given on the

6 mg estradiol valerate level group.

Woody and Abenes (1975) also concluded that the 9 day treatmenf
was adequate to synchronize estrus-in heifers and'went on to report
that estradiol valerate aided in causing earl&tlﬁtéal regression.

This supported work done by Shelton and Casida (1970) and Kaltenbéch
et al. (1964), who showed that low levels of estradiol ma& be luteo-
lytic when administered late in the cycle.

Woody and Abenes (1975) found that fertility of heiferé
implanteé for l§ days was lower when implanted on day 14 of the cycle
as compared to those implanted 2 days postestrus, This may be

explained by the observation that progesterone can induce luteal

regression in heifers when ihjec;ed early in the cycle, with its influence-

apparently decreasing with an increased interval postestrus (Woody

and Gintﬁep; 1968)f‘
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Ear implants ofA8021009, as with other injected or fed
progestogens (Wiltbank and Kasson, 1968), do not seem to be aé_
effective in cows as they are in heifers. Whitman et al. (1972)
showed thatipoor synchronization resulted in cows suckling calves
which were given implants plus 5 mg of éstradiél._

Ear implants seem fo be a'veryxeffective wéy of'giying progesto~
gens, There is only one dfaWback that may or may not cause a problem,
Woody and Abenes (1975) postulated that implants ﬁay not work com-
'pletély when they are used during extremely cold weather. There may
bé less progestogen absorbed into the blood due to a reduced blood
supply in‘the capiliary beds of ﬁhe ear. Dﬁring cold weather, blood
is shunted by some capillary beds to allow'grééter blood flow through
the larger vessels in the ear.

It hésﬁbeen known for many years that thg corpus luteum plays
an importaﬁt-role in controiliﬁgtheléngth of the estrous cycle and '
the time of ovulation because of its_ﬁajor secretory product, proges;
terone, which inhibits the ovulatory surge of LH. All of the'
synchronization experiments previously discussed have dealt with
the administration of exogenous progesterone compounds whiéh act to 
sﬁppfess the LH surge until the corpéra lutea'have fegfessed in’each

animal-withiﬁ a group.
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Prostaglandin Fp,

An alternate approach to synchronizatidn is to remove orl
regress the corpora }utea simulatanéouél& in a group of cattle so
that the natural prégesteroﬁe is stoppea and.the LH surge can océﬁp
without altering follicular growth. Probably the first technique
using this theory was the manual removal of the corpofa lutea.
However, this was found to be time consuming and somewhat dangerous,
so it found very limited use (Inskeép, 1973). Various methods of .
chemical regression of fhe corpus luteum have been found. Injections'
of oxytocin from days 2 to 6 éf the estrous‘cycle, iﬁjections of
estrogen, the presence of foreign bodies in the uterus, irrigation
of the uterus with.iodine solutions or administration of LH anﬁi-
bodies all cause premature luteolysis in cattle (Roche, 1974b). Few
of these methods have been incorporated into-synchronizafion systems.

The use of estrogen for regression of the corpus luteum
(Shelton and Casida, 1970; Wiltbank et al., 1961; Greenstein et al.,
1958) has been used effectivély along with progestens so that treat-
ment time can be reduced to as low as 9 days (Woody and Abenes,'1975).
Oxytocin is luteolytic in some species at speéifig tiﬁes during the
estrous cycle (Review by Melampy and Andefson, 1968) and Has been
used to a limited extent in combination with-progéstogens-for estrous
synchronizapion'(Hansel et al., 1961). However, it did noﬁlprove,

to be beneficial.
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In the 1930's, a group of biologically-active lipids made up of
linolenic, arachidonic and pentaenoic acids were found (Speroff and
Ramwell, 1970). These compounds were first found in seminal fluid
and were thqgght to originate in the prostate; therefore, they wére
named prostaglandins. In later research, prostaglandins were
detected in or found to be releaséd from most mammalian body tissue
(Lauderéale, 1974) . | |

Loeb (19235 observed in the guiﬁéa pig that complete or almost
complete hysterectomy is followed b& luteal maintenance for a period
of 60 to 80 days. He also noted uterine'remoﬁal in young gniﬁals
did not ihtérfere with subsequent mafuration of'follicales or -
ovulation,

In 1956, Wiltbank and Casida reported that hysterectomy pro-
longed the life span of the corpus luteum in cows and ewes. Since
that time, it has beén demonstrated cléarly that the uterus plays a
role in the regression of the corpus luteum (Reviews by Caldwell et al.,
1969 ; Melampy and Andersom, 19685.

It was.f;rsf suggested by .Babcock (1966) that a prostaglaﬁdin
might be the agént from the uterus wﬁicﬁ haé a'lupeolytic effect.

Subsequent work showed that prostaglandin (PGFpo) injections induced

luteolysis in a variety of species, including cattle (Lauderdale ég al.,

1973; Stellflug et al.,1973; Lauderdale, 1972; Liehr et al., 1972; .

Louis et al.,1972a; Louis et al., 1972b; Rowson et al.,1972;
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McCracken et al., 1970). The mode of action by which PGFya induces
luteolysis is not knowg,'however, Pharris et al. (1972)’postuiate$
five possible mechanisms by which prostaglandin may work. The
possible areas were PGFya could be exerting ité primary luteolytic
effect are depicted in Figure 1 from Pharris et al. (1972).

éince the ﬁituitary glgnd is impoftént in maintenance of luteal
activity, it was first thought.to be the térget.féf‘PGan. The ,
theory was that PGFyo eitﬁe¥ totally blocked the pituitary or had the
ability to inhibit the luteotropin (Figure 1, #L). Luteotrqpihs vary
in different animal species. For example, LH i;lnecessary in the
rabbit, prolactin in the rat and pfolactin and FSH in the hamstef,v
PGFoa. is not effective for luteolysis until corpqrailutea have
reached a certain stage of maturity. PGan given prior to day 4 of
pregnancy in the rat is not luteolytic. ﬁowever, after day 6, it is
1007 luteolytic. It was found that ergocorine, which is iufeolytic
in the rat by blocking prolactin release from the pitﬁitéry, is more
effectivé prior to luteal maturity. |

1t has also been shown through horimone assﬁy'that-LH levels
are unaffected by PGFjo t?eatment (Review.by Phgrris et al. 1972).
Also, ovarian arterial infusions of Péan induce lﬁteolysis at doses
which are ineffective when given systemically. Thus it is suggested
that the hypothalamus and pituitary.are not‘direétly involved in ?Gqu-

induced lﬁteolysis.
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Another mechanism by which PGqu-could induce-lutequsis is by
way of the uterus (Figure 1, #3). Prostaglandiﬁ is a potent smooth-
muscle'stimulator and could cause the uterus ro contract end release
-endogenous uterine luteolysin, much as does oxytocid in the bovine.
Hdwever, treatment of hysterectomized-animals with PGan still causee.
luteal regression (LaVoie et al., .1975).

A third possible method br PGF)q action would be a direct toxic
effect on the corpus luteum itself (Figure 1, #4). Reports indicate
that PGFpo inhibits secretion of progesterone by luteal tissues
in vitro (Henderson and McNatty, 1975; 0 Grady, 1972). ThlS suggests
that PGFou is'capable of exerting a_directlbiochemieal effect on the
luteal cell to direerly rnhibit progesterene synthesis, It has been
postulated that PGFZ& is not effective in bovine CL regressioﬁ ep to
day 5 (Rowsen et al., 1972) because the pre-ovulatory LH.surge
~saturates the regulatory units of the lueeal cells and that it is this
boundvhormone that protects the young CL (Henderson and McNatty, 1975)

Another p0331b111ty is that PGF,q exerts an antlgonadotroplc
effect (Figure 1, #2). Even though the pltultary'had been eliminated
as a site of action, the interaction could take piace in theicirculah
tion or at the recepter site oﬁ the corpqs‘luteumu It has been found
that PGFZ& does inhibit FSH-like and LH-like activity ef pregnant.
mares' serum (PMS) and human chorionic gonadotropln (HCG) respectlvely.

Studles have 1nd1cated that PGan may cause a decreased hormone b1nd1ng
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| Pituitary Gland

Luteotropic
Gonadotropin (LH)

Utero-Ovarian Vein

direct feedback on pituitary gland
antigonadotropic effect

stimulation of uterus to produce luteolysin
direct toxicity of corpus luteum
constriction of utero-ovarian vein.

From Behrman et al., Ann. N.Y. Acad. Sci. 180,
437 (197). In. Pharris et al., (1972).
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Figure 1. Possible mechanisms of prostaglandin Foo in luteolysis.
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capacity at the CL binding siteg (Hichené et al., 1974). Itjis sug-
gested by this antagonism to luteotropins that this is a possible
mechanism whereby PGF,0 exerts its luteolytic effect,

The final. possible mechanism is the alteration of ovarian blood
flow (Figure 1, #5).' Studies ﬁave béen reported which suggest that
ovarian perfusion is reduced after PGFéa treatment. In rats, after a
single dose of PGFyo, there is an immediate drop in blood flow of 50 to
60% of the control levels and lasting about 25 minutes (Review by

Pharris, 1970).

The mechanism whereby prostaglandins are luteolytic is still un-
known, but three hypotheéis are supportable. These are gonadotrophin
antagonism, alteration of ovarian blood flow or a direct toxic effect

on the CL.

It has been found that PGan ishnot‘effective in regression the .
bovine corpus luteum during the.first &4 days of the estrous cycle
(Rowson et al., 1972). Héwéver,'it is effective from days 5 to 16 ;f
the cycle (Lauderdale, 1972).

When PGFo0 is given from'day.S to 16, thére is an immediate drop

tal.,

in blood progesterone 1evgls to about 50% within 12 hr (Hafs
1974). Sighificant elevations of plasma-estrone.andlestradio}-17B
occur during the firét‘24 hr after treéatment. Luteiniziﬁg hormone
peaks at about 70'hr and estrus begins atﬂapproximatéiy 72 hf_with
ovulation around 95 hr (Hafs et al., 1974).

The commonly used dosage is 30 to 33.5.mg.of PGFy0 THAM salt
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intramuscular. .However, it has been shown that single dosages of

60 mg, 30 mg or double dosages of 15 mg at 6 hr intervals do not
significantly affect the time of ovulatioﬁ after drug édministrétion
(Stellflug et al., 1975; Stellflug et al., 1973).

In early éxperimental work, prostaglandins werelusually given
by intra-uterine infusions. A lower doéage (usually 5 mg) Waé required
for this method as compared to intramuscular or subcutaneous injec~
tion. It was-found that intra-uterine infusion requires some degree
of skill to pass the cervix and is sometimes impossible in heifers
and may result in more variable response. The treatment is time
goﬁguming and involves risk of uterine infection (Hearﬁshaw et al.,
1974; Henricks éE al., 1974)+~ Therefore, it was suggested that the
best means of PGFjo a&ministration was through either subcutaneous or
intramusculér injection,

Lauderdale et al. (1974) were probably the first to use
prostaglandins for estrﬁs synchronizatioﬁ. In their experiment,
cattle were divided into three treatment gréups at four 1oéations.
Treatment one was the control group, where the animals were observed
for estrus and insgminated dﬁring an 18 to 25 day interval. The

second group was injected with 30 mg of PGF_o THAM salt if a CL was

2
detected through palpétion or assumed to be present. These cows were

then observed for estrus and inseminated during days 1 through 7 after

'PGFya. Cattle in the third group received the same PGFya treatment
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as group two and were insemin;ted tWicé at 72 and 90 hr after PGF,0
without regard to estrus. After insemination, the percgﬁt pregnant

_ wds based on the number inseminated for treatment one and two 'and on .
the number either observed in estrus éf having a CL formed and
qetected by'palp;tion from days 1 to 7 after PGFya for treatment
three., The pércent pregnant and number inseminated for treatment .
one through three, respectively, weré: 53.3% - 122, 52,2% - 69 and
55.8% - 86, It Was.concluded that there was no significant differencé
iﬁ fertility among the groups. |

| These successful fesults prompted other workers to use PGFéu
for estrus synchronizétion. Roche (1974c) assigned 33‘heifers between -
days 5 and 20 of their cycie to thrée groﬁps. One group was tHe
control which was qntreated ahd.inseminaped at estfus, The number
and percent-érégnant was 8 and 73%, respectively. The second group
received 30 mg of'PGEzu, aﬁd animals were inseminated after observed
estrus with 6 (75%) conceiving. The-tﬁird group was treated as.was
group two, but they received only 20 mg PGF,a. The number conceiving
was 7 (70%). There was no significant differgnce in fertility' |
between groups. The majofity of the heifers were detected in eétrﬁs
within 4 days of injection. Neither'thé dosage nor the stégelof the

cycle when given influenced the estrus response.
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Roche '(1974c) discussed the impracticality of an estrous
synchronization program,usihg a drug that was effective only from
days 5 to 17 of the cycle. He suggested administering two doses
of prostaglandin ten days apart and inseminating after the second
injection. This method should put ail of the animals in a group
within the effectivellutéa1 period for the second injection; ‘The
heifers between day 5 and 17 should be in estrus approximately 70
hr after fifst injection. They should theﬁ be at approximaéely day
7 of the next cycle at tﬁe time of the second fGFZa treafment,~
_and should again be respoﬁsive. Heifers between day 17 and day 21 of
their estrous cycle should‘have normal estrus around the time of the
first treatment, and heifers at day 0 through 5 should have just
been in estrus before treatment 1 and would be at day 10 to day 14
at the time of the second PGFZ& treatment. | .

King and Robertson (1974) first tried this doubie;injection
method on 30 heifers and found that 25 (83%) were in estrus and
inseminated 2 to & days following the second injection. Ten of the
25 (40%) conceived,  This was compafed to the control group, where
13 of 15 (87%) were in estrus over a‘three week period and 7 of thé '
13 (54%) conceived., Based on the total number of heife;s 10/30 (30%)
conceived in the treated group and 7/15 (47%5 conceived in the controi

group. There was no significant differences in fertility.
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Another system of using PGFéa’for synchronization without a oouble
injection system is to observe estrus and breed animals for. four days
and then inject the animals that have not been inseminated on the
fifth day with Pszd. 'Then'estrus observation and iﬁsemination could
continue for four more days. A similar method was used by Lambert
et al. (1973). Cattle were observed for estrus and bred for 4 days,
then injected with PGFyq. They Were.then observed for estrus and bred
up to 72 hr after injection. All of the remaining animals that had
not previously been.bred were inseminated at 72 hr without regard to
estrus. In this study, the total pregnancy rate in the PGFZa?treated ;
group approached significance (P=ﬂ04) as beiﬁg higher than that of the.
control groui: . |
Progesterone treatments have also been combined with PGF2 .
Either progesterone inJections or SC21009 1mp1ants are used from 5 to
7 days before PGF2a is given. This treatment causes animals that
would normally be within the days when PGF g is ineffective to be
grouped up just before the. time of the Lﬁ release. Although the
PGF,q treatment may not be effective at this time either, the with-
drawal of progesterone allows them to proceed and be in estrus at
about the seme time as those animals whose'corpora lutea are regressed
by PGFyq . Fertrlity after this type of treatment has been reported

to be not significantly different from that of control groups

(Heersche et al., 1974; Van Niekerk et al., 1974, Wishart, 1974).
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Heersche et al. (1974)'pIéced 6 mg SC21009 implants in 50 héifers
and removed them 7 days later. At this time, they injected each
heifer with 30 mglPGFz& and inseminated them between 12 and 18 hr
after estrus was observed. Forty-seven of‘SO were in estrus within
84 hr. Thirty of the 47 synchronized heifers-exhibifing.éstpus (63.3%)
conceived to first service. This is cqmparéd to 13 of’20 (65%) in an
untrga;ed control group conceiving fifst service over a period of 27
days.

Wishart (1974) used a 6 mg SC21009 implant for 5 days follbwed
by 3.0 mg of PGFy, administered transéervically on one group of 20
heifers and 3.0 mg of PGan alone on anothe; group of 20. Of those
treated with PGFZ& alone,'14 were in estrﬁs over a 5 day ﬁeriéd after
treatment. Eighteeﬁ of the 26 given,SCZlOd9 implants plus PGF,a Wére
in estrus over the same period. of the:14 heifers inseminafed'after
PGan alone, 7 conceived to first breeding. Twelve of the eighteeﬁ
inseminated in the otﬁér groﬁp conceived to first service.

Van Niekerk et al. (1974) injected 11 cows and 5 heifers with
150 mg progesterone on day one, 100'mg of progesterone on day 3 and
500 ug PGF, analog (ICI80,996) on day 5 followsd 12 hr later by
1600 i.u. PMSG (for a multiple ovulation effect). The animals were
inseminated once at the 6nsét of estrus and again 12 hr 1éter.' One
heifer ‘had a silent heat. Of the-femaiﬁing 15, ‘14 came intb gétrus

between 24 and 60 hr affér PMSG and one came in after 96-hr.A
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Eight of the 16 aniﬁals conceived to first serﬁice.“Three of the
animals that failed to conceive were later fouﬁd to be sterile.

A number of synthetic analogues have been developed by slightly
altering the chemical structure.of prostaglandins (Binder et al.,
1974). :These analogues are many times more potent than PGFéa in
causing luteolysis. Soﬁe of the analogues which have been developed
are: ICI 79,939, ICI 80,996 and ICTI 81,008 (or."Equimateﬁ). |

It has been shown that ICI 79,939 is effective for synchroniza-

tion of estrus when given at a 300 ug level for two days intrauterine

rt

(Texrvit e

al., 1973) or when given at a 750 ug level intraﬁﬁscularly

t

(Dobson et al., 1975). The drop in progeéterone levels and increase
in estrogen resulting in estrus and ovul#tion occurs on a similar |
schedule as that reported previously‘for PGF,q (Dobson et al., 1975).
Cooper (1974) used two 500 ug doses IM of ICI 80,996 iO to 12
days apart on Holstein heifers. Of the 175'treéted,‘he reported 171
in estrus between 48 and 96 hr after the second injection. 0§u1ation
was normal and first service conception was exactly the same in both
treated and control groups. He went on-to report that the esfrous
response in sensitive animals following the second injection of
ICI 80,996 was somewhat earlier and more closely synchrénized than

that following the first injection. This has been a consistent

observation during experiments with both ICI 80,996 and ICI 79,939.
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Hafs et al. (1975) divided 960 heifers and 392 cows into three

groups. One was the control inseminated after observed estrus, the

second was injected twice with 30 mg PGF,q THAM salt 10 to 12 days apaft

and the third was injected twice with ;5 mg'ICI 80,996 iO tol12'days
apart. The trgated animals were insemiﬁated once at-80 hr affer the
second injection or twice at 70 and 88 hr after the gecond injection.
0f the heifers in.the experiment, 5% of the”346 éontrols came in heat
and 67% of these conceived. Sixty-two percent of the 291 inseminated .
twice conceived and 62% of the 323 inseminated 6nce conceived, " There
were 133 control cows, of which 113 came in heat and 697% conceived.
Fifty-eight percent of the 102 cows inseminated twice conceived and 57%
of the 157 inseminated once conceived, These data indicated that there
was no significant difference between the fe;tility‘of control animalg
and those treated with PGFjo TﬁAM salt or ICIT 80;996, 0f those tréated,
there was no significant difference between those inseminated once'and
those inseminated twice. Thése-'data also showed that.PGde and ICi
80,996 unlike the earlier used progestogens, were very efféctive for
estrous synchronizétion in both suckling cows and heiferé.

One 6f the most important advaqtages of a good estrous synchro-
nization progr%m istﬁé@limination of the need for labor for estrus
detection. Therefore, it is important‘fo havé all of the individuals
in a treated group come into éstrus at appréximatgly the same time sé

that insemination can be performed at one predeterminéd!time. This -
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would mean that tﬁe LH peaks would have to be practically simulténeoﬁé
within a treated group. |

The first attempts to decrease_the.périod of synchronization
and control ovulation utilized HCG injected at the end of the"
progestogeﬁ treatments (Rache and Cro@ley, 1973; Graves and Dziuk,
1968; Lantz et al., 1968). Variability of oﬁulation'time.wqé
decreased, but in somé cases fertility ﬁaé low.

It has been established that low doses of estrogens can cause

or speed up the release of LH. -Hamsel et al. (1975) used eétradiol
benzoate to shorten and increase precisioﬁ of the interval to estrus
after withdrawal of MAP,  However, Welch et al. (1975) used estradiol
benzoate after PGFyo treatment in cows énd found no signficiant
difference in the time to estrus or conception rate as compared to
cows given onl& PGF 90, »

It has been sﬂown that GnRH causés an LH_reiease in the cow
similar to that'observed prior to ovulation (Kaltenbach et al., 1974;
Convey, 1973). Kaltenbacﬁ et al. (1974) found that GnRH given 24 hr
after SC21009 implant removal resulted in synchronization of ovula-
tion. They went on to indicate that énRﬂ given 60 hr after PGFyq
would also increase synchronization.

Roche (1975) supported this work by.increasing synchronization
and hastening the time of ovﬁla?ion with- GnRH in heifers given

progésterone for 12 days.
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' Graves et al. (1974) observed thap the.féftility was not
decreased in cows which were given fﬁo iniectibns of PGFyy THAM salt
12 days apart foilowed by an. injection of 250 ug of GnRH 60 hr after
the last PGF,q treatment. inseminatibn occurred at 12 hr after the
GnRH injection,

Graves et al. (1975) later ga&e GnRH. after a single injection
of PGFyo which followed an SC21009 implant treatment. They found
that GnRH shortened the mean interval from implant removal to ovula-’
tion and reduced the vafiability iﬁ the‘interval but also suppressed
the occurrence of eétrus. | “

Some of the past estrous synchronization studies are summarized

in table 1.




TABLE 1. COMPARISON OF ESTROUS SYNCHRONIZATION METHODS
First
Dosage service Conception
Daily length Number conception- controls Animals
Drug dosage (days) treated (percent) (percent) treated Reference
Prog. 50-100 mg  13-17 22 50 = L wWillett (1950)
Trimberger &
Prog. 50-100 mg 14 24 13 64 c2 Hansel (1955)
Ulberg & Lindley
Prog. 12.5-50 mg 14 104 26 5% H (1960)
Nelms & Combs
MAP 250 mg 14 60 40 60 H (1961)
.88 mg/kg Fahning et al.
MAP body wt L1 20 26 81 H (1966)
Dhindas et al.
MAP 180 mg 18 119 33 37 C (1967)
.044 mg/kg Van Blake et al
CAP body wt -- 57 61 65 H (1963)
Wagner et al.
CAP -- -- 187 33 55 H (1968)
Zimbelman &
MGA -- 15-18 72 42 -- H Smith (1966)
Roussel et al.
MGA 1.0 mg 14 15 47 40 H (1969)
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TABLE 1. (CONTINUTED)
First
Dosage service Conception
Daily length  Number conception controls
Drug dosage (days) treated (percent) (percent Reference
Roussel & Beatty
MGA 1.0 mg 14 30 26 == (1969)
Chakraborty
MGA 1.0 mg 14 12 8 58 et al. (1971)
Wiltbank et al.
DHPA 500 mg 20 -- 26 54 (1967)
DHPA 400 mg 9 Wiltbank &
(E. VL) 5 mg Day 2 66 54 52 Kasson (1968)
Cronolone 100 or Shimizu et al.
pessaries 200 18 12 50 69 (1967)
Cronolone Wishart &
Pessaries -- 21 81 44 62 Hoskin (1968)
Nilevar Wiltbank et al.
implant -- 16 16 38 65 (1971)
E.V. == 9 42 61
SC21009 5 mg Burrell et al.
(E.V.) (5 mg) 9 77 65 55 (1972)
SC21009 5 mg (0) 16 76 32 65 Burrell et al.
(E.V.) 5 mg(7.5) 9 55 40 64 (1972)
— SR e — e
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TABLE 1. (CONTINUED)
First
Dosage service Conception

Daily length Number  conception controls
Drug dosage (days) treated (percent) (percent Reference
S$C21009 5 mg 9 Whitman et al.
(E.V.) (5 mg) 45 39 47 (1972)

(5 mg) 51 74 63

(6.5 mg) 45 56 66

(7.5 mg) 21 45 53

(7.5 mg) 44 43 66
PGAgq Lauderdale
THAM salt 30 mg -- 191 53 56 et al. (1974)
PGFya 30 mg -- 8 75

73 Roche (1974c)

20 mg - 10 70
PGFya 30 mg 10 days King & Robertson

(2 doses) apart 25 40 54 (1974)
SC21009 6 mg 7 Heersche et al.
PGan 30 mg Day 7 47 64 65 (1974)
lH=Heifers.

C=Cows.

_Z17-




MATERIALS AND METHODS

This study utilized 91 Hereford heifers sired by 10 different
bulls from the Northern Montana Agricultural Research Center, Havre,
Montana herd during the spring of 1974. All animals were managed
under the semi-range conditions which are common for northwestern
beef cattle production. Estrus had been observed in all heifers
prior to the start of the study with daily observations and the aid of
an epididyectomized bull fitted with chin ball marker. This was to
ensure that the heifers had reached puberty and were cycling. Of the
91 heifers, 68 were cycling at the start of the study and those heifers
not observed in estrus prior to the study were not used. The heifers
ranged from 388 to 446 days of age and had a mean body weight of 306 kg

at the start of the experiment (table 2).

TABLE 2. DESIGN OF EXPERIMENT

Avg. Avg. GnRH
Treat- No. of age wt PGFp -THAM salt 60 hr post- Breeding
ment No. heifers (days) (kg) Day 1 Day 11 PGF 9, post PGFy
1 14 412 300 30 mg 30 mg 100 ug 72 & 96 hr
2 14 410 3150 %30 mg 30 mg 0 ug 72 & 96 hr
3 14 410 297 30 mg 30 mg 100 ug 80 hr
4 14 409 37 30 mg 30 mg 0 ug 80 hr
5 12 412 301 0 mg 0 mg 0 ug 12 hr after

estrus
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The heifers were randomly divided within their sire groups into
five treatment groups. The five groups were assigned to one of the
five treatments as shown in the expérimental design (table 2).

Heifers in treatment groups 1 through 4 were injected twice with
30 mg PGFy, -THAM salt (PGFZ&).intramuscularly (IM) 11 days apaft on
May 3 and May 14. The PGFZ& was prepared by dissolving it in sterile’
water so that 5 ml of the solution contained 30 mg PGFyq - Heifers in
groups 1 and 3 received a 100 ug injection'of GnRH intramuscularly
(IM) 60 hr after the second PGFy, injection. The GnRH dogage and
injection schedule was based on work reborted by Kaltenbach et al.
(1974) . |

The heifers in treatment groups 1 and 2 were artificially
inseminated twice at approximately 72 and 96 hr after the gecond
PGFyy treatment and groups 3 and 4 were inseminated once in gpproxi-
mately 80 hr after the second PGFZ& treatment. Heifers in treatment
groups 5, ‘the control group, received no PGF,y or GnRH. They were
observed for signs of sfanding estrus and were artifiCially inseminated
approximately 12 hr after estrus was-firsélobserved.

All of the heifers were observed for standing estrus at least
twice daily after the initial PGde injection on May 3. Breeding
was started on the control héifers (treatment 5) at this time. Two
epididyectomized bulls, fitted with their grease halters or chin-ball

markers were used to aid estrus detection. -
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Two artificial insemination sires, Red Angus bull and a Black
Angus bull, homozygous for color, were used to breed the heifers.
The two different sires were used so that genetic markers in the form
of calf color would, determine which insemination (72 or 96 hr post;
PCFZQ) settled the heifer. The sires were alternated within t;eathent
group as the heifers were inseminatea.' In groups where_héifers were
inseminated at 72 and 96 hr post-PGan"treatment,‘the Opposite bull was
used for the second insemination than was used for the first and any
heifers that returned to estrué were inéeminated with semen opposite-
that used on the individual's previous service. Heifers in treatment
groups 1 through 4 were artificially inseminated for a period of 25
days and the controls were inseminated over a 38-day period, starting

at the time of the first PGFz(xtreafment and ending at the same time

as the treated troups when all heifers had to be moved to high mountain

summer pasturg. At fhe'summer pasture, all of the heifers were exposed
to Hereford bulls for 45 Hays. All inseminations were performed by one
technician and any-heifers that were inseminated more than once were
inseminated mid-cervically after the first insemination.

The heifers were rectally pregnancy tested in July, 72 days.
after the second PGFZ& injection, and aéain in October, 164 days
after the second injectionl The pregnancy tests along ﬁith color
information at subsequent calving were usgd to determine the tiﬁe of

conception. The birth date; birth weight, and weaning weight data
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for the subsequent calves were also analyzed. The data were'analyzed

by the Chi-square test (Snedecor and Cochran, 1967) and .by the

least squares method as discussed by Harvey (1960,




RESULTS

Estrus

After the first PGFZa injection, 55% of the heifers were observed
in estrus. This compared to the %1% that were expected to exhibit
estrus after the first PGF2q inieption‘based on their previous
estrous dates. Seventy-one percent of ;he treatéd heifers wére
observed in estrus after the second Psza injeétion compared'to 91%
expected based on thelr previous éstrous dates (table 3). The
intervals from érevious estrus to PGFZ& injections for tﬁe individual
heifers are given in Appendix tables 1, 2, 3 and 4.

The average time interval from PGan injection to estrus
(table 4) was 53 hr after the first injéction aﬁd 51 hr after the
second injection and the difference between the two injeqtioné was
not significantly different. The percents of the heifers exhibiting
estrus at a given time are shown in Figure 2. There was no signifi-
cant difference in the number of heifers showing estrus between the
groups receiving GnRﬁ '(68%) and those not receiving GnRH (}5%) B
(table 5). \

After the second PGF 50, injectibn; 8. of 26 (31%) heifers that
returned to estrus had notably shortened cyclés ranging from 6 to
9 days. None of the contrel animals that rétqrﬁed,fo estrus had

estrous cycles of abnormal lengths (416 days or »24 days). .




48

TABLE 3. ESTROUS RESPONSE AFTER PGF, INJECTIONS

No. L No. obervedb No. No. observed
Treatment expected In Not in Not expected In Not in
group in estrus estrus estrus in estrus estrus estrus

PGFyq injection #1
Total 40 27(68%). 13(327%) 16 4(25%) 12(7.5%)

PGFy, injection #2

1 13 it 6 1 0 1

2 13 el % 1 1 0

3 18 152 1 1 0 1

4 12 2 3 2 0 2
Total 51 39(76%) 12(24%) 5 1(20%) 4(80%)

aNumber expected based on the number of heifers between days 5 and
21 of their cycle based on; previous estrus observed.

bNumber observed based on the number of heifers exhibiting estrus
within 96 hr after PGF,q injection.

TABLE 4. HOURS FROM PGF)o TREATMENT TO ESTRUS

vpeiah) ool PGF2, injection # 1 PGF2 o4 injection # 2
PGFo 0 to estrus. No. Total No. Total
in _hours heifers heifers heifers heifers

46 9 9 26 26

52 7 16 10 36

58 6 22 2 38

65 4 26 0 38

70 3 29 1 39

94 2 31 1L 40

Mean T S.D. 52.9 ¥ 15.7 51.2 T 138
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Fertility

Conception at the sypchronized bfeediné in the 72 and 96 hr post-
PGFy0 and 80 hr post-PGFyq - treatments was 43 and 147 (P=.04), respec;
tively; for all heifers bree and 63 and 19%'(P=.01),-respective1y, for
those that.were observed in estrus (teble 6). All calves born to cows
in the 72 and 96 hr groups were sired by the bull used at the.72 hr
breeding except oee based on the eolor of the calf ae birth. This calf
was conceived at the 96 hr bfeeding and its dam was in estrus at 96 hr
post-PGFya. None of the heifers that did not exhibit estrus but were

inseminated conceived.

There was no significant difference between those heifers.bred at
72 and 96 hr efter PGFZ&'ihjectipn and the heifers that were Ered the
first time in the control group, whose conception rate was 50% (table 5).

No significant differences in first service conceptien rate was
noted between the groups receiving an& those not receiving GnRH (table
6). First service conception in the GnRH was 21% and 36%, respectively,
for all heifers inseminated and 32% and 43%, respectively, on the basis

of those heifers exhibiting estrus,

There was no significant difference in AI breeding period con-

ception rates between the four treated groups, which were inseminated

over a period of 25 days and the control group which was inseminated
over a period of 38 days (table 5). There was also no significant
difference in the conception rates among the groups over the entire

breeding season (AI aﬁd cleanup period) (table 5).




2515

TABLE 5. THE EFFECT OF PGFZg ON ESTRUS AND FERTILITY IN BEEF HEIFERS

No. pregnant (%)

Treatment No. of No. in Synchronized Al Breeding
group heifers estrus (%) estrus period season
1 14 7(50)1 421y (5712 1001)%  14(100)2

2 14 12(86)1 8(57) (67) 10(71) 14 (100)

3 14 12(86)1 2(14)  (17) 9(64) 14(100)

4 14 9(64)1 2(14) (22) 6(43) 13( 93)

5 12 12(100) 6(50) 8(66) 12(100)

lExhibiting estrus 0-96 hr after PGF,y injection.
2percent pregnant based on all heifers bred.
3Percent pregnant based on heifers in estrus after PGF5a.

TABLE 6. THE EFFECT OF GnRH AND INSEMINATION TIME ON FERTILITY IN
PGFZG TREATED HEIFERS

No. pregnant (%)

No. of No. in Synchronized AL Breeding
Treatment heifers estrus (%) estrus period season
GnRH 28 19(68) 6(21)1 (32)2  19(68)!  28(100)}
No GnRH 28 21(75) 10(36) (48) 16(57) 27( 96)
Inseminated
72 & 96 hr 28 19 (68) 12(43)2 (63)2 20(71) 28(100)
Inseminated
80 hr 28 21(75) 4(14)b (19)b 15(54) 27 ( 96)

lpercent pregnant based on all heifers bred.
2percent pregnant based on heifers in estrus after PGFja.
abMeans with different superscripts are significantly different.
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Subsequent Production

Average birth dates were significantly later in treatméht groups
3 and 4 than in the controls (P<.05). There was no significant
difference in‘birth dates between groups 1, 2 and 5 (table 7). The
average birth date for the cleanup Hereford sires was significantly
later than those for either the Black Angus or Red Angus sires (P<.01)
(table 7).

There was no sigﬁificaﬁt difference.in birth weight due té PGan'
treatment. The calves sired by the Red Angus bull had significantly
lower birth weights than either the Black Angus or Hereford éired
calves (P<.01) (téble 7).

Tﬁere was no signifiéant difference in average weaning weight
between the five treatment groups (table 7). The Hereford sired
calves were significantly lighter at weaning than either the Black
Angus or Red Angus sired ealves (P<.01) for actual weaning weight
(table 7) (Appendix table 5) and for weaning weights adjusted for age
(Appendix table 6). Tﬁe average ﬁeaning weights adjusted to a eommon
birth daQe.for the Red Angus, Black Angus and Hereford sired calves -
were 192.5 kg, 197.2 kg and 174.3 kg, respectively. The average age at

weaning.was 201 days.
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TABLE 7. MEANS AND VARIANCE OF CALF PERFORMANCE WITHIN TREATMENT
GROUPS AND SIRE GROUPS

Actual
Treatment No. of Birth date Birth wt. weaning wt.
group - calves (day of year) (kg) (kg)
1 12 73.0t 3,580 321t g8  195.1 T 6.0%
2 12 72.7 + 3,58 33,0t 822  187.0 T 6.12
3 12 79.5 T 3,5b> 32,6 ¥.828 185.1 t 6.02
4 12 79,31 g ¢t 33.5 ¥ 822 187.27% 6.2%
5 11 65,21 1.6% 30,6 % sé? .0 180 26 3%
Sire
Red 17 59.2 T 2,92 30.1- %t .682  201.9 T 5,18
Black 22 64.1 % 2,68 33.1 T .6a® 2037 Lk 0t
Cleanup 20 98,5 Ta.7° 33.8 T .64 159.3 T 4.7

abMeans with different superscripts are significantly different.




DISCUSSION

One would have expected 100% of the heifers to show estrus after
the second PGan injection. However,.due to short cycles after the
first injection, only 91% of the heifers would have been between day
5 and 21 of their cycle. Only 71% exhibited estrus after the second
PGF9u injection. There is no explanation for thé othér 29%note%hi§it-
ing estrus,'but there may have been variation in theif dyéles also.

The percentage in estrué'aftef the second-PGde injéctioﬁ agrees with
the 83 and 647 reported by King and Robertson (1974) and Inskeep et al.
(1975), respectively, after a two-injection séquence similar to the
one used in this study. |

The PGFyo was expected to regress the CL's in treated heifers.
between days 5 and 16; however, those héiférs between days 16 and 21
of their cycle should have expressed estrus naturally at the same time _
as the heifers responding to PGFya. -

It was found.that the 1i-day interval between PGF,0 injéctions '
may not be as effective as thé 10-day interval. Some of thé heife?s :
that were on day 5 of their estrusjcﬁcle during thé fifst injection’
did not show estrqs after PGFZa injection. These heifers éhould have
been on Qay 16 of their cycle for the second PGFya injection.

Heifers on day 16, like day 5, also had varied estrous response. Of
the heifers»that were thought to be on day 5'of their estrous cycle
at the time of PGF,q injection, 1/7 (14%) exhibited estrus and 5/7

(71%) of the heifers on day 16 of their cycle exhibted estrus after .
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injection. If the 10 day interval had been used,. the héifers on
day 5 of ‘their cycle for the first injgctioﬁ'would have'Been on day
15 when the CL should have been regressed by the second injection if
their CL had not been regressed by the first PGan injection.
Additional problems may be encéuntered in heifers, which commonly
have less than a 21 day cycle (Footé, 1974). For example, if a
heifer has only an 18 day cycle, PGF,y may be effective in regressing
the CL oﬁly between days 5 and 13. This may explain why some of the
heifers fhat were expected to exhibit estrus after the PGFyq , did not.
After tﬁe second PGFy treatment, 8 of the 26 heifers that
returned to estrus ﬁad cycles ranging from 6 to 9 days. These animals
exhibited estrus at approximately the time they would have been expect-
ed to if they had not been treated. It isApostulated that PGF,q may
not have regressed the CL in these heifers. | |
The average time interval from PGF,, injection to estrus was
53 hr and 51 hr; respectively, for the first and second tréatménts.
However, the actual mean for the second‘treatment may have been
lower because at the time of thé first estrus check in the morning
at 46 hr poét-PGan , 26 (65%) of the heifers were already exhibiting
estrus (table 3). These intervals to estrus were less than 70 hr
expected from previous reports (Lauderdale et gi., 1974; Stellflug
et al., 1973). Having most of the heifers conceive to the 72 hr

insemination was expected because of the average time .of estrus after

\




~56~
the second PGF 5 treatment (51. hr).. The optimum time for insemina-
tion in the cow is approximately 12 hr before the end of estrus
(McLaren, 1974). This is approxiﬁately 6 hr after estrus begins.
Fertility is then fairly ﬁigh until about 6 hr after e;trus (about 24
hr after starting), at which time it drops very rapidly. The heifers
that were bred at 72 hr were approximately 21 hr after the start of
estrus and within the period when fertility was high. However, thosg
that were inseminated at 80 and 96 hr (approximateiy 29 and 45 hr after
estrus began) wefe bred after fertility had dropped..

It has been reported that the LH peak occurs from 67 to 74 hr

t al., 1973).

after PGFy, iﬁjection (Hafs et al., 1974; Stellflug
This is usually coincident with the onset of estrus (Inskeep, 1973)
with ovulation normally occurring 24 to 30 hr after the 1H peak in
the cow (Hixon and Hansel, 1974). It has been shown that the time
of LH release and ovulation may be cgntrolled more precisely with
synthetic GnRH after PGFy,. The LH surge shoﬁld start 15 minutes
after GnRH injection and peak at 150 minutes post injéction
(Kaltenﬁach et al. 1974). . 3

In this study the average inter&aljto estrus and proBably the
LH peak was 51 hr. Tﬁerefore, the LH péak would have already oécurred-
at 60 hr when the GnRH was given. This may explain why there was no
significant difference in.estru; response at first service conception

in those heifers treated with GnRH,
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The cycling behavior and interval from PGFZ&.treatment to estrus
may have been partially influenced by the unusual wéather conditions
for a week prior to and after the second PGde injection, Unseasonable
cold temperatures and about 4 inches 6f precipitation in the form of
rain and snow occurred'at this time. The heifers were kept in a
muddy lot during this period.

The conception rate for the AI period was not significantly
different among the four treatment groups and the control group
(table 5) even‘though the treétéd groups had significantly 1owered‘
fertility on the first service on the basis of the total number bred.
Also, the AI breeding period for the treated group was 25 days as
compared té 38 dayg for the control group. The AI conception rate
for the control-group may have been higher if'they had been inseminated
for a full two cycles (42 to 45 days) because two of the heifers that
returned to estrus came back to estfus shortly after they were moved
to the summer pasture where they were exposed to natural service
breeding. The heifers in the treated groups were inseminated for at
least two cycies if they were in estrus after the secoﬁd injection
because they were all inseminated at the stgré_of the AL period and
those that returned were inseminated again wiﬁhin the following

25-day period.
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It was expected Ehat the calf-birth dates would be later in
treatment groups 3 and 4 than in thé COntrols'because of the low
first service conception rate at the single 80 hr insemination.
This would have caused many of these heifers to come in estrus and
be bred at a later time, Also, inseminatibg'in-the control gféup
was started 14 days before the first 80 hr breéding in groups 3 and
4. Heifers in groups 1 apd 2 also tended to have later calf birth
dates, although they were not significantly différént than the controls
(table 7). This trend waé probably caused by the same factoré as
those given for treatment groups 3 and 4 being gignificantly later
than the controls.

" It was also logical that the‘average birth date for the Hereford
sired calves was 1ateg than those for either‘the Bléck Angus or Red
Angus sired calves. The Hereford.EulIs were not used until after ﬁhe
AI breeding season, when the Black Angus or Red Angus bulls were used.

The fact that'the'Herefofd sired éalves wefe:significantly
lighter at weaning weight than either.thé'Black'Angus or Red Angué
sired calves both in actual weight .and iﬁ age adjusted weight'was
‘probably due mostly totﬁéinete;oéis éffeét of‘the crossbred Angus x
Hereford calves. Some of'the weight differencehmay have‘also been dué
to génétic superiority in the Black Angﬁs and Red Angus bulls over the

Hereford bulis.




CONCLUSIONS

It is concluded that the two~injéction system with PGan“may Ee
a practical system of ovulation control. However, a 10-day interval
between injections may be better than the 1ll-day interval used in
this study so that animals at day 5 of their cycle at the time of
the first injection may be more likely to be synchronized by the
sécond injection.

Other éystems where only one injection is used along with a
progestin or an estrous detection period before injeqtion is.useﬁ,
may prove to be a better methéd of synchrogizing a larger percentage
of the treated animals than systems where doublé injections are used.
When suckling cows are being synchronized, the use of a single injec-
tion instead of two injections may include more cows in the synchro-
nized group. The additional ten'days may set the synchronization
schedule ahead so that more céws will be cycling at the tiﬁe of PGFoun
injecfion.

Further, the period of time from PGFZ& treatment to ovulatioﬁ
may be different in lactating cows and heifers so it may be difficult
to handle them all as one group..

From evidence shown by this study, undér practical conditions,
an operator may wish to observe treated animals for estrus after the
second PGFyp injection and inseminate only those animals that show
estrus. It may be practical to inseminate all of the‘animals that show

estrus at one time and inseminate each animal only once instead of twice.




SUMMARY
Ovulation synchrbnization of Herford heifers with
prostaglandin Fyo and GnRH was studied. The report of the study
was preceded by a comprehensive literature review of estrous
synchronization methods.
Sixty-eight cycling heifers were divided randomly into five
treatment groups. Groups 1 through 4 Qere given 2 injections (IM)

11 days apart of 30 mg of PGF, o-THAM salt (PGFZQ). Groups 1 and 3

were given 100 ug (IM) of GnRH 60 hr after the second PGde injection.

Groups 1 and 2 were inseminated at 72 and 96 hr after the second
treatment and groups 3 and 4 were inseminated once at 80 hr. Semen
from either a Red Angus or Black Angus sire was used so that deter-
mination of which inseminated settled the héifers could be made.
Group 5 was the control and the§ were bred at 12 hr after estrus.

Forty of the 56 PGan treated heifers (71%) showed estrus after
the second injection. This compares to 91% expected to show estrus
after the second'iniection based on their preﬁious estrous dates.
The average interval from the first and second PGFé& injectioﬁs'to
estrus was 53 and 51 hr, respectively.

Conception at the synchronized breeding in the 72 and 96 hr and
80 hr groups was 43 and 14% (P=.04), respectively, for all heifers
bred and 63 and 19% (P=.01), respectively, for those that were
observed in estrus. The heifers that were insemipatéd twice at 72

and 96 hr all conceived at the 72 hr breeding except one which
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conceived to the 96 hr breeding. The first service coﬁception rates
for all heifers bred and those showiﬁg'esfrus were 21 aﬁd 32% for
the GnRH groups and 36 an& 48% for the no GnRH groups, respectively.
There were no significant differences in conception rates between
the treated heifers bred for 25 days by AL (63%) and the cont;ol
heifers bred for 38 days by AI (66%). The conception rates for
thé entire Breeding season (AL aﬁd 45 days of clean up) were 100,
100, 100, 93, 100% for groups 1 throﬁgh 5, respectively,

Average birth dates were significantiy later in treatment groups
3 and 4 than in the controls. (P<.05). There was no sigqificant
difference in.birth dates between ﬁhe other groups. The average
birth date for the clean up Hereford sires was significantly later
than those for eithér the ‘Black Angus or Red Aﬁgus sires'(Pé.Ol).

There was no significant difference in birth weight bégween the
five treatment groups. The calves sired by the Red Angus bull had
signifiéantly lower birth weights than either the Black Angus or
Hereford sired calves (P<.01).

There was no significant difference in average weaning weight
between the five treatment groups.. The Hereford sired calves were

significantly lighter at weaning than either the Black Angus or

Red Angus sired calves.
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The major conclusions drawn from this study were that it may be
better to have a 10 day interval betwee fGFZQ treatments as compared
to an 11 day interval, and it is advisable that an operator observe

his treated animals for estrus and inseminate accordingly.
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INTERVALS FROM PREVIOUS ESTRUS TO TREATMENT FOR

TREATMENT GROUP ONE

PGF)0 treatment

Heifer No. First Second
3003 22% (H) 10 (E) (H)
3035 7 (E) (H) 9 (E)
3068 1 N2
3075 8 (E) (H) 9 (E) (H)
3097 5 (E) 16 (E)
3108 griE). i) 9 (E)
3124 26%(E) (H) 9 (E) (H)
3131 1 12 (B)
3183 4 16 (E)
3198 32%(E) 3
3214 7'(E).  (H) 9 (E) (H)
3222 1 (H) 8 (E) (H)
3267 5 (E) (H) 9 (E) (H)
3284 1 12 (E) (H)

(E)= Those heifers expected to exhibit estrus after PGFyq .
(H)= Those heifers observed in estrus within 96 hr after PGFZa

*

treatment.

It was assumed that an estrus period occurred, but was not
observed in heifers exceeding 21 days.
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INTERVALS FROM PREVIOUS ESTRUS TO TREATMENT FOR

TREATMENT GROUP TWO

PGFy treatment

Heifer No. First Second
3021 1 12 (E) (H)
3058 5 (E) 16 (E) (H)
3071 2 13 (E) (H)
3111 15 (E) (H) 9 (E) (H)
3125 15 (E) (H) 9 (E) (W)
3129 11 (E) (H) 8 (E) (H)
3143 5 (E) 16 (E) (H)
3179 20 (E) (H) 3 (H)
3187 7 (E) 18 (E)
3194 7 (E) (H) 8 (E) (H)
3225 9 (E) (H) 9 (E) (H)
3231 2 13 (E) (H)
3264 4 (H) 8 (E)
3275 7 (E) 18 (E) (H)

(E)= Those heifers expected to exhibit estrus after PGFja.
(H)= Those heifers observed in estrus within 96 hr after PGFjo

treatment.
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APPENDIX TABLE 10. INTERVALS FROM PREVIOUS ESTRUS TO TREATMENT FOR
TREATMENT GROUP THREE

PGF9y treatment

Heifer First Second
3011 23%  (H) 10 (E) (H)
3025 1 3
3063 2 13 (E) (H)
3072 5 (E) 16 (E) (H)
3083 9 (E) (H) 8 (E) (H)
3119 20 (E) (H) 9 (E) (H)
3161 10 (E) (H) 9 (E) (H)
3190 6 (E) 17 (E) (H)
3197 1 12 (E)
3209 15 (E) (H) 9 (E) (H)
3226 11 (E) (H) 8 (E) (H)
3232 5 (E) 16 (E) (H)
3250 10 (E) (H) 9 (E) (H)
3279 18 (E) (H) 10 (E) (H)

(E)= Those heifers expected to exhibit estrus after PGF)y.

(H)= Those heifers observed in estrus within 96 hr after PGFjq.

* It was assumed that an estrus period occurred, but was not
observed in heifers exceeding 21 days.











































