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Abstract:

Three herds of suckled beef cows (2 to 10 years old; n=656), at least 50 days post-partum, were used in
two trials. In trial 1, members within a herd were assigned randomly to three groups: 1) controls,
artificially inseminated (Al) 12 hr after detected estrus; 2) cows receiving two injections of 25 mg
PGF2a (free acid equivalent) 11 days apart followed by Al 12 hr after detected estrus until 80 hr
post-treatment at which time all members not yet bred were inseminated (LL-AI-E-80); and 3) cows
receiving the same PGF2a treatment as LL-AI-E-80 but inseminated only at 80 hr post-treatment
(appointment bred) (LL-AI-80). Observations of all groups for estrus began immediately after the
second PGF2a injection and were made twice daily for a 6-day period. PGF2a-treated cows, which
were detected in estrus after day 4 were reinseminated utilizing a genetic marker to determine sire of
calf. Clean-up bulls were introduced 12 hr after the last Al for the remainder of a 50-day breeding
season. The rate of detected estrus during the first 4 days of detection was signficantly higher (P<.05)
in the PGF2a -treated cows than in the controls. Cumulative Al pregnancy rates (no. pregnant - no. in
group) by day 4 of breeding were: 12, 45 and 39? for controls, LL-AI-E-80 and LL-AI-80,
respectively; the percent pregnant for LL-AI-E-80 and LL-AI-80 was higher (P<.05) than controls but
did not differ (P>.05) from each other. Total pregnancy rates of cows detected (no. pregnant - no.
detected) in 4 days were not different (PX05) among groups. Thirty-nine percent of the PGF~-treated
cows that were not detected in estrus during the 6 days post-treatment were pregnant from the 80 hr
breeding; none of those detected on days 5 or 6 were pregnant to this breeding. In trial 2, controls in
trial 1 from two herds (n=H4) were injected with PGF2a if they had not been detected in estrus by day
4.5 and Al was continued for 4 more days (AI-L-AI-E). Reproductive performance of this group was
compared with that of their LL-AI-80 herdmates (n=109). First Al pregnancy rates (no. pregnant to 1st
Al -no. inseminated) were 68 and 47? (P>.05) for AI-L-AI-E and LL-AI-80, respectively. Total Al
pregnancy rates (no. pregnant to 1st Al - no. in group) were 54 and 47? (PX05) for AI-L-AI-E and
LL-AI-80, respectively. Cumulative calving rates (no. calved - no. in group) by day of calving season
for AI-L-AI-E and LL-AI-80, respectively, were day 10, 60 and 64?; day 38, 75 and 89? (P<.05) and
day 60, 87 and 93?. Time of onset of estrus up to 96 hr after the double PGF2a injection system did not
influence pregnancy rate to an 80 hr breeding. The number of Al calves produced in either the
AI-L-AI-E or LL-AI-80 system did not differ, but more calves were born in the first 38 days of calving
after the LL-AI-80 plus clean-up bull system than after the AI-L-AI-E plus clean-up bull system.
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ABSTRACT

Three herds of suckled beef cows (2 to 10 years old; n=656), at
least 50 days post-partum, were used in two trials, In trial i,
members within a herd were assigned randomly to three groups: 1)
controls, artificially inseminated (AI)" 12 hr after detected estrus;
2) cows receiving two injections of 25 mg PGan (free acid equivalent)
11 days apart followed by AI 12 hr after detected estrus until 80 hr
post-treatment at which time all members not yet bred were inseminated
(LL-AI-E-80); and 3) cows receiving the same PGF,, treatment as LL-AI-
E-80 but inseminated only at 80 hr post-treatment (appointment bred)
(LL-AI-80). Observations of all groups for estrus began immediately
after the second PGF (xinjeetion and were made twice daily for a 6-day
.period. PGF, -treated cows, which were detected in estrus after day 4
were reinseminated utilizing a genetic marker to determine sire of
calf. Clean-up bulls were introduced 12 hr after the last AI for the
remainder of a 50-day breeding season. The rate of detected estrus
during the first 4 days of detection was signficantly higher (P<.05)
in the PGF -treated cows than in the controls. Cumulative AI
pregnancy ré%es (no. pregnant - no., in ‘group) by day 4 of breeding
were: 12, 45 and 39% for controls, LL-AI-E-80 and LL-AI-80,
respectively; the percent pregnant for LL-AI-E-80 and LL-AI-80 was
higher (P<.05) than controls but did not differ (P>.05) from each
other. Total pregnancy rates of cows detected (no. pregnant - no.
detected) in 4 days were not different (P>.05) among groups. Thirty-
nine percent of the PGF, ~-treated cows that were not detected in
estrus during the 6. days post-treatment were pregnant from the 80 hr
breeding; none of those detected on days 5 or 6 were pregnant to this
breeding. In trial 2, controls in trial 1 from two herds (n=114) were
injected with PGF,, if they had not been detected in estrus by day 4.5
and AI was continued for 4 more days (AI-L-AI-E). Reproductive
performance of this group was.compared with that of their LL-AI-80
herdmates (n=109). First AI pregnancy rates (no. pregnant to 1st AI -
no. inseminated) were 68 and 47% (P,.05) for AI-L-AI-E and LL-AI-80,
respectively. Total AI pregnancy rates (no. pregnant to ist AI - no.

in group) were 54 and 47% (P>.05) for AI-L-AI-E and LL-AI-80,

respectively. Cumulative calving rates (no. calved - no, in group) by
day. of calving season for AI-L-AI-E and LL-AI-80; respectively, were
day 10, 60 and 64%; day 38, 75 and 89% (P<.05) and day 60, 87 and 93%.
Time of onset of estrus up to 96 hr after the double PGF2 injection
system did not influence pregnancy rate to an 80 hr breeding° The
number of AI calves produced in either the AI-L-AI-E or LL-AI-80
system did not differ, but more calves were born in the first 38 days
of calving after the LL-AI-80 plus clean—up bull system than after the
: AI-L-AI-E plus clean—up bull system.




INTRODUCTION

Interest in the development of methods to control the esﬁrous
¢ycle of the bovine has 9volyed from the possibility that one could
manipulate a group of.females so théy wpuld be at the.samé stage of
thé cycle at é specific time for breeding. This would allow producers
to utilize artificial insemination (AI) without negging additiénal
pasture, facilities and time required for detecting estrus (heat) in a
group of randomly éycling females for up to 25 days to get them bred.
Artificial insémination is an appealing management tool for improving
the genetic potential within a herd because it provides access to
éroven sires which'may not otherw;se_ﬁe available because of economic
or geographicél constréints° Aftificial insemination.haé been widely
accepted in the dairy industry and has resul£ed invextensive genetic
and phenotypic progress in individual milk prodﬁction; But, dairy
producers' are nqtn;ébored with the extra time for heat detection
because.their produétién animalé-are always availabie during nbhmal
routing; and AI can be incorporated readily into dairy breeq;ng
programs. The ﬁse of AI in breeding progréms for dairy replacement
heifers and beef'céttle has not been acceptéd easily.- Yet, the desire
of proddcers to utilize AI in thesevanimals still exists.

Beef and dairy pﬁoducers in the United Statés have been proyided
thetopportunity to uée estrous synchronization in breeding programs

because of the release of prostaglandin-FzG(PGFau) by the Food and
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Drug Administration (FDA). This drug is approved for use in dairy
heifers and all classés of beef females. Prostaglandin Fz& is a
natufally occurring substance that will effectively shorten the
_estrous qfcle when'administered during the luteal phase. Théreféré,
the interval of estrus in a group of randomly cycling cows may be
?syncﬁronized" with the use of thié product. Breeding'systems
recomﬁended for use following administration of PGan include:' 1):AI
either after detgcted estrus or at 80 hr folldwing two injections, 10
to 12 dgys apart; 2) AI after detected estfus following a'single
injection; or 3) ﬁatural'service.

To implement the use of PGFZa in a breeding management system for
range beef cattle, it is necessary to understand the bovipe estrous
cycle and.the mechanisms iﬁvolved ip'its‘regulation. Therefore, the
followihg review of literature will be presented that‘describes the
estrous cyc;e in the bovine and its controlling mechanisns,
Alternative methods for estrous synchronization will also be cover'éd,
and thé advantages and d;sadvantages of these methods will be compargd

with those that incorporate PGqu.




REVIEW OF LITERATURE

The Bovine Estrous Cycle

Events of the matupe female bovine reproductive system occur in a
 syﬁme§rieg1 pattern called ﬁhe estrous cycie(Sorenson, 1979L‘ The
'ﬁormal estrous cycle has an average length of 20 to 21 days and is
usually_qnlyvinterrupted by pregnancy. Various cyclic changes occur
‘in the rebroductive organs of the female bovine during the estrous
cycle, These changes are peflective of both morphological and
physiological events that occur in the ovary-and febroductive tract
and_are thought to be regulated by interactions between the
neuroendocrine (hypothalmus) and reproductive endocrine systems
(pituitafy and ovaries). These interactions are characterized by
feedback eontroi mechanisms involving the hypothalmic-pituitary-
| 6varién axis (see review by Niswender et al., 1974). The following
"discussion on divisions of the estrous cycle apé based on cyelic

ovarian and behavioral changes;

Divisions of the Estrous Cvcle.
Four majof divisions of the estrous cycle can be discerned and
they are: 1) estrus, 2) metestrus, 3) diestrus and 4) proestrus,
Estrus marks the beginning of.the'cycle and is usually designaﬁed
day O. lSorenson (1979) defined estrus as the pefiod of desire or time
when the female.ﬁill accept thé male for mating. This périod lasts

for approximately'16‘houﬁs but ﬁay'range from 12 to 24 hours
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(Robinson, 1977). During this period at least one of the ovariés
contains a large, mature follicle which will ovulate #bout 10 hours
aftér the end of estrus (Robinson, 1977) or 24 to 32 hours after the
onset of'éstrus (Manns and Hafs, 1976),

‘- Metestrus begins immediately following estrus and is usually two
days iﬁ length (déys 2-4). The mgjor ovarian évent:df meteétrus is
ovulation or release of the ova from the ovary. The cellular and
biochemical events in the oyulatory précess have been reviewed by
Espey (1974) and will not be discussed in this text. Following
ovulaﬁion, the proliferating granulosa and theca interna cells of the
fuptured follicle differentiate into luteal cells to form the corpus
hemorrhagicum. This structure matures to eventually form a corpus
- Juteum (CL) in the next stage.

Dies£rus is characterized by the presence of the definitive CL in
the ovary. Length of diestrus is variab;e but usually lasts
appfoximately 11 days (days 5-16). If fertilization and conception
fram matihg-during estrus héve not occﬂrred regre#sion of the CL

'(luﬁeolyéis) is initiated on day 16 (Stabeqfeldt et al., 1978). It
.Has been noted that foliicular groﬁth occurs during diestrug
(Stabenfeldt et, al., 1980), howevef these follicles do not usually"
mature but undergo atresia (follicular death). It méy be that
follicular growth dufing-this period is one factor in the initiation

of luteolysis.
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If luteolysis is initiated diestrus ends and proestrus (days 17-

‘20) begins. During this period luteolysis is completed and a corpué

albicans is the result of this process. Extensive follicular growth
takes place during proestrus, and the follicle(s) destined to ovulate

becomes developed for ovulation after the subsequent estrqs

(Stabenfeldt et al., 1978).

Thé major horménes involved in regulation of the estrous cycle

‘are: folliclg stimulating hormone (FSH).and luteinizing hormone (LH)
from the anterior pituitary; progestérone (Pu) from thé CL; estrogens
(mainly estradiol-1T7g; Ez)from ovarian follicles;and gonadotropin
releasing hormone,(GnRH) from the hypothalmus, Proétaglandin Faf
although not considered ; hormone pén Se, is another imporﬁaht
effector that is produced by the endometrium of the uterus,

The pifuitary‘gonadotropins, FSﬁ and LH, are necessary for growth

. and maturation of the follicle and ovulation (Sorenson, 1979). Plasma

concentration patterns of the gonadotropins show low tonic levels

through most of the dycle until after luteolysis. There are slight
increases, mainly on day 10, which are thought to be involved ih
mideycle follicular growth. These increases are short in duration and

concentrations immediately return to basal levels (Robinson, 1977).

During proestrus plaéma FSH concentrations beéin to rise shortly after
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luteolysis to péak levels at or near the onset of estrus then decline
rapidly (Hackett and Hafs, 1969). Plasma LH coﬁéentrations "sﬁrge"
from 2-3 ng/ml up to 10-50 ng/ml near the onset of estrus, remain
elévated for 8-10 hours, then rapidly decline (Stabgnfeldt et al.,
1978). The LH surgé is'a major stimulus for ovulation (Espey, 1974),
andllow baSal concentfations of LH that follow in metestrus aré
necessary for the-formation and maintqnance of-the.CL (Hansel et gl,;

1973). .

Plasma concentrations of the ovarian hormones, Pu and estrogens,

fluctuate relative tq thg activity of théir respecfive secretdry

ovarian structufe. Progesterone, secreted primarily by the corpus
luteum, rises from <1 ng/ml to 6-7 ng/ml between days 5 and 10 during
diestrus (Smith,ﬁ&uaiq 1975) and remain elevated until day 16 when
luteoiysis is initiateq (Catchpole, 1977). One of the major functions
of progesterone is physiological preparafion of the uterus for
pregnancy, if it occurs (Sorenson, 1979). 'Piasma E, concehtrations
ingrease auring diestrus when ﬂoilicular growth is activated but
subside‘as atfesia occurs (Smith,g;ﬂg;,?1975). The ﬁajor'beak of E,

concentrations (7-11 pg/ml) occurs about one day prior to estrus and

is the major stimulus for the preovulatory LH surge (Chenault et al, .

‘1975) and inducing behavioral estrus (Ganong, 19775. Injections of E,
resulted in inducing behaviprél estrus in ovériectomized héifers

(Carrick -and Shelton, 1969) and a preovulatory-like LH sufge in
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prebubebtél heifers (Schillo et al., 1981). Estfogens produced during
diestrus may initiate the release of PGF,, from the uterus to céuse
1uteoiysis (Goldberg and'Ramwell, 1975).

Release patterns of PGF2a into the uterine vein have been.
determined by measuring plaéma concentrations of 13,14=dihydro-15-
keto-PGF, , the major metabolite éf PGF,, (Peterson et al., 1975L
Well defined surges of this PGFZ@ metabolite of ébout six hours
duration occur beginning on day 16, with total-luteolysis\occurring in
about 36 hours (Stabenfeldt et al., 1980); |

The hypothalmus produces and releases GnRH which regulaﬁes the
release of both FSH and LH from the anterior pituitary. Th§~

hypothalamus is thought to be the regulatory center both for tonic énd

‘episodic release of the gonadotropins (Lamming et al., 1979). The

tonic and episodic release centers are controlled By negative feed

back effects of P# and E2. Thus, as the plasma concentrations of

these ovarian hormones increase, an inhibition of GnRH release

results. Yet, in the ewe with respect to LH release, PH acts on the

hypo;halmus to decrease the frequehcy of GnRH diséharges wﬁile E2 acts
in the pifuitary to decrease its‘résponse to each GnRH pulSe.(Goodman
and Karsch,  1980). These authors suggesfed that this is also the
situation in the cow. The préovul;tory LH~surge is triggefed through
a positive feedback of E2 acting'primarily on the surge center in the

hypothalmus and secondarily at the ;evel of phe pituitary (Lamming et




al., 1979). |

With the basic~understanding-of‘the morphological and-
physiological ohanées that occur during the bovine estrous cycle and
the neuroendocrine and endocrine hormones that regulate‘these changes
it is possible to oonoiude that one might manipulate the estrous oyclé

hormonally so as to contrbllthe time of estrus and ovulatibn in the

female bovine.

Control of Estrus and Ovulation

MgghgnigﬂLJuLJguuaxu“‘ It is hypothesized that progesterone

inhibits the'félease‘of GnRH from the hypothalmus which regulates the
release of gonadotropins from the pituitary. Therefore, when plasma
progesterone';evelé are high, growth and maturation of follioles;
estrus and ovulgtion‘are_inhibited. Thus, by treating a group of
randomly cycling bovine feméies with exogenoué progesteroneﬁér
progestagens for at least 16 days (the length of the cygle through
diestrus) all animals would be in proestrus when treatment ié

withdrawn and synchronized estrus and ovulation would follow..

nggiig;ggggg§ggmmga Suspensions of Py in born 0il were first
used in progesterone treatment regimens. Orally active progestagens
were developed in work on human contracebtion and this genéfated

interest in feeding these progestagens to cattle. These compoﬁnds




9

include: 6-methyl-1T-acetoxyprogesterne (MAP), 6-chloro-6-dehydro-17-
acetoxyprogesterone (CAP), dihydroxyprogesterohe acetophenide (DHPA)
and melengestrol acetaﬁe (MGA) and can be mixed with feed ¢oncentrates
or watér for administration. Other types of progestégens have been
developeﬁ arid incorporated. into intravaginal devices and subcutaneous
implants. .These include: .17a-acetoxy-9-fluro-11B-hydpoxy-

progesterone (Cronolonéjﬂ SC-98§0), 17a-ethy1~19-nortestosteroﬁe
V(NilevaAE, SC-5914) and 17 g-acetoxy-11R=19-norprogesterone

(Norgestame&& SC~-21009).

memmmgn Daily injections of 50 mg P, for 13
to 17 days or a sinéle injection of 560 mg Pufafe effective in
suppréssing.heat and preventing ovﬁlation in bovine females (Christian
and Casida, 1948; Willett, 1956; Ulberg et al., 1951; Trimberger and
Hansel, 1955; Nellor and Cole, 1956). Studies on fertility in bovine
females inéeminatea at the estrus after these treatments showed lower
than normal fertility (Willett, 1950, Tfimberger and Hansel, 1955;
Nellor and Cole, 1956). But, fertility atléhe second post-treatment
estrus was normal (Hansel et al., 1959; Osland et al., 1970). Ray et
al. (1961) studied the physiological and monpholdgical-effects of
exogenous Pu on the bovine female réproducti&e tract. These éffects
included: lowered pituitary FSH and LH potencies; smaller CL

diameters; and lower cell heights of glandular endometriallepithelium.




10

It was suggested that these effects contributed to the lowered

‘fertility after Py treatment.

The usé of more stable orally-active progestagens was studied as'

an alternate route of administéring'Pu to bovine females. Successful

inhibition of estrus and ovulation was reported after féeding MAP for

11 to 20 days (Hansel and Malven, 1960; Hansel et al., 1961;ACollins
et al., 1961; Nelms and Combs, 1961; Zimbelman, 1961; Anderson et al.,
1962; Fahning et al,, 1966). A more potent progestagen, CAP, was less

effective in synchronizing estrus when fed for the same length of time

(Van Blake et al., 1961; Hansel et al., 1966; Wagner et al., 1968).-

" But, successful synchronization of estrus occurred after feediﬁg an
even more potent progestagen, MGA (Zimbelman and Smith, 1966; Roussel

and Beatty, 1969; Roussel et al., _196’9; Hill et al., 1‘971'), Also DHPA

effectively synchronized estrus in beef heifers when fed for 20 days

'(Wiibank et al., 1967). Fertiiity to inseminations at the estrus

after cessation of treatment with these progestagens was always at

least 10 to 15 pereeht lower than that in untreated controls (Hanéel‘

‘et al., 1966; Wiltbank et al., 1967, Roussel et al., 1969, Hill &t

. ale, 1971).

: Dﬁe to the inability to precisely cgntrol the amount . of
progestagen intake by individuals in’a group of animals fed
progesfagens, intravagihél and subcutaneous:impiants'were studied as

another method  0£ administration. - Crbnéloneéimpregnated sponge
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”éessaries piaqéd intravaginally in bovine females for 18 or 19 da&s
were efféctive in synchronizing estrus and ovulation (Carrick and
Shelton, f967; Shimizu et al., 1967; Wishart and Hoskin, 1968).
Retention of these pessaries through the trea;ment period was less
than satisfactory, but this was remedied by applying antibiotics prior
to insertion (Scahlbn et al., 1972). Roche (1976g) reported
satisfactory retention and synchronization of estrus in bovine.females
receiving a silastic coil progesterone-re;easing-intfavaginal-dezice
ffRID) for 12 days. Successful synchronization of estrﬁs in cows
-réceiving eithe£ MAP-impregnated subcutaneous ;ubber imblants for 22
to 64 days or plastic subbutaneoué_Nilevar implants for 16 days was
: repor'lted by Dzuik et al. (1966) and Curl et al. (1968), res.pecst‘ively.
.Although ﬁhese methods of administration'did impﬁove'the regulation of
prbgesterbne or brogestagen intake the problem of 1oﬁ fer?ility at the
estrus after removal of the source s£ill persisted. |
Since progesterone and progestagen treatments were undesirablé
because of iow feréility othgr methods to control estrus.and ovulation
were needed. With.thé development of a partial understandiné of the
' 'mechanism-of 1uteolyéis during the estrous cycle, the use of exogenous
luteolytic agents has.been'stqdigd as an alternative method

\

of control. ' C ‘ ‘ ;. -
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It has been established that the uterus
is neceéssary for initiafing'luteolysis in the Bovine. Wiltbank and
Casida (1956) reported that pemoval of the uterus (hysterectomy)
prolonged normal CL function in the nonpregnént cow. From this and
similar work in other-mammals_it was hybothesized that the utérus

produced a substance that caused regession of the CL. Through the use

of auto-transplants of ovaries and uteri in ewes (MeCraekeng_L_a_;.,

1972) and partial éysterectomies'in cows and ewes (Cumming,'1§75) it
was estabiished that the effect of the uterus on the CL:is iocal in
nature and reduired the uterine horn ipsilateral to the ovary
‘ containing the CL. ‘

| Phariss and Wyngarden (1969) suggested that a prostaglandin might
be the hterine-produced substgnce that caused luteolysis. They showed
that proétaglandin:an is fognd in abundance in the uterus and high
doses administered io rats (1 mg/kg/ddy) caused a significant
shortening of pseudopregnancy. Babcock (1966) had fifst suggested
that prostéglandins-might.be luteolytic énd this was culminated by
research'doné by McCracken et al. (1972) in the ewe (as reviewed by

Hansel et al,, 1973L Their conclusion waé based on;~1) infusion of

PGFZaat a level of 25 ug/hr into the arterial'sﬁpply of the auto-

transplanted ovary (in the neck area) caused a rapid decline in

‘progesterone .secretion, followed by a rise in estradiol secretion and
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a peak in LH secretion ﬁhich occubre& shortly after the onset of
estrus; 2) the level of PGFZa in the uterine Qenous blood of the ewe
increases at about the same time the CL begins to regress; and 3)
peak levels of PGFZQ of ﬁé ng/ml of uterine vein plasma have been
measured. Aésuming aluterine_vein blood flow of 15 ml/min, it méy be
" calculated that the uterus can release up to 25 ug/hr of PGqu'
Infusion of PGan'at this fate‘into the uterine vein has peen shown to
cause prématufe luteolysis and a decline in blasma progestefone in
three intéct ewes treated on days 6, 10 and 14 (luteal phase) of the
cycle. Hansel et al. (1973) refuted this conclusion in reference to
the bovine by citing ev;denée that PGan and other'prdstaglandins were
luteotropic when added to bovine luteal tissue in x;;gg;

With ﬁhefidea that PGan could be the eﬁdogenpus uterine
luteolysin, attempts to induce luteolysis with exogenous PGqu were
performed. Suécessful CL regression was attained.in éattle using
intra-uterine infusions (Liehr et al., 1972; Rowson et al., 1972;
;Lamond et al., 1973; Louis g&,g@,; 1974), sﬁbgutaneous injectidns
(Lguderdalé, 1972)'and.intramuscu1ér injectioné (Stellflug et al.,
1975). Support for the conclusion that PGFZ@ is-the endogenous
uterine:lﬁteolysin in the bovine has been provided by'measurement of
thi; substance in the uterine endomeérium, uterine veiq and ovarian
artery. Shemish and Hansel (1975) ahd:Lambthe et al, (1977).rep6rtéd

. eyclic variations in ﬁferine secretions of PGF, with highest values
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being observed during luteal regression. LaVoie et al. (1975) further
supported thie conclusion by demonstrating that CL regression could be

induced . in totally hystefectcmized coﬁs.with‘single injections of 30

.mg PGFZ&'

It has been determined that a locai utero-oﬁarian pathway is
icyolved in pterine induced 1uteolysis in'the bovine (as reviewed by
Ginther, 197u). The nature of this patﬁway has been hypothesized to
involve the close apposition of the utero-ovarian vein with the
oyarian artery. This allows for a "counter current" mechanism where
by PGF,, from uterine venous blood is passed through the wall of the
utero-ovarien vein into the ovarian blood supply. This allows the
transfer to occur eithout eﬁtéring the eystemic circulation.
McCracken ﬁ&.ﬁA, (1972) reported that in ewes, tritium labelled PGF,,
infusion 1nto the utero-ovarian vein was followed by a higher
concentration of labelled PGFaa being detected in the ipsilateral
ovarian artery than that detected in the iliac artery. This supports
the counter current exchange concept.

Further attempts to support this concept in reference to the cow

" have been questioned due to failure to observe increased

concentrations of PGFéa in ovarian arterial blood at times when
concentrations of PGan in uterine venous plasma.were clearly elevated

(Inskeep and Murdcch;'1980); Hansel gt:glw (1976) pointed out‘that

problems in measuring plasma PGF,, are encountered due to wide
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distribution of"prostaglandin synthetase in many tissues. These
workers cited evidence that mechanical manipulation of the
reproductive'tract and even saline injections into ovaries canlelevate
PGFZa concentrations. To fnrther confound the problem-of
determination of PGF2a1n blood it was noted that blood platelets
produce prostaglandins in the clotting process although this can be
remedied by rapid centrifugation and freezing following blood

withdrawal."‘Yet, it is apparent that the significance of . plasma
| prostaglandin concentrations is debatablen

It has been hypothesized that progesterone and estrogen play a

key role in stimulating PGF2u synthesis in the uterus. Stabenfeldt et
al (1980) reviewed evidence that estrogens are necessary for the
Synthesis of'enzymes'needed to either hydrolize the phospholipio
source of arachidonic acid, the_precursoh of PGFau; oh synthesize
PGFB&. Also, it was hypothesized that exposure of the uterus to
progesterone was necessary for developing the lipid droplets which
contain the phospholipids.‘ This my help to explain why single
injections of PGan ahe not effective on cycling cows that are in the
metestrus stage (Rowson g&_al,, 1972, Henricks g&_gl_ 197ﬂ). .The:
uterus has not received ample exposure to Pu during metestrcsl
However, Beal et al. (1980) reported successful inhibition.of.
phogesterone secretion‘by CL in'Holstein heifers that were in days 3

and 4 of their cycle_withttwice daily intramuscular injections. of 25
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mg PGF 5

~The precise mechanism by which PGFZa-causes demise of luteal

tissue has_not been reported unequivocally. Mahy hypotheses have been
presented but most of these have been refuted.

Heﬂderson and McNatty.(1975) have hypothesized a plausible

biochemical mechanism of PGFau-induced luteolysis. These workers

cited evidence that explained the mechanism of progesterone production
of the luteal cell. The plasma membrane 6f luteal cells contain
specific binding sites for LH which, upon reéeption of LH, aétivate
the'adenyl cyclase system necessary for activatioﬁ of the
steriodogenic.enZymes. Following the preovulatory LH surge, these
receptor sites become activated; this besulté inlmorphological and

functional (progesterone production) luteinization.. The plasma

membrane of luteal cells a136 contain specific binding sites for

PGqu (Kimball and Lauderdale, 1975) but when LH has filled its
membrane receptors these sites are masked for PGEaa reception. This
may also explain why the‘early CL (metestrus) is refractory to
PGFZ@ (Henderson and McNatty, 1977). As the CL‘ages, gradual

dissdciation of LH ffom its receptors occurs. This opens the way for

_reéeption of PGan by the membrane. Thus, as the balance shifts

toward increasing PGan concentrations over LH concentrations,

activation of adenyl cyclase is inhibited within the membrane, . This

" results in deélining pbogesterone secretion and subseqhent demise of -
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the CL.

In oppogition,to the hypothesis that LH saturation of luteal
receptors prevented PGF,, -induced luteolysis in the early CL,
Gonzalez-Mencio.gL“gl;(1977) reported the-failuré of gxogenbus LH,
given to heifers on days 10 to 12 of theif cycie,'td prevent
luteolyéis when followed four héurs latef by 25 mg PGan . It ma& be
possible that the loss of binding capacity (Hichens et al., 1974) by
days 10 t§ 12 prevented the exogenous LH from inhibiting
the PGan effect. |

Other possible proposed mechanisms involve the vasculature of the
CL containing .ovary. Prostaglandin an contracts all four kinds of
smooth muscle ahd its venoconstrictive action may induce hypoxia in
the ovary, thch in turn may lead to luteolysis (Goldberg and Ram
well, 1975). Niswenﬁgr et al. (1976) noted that declining blood flow’
to tﬁe‘CL containing ovary or the CL itself are among‘the first
'responses during natural luteolysis or after exogenous PGqu (as
reviewed by Inskeep and Murdoch, 1980). These reviewers cited
opposition to decreased blood flow as the mechanism of luteolysis in
_'whicﬁ fotal prevention of bléod flow to the CL for 45 minutes did not
cause CL regression. it has been concluded that reduced blopd flow is
probabiy a "consequence" rather than' the "céﬁse" pf luteolysis

(Inskeep and Murdoch, 1980).

. MeClellan et al. (1977) reported incrégéed lysosomal activity in
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regessing luteal cells. This did not occur until after the initial

decline in progesterone syhthesis. It may be hypothesized that

'lySosomes are functional in morphological luteolysis but are not

involved in initiating functional luteolysis ipdicated by declining.

plasma progesterone concentrations,

J3uggL;g;AuigngLig;gggnﬁgp Precocious luteolysis in the bovine

can be induced with exogenous oxytocin (Armstrong and Hansel, 1959;
Hansel and Wagner, 1960; Ginther gt al., 1967) when administered
between days 3 and'7 of the cycle, Hénsel et al. (1959) reported a 7-
day inﬁeryal in subsequent onset of estrus in heifers receiving
oxytoéin during ﬁhe first seven days of their‘cycle. Fertility to
this estrus was compgrable to untreated controls but low animal
numbers negated significance.

Estrogens have been reported to induce luteolysis when
administered to cycling heifers (Wiltbank et al,, 1961; Kéltenbach et
gl,,'1964i or cows (Rahlmgnn and‘Cupps, 1962) dufing diéstnus.
Fertility at the subsequent estrus is low (Wiltbank et al., 1961).

Brunner et al. (1969) studied the luteolytic effects of oxytoein

and estrogen by utilizing hystérectomized heifers. They concluded

“that ;he‘lutéolytie mechanism of these two compounds involved

stimulation of normal uterine mediated luteolysis, which was reviewed

‘in an earlier section.
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With the discovery of the luteoiytic'effects of PGthw’ attention
has been turned toward the use'of this compound to synchronize bovine
feﬁales fqr;artific;al insemination., A stable tromethamine salt of
PGF, (THAM) has been developed and is now marketed as Lutalyse® (The
Updohn Coméany). Also, poﬁént PGF2a analogues (ICI-79939 and ICI-
80996, Imperial Chemical Industries) have been synthesized and‘shoﬁn'
to be effeétive luteolytic agents in cattle (Tervit el al., 1973;
Cooper, 1974; Dobson et al., 1975). EstrqmatéE .(ICI~80996,
cloprostenol) is marketed in the United Kingdom but is not yet
approved for use in the United States.

Ext§n§ive research has been carried'out in the past ten years to
develop effective and efficient treatmerit systems for,PGFzr Early
reseafeh determingd that PGF2a was effective only on cattle that are
in diestrus of their cycle (days 5 to 16). This includeé only about
60% of a randomly cycling herd, To be totally acceptable, systems of
treatment were necessary to accommodate animals between days 1 to 4
and 17 to‘é1 of the cycle.

Small doses of PGF,, (0;5-6.0 g) administered intrauterinely (IU)-
weré first sﬁudied as a method of treatment (Liehr et al., 1972§
Rowson g&_gdd,ﬂ1972§ Hafs et al., 1974).  The hazard of inducing-
uter;ne infections with this method of treatment has prompted the use
of other routes of administraﬁion (Seguin, 1980).' Intramuscular (IM),

" . subcutaneous (SC) and intravenous (IV) injections of 25 to 30 mg
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PGF,, or 0.5 mg cloprostenol are effective in inducing luteolysis in -
cattle (Lauderdale, 1972; Cooper, 1974; Hafs et al., 1974; Stellfiug
et al., 1975; Lauderda‘le et al., 1977). Since the IM method is

probably the most convenient it has been accepted as the route of

administration for producers to use,

Slnce PGan is only effective on
“cattle that are in the dlestrus, Lauderdale gt”al (1974) proposed
using rectal palpation of the ovaries to determine reproductive status
and treating only those individuals diagnosed to have active CL's,
Cows not treated initially are either palpated one week 1ater and
treated accordingly or simply injected without palpation. A 30 mg
PGF ,,-THAM (tromethamine) dose was administered either IM or SC to
treated eows} One group of treated cows was inseminated 12 hours
after detected estrus for a 7-day period while another was inseminated
at 72 and 96 nours post-treatment without regard to eetrus. The
untreated centrols were'inseminated‘12 heurs after estrus during an 18
“to 25 day period. Fertility was based on number of anlmals either
responding to PGqu or observed in estrus. The results showed no
differenee (P)@S) in fertility among treated and untreated COowWS. |

"Another method to determine susceptible candidates for PGFax is
" heat detection prior to treatment and injecting only these animals

which are 5 to 16 days-postestrue (Tervit et als, 1973; Macmillan et
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al., 1980). Effective synchronination of estrus was reported
following this méthod, |

Both of these systems are effective reduciné wastage of drug on
animals that are not in the proper stage to respond° But,. the
praeticality of applying these methods to range cattle situatlons is
questionable. A more attractive system to beef cattle producers would
incorporate a single predetermined timed insemination without the need
to detect estrus (appointment breed).

Lambert ef al., (19755 first proposed a system whereby:a group of
beef cows and heifers were detected for estrus and inseminated about
12 hr afterward for-a 5-day period. All animals not detected by this
time were injecteo (IM) with 33.5 mg PGF2arTHAM and'inseminated at 12
hr after estrus until 72 hr post-treatment, At this tine all unbred
cows vere inseminated without regard to estrus (appointment bred).
The results of this trial indicated as high first service coneeption
rate in the treated group (53%) as in the untreated controls

inseminated for a 22 to 30 day period (57%), but, fertility at the T2

hr appointment breeding was low (17%). Daily et -al., (1980)

- also reported low fertility in the appointment bred .cows in this

éystem.
Attempts to improve fertility in this system by‘seheduling'the
appointment breeding at 80 hr instead of 72 hr post-PGan were

reported (Lambert et al., 1976; Donaldson, 1977, Han and Moody, 1979;
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Hanks gt al., 1980). Conception rates in treated cattle b;ed to an
observed esffus was at least as high aé ;hoée in untreated controls in
all studies. - Each of fhese reports.showed a low conception rate in
those animals appointment bred without regard to estrus. These
reports indicate low fertility in animals bred at an appointment
breeding in thié system. It may be cohclﬁded both the 72 hr and 80 hr'
appoihtment breeding are not effective procedures to use after a
single PGF2a injection béeause extensive wastage 9f semen results
,(Donaldson,1§80k
Anofhéf systém utiiizing a Single injection of PGFz& that has
been probosed and involves injecting all cows at the beginning of the
b?eeding season and inseminating by estrus for 9 or 10 days (Doornbos
and Andersbn, 1979; Han and Mpod&, 1979L BothAof these studiés-
rgpérted higher AT pregnancy rates of tfeated cows than untreated
éontrqls inseminated for the same period. This indicated effecti&e
synchronization but not éll treated animals would respond if there is
random distribution of cycling. Therefore wastage of dnqg occurred in
these animals, |
, Estrous eontrol-s&stéms in éattle:involviné s;ngle injéctions of
PGFZ@ or itslaﬁalogues are ﬁromising ﬁethods for shortening an AI
season, ‘Détectionlof estrus eénnoﬁ be,feasibly eliminated and
insemination should be administered only in reference to estrus,

Attempts to appointpént breed in these systems have failed, propably
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due to variation ameng individuals in the interval from treatment to
onset-of estrus and ovulation (Jehnson, 1978; Refsal and Seguin,
1980).

A practical system using two injections of PGqu 10 days apart'to

synchronize estrus in a group of randomly cycling bovine females was

proposed by Inskeep k1973) and King and Robertson (1974)., This system
is based on the theery that the initial injection would regress the CL
in all individuals that yere between days 5 and 16 of thei.r"cycle°
These 'individuals would return to estrus 2 to 4 days later. They
would‘be between days 6 and 8 at the second injeetion.' Thoee.animals
in days 17 to 21 at the initial injection would go through a normal
estrus end be between days 5 and 9 at the second injection. Those
' animals.between days 0 and 5 at the first injection would be at daj 10

through‘15 at the second injection. Theoretically, this would . place

all animals 'in diestrus to be responsive to the last PGF5, injection,

Eighty—thfee percent of 30 cycling.Holstein heifers showed estrus
2 to 4 days following treatment in the study by King and Robeftson
(1974). These_resuits were enlightening, since no pretreatment
diagnosiS‘wae necessary,f Although only 40% of these indi;iduals
‘conceived to ihseminations at observed estrus and 12 hr later; this
was not different from 54% of control heifers that conceived to
similar iheeminations..

Preliﬁinarj’nesults reported by Cooper (1974),showed similar
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success in' 130 dairy heifers 'r'eceivi.ng. t';wo 0.5 mg clobrostenol
injectioné 10 tq 12 days épart. Eighfy-nine of th.esé animals were
inseminated 12 hr after d;eteéted estrus f‘ollowiné treatment. .Another
30 treated hieférs were insemj;nat'ed twice at 72 and 96 'hr',af‘t.er'k the
second injecticlm witho.ut regard for estrus. Conception rates based‘ on-
rectal palpatio-n gight weeks after bf'eeding were identicalr in both
treated and untreated gr'oups.: in-"‘addit‘ion this aut,hor"r'epor"ted‘.a
detailed study on ar_lother' 45 heifers re‘céiving two injectic;ns of 0.5
mg cloprostenol 11 days -a.part. Of 43 heifers showing estrus after
treatment, ‘39 were detected between 48 énd' T2 l;u' after the sécqp_d
injection; the other four were observed in estrus between .72'aric'l 96 hr .
post=treatment, Ovulatioﬁ occ.urr'ed in 4 heifers between 48 and 72 hr,
34 heifers between 72 and 96 hr and 5 heifers between 96 and 120 hr
post-treatment. | |

Due to t','he\short;er interval of estrus foliowing_this treatment
- the possibiiity of using an appointment breeding seemed more promising.
Hafs _e_t___a,_;L., (1975a)‘lus.ed two IM injections of PGF, 12 days apartl on
dairy heifers and suckled beef. cows to synchrohize estrus, Treated-
heifers were inseminated twice at 70 hr and 88’ hr post treatment with
semen fr;om the same bull, Treated cows were inseminated once with
semen from one breed of bull at 70 hr post-treatment and again at 88

hr post-tfeatment with semen from another breed of bull. Using

calving data to determine results, th-ey.reported. Slli concepﬁion in
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heifers bred at‘70 and 88 hr postQPszu compared to Sé% conception in
untreated heifers{lthese were inseminatad after deteatad estrus for a
thpea-ﬁeek period. Forty-one perceht of the‘treatad cows conceived to
“the timed inseminations compared to 44% of the ﬁntreated aows
conceiv;ag to insaaiaatibn after an observed eétrUs for a 25-day
‘period. Highest fe;tiiity in the tnaated animals waa among
iadividuals.détacted in estrus 3 to 5 days after treatment. Sixty-
eight percent of ﬁhe:tneated heifers and-62% of the treated.cows
showed estrus during this period. ﬁore treated cows.conceived to the
76-hf insemihation'than.to the 88-hr insemihation.although the
‘difference was ndt substantiated. The authors conjectured that a
single insemihation at 80-hr post-tfeatment could produce Satisfactory
results. |

A large field trial was conducted on 960 heifers and 392 beef
cows to test the feasibility of an 80 hr appointment breeding (Hafs et
ale, 1975b)ﬁ Treated aﬁimals received two injections of either 0.5 ng
cloproateno; 6f 30 ng PGFZu-THAM 10 to 12 days apart.. One group of
treated animals was inaeminated twice at 70 and 88:hr after‘treatmeptol
"The other tréated group was inseminated once at 80:hr post;PGana
Untreated éqntrola were inseminated }ollowing OBServed estrua.. In
the controls bred after detected estrus, 51% of the haifers and 59% of
the cows were diagnosed pregnant baséd on either rectal.paltation of-

nonreturn rate, Ambng treated animals 63% of the heifers and 58% of
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the cows inseminated twice were diagnosed‘pregnant while 62% of the
heifers and 57% of the éows'inseminated once were pregnant. The
authors repopted no differencg in fertilityl after PGFQd-THAM or
cloprostenol treatment. They éoncluded fertility after PGsz
treatment was eduivalent to controls and fertility from oné
insemination (80 hr) was equal to that from‘tﬁo inseminétions.(70 an&
88 hr) after ﬁrostaglandin.

Hafs g&_gu,,'(1978) reported simiiar fertility results in heifers
and beef c@ws receiﬁiné two PGFZu‘injectioﬁs 11 days apart ahd either
inseminated twice at 70 and 88 hr post-treatment or once at 80 hr post
treatment. Also, phey reported that only 15%.more semen was used on
the treated cows inseminated once" (80 hr) than that used on the
untreated controis. The two inseminatiqn‘system required 107% more
semen than the untreated controls.

Another predetermined (appointment) breeding time of 72 hr post-
PGFZa was studied. Cooper et al. (1976) pepoﬁted lower conception in
cows and heifers inseminated once at 72 hr after two injections of
cloprostenol 11 days apart than that in treated animals‘inseminated
 twice at 72 and 96 hr post-PGF,, or controls bfed by natural service :

for 21 days. Over 3,000 animals were used in this study. Similar
" results following this s&stem were reported by Schultz.et al., (1977).

Moody and Lauderdale (1977) cémparéd .insemination after t&o

| PGF,, injections in beef cows either at 80 hr post-treatmént or after
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detected estrus from day 2 to 5 poét treatment. They reported

significantly lower first service conception rates in the 80-hr

_appointment bred group than in-the treated cows or un;reéted controls’

inseminated after detected-est'rus° ' The total pregnapcy'rate (nunber
pregnant é_tbtal in éroup) for the appointment-ﬁred group was hot
different from that‘in the treated group inseminated. only after
detected estrus. Both treated groups had a significantly higher tot#l
pregnancy rate by day 5 of the breeding seasén than tﬁe'untreated
controls.

Results of'these trials using two injections of PGFEQ 10 to 12

dajs apart to synchronize estrus in cattle indicate that this may be a

feasible system to utilize AI without heat detectidn. The 80 hr

appointment breedihg is probably the'beﬁter timed insemination. Many

factors have been pointed out in the literature that may help to
contribute to the success of this breeding system, The variaBility in
the onset of estrus and ovulation following this treatment may be a

problem in lactating dairy cows (Macmilian, 1978; Roche and

. Prendiville, 1979); for heifers this does not appear to be a problem

(Johnson, 1978; Refsal and Sequin, 1980)Abut is marginal in beef cows
(Hafs et QL;, 1975a). But, ‘it has been reported'that this
synchronization system is not successful.in Brahman cattle (Hardin.ég
als., 1980). Seasonal variations.of onset of estrus followinélPGan in

heifers were reported by Britt et al. (1978). One major benefit of
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this system was'reported by Esselmont et al. (1977). These authors:
evaluated the reproductive efficiency of animals receiving this
treatment and found that“the intervals from the beginniﬁg of the
bheeding'seasoﬁ to first service and conception were significantly
reduced by 13.6 énd 12;5 days, respectively, Eémpared to untreéﬁed
contiols. | .

| Due to the Qariation in onset of  estrus after 'PGde

treatment in cattle, studies were conducted to increase the
precision of synchrony by incorporating estrogén into the treétment
regimen., It is hypothesized‘that this yodld induce a nmore
s&néhronized estrus and ovulation. Injections of E, 48 hr after
either a double PGan injection syétem or intra-uterine iﬁfusioﬁs of‘
PGan in beef females were effecti'ire'i'n increasing the pr..ecisio‘n éf
synchrony.. Fertility after treatment was comparable to that in
untreated controls and PGFQ&-alohe treated fgmaies (Inskeep et al.,
19'}5; wéléh et al., 1975; Peters et al,, 1977). Practical application
of this systeﬁ may hop be acceptable to beef producers dug to the
added cost of treatment and the extra handling of animals.

The use of GnRH injections after PGan tréatment té‘more
precisely synchronizé the LH peak and'Subsequent ovﬁlatiofnhas been
studied. It waé hypothesized that this may improve fertility in a
group of cows bred at an appointﬁent brégdingf Failure to aéeomplish

this was reported by Tobey and Hansel (1975), Kinkie (1976) énd
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Burfening et al. (19785‘-when 100 ug GnRE. was injected 60 ﬁr
after PGF,, and insemination at 72 hr post-PGF,.. GnRH is féported to
" suppress behavioral estrus in cattle when ‘administered after PGan
(Thatcher and Chenault, 1976; Rodriquez et al., 1975), althbugh this
was not évident.in_a study by Britt et al. (1975) when GnRH was

administered 11 days prior to the first PGan injection.

Mggn&muulig;ggﬂkngl; Long term use of progesteroné or

progestagens Ki.e" 16 to 21 days) results in acceptable
synéhronizatibn of estrus in bovine fémaleé but fertility is lower
than normal at the estrus affer treatment. Hoﬁever, acéepfable
fertility in bovine females is accomplished when progestagen treatmént
:is shortened to 9 to 12 days, but effective synchronization is lowered
due to faiiure of luteolysis to o§cur in some treated animals. 'It has
been hybothesized that & luteolytic agent incorporated at the
initiation of a 9-da& érogestagen tfeatment‘ﬁould inéure lhteolysis
and would.result in a more acdeptab;elegtrous synchronization and

féntilitjurate (Lamming et aAu‘1979L

Ms&hgd§_9£Ljuhu131§&xg&1;uy Successful estrous synchronization
and acceptable fertility following 9 to 12 day prdgestagen treatment
with injections of E, administered when treatment is initiated in

bovine feméles were reported using spohgé pessaries (Sreenan, 1975;




Sreenan and Mulvehill, l 1975) and' PRID (Roche et al., 1976;. Drew et
al., 1_978). Variable success'lwas reported when E; injeéﬁions were
administered at initiation of a 9-day subcutane'ou's-implami treatment
regimen (Anderson gt al., 1969; Wilﬁbank et al., 1971; Burrell _e_t; al.,
1972; Whitman et al., 1972). Other research in this method showed
that by increasing the level of progeétagen in the implant (Woody and
Abenes, 1975), placing the progestagen in the wall and the 1ﬁmen of
the implant (Wideman et al,, 1969) and (or)» admninistering an injéction
of progestagen, along with the estrogen at the time the imp‘la.nt was
inserted (Wishart and Young, 197&; Wishart .e;t__a..l., 1977) resulted in ‘
mé_re acceptable synchrony and fertility:. It is hypothesized tt_lat this
was due to an antiluteotropic effect produced by the highér initial
1éve1 of progestagen on CL that were just devéloping at the-init_iatl.ion
of treétment (L'ammi‘ng et al., 1-979). This led to the development 6f‘ a
. synchronization system known as Synchro-M.ate-fB® (S:MB, G.D. Searle
Co.). Tﬁis system consists of 5 silastic implant con‘tainiAng 6 mg
norgestomet (SC-21009) placed subcut;anequsly in the ear for 9 days.:a-nd
a si‘ngle' injection of 6 mg E, and 3 ng r;érgestomet édminist'ergd,ap
. time of implant ;I.nsertion. Successful synchronization of estrus and
fertility at a timed insemination 48 to 54 hr éf‘ter implant renioval' in
heifers receivihg this system was reported by Wiltbank and ‘Spitzer
(1978). The SMB treatment was not as successful in suckled beef cows

s .

(Goodell et als, 1976), but some improvement was noted af'ter'
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in.corporating GnRH injnections.prior to irisemination (Zaied et al,.,
1976) or calf removal for 24 to 48 hr (Shang) prior to timed
inseminations (u8 to Eﬁ hr post-treatment) (Mares et al., 1977;.
Kaltenbach and Dunn, 1979; Kiser et éd,, 1979; Peterson et al., 1979).
One henefit of progestagen-luteolysin combination systems is that thej-_
may induce'cycling activity in anestrous_cows'(Drew et al., 1978;
Mares _e.t,_ _gl., '1979) and prepubertal heifers (Gonzalez-Padil_la _e_‘t;._a,l,.,

11975). |
-Combinations of progestagens and PGF200 have been studied in whichk
PGFéu‘was administered.at or near the end of a 5 to 8 day progestagen
treatment, Fertility of beef and dairy females receiving this'
treatment was reported to be satisfactory (Wishart, 1974} Roche,
1976b; Stauffer et al.; 1976; Chup'in et al., 1977). Moody et al.
(1980) were unable to show evidence ‘that injections of Py either 24 or
"5 days prior to a single PGqu injection effectively improvedﬁ
‘;reproduotive.performance infbeef‘heifers. The major problem was a low
cyeling rate (60%) in these animals. ThlS was determined by the rate
‘of detection of estrus in untreated controls for a 10-day period°
These results further suggest that this’ system, like all other systems.
of synchronization discussed in this review, is most acceptable to’

producers when it is used on actively oycling bovine females.




STATEMENT OF PROBLEM

Pro#taglandin:FZQ is tﬁe only Synchroﬁization~agent that is
apbroved'by.the Food Drug Administration for use by United States beef
énd dairy producers. Artificial insemination at 80 hr (appointment
breeding) after two iﬁjections of‘fGan 10'to 12 days apart is
probably the most inviting breeding system because it neéates tﬁe need
for detecting estrus. The efficiency pf this system has not been
satisfactory to producers because of lower than expected‘produétion of
ATl calves, especially in range beef operations. The objeg;ives of
these studies were: q1) to deteﬁmine if estrus can be Synehronized in’
suckléd beef cows (at.least 50 days post-partum) with two injectidn§
of PGFZu.11 da&s apart; 2)‘to deterﬁine if pregnancj rate from
artificial insemination at 12 hr after detected estrus ﬁp to 80 hr
afﬁer treatment then the residua]é(i.e".not detécted by SQ hr postf
treatment) bred at 80 hr is différent from fhaf when artificial
insemination occurs only at 80 hr after this double injection system;
3) to determine if pregnancy rate from artificial insemination is
influenced by time of estrus7following treatment ahd either'bred at‘?z
hr after est#us or at 80 hr (appointment bréd); u)tbldetermine the
distribution ofestrus in‘suckled béef cows after a single PGqu
injection system;-s)'to.compare artificial inseminatién pfegnancy
rates and total pregnancy rates in a 50 day bﬁeedihg season in suckled
beef cows receiving either heat detection and insemination 12 hr

afterward“for 4;5 days then all animals not detected by that time
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injected with PGF,, and inseminated after detected estrus for four
more days or two injections of PGF2a11 days apart and inseminated
only- at 80 hr after treatment; and 6) to compare calving rates at -
varioﬁs stages of the season in beef cows' bred after eithef a single
PGan injection system or a double PGF,, injection system with.an 11

day interval between.injections.

Materials and Methods
Animals. Three herds of suckled beef cows located in ﬁhe
intermountain region of Montaha were used in these studies and
included: Herd I) 299 Angus and Angus x Hereford céws, 3 to 5 years
old, at the Dana Ranch Company, Cascade, Montaqa; Herd II) 138 Angus
and Angus x Hereford cows, 2 to 10 years old, at the Red Bluff
Expériment Station, Norris, Montana; and Herd III) 219 mostly Angus, .
Hereford and Hereford cross coﬁs,3‘and1¥years old, at the Montana
State Prison Ranch, Deer Lodge, Montana. All cows were at least 50
days post-partum when treatments were iﬁitiated and were nursing -
calves., |
Irials and Treatments.
Trial 1. Cows Qithin a herd were assigned at random to one of

three treatment groups which‘included: 1) controls which were
artificially inseminated (AI) 12 hr after detected estrus; 2)éOWS

receiving two injections of Lutalyse(E (25 nmg PGFZa free acid
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equivalent) 11 days apart followed by inseminatinion 12 hr after

detected estrus until 80 hr post-treatment at.whieh time all cows not

" yet detected were inseminated (LL-AI-E-80); and 3) cows receiving the

same PGFZu treatment as in treatment 2 but inseminated only at 80 hr
post-treatment (LL-AI-80) (fig.1). This trial invélved all the

experimental animals from all three herds.

Irial 2. This trial involved only the experimental animals in -

Herds II and III that were assigned to the control and LL-AI-80 groups

in trial 1. The control animals in these herds were detected for

estrus and inseminated 12 hr afterward for}LS days and all members

not deteeted up to that time received a single injeetion'of LutalyseR
and detection of estrus and inseminatién continued for 4 more days
(AI-L-AI-E), The LL-AI-80 group in trial 2 consisted of the same LL-

AI-80 cows from these two herds in trial 1 (fig. 2).

All cows within a herd were retained in the same foothill pasture
duriﬁg the AI season. Observations for estrus began immediately after

the second PGFZQ injection for all groups. and were executed by trained

technicians at least twice daily for periods of one hour or mofe.

during the early morning and evening hours. Estrus was identified as
sﬁanding to be mounted by herdmates. Estrus was recorded for members

of all groups in each herd during their respective AI season. Since
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" the LL-AI—E—SO and LL-AI-80 groups in trial 1 -received the same
PGF,, treatment their estrus daﬁa were comﬁihed to derivé‘a
distfibution of onset of estrus aftep thisAtreatmeﬁt. .A distributioﬁ
‘of onset of estrus in the cqntrol group in trial 1'was taﬂqlated for a
four-qay period. A distribution of estrus in the AI-L-AI-E group iq
triai 2 was tabulated for those animals'réceiving PGan.'

The same'trained technicians performed fhe artifici#l
inseminations in all threg herds, All qows that were_brgd in regard
to estfus were artificially inseminated 12 hr after they were detected
in estrus. Cows in the LL-AI-E-80 and LL-AI-80 groups that were
detegted in estrus after 96 hr post-PGF (16 hr after 80 hr breéding)
were reinseminated 12 hr after detected estrus with semen from'a bul}
of a breed diffefent from that useq af the 80-hr breediﬁg to provide a
genetic marker to determine‘sire of éalf. In Herd I, Black'Angus
semen was usgd in the control cows and in'thé PGqu-£reated cows
thrbugh the éo hr breeding.' Polled Hereford sehen ﬁa; used fpr the
second inseminations in thé cows thaﬁ'were treated. The AI season was
6 days for this herd‘an& Black Anéué clean-up bulls followed. In Herd
I, first insemination; were with Tarentaise semen in all groups for
both trials. Second inseminations were with Polled Hereford' semen in
Angus cows and Shofthorn semen in the Hereford x Angué cCows, The.AI '
season was 8.5 days'in this herd. and Black-Angus clean-up bulls

followed. In Herd III, first inseminations in the LL-AI—E—éO and LL~-
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AI—BQ groups were with Polled Hereford‘semen. Second inseminations in

these groups were with Black Angus or Longhorn semen. Control cows in

trial 1 (AI-L-AI-E in trial 2) were inseminated with either Longhorn

. or Polled Hereford semen. The Al season was 8.5 days and Brahman

cross, Red Angus, Black Angus and Hereford clean-up bulls followed.
Clean-up bulls were introduced about 12 hr after the last AI in ali
.herds.: Tﬂése herds were then moved to mountain summerApaétures and
bulls remained with the cows until the end of a 50-day breeding season

(AI plus natural service).

SII.!.‘JB 1 .
Onset of estrus, breeding and calving records supplied the data

for these trialéQ

Trial 1. Cumulative AI pregnancy rates (number of animals
pregnant < number in group) for the first four days of the breeding
season were used to compare systems. Calving and breeding records

were used to determine the sire of the calf (AI versus clean-up) and

the genétic markers within a herd were the main criteria, Gestation

lengths of 286 days for Hereford and Herefbrd cross,- 281 days for

Angus and 283 days for other breeds were used when genetic markers did

not satisfactorily determine the sire, Other criteria such as birth
weight and sex of calf aiong with observed heats and an average 21 day

estrous cycle for cows were also incorporated.
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Initially, individual data analysis for each herd was performed.
Contingency Chi-square (Steel and Torrie, 1976) was used to analyse

differenceS‘among treatments and to combine onset of estrus data among

herds. A log-linear model for attribute data (Fienberg, 1977) was

used to test for herd x treatment interaction to combine the pregnancy

rate data.

inial_g, First service AI pregnancy rates during the 8.5 day AI
season were compared between sysfems° Cumulative calving rates by 17,
38 and 60 days of calving were cémputed and compared. Calving
interva;s began on the day the first calf was born., Allowance for
variation among individuals of seven days gestation was incorporated
to approximate calving from pregnancy in the first 10, 31 and >50 days

of breeding. These were determined through breeding and calving

records. Contingency Chi—square was used for statistical analyses of

theée data and a level less than 5% was considered significant,

Results

In;é; 1. The number of cows in both the control and combined

_PGFZQ;'treated groups for the three herds iﬁ this study are depicted

in table 1. Percentage distributions of estrus after four days of
detection in the combined herds are shown in figure 3. Thfity-four
percent of the PGFZ&-treated cows and 17% of the control cows (P<.05)

were observed in estrus during this periéd. Thebefore, this double
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injection treatment:was.effeetive in_syncﬁronizing estrus,

Behavioral estrﬁs occurred in the double injected cows through at
least day 6 postntreaémenﬁ. Tﬁe combined herds distribution of estrus
iﬁ-the PGan—tfeated cows (fig, 4) demonstrates that there is
variation of gt least 5 days (days 2=6) in the intervai from this
treatment to onset of.estrus‘in beef cows., Two hundredneightéen (50%)
.of these animals were detected during this 5-day period. The majority
(58%)r6f these were detec£ed on day 3 or 4 fol;owing treatment.
Another 32% were detected on day 5 or 6, while 10% we#e observed on
day 2. Observations for estrus continuéd'for 2.5 méré days in Herds
II and III. Only 3 (1.3%) of these animals were detected during this
period and these were all in Herd III and were deteéted on day 7.

Calving records for 53 and-29 of the experimental cows in Her&s I
and III,'respectiyely, were unavailable after the calving seaspna
These losses wére attributed mostly to misidentification of cows

TABLE 1. COW DISTRIBUTION BY HERD AND GROUP IN THREE HERDS

OF SUCKLED BEEF COWS RECEIVING TWO INJECTIONS OF
PGF2a 11 DAYS APART

Herq Controi Treated Total
Herd I . 103 196 299
Herd II b7 : 91 138
Herd III T4 145 219

Total 22y o 432 656
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either at calviné or during sorting of experimental members from their

herdmates prior to calving. These individuals were bandémly

distributed aﬁong treatment groups and were deleted from the fertility,

data.

Cumulativé'pregnancy rates from AI during the first four days of

the breeding season are shown in table 2. Cunmulative pregnancy rate-

equals the number of animals pregnant divided by the number of animals
~ in the group. In the analysié of all. three herds and the combined
herds there was a higher (P<.05) ﬁ-day prégnénqy rate:invthe treated
groups than in the controls; Results from Herds I and II indicated a
"trend for a higher 4-~-day pregnancy rate in the LL-AI-E-80 group’than
in the LL-AI-8Q group alﬁhough the differences were not significan;
(P>.05).. The reverse prend was poted in Herd IIi.' Herd x treatment
interaction analysis #pproached significance (P<.09). This reveals

that theré was a tendency for herds to respond differently.to these

bréeding management systems, but this difference was not pronounced;

Calf production from artificial insemination was not different (P>505)
between these two breeding systems in the combined herds.
Of those cows obsérved in estrus during the first four days of

‘detectioﬁ, the pregnancy rates (number of cows'pregnant < number of

cows observed in estrus) did not differ (P>.05). Differences among

groups were noted in pregnancy rate within those 12-hr intervals of

detection in which ét least one individual from all groups was
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observed in estrus. These intervals included 36-48, 48-60, 60-72 and

84-96 hr.afteh PGF2a treatment. Within the LL<AI-80 group the
pregnancy rate of those animals détected'in.estrus remained constant
(P>.05) among the f2—hr intervals in which eétrﬁs was detected.

The reproductive pérformance during thé 6-day detection period of
. the remaining treated cows is shown in table 4, These animalé
included those not détécted'iﬁ éstrué during this period and those
detected on day 5 or 6. None of the treated animals in estrus on day
5 or 6 were pregnant from'the\appointﬁent bfeeding. Al; of these éows
were repeat-inseminated at 12 hr after being detected and 714 of 28
LL—AI-E-BO,cows.ﬁnd 77% of 35 LL-AI-80 cows wefe'pregnant to thége
inseminations;_ Theée pregnancy rates did not diffe} (P>.05) either
between tfeatment-groups or from untreated controls that were
inseminafed. Eighty-seven of phe LL-AI-E-~80 cows and 97 LL-AI-8O COwWS
:were.nst obsefved in estrus during the 6-day detection period and of
these, 37 and 39%, respectively, (P>.05) were pfegnant from

inseminations at the appointment breeding.

Irial 2. Thirty-nine (83%) and 59 (88%) (P>.05) of the cows in

‘the AI-L-AI-E group in Herds II and III, respectively, were not

A : T .
observed in estrus during the first 4.5 days of detection and

received . PGF2u(table 5). Of those receiving PGF 5y, 29 C?M%)and 40

(68%) (PXDS) in Herds II and III, respectively, were detected during
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the following 4 days. In the combined herds 58 (59%) of the injected

cows were observed in estrus between 36 and 96 hr after PGan'ﬁ This

represents the peak'pefiod of estrus in this group and demonstrates

, that this system is effective in synchronizing estrus. This agrees

with Hafs et al., (1975a) who reported a peak response between 48 and
120 hr post-PGF2ocin suckled beef cows after a single injection of
PGFéa. | -

- A comparison of the reproductive performance of these coﬁs in 8.5
days of AI'tp that of their herdmates in the LL-AI-BO breéding systeﬁ
is shown in table 5. The first AI‘pfegnancy rate (number pregnant-té
first AI < number receiving first AI) was higher (P<.05) in thé AI¢L-

AI-E group-than in the LL-AI-80 group in Herd III and the combined

herds. The same trend was noted in Herd II but the differehce was not.

significant (P>.05). Total AI pregnanéy rate (number pregnant to

first AI < number in group) was not different (P>.05) between groups

' in either herd or the combined herds.

Discussion-

The variation in the intérval.from ‘treatment to onset of estrus

found in trial 1 concurs with results reported by Hafs et glg
(1975a). Since PGF,, does not alter the average time (24-32 hr) from

onset of estrus to ovulation (Louis et al., 1974); it may be

hypothesized that the lower than satisfactory production ffom the LL-
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AI-80 system is due to inseminating cows too early or ‘too late in -

relatién to oQulation. Those cows showing estrus more than 20 hr
prior to the appointment breeding would not be expected to cbnceive
(as reviewed by Lauderdale, 1974). Thgse data (table 3) show that
inseminating as late as 32 hr or more after detected eétrus (cows
detected during the 36-48 hr post-treatment interval) still resulted

in pregnancy'from the 'appointment breeding. Also, those animals

inseminated between 20 and 32 hr after estrus were pregnant at the.

same rate as.thoée inseminated 12 hr after observedvéstrus,
Conception rates to inseminations 24 hr after observed estrus have
been reported fo equal those to inseminations 12 hr after estrus.in
beef heifers (Vincent and Turner? f972) and dairy cows (Gwasdaukas and
Lineweaver, 1981).\ It may be suggested that fertility to
inseminations at 80Ihr after this PGde treatﬁent is not affected by
. timé of onset of estrus prior to this' appointment breeding.

Four of seven treated cows that were dSserved in estrus between 4
and 16 hf after the appointment bfeeding were pregnant to tha£
inseminiation. This pregnaﬁcy'rate was-noﬁ'different from that either
in cows Whichrwere in estrus prior to the appoinfment breeding at
which they were bred or in cows bred by'estrUS. Similar results in
progestogen synchrbnized COWS were reporteq by Carrick and Shelton
(1967). |

Thirty-eight pércent of the treated cows (70 of 184) which were
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not detected in estrus during the detection period_were pregnant from »

the appointﬁent breeding. These animals may havé e;ther failed to be
detected ér ovuléﬁed Qithout behaﬁiorai estrus‘(Donaldson, 1977).
Most'of the detection failures, if ;hey did occur, may have resulted
due to ‘mass handling 6f the herds during ihé appointment breeding.
This ﬁouid have prevented the estrus énimals from displaying
behavioral estrus. Also, the attention of the technicians at this
time was toward inseminating and Qway from detecting. But, the stress
of héndling probably would‘not have_prevented physiological estrus
| (Wagnon, et al,, 1972; Mawhinney and Roche, 1980). Conversely; Hardin
gﬁ al., (1980) cited evidence that timed inseminations could suppress
"behavioral estrus'by'stimulating a premature release of préoQulatory
LH resul@ing in an iﬁhibition of fo;licular estpogen seérétion
necessary for this behavior to occur. Lauderdale et al., (1974) and
Burfening'gL;gLJ (1978) Qbsgrved that some cows.beqome ppggnapp

without exhibiting estrus when bred by appointmeht after PGFZu‘

If the AI pregnancy rate of these undetected animals is similar

to that of the uptréated controls (69%), then approximately 100 of the
undetected treated animals ovulated without being detected in estrus,
Furthermore, if all cows detected during the 6~day period did so in

~ response to the treatment (99 LL~AI-I-80 plus 92 LL-AI-80, 191 total)

then the two injection PGF,, treatment was effective on 78% (291 of

375) of ‘the treated cows.
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The aifference_in firét AI pregnancy rate in trial 2 indicates
that the efficiency of the.AIAL-AI-E system is better than the LL-AI-
80 system in terms oflthe amount of semen needed to~a§quiré'the same
number of AI calves (total AI pregnancy fate, P>.05). However, 8.5
- days of heat detection were necessary'to do this. Heat detection was
not used in the LL-AI-80 system. The amount of drug used in the'LL-
AI-80 system was 122% more than that used in the AI-L-AI-E system.
The net result’is an equal ﬁumber of AI calves ffom‘either system, but
the trade-offs are more drug and semén for iess time and labor for
detecting estrus. . | .

One poésible advantagé of the two ipjection system is iiiusfpated
in table 7. Significantly more éélves wefe born during tﬁe first 38
days of calving in the LL-AI-80 sysﬁeﬁ'than in the AI-L-AI-E systgﬁ in
Herd III and the coﬁbine herds. A similar trend, although not
different was noted in Herd II. This added grouping effect at calving
adds merit to the LL-AI-SO system,

Jackson et giy; (1979) neviewgd and suppérted evidence th#t
éétrus and ovulation after a single PGFZa injection in diestrus cows
varied ove;_a widér range than estrus and ovulation gfter two
injections 11 days apart. Thus, the closer grouping effect of
calving in the.LL-AI-80 system than in the‘AI-L-AI-E systém may'havg
resulted from more animals having at least two opportuniti¢§'t9 become

pregnant and calve within the first 38'days in the double injedtion_
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" system. Those.ihdifiduals that responded later in the single

injédtion system may not have had another oppqrtunity to become‘

pregnant and calve during this interval if their cycie 1ehgth“was at
~ the extreme end of the average'17 to 24 day inter?al.,A

The reproductife efficiency of treayed groups in either of thesé
‘studies was not high (approximately 50% total AI pregnancy rate).
Some improvéments in effieiency may result from more Criticaily
selecting eandidateé for thesg breeding managemené systems., Wiltbank
(1970) rewiewed evidence ‘that indicate maximal conception rates are
obtained when beef cows are at least 60 days post=partum. The animéls
used in these studies were 50 or more days postpartum. |

Some modification of either s&stem in trial 2.ma§ yield ﬁqre
satisfactory bgsults.- Donaldson (1980) reporteduthat the efficiency
of an AI-L-AI-E system in which cows were detected aﬁd.inseminated for
5 days prior to the residual PGqu treatment and inseﬁinated for a 10

day total period ﬁas equal to the efficiency of inseminating untreated

‘controls for 21 days. In this study a 4.5 day pretreatment period and-

an 8,5 day total AI period were used.

More AI calves may be acquired in the LL-AI-80 system by heat

detecting and repeat inseminating treated cows between 96 and 144 hr -
after treatment. The failure of animals showing estrus quing this
period to become pregnant to the appointment breeding is demonsﬁréted ,

in ‘trial 1 (table 4), The fertility of these animals to the repeat
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inseminations is at least as good as that in untfeated controls

inseminated after detected estrus, This procedure would require 15 fo

-20% more semen (fig. 4). If clean-up bulls are used immediately

following the appointﬁent breeding they should not be introduced until
at least 16 hr later. Coﬁs that show estrusfup to that time do

conceive to the appointment breeding.

Conclusions -

Two injections of 25~mg‘PGF2d 11 days apart does synchronize

Vestrus in suckled beéf cows which are at least 50 days post partum.

There is a variation in the interval from treatment to onset of estrus

of at least 5 days (days 2 through 6 post-treatment). The pregnancy"

rate from artificial insemihation'administered either 12 hr afﬁer .

detected estrus up to 80 hr post-treatment then all animals not yet

inseminated are inseminated at this time or only at 80 hr post-

tbeatment is not different foliowing this double injection téeatmento.

This is because prégnancy rate from an 80 hr appointment breeding in

suckled beef cows is not influenced by time of onset of estrus that

occurs before 96 hr post-treatment. Thefefore; an 86 hr appointment'.

breeding should be used after this double injection PGF, treatment in
suckled beef cows and heat detection up to 96 hr post-treatment is not

required; also, some cows become pregnant to this insemination without

displéying estrus through a.6-day post-treatment period., Those
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animals that show estrus after 96 hr post-treatment do not becoﬁe
pregnant to an 80 hr breeding. If éélves from artificial insemination‘
are desired from these animals it is necessary to reinseminate these_
cows'after beiné‘detected in estrus. This reinsemination period would
last only about 48 h? and approximately 20% mére semen would: be
required; A system"invoiving detecting eqtrus fbr h.S.day§ then
_ injecting all cows not yet de£ectéd and detecting estrus for U4 more
. dayé shows that estrus in suckled beef cows (at least;50 days
postpartum) is synchronized with one injection of 25 mg PGFéa. There
is ho difference in thé number of calves produced from artificial.
_insémination whén beef cows are either inseminated 12 hr after
detected estrus in this single injgétion system or inseminated without
regard to estrus-at-éo hr after two iﬁjections of PGFéu administered
11 days apant; .The choice between.which of fhese tﬁo breéding
managemeﬁt syétemé to use on suckled beef cows should be based on phé
gmount of timé, pasture and labor available for detedting'estrué asA
opposed the éﬁtra éost for more drug and semen necessary tolglleviate
theée fequirements. |

One possibie'advantage of thé double injection PGFgu sysﬁem is
that ﬁore calves are born in the first 38 days of ealQing'foliowing
this treatment_than foll&wing the single injection treatment. This
adds merit to the'LL-AI-8O system because more calves in a,gr§u§ would

be similar in age.




APPENDIX




Controls
Residual PGF2a
1st 1st

(Herd II AI and(or) fjfan-up bulls

AT and III) %

heat
detect.

Day of breeding season

LL-AI-E-80
1st 2nd 1st 1st Residual AI and(or) clean-up bulls
PGF PGF,, heat AI 80 hr [
-
inj. inj. detect. breeding

Day of breeding season

LL-AI-80
1st 2nd 80 hr AI and(or) clean-up bulls
PGF2a PGF2 appointment |

breeding

inj. iTJ.

-11

Day of breeding season

Figure 1. Design of breeding management systems in trial 1.
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days apart (n=432).
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TABLE 2. CUMULATIVE AI PREGNANCY RATES BY DAY FOUR OF BREEDING SEASON
FOLLOWING UNTREATED CONTROL, LL-AI-E-80 AND LL-AI-80%

Control  LL-AI-E-80 LL-AI-80

Herd I )
Number of. animals - _ 87 79 80
Number observed in estrus . 20 23 : ’ —
Number pregnant , 11 32
Cumulative AI pregnancy rate 1342 41%b . 28%b
Herd II ]
Number of animals 47 46 45
Number -observed in estrus T 25 -
Number pregnant 6 30 :
Cumulative AI pregnancy rate 132 65%b 49%b
Herd III
Number of animals : 67 - 61 6lU
Number observed in estrus 8 24 -
Number pregnant - 7 22 29
Cumulative AI pregnancy rate 10%2 36%b 45%b
Combined herds
Number' of animals 210 186 189
Number observed in estrus ' 35 71 :
Number pregnant . 24 84 73
Cumulative AI pregnancy rate - - 12%a. MS%b 39%b

Cumulative AI pregnancy rate equals number of animals pregnant =
number of animals in group. : .

#0Herd x treatment interaction (P<.09).

' a,b Means with different superscripts w1th1n rows are signlficantly
different (P< 05).




TABLE 3. PREGNANCY RATES OF COWS DETECTED IN ESTRUS DURING THE.FIRSTIFOUR DA
' DETECTION FOLLOWING UNTREATED CONTROL, LL-AI-E-80 AND LL-AI-80

Breeding Management Systems

Control LL-AI-E-80 . LL=AT.
Interval after ) .
PGF2 (hr) - Detected ' Pregnant _ Detected Pregnant Detected  Pre
0 - 12 3 -1 0 0 0
12 = 24 6 i 0 0 0
24~ 36 5 3 1 1 0
36 -~ 482 2 2 13’ 7 6
48 - 602 6 3 .33 26 36
60 - 722 5 y 19 15 12
72 - 84 2 2 1 1 0
84 -~ 967 6 5 4 2 3
Total 35 - 24 71 52 57

Total pregnancy ) , .
rate? 69% : ‘ 3% 61%_
1Pr-egnancy rate equals number of cows pregnant - number of cows deteeted

2Pr-egnancy rates among systems were not 51gn1f1cantly different (P> 05).

*Pregnancy rates among 1ntervals were not~51gn1flcantly different (P>.05).




TABLE

4, PREGNANCY RATES OF COWS EITHER DETECTED IN ESTRUS ON DAYS FIVE OR SIX OR
DETECTED DURING THE FIRST SIX DAYS OF THE DETECTION PERIOD FOLLOWING

LL-AI-E—80 AND LL-AI-80'

LIL-AI-E-80

Breeding Management Systems

1L=-AT-80
Number Number Number Num
Number ' pregnant pregnant Number pregnant preg
of to 80 hr to repeat of - to 80 hr to rep
cows breeding breeding cows breeding breed

" Estrus (day 5 or-6) :
Herd I 11 0 8 13 0] 11
Herd II 8 0 6 17 0 1
. Herd III g9 - ¢ 6 5 0 5
Total 28 0 20 35 0 27
Pregnancy rate’ T1% 77
Not detected (6 days) . :

Herd I ) 45 .13 ) 53 13 -
- Herd II 1y 10 s 10 8 —e
. Herd III 28 9. - 34 o 17 -
Total i 87 ‘32 - . .97 38 -~

Pr’egnaney.r'ate2 .- 37% 39%

1Pr‘egnancy rate equals number of animals pregnant < number of cows.

2Pr-egnancy rates were not significéntly different-between systems (P>.05).,
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TABLE 5. ESTRUS IN TWO HERDS OF SUCKLED BEEF COWS RECEIVING THE

 AI-L-AI-E BREEDING MANAGEMENT SYSTEM

Herd II Herd III

Combined
(p=UT) (n=67) (n=114)
Number observed in 4.5 - ' )
days (before PGF )’ 8 (17) 8 (12) 16 (14)
Number receiving PGanl 39 (83) 59 (88) 98 (86)
Number observed during interval
of detection after PGF,, (hr)
0-12 1 0 1
12 - 24 0 2 2
24 - 36 2 6 8
36 - 48 7 7 14
48- 60 7 13 20
60 - T2 5 6 11
72 - 84 3 1 u
84 - 96 Y 5 9
Total 29 4o 69
Total observed in 8.5 days' 37 (79) 48 (72) 85 (75)

'"Numbers in parentheses equal percent of total animals,
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TABLE 6. - COMPARISON OF TWO BREEDING MANAGEMENT SYSTEMS USED FOR
: 8.5 DAYS OF ARTIFICIAL INSEMINATION1

AI-L-AI-E - LL=AI=80
Herd 1I
Number of animals . y7 45
Number inseminated 37 45
Number pregnant to first AI 25 . 22
First AI pregnancy rate: “ 68% hog
Total. AI pregnancy rate o 53% 4og
Herd IIX
Number of animals 67 64
Number inseminated ' . u8 64
Number pregnant to first AI 33 ‘ 29
First AI pregnancy rate ‘ 69%2 y54°
Total AI pregnancy rate 49% : 453
Combined herds , \
Number of animals , 114 109’
Number inseminated : 85 ' 109
Number pregnant to first AI - 58 51
First AI pregnancy . 6832 . 47%b
Total AI pregnancy rate 51% 479

'First AI pregnancy rate equals number of anlmals pregnant’ to first
AT = pumber of animals inseminated.

*Potal AI pregnancy rate equals number of animals pregnant to first
AI + numbr of animals in system.

a’bMeans with different superscripts within rows are significantly

different (P<.05).
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TABLE 7. CUMULATIVE CALVING RATES AT VARIOUS STAGES OF THE CALVING
SEASON FOLLOWING TWO DIFFERENT BREEDING MANAGEMENT SYSTEMS®

AI-L-AI-E ~ - LL-AI-80
Herd 11 . :
Number of animals . Y { 45
Calving rate: o , ‘ 4
in 17 days 64% . 76%
in 38 days 72% - 84% .
in 60 days . 83% ' 91%
Herd III ' ~
Number of animals , 67 . oy
Calving rate: : : - ‘ .
in 17 days 57% 56%,
in 38 days 78%2 929°
in 60 days- 90% . oug
Combined herds
Number of animals - _ 114 109
- Calving rate: .
in 17 days : 60% 649
in 38 days S 75%3 _ 894P
in 60 days .- 87% 93%

%Calving rate equals number of cows calved < number in system.

a'bMeans with different superscripts within rows are significantly
different (P<.05).
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