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ABS1A,.4,CT

Prostaglandins were used to synchronize estrus in

suckling pluriparous Angus x Charolais cows in a study

conducted over a 2 year perÍod. In Ïear 1, 1J cows were

given two in iniections of 20.0 ng PGF¿ 12 days apart and

bred by nêturãl service at observed estrus. In Year 2, l0
cows received two injections of 2.Q ne ICI-80996. Cows

were palpated weekly anC were treeted when a corpus luteum

wås detected. Cows were divided randomly in Year 2 into

tvro groups following treatment; Group 1I was bred by natu-

ral service and Group I v¡as artificially inseminâted åt 72

an| 96 hours foLlowing the second drug injection. In both

years blood samples were taken twice a week and assayed for
progesterone (P) by radioirrmunoêssay. Ti¡re to first pre-

sr:med ovulation was \.9.3 + 2.1 and f*\.U + 3.3 days postpar_

tr.¡m (PP J for Tear 1 and Year 2, respectivelyr and tine to

firsË injection was 56.9 ! 1.3 and 66.9 + 2"7 days PP, res-

pectively. Interval to first estrus from second injection

was 3.62 + 0.41 days in Tear l, and l+.20 + l.OL days in
lear 2 - Group II. Time t,o breeding was 73.6 11.61 82.9J

4.3 and 85.1 I 4.O days for Year 1, Year 2 - Group ÏI and

Year 2 - Croup l, respectively. Conception rates at syn-



chroni-zed estrus \ttere 73 Jfo,

Year 2 - Group 1T and '[.ear 2

6O.Afo and 40.016 for Year 1,

- Group Ï, respectively.
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INM,ODUCTION

The najor limitations to extensíve usâge of arti-
fieial insenina tion (AI ) in beef cattle is the large amount

of labour involved in detecting estrus in cycling cows and

the i.mproper tlming of AI with respect to time of ovul¿ -
tion. These ]imitations nay possibly be alleviated by t,he

techni.que of estrous control or synchronizg.tion.

There are a number of advantåges to be gaÍned by

the employment of estrous synchronizatÍon. The techníque

can greatly reduce the anount of tiae, feed and labour

required during the total AI program. In the last decade

considerable attentÍon has been given to the possible use

of a luteolytic agent such as prostaglandin (PG) as a

means of estrous synchroniza ti on.

From extensive research on lhe use of PG, a fev,t

probJ-ens in practical applícation have b ecome apparent.

Firstly, upon administråtion of a single luteolytic dosage

of PG to a group of normally cycling co!ùs, approxinêtely

33f" of the animals wilL not respond. This is a result, of

the fact that a luteolytic asent can only be effective in
cows that are in the luteal phase of their cycle. Secondly,

the implenentation of the type of AI program that disre-
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É{ards estrous detection after estrous synchronization is
dependent upon the accurate tining of one or two insemi-
natio¡s with respect to a hopefully precisely synchro-

nized tine of ovulation. Thirdly, as a luteoJ-ytic agent,
PG cannot be effective on the non-cycline postpartum cov{.

Therefore, Ít becomes imperative that ùhe average length
of the postpartrm anestrous period be determined.

Recently, a number of rnanagement regimes have been

investigated which could eventually alleviåte the problens

outlined above. Hearnshaw ß976) suggested that it !,rould

be advantageous if a number of field trials, exarnining

subsequent fertility, could be conducted to investigate a

nunber of feasible månageutênt re6Sines in several envion-
mental and physical- situations. In response to the pro-
blem of the partially effective singl_e dose of pG, a num-

bèrr, of workers have reported good resuÌts from the use of
a double injection schene designed to cause all cycling
cattle to respond. Research workers are still_ searching

for a rellable schesle whereby AI couLd be done wj.thout

regard to detection of estrus following synchroniza tion.
Finally, the J-engthy duråtion of postpartum anestrus in
beef cows is one of the problens that is c ommonÌy en-

countered. At the time thaù this study wås contemplated,

there were no data on the postpartum anestrous interval_

under lJestern Canadian conditions.

.Îhus, in 1975, a study was initiated in collabore-
tion vrith Dr. J. G. i'{anns, of the College of Veterinåry



Medicj-ne, University of Saskatchewan, with two prinary
purposes. Firstly, the purpose lras to determine the

Ìength of postpêrtun anestrus in beef cattle in this lo-
cality. Secondly, the purpose was to assess the effec-
tiveness of two commonly used PGls (Prostagåandín F¿ and

a synthetic analogue, ICI-80996, or F$strr¡mateft ) as pos-

sibLe estrous synchronizing agents.



i,IIERATURE REVIEW

Postpårtum Activity in the Cow

Progesterone .and the Corpus Luteum

It is generaÌl¡. ¿ s¡t.tledged that progest'erone (F)

is the singLe most, important hormone in determining the

cyclic activity of the cow. It is part,icul-arly indica-
tive of the three phases of postpartun (PP) activity in
the bovÍne .

The primary phase of PP activity is that of the

waning corpus luteum (CL) of pregnåncy. The decreasing P

concentration is indicative of this phase. Signifieant
decreases in P concentration aîe first observed 2 to 3

days before pârturition (Erb et al., 1971b; I4orrow et a1.,

7968a; Pope et aL., 19ó9) when the CL of pregnancy begins

to regress. Donaldson et al. (1970) observed that P con-

centration began ctecreasing in beef cov¡s 2 to 3 weeks be-

fore parturition, although there ù¡as st,ill a much nore

rapid decrease during the last 24 hours (h) preceeding

calving.

Researeh during the ear'ly part of the century in-
dicated that the CL of pregnancy remained unchanged for
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a fong period of t inre after parturition, and prevented no¡-

na1 follicular activity. However, recent research indi-
cates thêt the CL of pregnancy is maintaj.ned in only a

very snall nu¡nber of cattle ( Trimberger and Fincher, I956i

Hammond f927). Wagner and Hansel (1969) observed a ]-on-

ger maintenance of size in CL, of pregnancy ãs compared to

cyclic CL, which is apparently due to the larger amount

of vascular tissue present in pregnancy Cl as compared

to cyclic CL. However, even at day 7 PP there v'rere few,

if any luteaL cells present. Other workers have also

established thåt the CL of pregnancy is not palpable at

14 to 20 days PP (Morrow et..al.t I968a;1968b; Pope et al .,
1969; h¡agner and 0xenreider, 1971; Oxenreider, l-97I; Mor-

row et aL., 1966).

The next phase of PP activity is one of ovarian

quiesence, where very l-itt1e P can be detected in the

ovåry or vascular systen, and follicular activity has not

resumed (Fíe. 1). Erb et al . (l-97J-) indicated that P

shows no serious imbalance during the earJ.y PP period;

so¡re individuals had low plasrna P (1-3 ng/nl) during PP

anestrus and showed no relation to luteinizíng hormone (LH)

leveLs or estrogen leve1s. Iu{ost individuals after 2 weeks

PP averaged ?-lA ng/n]-. progesterone , and the adrenal gland

was the suggested likely source. Balfour et al". (J957 )

and Morrov* et al. (1968) suggested that the adrenal gland

may serve as an alternâte source of P when the ovåry 1s

absent or essentiâlly non-functionel, ås appeårs to be



the case a few days after calving.
ïn Fig. l, the low P leveJ.s are indicative of the

immediate PP ovarian quiesence, and they remain 1ow until
cyelic activity begins. Exactly what beglns the cyclic
activíty is yet unknown. Hovrever, there must be a correct
ova riân-hypothal-mic relationship before ovuLation can oc-

cur. Erb et al. (l_97rb) reported that the endocrine ba_

lances which are required to support normal estrous cycles

snd to re-establish fertility, are restored gradually af-
ter calving. Callahan et al. (1921) added that cellular
debris and the involuting uterus may inhibit both neural
and hi¡moral feedback nechanisms regulating the endocrine

control of estrous cycles. However, Oxenreider (1968) and

I{orron et aL. (1966) did observe t,hat fo-llicular growth

is inítiateC during the time of CL regression and uterine
involution. Additionall"y, it nas shor'rn that although go-

nadotrophic activity is low during pP anestrus in suckl_ed

beef cows, this did not effect the rate of involutior¡
(0xenreider, 1968).

Ì.{arion and Gier (1968) suggested that cytological
disturbances in the endometrium during early uterine re-
gression may inhibit ovulation and CT, developnent. ì¡ihen

cellular reLationships have returned to near normal, which

occurs first in the non-gravid uterine horn, ovulâtion
occurs. However, slight distension of the horn and its
associated endometrial effects åcconFany a poorly developed

short-.1-ived Ct. -By 30 days PP the endometrium is again
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TÍne after calving (days )

FfG. 1. Changes in plasna P concentration of corvs be-
between the tine of calving (C) and the first observed
PP est,rus (0). the functiõnaI ' stete of the ovaries
rvas essesed by rectal pêl-pation. U. Uterine involu-tion compfgte; F, follicLe present; -CL, 

corpus luteum
Þresent-; NP, not pelpated. the caif of corr. þZZ d,íed. 2
days after birth. The horizontal lines indicate the
ggriod-durÍng which a foLlicle or CL was presentr.
(Donaldson et al., L97O).



capable of being involved in normal_ ovari.an activity.
Alt,hough pituitary gonadotrophic activity during

the estrous cycle. can be explained quite conveniently by

related ovarian funetions, the control of this actiyity
duríng anestrus is Less obvious (Wagner and Oxenreider,

I97L). $awhney (f966) and Wagner and Oxenreider (1971 )

observed that pituitary f,H decreased until calving and

then increased until fÍrst ovulation. Thls trend in f,H

concentration is opposite to that of p during pp ånestrus.
ïlowever, the trends of these two hormones within thefr
respective glands are quite similar during the estrous
cycle (liagner and Oxenreider, I97L).

The third phase is cyclic activity and begins

at variable times PP depending upon the endocrine balance.
The beginnlng of cyclic activlty is preceeded by increa-
sing follicular developnent. Donaldson et al. (ß?O)

and Pope et al. (1969) observed small but signifícant in_
creåses in P eoncentration approxirnately 3 to d days be_

fore the start of the first cycle pp. RectaL palpation
suggested that, this increase in p concentratlon rdas as-
sociated with follicular development, and inplied sone

luteinization of follicles was occurríng.

casida (1969) observed that rûost earJ_y formed

CL are s¡nal-l in size and have been forrred from small
follicles, and suggest,ed that the ovarian ster dogenic

relationshlp may not be normaL at the very early estrous
perÍods.
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A common occurrence vdth the first PP ovulation

is the åbsence of estrus. Follicle rupture and CÏ, for-
mation viithout signs of estrus apparently are normaL for

the cow during the firsb 2O days postpartuût (Morrow et al.t
196e).

A number of researchers have also observed.the

phenomena of a short first PP cycle (it{orrow et al. , 1966,

Ì968; Menge et al. , 1962; Wagner and Hansel, 1969; \iae-

ner and Oxenreider, t.97l.). The suggested reason for the

short first PP cycle is the failure of the first CL to

be maintained. This could be due to a failure of the

luteotrophÍc factors or due to an enhancement of luteo-

lytic factors (Þlorrov,r g! al. , 1966). Lauderdale et a1.

(1968) found significant correlations between the weight

of the first cyclic CI, at 15 days PP and the length of

the PP interval (r=0.41). This signifies lesser deve-

lopment of the CL when the estrous cycle is initiâted
early after parturition. However, Wagner and Hansel-

(1969) and wagner and Oxenreider (1971) have found in-
dications that adequate P may be present in the cyclic

CL forned soon after parturition. l,euderdale et al.
{1968) did not find good Cl, formation and found that the

CL formed soon after parturition were lÍghter in weight

at day ]5 than CL forned Jater. Wagner and Hansel Q969)

did not consider that differences in F content, are of

particular signlficance in this regard, sínce the P
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contents of the CL decline rather sharply åt the end of

the cycle. At this stêge of the cyc1e, the number of

dal's ,rnatt estrus is of more importance than days past

estrus Ín determining luteal function, and there is con-

siderable variabllity in the P content of the 18 to 20

day old corpus luteun.

Follicular Development and

Estrogen Levels Leading up to Ovulåtion

At the time of pårturition the cow shows as 11t-

tle follicular developnent as at any time in her adult

Life (Casida, 1968). There is a decrease in follicular
size during the course of pregnancy, uhich is presumably

due to the inhibition of the pituitary gonadotrophic

hormone secretion by the hlgh levels of estrogen and P

during the latter part of pregnancy (Casida, 1968). What

happens ln the last month of pregnancy is not clear, but

a slight increase in foJ-licJ-e stistulat j-ng honnone (FSH)

of the pituitary was reported during the last 10 days of
pregnancy. However, the quantity of FSH secreted pre-

sur:rab1y v.ras not yet enough to initiate new foll-icular
development {Casida , 1968; Morrow et al. , L966't.

Estrogens are predomj.nantly derÍved from the fe-
tal cotyJ-edons during pregnâncy and parturi.tion and for
several days thereafter. ,.At parturition there are very

few fo111cles that are palpab1e. Ovarian follicles then

provide a source of estrogen several days after calving
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Ì"rhen they become palpable (Erb et al ., 1971b). In the

last 3 r¡¡eeks of gestation, excretion of urinary estro-
gens, especialJ-y estradiol--17Ê, increase rapidly. How-

ever, the rate of excretion of estrogen in urine de-

creases rapidly as measured. at 0.5 days and 3 days after
calving (Hunter et al ., 1970) presumably because the

influence of the fetal cotyJ-edons has been lost. Ran-

del and Erb (f971-) observed however, that during this
earl-y period, estrogen excret.ion rates generall-y are

several times hígher than those observed during es-

trous cycles occuring 60 or more days pp (flrb. et al_.,

1971b). It was suggested by Erb et al . (197L) that pp

infertilíty was associated with high leveIs of estrogen,

and that this is normal for at least 42 days pp in
healthy dairy cows milked twice daiJ_y.

The renewêd fol-l-icular development after par-

turition is presumabJ.y due to the release of FSH (Casi-

da, 1968; Labhsetwar et a1., 1,964; Foote, 1971-; Erb e.t

al-. , 1971b) . A decline in pituitary J-eve1s of FSH r^las

shorvn bet\^reen parturition and 21 days l-ater (Labhsetwar

et al ., 1964'). Casida (1968) observed a decrease in
FSH pituitary content by 10 days pp with a further de-

crease by 20 days. There appeared to be appreciable

storage of FSH at parturítion, in as much as it was

higher than at the sixth ilay of the estrous cycJ_e and

approximately as high as at day l-5 (Casida, 1968).
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FSH release could overstimulate ovarian follic1es and

êceount for the persistently high rates of excretion

of estrogen as compared to later in the PP period.

High estrogen, in addition to temporarily inhibiting
FSH, causes morphological alteration of the follicles
and alters steroid synthesis to favour P instead of es-

trogen, thereby inftiating further release of FSH (Erb

et al., I977b). Foote (1971) observes that as FSH ac-

tlvity slowly decreases, LH actÍvity slowly increases.
His results were Ínterpreted as å pituitary accumu].a-

tion of L.,H preparatory for release for,õüulation, and a

continual nore gradual release of FSH t,o stinulate ova-

rian developnent in preparation for ovulation. Other

workers have observed the sarne phenonena (Labhsetwar,

1964; Saiduddin, L964; Sawhney, f966; Saiduddin er g!.¡
1968; .,Wagner and Oxenreider, l-97¡.).

A eonsfderable nr¡lber of observations have been

made in ån attempt to determine the time scale of in-
creasing follicular size foLlowing calving. ResuÌts

vary according to the type of câttLe, to the amount of
uterine involution, and to the stress of nilk removal,

but Casida (1968) approxj.mated the ínterval to be l¡

weeks. The development of follicles to approxinåtely
måture size was noted at 21 days PP. labhsetwar et aI .
(L964) and Casida (1968) noted that there is increased

development as early as 10 days PP. Casida (1968) afso

noted that follícular fÌuid weight did not vary signi-
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flcantly between 10, 20 and 30 days PP, and was not af-
fected by suckling. Wagner and Oxenreider (l_9|l_) how-

ever, found that suckled cows had smaller follicles at
30 days PP. Their data suggests that follicJ.es Ìarge
enough to mature end ovulete are present by 1to 2

weeks PP in lactating cor¡rs. Wagner and Hansel (1969)

observed foll-icular deveJ.opnent in niLked cows; being

9.6, II.3 and 1J.1 mm in díameter at 7, L4 and lO days

PP, respectively. Concurrent with observations of foJ.-

licuLar size, a nunber of researchers have observed

thatôIJ.icles develop nore rapidly in the ovary oppo-

site to the one thåt contafns the CL of pregnancy {Casi-
da,and Venzke, I936i Morrow et al., 1966; SaiduddÍn et,,
at., 1968).

Saiduddin et al. (1968) suggested that there nês

some form of interference by the CL of pregnancy, or the

uterine horn of the previous pregnancy, on maturatl-on

of follicles following pårturit,i.on. If the uterine horn

of the previous pregnâncy blocks development of foIli-
cles in the ovary on the same side, particularly in the

early stages PP, then this effect should wane âs the

uterus retut ns to nornal. Saiduddin et al. (1968) con-

cluded fron their results that it was not possíb1e to
determine if this unilateral block to fol_licular deveÌop-

ment and ovulati.on was due to a carry-over effect of
the post-grêvid uterine horn, or the CL of pregnåncy, or
to the contemporary involuting state of the ut,erine horn.
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Gonadotrophic Hormone LeveLs

Because of the importance of LH in initiating lu-
teal fornation, there is a considerable amount of infor-
nation on PP LH levels. The majority of ínformation avai-
lable generally acknowledges that gonadotrophic ectivity
is l-ow during PP anestrus' (Morrow et âL., L966i Casida,

1968i:saiduddin e!, a1., 1968; CaLlahan et â1., I9?L; Foote,

I9?I). GeneralJ-y, pituitary FSH content is high on the

day after cafving and decreases appreciably by day 20 PP,

while LH is shown to be low at parturition but increases

during the early PP interval in an inverse pattern to
FSH. This indicates a pituitary aecrmulation of LH pre-

paratory for release for ovulation, and an increase in
follicular development generally concurrent with pitui-
tary FSH depletion (Saiduddin and Foote, 1964; hhgner

and Oxenreider, ;-.97]-:, Morrow gt a1., I966i Sawhney, 1966;

Saiduddin et 41., 1968:, Foote, I97L).

Evidence suggests an j.ncresse in basal" l-evels of
circulatory L,H occurring dur.ing the_ fi¡:st 6 weeks pp. The

occurence of three or more consecut.l.ve peaks abowe pre-

partur levels has been observed (Edgerton and Hafs , J-97:..).

Preparturn levels of LH have been reported to be low sÍnce

synthesis by the pituitary is inhibit,ed by high estrogen

ånd P during late pregnancy (Erb g! 3f., 1971 ; Edgerton

and Hafs, I97l-'t .

Edgerton and Hafs (f97L) conducted a study on LH
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levels Í.n pre- and postpartum dairy cattl-e. I,H averaged

0.5 end O.OIç ng"/nl drrring the prepartunn period and re-
mained at that level during i.'he 2l+ h period after par-

turition. l,ess than Jfo of the cows showed prepartum and

imnrediate PP levels exceeding 1.0 ng,/nl. By 1 week PP

the mean leve1 increased to 0.8 I 0.1 ng/ml, wíth 2016 of

the animals exceedÍng 1.0 ng,/¡nl, and the average at 2

weeks ¡ras 1.1+: O.2 ne/n)-. The average LH rernained above

1.0 ng/ml" through 6 weeks before droppÍng to an average

of 0.6 + 0.1 ng,/ml at 7 and I weeks, a level equívålent

to that ¡'¡hich was observed in cows 2 to 16 days after
successful inseninations. The resuLts indicate that LH

rel-ease is inhibited during the month preceeding parturj.-

tion, but this inhÍbition is removed or reduced during

ühe early portion of the PP period (Casida, 1968; Erb

et 41., 1971b).

Wagner and Hansel (1969) reported that the con-

siderable activity seen Ín the ovaries of nursed cows

that did not ovulate suggests that adequate ¡SH is pre-

sent ln such cows. The continued presence of nearly ea-

ture fol1lc1es and the absence of ovulations indicates a

posslble deficiency of LH. The thickenins and infolding
of granulosa ceLls seen in a few follicles may represent

unsuccessful attempts of luteinization in intact follicles.
Salduddin et 41. (1968) suÉlgested thst ovårj-an inactlvi-
ty for an indefinite period after cafvir¡g may be due to
decreased levels of gonedotrophin being released from the
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Fituitary. However, it is not known whether ovarÍan
sensitivity to gonadotrophin is the same at this time
as at other reproductive states (Morrow et al., 196g;
Erb et al ., Iplla; Cal1ahan et al. , ]7TI). trrtagner and

Oxenreider (f977) suggested that an increase of adrenal
steroids (cortisol and p) måy interrupt normal luteal
developnent by affecting pituitary luteotrophin produe_
tion or release.

Ánother phenomenon associated wj.th decreased go_

nadotrophic activity is the occurrence of a short estrous
cycle succeeding the first ovulation. Olds et al. (1919)

observed that, 14/l4I c ol¡s that came into estrus within
18 days âfter parturitlon, had a second estrus in Less
than 18 days with å mean of 13 days. This was followed
by a nomal. cyc3-e of ld to 21 days. Erb et al-. (1959)
and Morrow et al . (196da) reported the mean interval
fron first to second ovulation wês l_2.6 days, which was

significantly shorter than 2l_.3 day-interval from se_

cond to third ovulation. It !,ras suggested that this
short cycle resulted fron failure of the CT, to be må1n_

taj.ned, due elther to a failure of luteotrophic factors
or an enhancenent of LuÈeolytic factors.

Ovul_ation without Estrus

one of the most apparent problems caused by the
hormone fmbalance of anestrus, is the considerable varía_
bility in the length of the anestrous period and the oc_
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currence of one or more ovu-latíons not accompanied by

overt estrus. The incidence of ovulation without estrus

ranges from 1O to T}aii according to a number of reports
(Casida and l{isnicky, I95Ai Kidder et al.r 1952; Trin-
berger and Fíncher, 1956; Fosgâte et â1. , 1962; Labhse-

tvrar et aI., L963; l,{enge et ål_., 1962; Casida, 1968;

Saiduddin et a1 ., 1968; Marion and Gier, 1968; tallahan
et al., L97l; ltfagner and Oxenreider, 1971; Fosgate et 31.,
L96Ð.

There has been little inforrnation speculating on

the reasons for the occurrence of "silent" ovul-ation. It
has been mentioned that variably. high levels of plasma p

and excretory estrogen are observed åfter parturition.
Although these levels are high, they do not appear to
inhibit FSH release soon after parturition. Although p

Levels may inhibít estrus during the first 20 days pp,

P Levels appeâr to be sufflciently 1ow to pernít folli-
cles to develope. ft is not known which factor ¡nay

block LH release, however, it has been suggested that
the pituitary mây not be capable of synthesizing LH after
parturltíon, or that LH release at parturition was so in-
tensive that the pituitary had insuffÍcient levels later
on to support ovulation and Cl, malntenance.

Pope et al. (f969) reported that quiet ovulation
occur¡"éd in the early PP period when plasma P 1eve1s were

relatively Iow, and suggested that a period of P priming

is necessary before cows will show overt, estrus. Kine
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et al . 0976) slso suggested that sílentr estrus may be

due to deficiencies in the herdsr¡an or management system,

rather than proble¡rs with the cows.

Interval to First Estrus

Ït has already been mentioned that the interval
to first estrus after parturition is longer than the

interval to first ovulation. One to three ovariên cycles

may occur before ¡lanÍfestation of estn¡a. There have been

a nunber of reports on the interval length to first estrus

and the datá shows considerable variation (fa¡1e 1). Va-

riation in the interval is to be expected since there are

many factors which affect the length of the intervaL to
first estrus, such as uterine involution, suckling and

miLking, ovarian pathology, nutritional status, age and

environment.

UterÍne Involution

Ðetailed studies of uterine involution have been

reported by HanseÌ (1969) and Gier and Marion (19ó8), and

nay be outlined as follows ! return of the uterus to ê

normal location in the pelvic cavity; normal and appro-

xinately equal size of the ut,erine horns; and normal

uterine tone and consistency. A ntrmber of studies have

reported on the length of the interval to uterine invo-

lution, and variation is evident (Table 2). This varia-
tion måy be due to a number of factors such as parity,
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season, ånd breed or type of cått]-e. !Ùhen consi-dering

the effect of involution on the PP interval to ovulation

and estrus, one must be aware that there is litt1e in-
formation indicãting the exact effect of the uterus on

the ovary and pituitary g1and, although there is much

s pe cula tion
Itlorrow et al. (1968) suggested that pregnancy

end the post-gravid invoÌuting uterus do not exert a

unilateral influence on the interval to first PP estrus

and ovulation, and the length of the subsequent estrous

cycle. Houever, there seems to be a bilateral carry-

over effect early in the PP period which shortens the

interval from first to second ovulation. other workers

have suggested a greater influence. Saiduddln et al.
{1969a ) indicated that in early stages following ca1-

ving there is a'Erêater tendency for -ovul-ation to:occur

opposite the uterine horn previously pregnant. However,

from these results it Ì{as not possÍble to detenníne if
this unilateral bl-ock to follicul-ar development and

ovulation wes due to a carry-over effect of the gravid

horn or the Ct of pregruncy, or to the contemporary invo-

luting state of the uterlne horn. Morrow g! gÀ, (1968b)

also reported that previous pregnancy appeared to affect
the side of CL formation during the first 20 days PP.

The CL, occurred on ttre ovary opposite- the. post-gravid

horn in 62Jf" of 256 ovulations observed prior to 21 days

PP. This unilateral inhibitory influence måy possibly
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be dr'¡.e to the CL of pregnancy, blood supply or sensiti-
vity of the ovaries. Hohrever, it has been suggesÈed to
be more likely due to cary-over effect of the prevÍous

pregnancy, manifested by the size of the post-gravid

uterine horn and cvtoJ-ogical changes of the endometrium

(Menge et al., 1962; Marion and Gíer, J.9ó8; ?fagner and

Oxenreider, f97f; CaDahan et a1., 1971),

Uterine involution åffects not onLy the PP inter-
vâl to ovul-ation and estrus, but al-so affects fertility
rates. A nr¡nb er of studies have been caffied out to deter-
mine the gravity of this effect. Casi-da (1968) indÍcated

that at first estrus the degree of j-nvolution as expressed

by uterine horn diameter, is more of a fertil-itv factor
if ovulation is on the same side as the previously preg-

nant horn. However, Perkins and Kidder ll963J indicated
that conceÞtion rate r'¡as not affected by involutionary
states of the uterus at the time of breeding. lhey sug-

gested that the length of lhe PP interval prior to breeding

was of greater importance in gaining satj.sfactory con-

ceDtion than !''as the involutionary state of the uterus;

a view also held by Foote,:iet .4. (ff0O¡ and Morrow g! 4.
(1966)"

The suckling of a calf has been shown to acceL-

erate uterine involution (Casida, 1968; Lauderdale et aI.,
1968). Also, it has been previously shown by Lynn

e! gI. (L9661 that suckling of a calf Lesened the

severity of endonretritis resulting frona experi-
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menta]- innocul-ation of the uterus r¡ith E. co1i.

There is al-so the suggestion 
"¡rt 

p"*iparous cows

måy involute faster than pluriparous cons (Table 2). Ma-

rion et al. (1968) reported that the interval from parturj--

tion to complete uterine regression was sígnificantly 1on-

ger in pluriparous cows than in primiparous cows (4O.6 vs

3¡i.O dåys ). The same report also suggested that uterine
regression in the faLl and winter took longer than in
the spring or sunmer.

SucklinE and À{ilking

It has been apparent, especially when comparing

beef cattle to dairy cattle, that the frequency ând type

of milk removal has a merked effect upon the reproductive

performance of the cow. A number of studies have acknow-

ledged that the lntervaL from calving to first estrus is
longer in suckled than in milked cows (V,itl-tbank and Cook,

1pJ8; Saiduddín et a1., 1968; Graves et al., ]-968; Rj-eson

et g.!., 1968; ltlagner and ûxenreider, 1971 ). The frequency

of m1lk removal in dairy cows has also been investigated
(Casida, J-97I), and it was reported that the íntervaL to
first estrus l.las delayed v{hen the cor,r-s were milked four

tines a day, as compared to two times å day. Britt et al ..
(I975b) studied whether êftering the suckling intensity
of beef cows would cause thern to begin cycling earlier.
Neither separating the cows from t,heir calves for 48 h

prior to the breeding season, nor separêting them from
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their calves except for 2 h daily, significantly changed

their reproductive performance compared with cows suckled

continuausly o In all cases in this study, cows were in
sight of their separated cålves and it is likely t,hat,

sueh stimu]-l es sight or sound might have affected their
reproductive performance. Ifettemån et al. (f926) also

studied suckling intensity and concluded thêt increasing

suckling intensity increased the PP anestrus period.
Another paraneter of the effect of suckling is

the rate of uterine involution. It has been mentioned

previously that suckling of å calf accelerated uterine
involution. Rieson et ê1. (f968) indicated thaÈ the rate
of uterine involutj-on vùas more rapid in suckled thân in
non-suckled cows. This increased rate resulted in the

suckled cows being nearly involuted by 30 days pp, nhil_e

non-suckled co¡{s were not involuted at either j0 days Fp

or during the first estrous c¡rcle. However, Morrow et aI,
(L967) found that sucklÍng did not affect uterine invo-
lut5.on, al though the interval to first PP ovulation and

estrus was increased by suckling.
A number of workers have investigated tha.i.pituÍ-

tary gonadotrophic activity with respect to ovarian func-
tion in suckled and non-suckled cov¡s. It has been sugges-

ted thåt the difference in reproductive perforrnance be-

ts'een suckled a¡d mil-ked cows night be either the result
of a decreased supply of gonadotrophJ-c hornone, or an

insensitivity of the ovaries to usual levels of gonado-
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trophln. Observers in other species have indlcated that
suckLing decreases ovarian activity and that injection
of gonadotrophic hormone in suckled animal_s resul_ts in
increased activity. Pituitary hormone levels have been

studied in order to eval-uate this phenomenon (Wil_tbanl< r

I97O). !'Jagner and Oxenreider (1969) suggested rhat
nursed cows have ådequate amounts of FSH but inadequate

amounts of LH. Randel et al (f926) reported that suck-

ling depressed serum T,H levels, lengthened the pp inter-
val, and nodified serurn P levels in beef cows. However,

Graves et å1. (1968) reported a decrease in FSH content

of the pituitary and no effect of LH in suckl_ed cows.

Saiduddin et al-. (19ó8) also found no effect of suckling
on pituitêry LH content or LH potency. Wagner ancl Oxen-

reider (1977) tend to support these reports. Their date

sugÉlests that folLicles large enough to mature and ovulate
are present I or 2 weeks PP in lactating cows. However,

Casida {I97J-) stated that no effect of suckling has been

shown on FSH and LH, although pituitary prolactÍn Levels

were decreased by suckling. llost other workers al_so

have observed that pítuít,ary prolactin leveIs in suckled
covrs åre lower than j-n non-suckled cov¡s (Riesen et a1.,
1968; Casida, 1968, l-97I).

Other hormonal Ínfluences have been suggested by

tr{agner and Hansel (1969) who reported that suckled co¡¡s

had lower adrenal- contents of P and cortisoL than did
¡nilked cov¡s. .:This could occur as a result of increased
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secretion of decreased synthesis of adrenal steroids in
the suckfed cow.

gvarian Patholoey

one factor that cannot be overl"ooked is the inci-
dence of anestrus due to some ovarian pathologÍcal condi-

tion. There are a nu¡rber of pathological_ conditions which

¡nay occur but severaL reports suggest that the most connon

condition is cystic or¡arian degeneration (cystic follicles)
(Casida and Chapüûa!, I95Li Wfltbank g! aL., 1953; TrSmber-

ger and Fincher, I95ó; Menge et al .r l-g62i Morro¡rg!3l.,
1966; Kine et a.t. , t976). ltarion and Gier (1968) in a

study of othenì¡ise clinically normal cows, reported thaü

follicular cysts !úere the most ir¡portant pathologicâ]-

factor coruelated wit,h the lengthening of intervaLs to
first ovulation, estrus and conception. Although the

ocçqrrênce ef cvstic follicles is significant, their inci-
dence i-. variable; ranging fro¡n 5 to almost lJ$ according

to reports c j-ted above.

One probable òause of cvstic fotlicles and cystic
CL has been associated with stress. Marion and Gier (19ó8)

suggested that seasonal stress and affects of production

are the major reasons, for the delay in ovarian cyclic acti-
vity. Stress caì¡sed fron abnormal parturition is also a

factor in increasing the incidence of cystic follicLes
(Morrow et al., 1966).
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Casida (1971 ) suggests that the reason for the

hlgh incidence of cysts, ,is that in sorne cows there is an

abnormal- rebound of anterior pituitary function fron the
prior inhibition caused by the high leveÌs of sex steroids
during late pregnancy. Thus, the most likely time for
follicuLar cysts would be in the early (O-jOday) PP period,

rather than in the later (31-60 day) PP peri.od (Þforrow et

aI., 1966;l¡liltbank et aI., L95g). The occura¡ice of cystic
follÍcles has been associated with nymphomania, hor'rever,

Morrow et a1. (L966) has reported that 82f" of the affected
cows were in anestrus rather than showj-ng nynphornania, and

that spontaneous recoveries -occurred in ¡nany affectèd cattle.
Pêrity has been cited as a fêctor in increased incidence

of folliculår cysts, as the greatest. frequency occurs from

b to 6 years of age (hriltbank et aL., l95g; Roberrs, 1955).

one other factor thåt hås been reported as significant in
a study by l{orrow et aÌ, (1962), is that the lncidence of
cystic ovaries is affected by sire lines.

Nutritional Status

A 1ow Level of energy before or after calving leng-
thens the intervaL from parturition to estrus (!/iltbånk et
al.r IÇ62i Dunn et a1., J-969). It has been shown by Wilt,-
bank et al. (l-962) that if a high proportion of young cows

are to show estrus by 60 to 80 days PP, they nust receive

adequete leveLs of energy. .:.In .l-ater studies it hras shown

that the lowest conception rates occurred in cor^rs that were in
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good condition at parturition but were losing weight after
calving. Cows which were thin at calving but making rapid

gains, had the highest conception rates (IJiltbank, 1970).

ldagner and Oxenreider (1971 ) reported that PP follicular
activity was linearly related to the Level of energy pro-

vided. However, Whitmore et al. Ã97\) observed that a

very high nutritj-onal plane wiì-I cause a higher incidence

of silent ovulations. Mc0lure (1968b) rêported that in-
sulin-induced hypoglycemia resul-ted Ín impaired fertÍlity
ín dairy cows. He suggested that poor nutritíon may

cause hypoglycenia, and this âffects hypothalanic func-

tion.

Age and Envinonmental Effects

A number of reports have shown that age affects
reproductive performance, and that young cows heve a lon-
ger interval to first estrus than older cows (lliltbank,

1970; Hannond and Sæders¡ 1923). Hen¡an and Edmondson

(1950) ålso reported that PP intervals were longer fn pri-
miparous cows (75 days ), was shortest in niddle-aged cows

(J0-60,rdays), and then íncreqsed in cows over f years of
age (60-90 days). However, CasÍda and Wísnicky (1950)

have observed the opposite effect to that,,rseer by Herman

and Edmondson (19501 and others. Involutíon of the uterus

has aLso been shown to be shorter in primiparous coris (20

days) as compared tp pluriparous cotvs (20-25 days ) (Rasbech

1pJ0; Buch et al., 1955).
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Season has been reported to have an effect on the

length of the PP interval. Buch et aI. (1955) reported

that c or,'¡s which calved in the winter had the longest inter-
val, while the shortest interval occurred in the sunmer

calving group. Spring and fall groups showed a medium

length PF interval (Maríon et a1., 1968).

Another reported effect on the PP interval is the

observed interaction of sire line with system of mating.

Thj.s interactj-on håd a significant effect on the interval
toL,,first estrus (Menge et gf . , 19621 . It v',as also ob-

served that inbred cows involuted earlier than outbred

c ovts .

FinalÌy, it must be acknowledged that there is
always considerabLe variation amoung cows in sexual acti-
vity. King gq a:.-. (1976) observed that the nature and in-
tensity of sexual âctivity demonstrêted by an indivual cov¿

wes signíficantly j-nfluenced by the presence of one or

more additional cows that l,rere in or near estrus.

Effect of prostaglandins on the postpartun Cow

Prostaglarrdins lead a nearly ubiquitous existance

in mamnal ian - tissue . To this dâte, more than 18 different
types of natural prostaglandÍn (pG) have been isolated,
The potential use of PG in human and veterinary rnedicine

is enomous. Reproductive inplications include: uterine
notilit,y; fallopian tube motility; sperm trånsport; men-

struàtfon and labour; and particularly, luteolysis.
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All P0 are unsaturated hydroxy fatty acÍds charac-

terlzed by a five-nembered ring on a 2O-carbon skel_eton

Índicåtive of the 2O-carbon parent substance known as

prostanoic a cÍd.

4s wel-1 âs nåturål PG, analogues exist which selec-
tively affect only the target tissue, and thereby reduce

the chance of sÍde affects after administrati-on. ICI-
80996 is one such analogue which has been shown to be con-

sistantly effective as a luteolytic ågent in cattle (Cooper

et al., 1973).

Effect on Hormone Patterns ín Cycling Aninals

It is generally accepted that the tl, is the najor
component in the naturål control of the estrous cycle in
cattLe. V{hil-e the CL, continues to function by secreting
P, there is no ovulatory surge of LH. ÍIhen natural l-u-

teolysis occurs the inhibition of the LH surge is ceased,

ovulation occurs and a new estrous cycJ.e begins. Resear-

chers have realized that if luteolysis could be artifi- .

sially induced, then new possibilities ín livestock manage-

ment would arise from estrous synchroniza ti on,. Conse-

quently, in the Last decade there has been a large amount

of research dedicäted to the determination of the exact

mechanism of luteolysj.s.
The concept of uterine control of luteolysis has

been apparent since l,oeb (1923 ) made the observatlon that



32

total hysterectony of the guinea pig during the luteal
phase of the estrous cycle prolonged the life-span of the

CI. This suggested that the uterus may provide a sub-

stance which is capåble of causing luteolysis. In 1956,

Wiltbank and Casida confirmed that hysterectony pro-

longed the life-span of the Cl, in cattle and sheep. Bab-

cock (l-966) first suggested that a PG might, be the agent

frorn the uterus that cåuses the luteolytic affect (Phar-

riss ånd Wyngarten, 1969; Pharrlss, 197O).

However, researchers have not yet deternined the

exact.mechanism of transfer of PG froru the uterus to the

ovsry, or the exact nechanism of PG-induced luteolysis.
Generalì.y, the transfer seems to be throu€4h a vascular

connection betv'reen the uterine vein and the ovårian årtery.
Ginther ancl Bisgard (19721 have reported that the main

uterl-ne vein is the major component of the direct pathway

between the uterus and the ovary in sheep. trlhether the

luteolytic effect of the uterus is local" or systemic,

differs according to the vascular patterns in the various

specles (Del Campo and Gínther, 1972; Ginther et af.,
r9?2).

A number of dífferent theorles have been suggested

for the effecù of PG on the ovary, yet there is no cl_ea,r'

cut ansvl'er to the mechanism of luteolysis. ThÍs review

will be confined Only to the response of the c oÌ, to exo-

genous PG¡
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Effect on Corpus Luter¡m and ProgeqÞerone Levels

The response of the ovary to PG depends upon a

number of factors such as dosage level, site of adminis-

tration, tine of admfnistration v'rith respect to day PP

or day post-estrus, and the type of cow. It Ís accepted

that thê only way exogenous luteolytic substances can be

successful is that a functional CL be present. In other

words, the eow must be cycling before Ìuteolysis can be

artificiafly induced and it fs imperative that if a ma-

nagement progrâm of estrous Sy.aehronizatlon Ís to be suc!-

cessful, all cattle must be cycling at the time of PG

inj ectÍon.

the general response of the cow to PG is irmrediate

luteolysis of the functional Cl. This response is apparent

when the blood P level and CL diameter is moni-tored (l,ouís

et.9L., I972i Chanley gt al ., 1972i Henricks et a1., L97li
ï,ouis, Hafs and Sequin, 1973; St,elfl-ug g! ù., L973; Hen-

riclis et aI., l9?l+i ìdeleh et, al., I)JJi Turnan g! g]..,
lpfJ; Dobson et al., I975i Hafs, 1976).

To determine the minj-uun effective dosage, Stel-
flug gg aL. (1973) administered 15, 30 and 6o ng PGF2c

during diestrus by i.ntranuscular (im) injection. Blood P

dropped fron ¿r.4 ng,/ml before treatment ¿o 2.1-, f.5 and

I-.J- ng/nl at 6, 12 and l8 h after injection and then p1a-

teaued near O.5 ng,/mt from r*8 to ?2 h. touis et al. (l-9?4b)

observed that response was slmilar regardless of the day
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of.. diestrus that PGFro was administered.

ti-ehr et aI. (L972) found that the site of depo-

,sition of PGF2' affected the tuteal response on day 9 of
the estrous cvcLe. The P levels dropped to non-detectable

levels within 2 days after ipsilateral uterÍne infusi-on,

but remained rel-ative],y high after contralateral treatnent

with 6 mg PGF2*.

Cooper (1974) ând Henricks et al. (f97bl conpared

natural PGF20 and the analogue ICI 80996 in inducing luteo-
lysis. The predominant physiological effect was to induce

both functional- and morpbological regressi.on of the CL.

The subsequent response of the ovary, with follicular de-

velop¡nent and ovulati or¡., ì.ras si.nilar both norphologÍcally

and endocrinologic ally. to the response following snon-

taneous luteal regression. It lras also suggested that the

induced ovulation seemed to be normal, in that it was foL-
lowed by normal lutea} development,.

Hixon and Hansel (f97 \.) perforeed an intensive

Ëtudy on the response of the ovary to PGF2 c, . After
PGFZc)t treatment certain fluctuations occurred in P. conc.en-

tration which may be explained by recognized or posüulated

actions of PGF2 cr as follows: (a) an initi.al increase in
the concentration of P was observed which nay be the re-
suLt of the steroidogenic action of PGF, o which has been

observed i.n 'vtttro lsperof f and Ramwel- 1 , ]_9'70 i .Hanse1 et al . ,

L972); (b) the initial Íncrease of P concentration may

result fronr a proposed vasoc onstrictive action
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(Thorburn and Hales J-972) t (c) tne subsequent decline

in P concentration nay r:eflect a second Ìuteol-ytic action

,of PGF2or or the effect of another luteolytic factor
induced by PGF2*. Hixon and Hanselrs (f974) obser-

vations indicate that estrogen may be thls second factor
involved in PGF2 -induced luteolysis. Estrogens begjgn

to increase before the P concentratj.on finaily began

to decline and they suggesüed that there is a cl-ose

relationship between P and estrogen 1n the resÞonse

to PGF2'.

Effecb on Estrogen and Follicular Degeþpqen!

The changes in estrogen level" after administra-

tÍon of PG seems to be an indirect response. Generally,

estrogen levels show no change until the dramatic de-

crease in P concentration has occrrræed. Onee luteolysis
has begun, rapid follicul-âr gro¡rth and secretion of es-

tradiol-llB ensrres wíth a return to estrus within 2 to þ

davs .

A large number of workers have establ-ished lhe

pattern of estradiol secretj-on after PGF2* injection.
gasicalfyr blood estradiol nearly doubLes within 24 h

and pe¿lçs at 48 h, then declines gradrral ly unt-ì.I estrus

(Te¡vit et âÅ., 1973; Louis et g!., I972i Henricks 9g.gf.,
1974; Henricks, 1974; Thatcher and Chenault, Ipl6; Hafs,

L976).

It has also been generally established that estra-
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diol and P secretion pattern after estrus is the såme as

the pattern in untreated animals during the folJ-owing

natural estrus ( Dobson et al-. , 1975; Louis et al. , l97t+i

Thatcher and Chenaulb, 1976). îhatcher anC Chenault

(1976) have also earried out a Least squares regression

analysis Ëo sholl the general relation of P, estrogen and

ï,H to each cther from the tine of PGFro adninistration.
They have synchronized their data in order to rel-åbe the

secretÍon patÈerns tc the peak of LI{. Again, these pro-

files are simll-ar to those collected in their laboratory

from animaLs undergoing netural luteolysis.

Effect on f.,uÈeinízinE Hornone

From Figure 2, one cån seE the norna I LH profile
relative to P and estrogen. Once P has fallen to a cer-

tain level and estrogen has increased to â certain Ievel,
a surge of LH Ís initiated from the pituitary to cause

ovulation. This pre-ovulatory surge of LH occurs coin-
cidentêl ¡lith thê onset of estrus and prior to dvutation

:(Louis êt al-. , 1972\ .

touis et al: (.I974b) administered an intrauterine
luteolytic dosage of PGF2* to dairy cov¡s and observed the

hornone pattern. Sen¡n LH averaged 1.3 I 0.1 ng/nI fron
PGFro adninistration until approxiu¡êtely 14 h before the

peak of the ovulatory surge of LH. LH rose slowly from

12 to 4 h before the peak of the ovulatory surge, then

rapidly to ajr.peþk of 10.4 !I,l ng/nl. 0n the average,



FIG.Z'P¡asma conceûkation of progeste¡one, estuone, estra¿liol-I7p, ¿n¿l LII boforè anil
after ¡ntrauterùre iniection of 6 rng PGF&. Bottom glÂph¡ Mean plasma concentration of
prcg€sterone. ùliddle graph: Meaa plasma concentration of estrone and estrailiol-I7p. Top
graph: Meaa plasma LII concenÈBtion e+resseil as ng NIH-LII-87/nI.
Taken from Hixon and Hansel (L974).
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the surge of LH persisted for at least I h, similar to
the untreated cons (Schams and Karg, 1969; Henricks et al.,
1970; Swanson and Hafs, Ì9?1). f,H then returned to ba-

sal levels and averaged 1.1 I 0.1 ng/ml" during the sub-

sequent diestrus.
Hixon and Hansel (L971+) observed that the con-

centrat,ion of IH did not change significantly until the

increase of estrogens observed at t h post-treattnent .

However, a non-significant increase in the nean LH con-

centratlon (fron pre-treatment level of l.JJ ng/ml to
2.33 ne/ûI) dÍd nst occur at t h. Plasma LH levels in
the PGFro treated coürs !¡ere not significantly different
than plasma LH in the control cows. A surprising ob-

servåtion lfas the presence of recent ovulations in se-

veral cows 1n the absence of or very shortJ.y after the

characteristic pre-oyl¡latory surges of LH.

Dobson et aL. (197j) also observed that in al1
animals tested, there was a analI inerease in LH 6 h
after PGF20 treatment. this was similar to the increase

seen by louis et aL. (1974b), and $,as thought to be due

to the rapid withdrawl" of P, rather than to the direct
action of the PG on the hypothalamic-pituitary axls.
Louis et a]-. (I975) tested and eoncluded thís hyporhe-

sis to be correct. Hafs (1976) reiterated this con-

cept and affirmed t,hat the increase in LH within 12 h

after treatnent wâs not caused by bJ-ood estrådiol.
The L,H peak usualJ-y occurs betïreen 69 and 78 h
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after FGF,c ådministration and generally occurs about 3

to 4 h príor to the onset of the induced estrus (Louis
et al.,1972, I974arb; Hixon and HanseJ_, I9Z4; Chenaulr
et aI., I97l+).

Other Hormonal Responses

As yet, there Ís little infornation on the le-
vels of ot,her hormones such as prolactin (pBI), growth
hornone (01t1 rno glucocorticoids after pGF2o treatnent.
Ilowever, it has been postulated that pG nay be nediators
in the release of several hypothalanic hormones and/or
interrnediates in the intracellular nechanism of action
of several hormones (trOuis et al. , IgTLb),

Louis et al. (1974b) ínvestigated the 1eve1s of
PRl,, GH and glucocorticoids after pGFro treêÈnent.
Blood plasma PRL, GH and glucocorticoids in heifers in-
creased several-fold within 5 to 15 minutes after j.n in-
Jections of lJ, 30 and 60 ne pGFro or a sJ-ngle iv in_
iectlon of J mg PGF2'. Constant, iv infusion of pcF2d at
the raÈe of 0.5 ng/øín for J0 minutes produced greåter
plasma concentrations of pRI, GH end glucocorticoids than
those found after im injections. plasma glucose increased
from 59 to 671ö above pretreatnent values betvreen 30 and

60 ninutes êfter iv FGF2'. pLasna insulÍn increased more

than twofold over basal levels êt, ¿15 Binutes after pGFro

a dnÍnistrå ti on.

Hafs (1976) also reported on these hornoaes. The
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releâse of glucocorticoids and GH were proportional to
the dosage of PGF2. r and disappeâred lñ¡ithl-n l¡ h af ter
treatment. He suggested that the increase in these

hormones probably represented the êction of pGF2a on the
pituitåry or hypothalamus rather than directly on the

adrenal gland.

Other PhyslologicaI Eesponses

Litt,le work has been done on the oûher physiolo-
gical responses following PGFro treatment. thatcher and

chenault (1976) however, reported in a preliminary inves-
tigation that a lut,eolytic dosage of PGF,' (in) caused no

måjor al-t,erations ln bLood pressure, heart rate, and uter-
ine or aortic blood temperåtures. However, the same do-

såge (33.5 me) gíven au an iv jugul-ar infusion over a 2

minute period, caused najor alterations in circulatory
homeostasis and body tenperature. This change in ther-
nal regulatfon resulted in an ul_timate heat loss fron the

ånimal, and it was concÌuded that the FGF2. effects on

uterine blood flow and contractility Írrarranted further
inYestigâ ti on.

ïnterval to Estrus

After Frostaglandin Treatment

Variation éiüe to Route of Administråtion
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Although there has been a considerabfe anount of
research pertaining to the interval to estrus, l,H surge

and ovulation, one must relate this infornation to dosage

1evel and site of deposition (Talte 3).
The nain routes of PGF?' administration have been

intrauterine, intravaginal, intramuscular or subcutaneous.

According to the studies carried out, there seens t,o be

no difference in the interval lengths after infusion of
PGF2' into the uterine hor:n ipsilateral or contralateral
to the CL. However, when PGFao is infused into the va-
gina rather than the uterus, the intervals to estrus, LH

surge and ovulation seem to be delayed 1 or 2 days. per-

haps intravaginal PGFao is not absorbed as rapidly or as

completely as uterine PGFro (Louis et al., Lg?Zb). AJ_so,

intravaginal PGF,' seens to be absorbed I to 2 days slo-
wer when compared to intramuscular pGFro {Louis et al.,
19n).

Intramuscular administration has received more

êttention in recent research. lt is evident that it is
just as effective as intrâuterine pGF2d. Although the
dosage is considerably larger, the procedure for a sin-
g1e injection of im PGF2* is nuch less cunbersome than
intrâuterine infusion. Studies in determining the nost
effective dosage have revealed that as dosage increases,
the intervål length decreases. Doses of 60 ng pGF2o seern

to initiate estrus sooner than doses of 30 mg or less
(Table 3). Lour doses of 20 mg pGFao (or 2x15 mg) show
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a slower l-uteolytic effect and more variation i¡r res_
ponse. Therefore the ideal dosage for estror¡s synchro-

nization is anproxinately 30 mg pGF2s (in). This do_

sage cau.ses luteolysis qìrickf:r and effectivel y for
adequate estrous synchronization.

Itti lkine and Suckl-inE

The fact that sr¡ckled, non-suckled and ailked
cows show variatj-on in thej.r pp anestrus period d.)ês not
directly rel¡te to the effect of pGF2o. Ho¡¡ever, it is
now definitely aoparen¿ thât pcFro does not induce es-
ürus in anes¿Ft¡s cÕr¡rs. Therefore, the p!"olonged anestrus

in suckled cows in cotrpari-son to milked c obrs nay rest
the efficacy of ovulation control with pGF2,, in beef
cows (Casida, t9ó8; Ilafs, L),16).

PGF2' and Es trous Synchronizaê.i on

!-q!è]e Injection Svstem

The main problen in the effectiveness of pGF, 
o

lies i-n the certaj.nty the pcFro can only be luteolytì e

if a functional CL is present at the ti¡ne of injection.
As previously mentioned. a functional CL exists between

days 5 and 17 of the estrous cycle. Therefore a singl e
injection of PGF2' wil} not cause 1uteolysi s in every

individual in any random group of cl'cling cot¡rs. Conse-

qìrentl-y, an j.nj ection sèhene has been devj-sed to cause
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luteolysis in all cor¡s in synchrony. This sc!"e¡ne con-

sists of two sepårate iniectÍons of PGFro approximately

10 to 12 days apart. co¡,¡s that did not respond to the

first injection will have a function€l CL 12 days later.
Therefore, all cows treated should be effectively syn-

chronized after the second injection. A number of ex-
periments have been completed to demonstråte the effec-
tiveness of the double injection system (TabLe 4)"

A few problerns have arisen fron the use of the

double injection method. One probJ.em was evident when

Britt et a].. ll975a) conducted a study which indicated

that 1ow fertility rates folLowed a timed insemination

at B0 h after the last injection of PGF2*. It was sug-

gested thaü the 10 day interval between the tvro injec-
tions r'¡as not suffieiently long enough to al_l_ow a high
percentage of c ov!¡s to ovulate and establish a functional
cI,"

Seguin et aI. (1975) encountered the problem of
PP anestrus. They reported that estrous contïol was very
]-ow due to the fsct that half the herd uas still in Fp

anestrus at, the time of Nhe breeding triaL. They attri-
buted the anestrus to two major factors. Nutrition was

the most apparent factor, since neither cows fed the aI1

hay Ciet, nor the cows fed the hay plus corn diet gained

any ueight during the PF anestr.qus Perioê¡,- TheIsecond

major factar for anestrus wÐs reported to be the interval
length from calvj.ng to PGFro treåtnent. The influence
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of -thj.s factor j.s increased bv inadequate nutrition.
Intervals to treatment in the reported expêriment were

,too shôrt, even if nutrition were optimal . It is sug_

gested t,hat, 70 days is the required interval after ca1_

ving in order that )Uio of the beef c ohrs mây cyct e (Se-

quin et aL., 1975).

Unfortunately, problems exist even after esõrus

is svnchronized. The ma jor. problem is that of estrous
detection. the 1ikely solution Ëo this problem, is the
use of a tined insemination after estrous synchroniøation.

Timed fnsemination withor¡t Regard to Eqtrus

This concept is sinply to inseminate the cov¿ at
a pre-set time folLowing estrorrs synchronizat,ion. The

pre-set ti¡ae(s) shoi¡]-d ideally, coincide vrith ovulation.
However, there is much variation i.n recent information
on the length of the intervaL from l_ast pG t,reatnent to
o1'u1atlon. Therefore, it is difficult tô determine the
opÈÍmum tirne for artificial i-nsemination (AI) after es-
trous synchronization. Fertility rates have gi_ven a good

indication of the éffectiveness of diffenent regimes of
PG use and AI. Agaín, because of the variati.on between

studies, it is difficrrlt to establish the most ideal
system. Recently, there have been a nunber of investi-
gations on the use of a doubLe or sj.ngle AI afte¡: estrous
synchronization (Table 5). Doubte AI seens to be the
rnost ideal- system since it covers the tiüe of ovulation
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more compl-etely. However, if tined correctly, tvúo in-
seminaticns nay not be necessary. Investigators have

denonstrated that a single AI at approximately 80 h

post-PcF2o treatnent, is comparable to a double Af at

72 anð. 96 h post-PGFro treatnent (Sesuin et al. , 1975i

Hafs et aL., 1975). Agein it j.s clear that a large

êmount of variation exists between investigations (Table

5). Although these differences lnay not be significant,
it seens that fertifity frorn AI following detected estrus

is somer"¡hat hlgher, if not comparable to a timed AI re-
gime (E11icott g! aI., 1975; Turnån et al., 1975; Hafs

et a1., L975; Hearnshaw, f9?6).
iilithout further investigâtion with 1ar:ger field

trials, one cannot be sure which AI scheme is the best.

It is clear however, if implemented, thåt a timed AI

scheme will be advantageous tô the cattlemån. It will
eliminate the need for estrous detection after FGFro

treatüent in order to breed successfully.
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]4ATER]AI,S .4,ND 1UETHOj}9

I ntroduc'r,ion

The study Lra s cornpleted over the course of two

breedi.ng seasons. the first year of thê sùudy wâs con-

cerned with t,he primary purpose of deterrnining the proges-

terone (P) profile during the postpartun (PP) ¿nestrous

period, and the efficacy of PGFACI as an estrous synchro-

nizatlon ågent. The second year of the study was con-

cerned wit,h the same purpose, but in addition, t,he fer+.
til-ity to a ùíned inseninâtion after estrous synchroni-

zatÍon was deternined.

the study took place at the beef facility of the

Glenlea Research Station, UnÍversity of lr{anitoba. The

protocol of the study is a modification of an experirnent

also conducted by Ðr. J. G. Manns, School of Veterinåry
Medicine, Saskatoon, Saskatchewan, in collaboratíon with
ICI United States Inc., Wi}nington, Delaware.

Year 9ne

Fifteen suckling Angus X CharoJ-ais pluriparous

cows rangS-ng from 5 to 6 years of age, we!1e put on test
in order of parturition. All cows experienced a norma l_

parturition and were suckled by healthy calves. To fs-
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cilitate blood collection, all animal.s remsined ín dry-

1ot (with a maximum of four cov'rs per pen), until after

treåtment. All ani¡nals were allowed good quality corn

silage, hay and wåter, ad LibitUs. Cows and calves v¡ere

weighed at parturition and every 3 weeks thereafter,un-

til 9 weeks PP. Beginning at 7 + 3 days PP, jugular

blood samples rlere obtained by venepuncture every Monday

and Thursday åt approximateLy 13:30 hours. Additional

blood samples were obtained 24 h âfter each PGF2cr treåt-
ment to dete¡tine the Level of P in response to treatment.

Sanpling r.¡as terminated following treatment and aù the

time the cow and calf were removed to pasture.

ln order to determine ovarian activity, rectal
palpe¡iq¡s were cerried out every week, commencing at ap-

proxinately 30 days PP. Treatnent was given to any corù

that exhibited a ëorpus luter¡m (CL,) on pêlpat,ion. lreat-
ment consisted of intranruscular (i¡n) ínjeetion of PGF2d -
Than saLt dissoLved in distil-led v,rater. ÍThe c ompound ¡vas

stored in a powdered condition and prepared for use on

the norning of the intended treatment. Each injection of

2 mI distilled water contaÍned 20 mg PGF20 equivalent and

each cow recej.ved two Ínjections 12 days apart.

After the sþcond injection a K -Io[a r estrous indica-

tor wâs applied to the cow and she and her calf Í,ere tran-

sported to pasture. '¡Jhile on pasture, the cot¡s l¡ere ob-

served twice daily for signs of estrus and/or natingr

r'rith the aid of the K -I'lar estrous detectors. All bree-
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ding r.ras accomplished na turally by a Devon butl of pro-
ven fertility.

Once blood samples were obtained, they vrere placed

in an ice-packed container and allowed tc clot. They were

then transported to the laboratory and st,ored at 4 to joc

for approximå tely 20 h. 0n the morning after the samples

vrere obtained, the serun was extracted êfter centrifuga:.,
tion (20 mln at 10r00O cpn), and was then stored at åppox-

inately 20'C until assayed.

ïear lwo

The priroary purpose of the experiment in lear Z

remained the sême as in Year l_. However, an additional
study was carried out to determine the effect of timed

artificial insemination (AI), after estrous synchroni-
zation, on fertillty.

Thirty suckling Angus X CharolaÍs pluriparous
cows ranging fron 6 to 7 years of age, were divided into
tv'ro groups as they calved. Group I cows were to receive
LI at 72 and 96 h after the last PG treatment" Group. II
corús ulere removed to pasture irunediately after the l_ast

PG treatment and bred naturally as in year 1. Both

groups were subjected to the sane environmental condi-
tions throughout the sunmer. All animals received the
same housing, nutrition, handling, blood sampling, body

weigbt measurement and rectal_ palpation as in year 1.
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PG was administered as the PGFro analogue, ICI-
8OggA. Treatment of eaeh cow consisted of two im injec-
tions of a 2 mI soLution containing 0.5 mg ïCI-8O996 with
injections being 11 days apart. The c ompound was pac-

kaged in the solution forr¿ for administration, and pro-

vided through the courtesy of ICI United Ståtes Inc.
.ê,fter treatnent, cov{s 1n group II were fitted

with K-!{ar estrous detectors and removed to pasture.

Once in pasture, the cows were observed for sÍ.gns of es-

trus and/or nåting once daily and were bred to the same

Devon bull as used in Year 1.

Cows in Group I re¡nained in drylot until treat-
nent and AI were completed. Ll 72 and 96 h after the last
PG treatment they were artificially inseminated witþ semen

from a Devon bul-l (Champson Royal II) of proven fertility.
After breeding, these cows were retâined in drylot for l_0

days to prevent double breeding. After this tine, K-þiar

estrous indicators were applied to the cows and they were

trånsported to the same pasture as the Group TI cows. Any

cows in Group I which did not conceive to AI ürere then

bred to the Devon bul1 in pasture.

Progesterone Analysis

The assay for P was carried out in the Departnent

of Veterinary and Physiological $cience, College of Veteri-
nary lîedicine, University of Saskåtchevrän.
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Seru¡l P uas assayed by a standard raciioimmunologiÐ

cal procedure (Abraham et, 41., a97la r b, ci lulchinski and

Abr'aham, 1971 ; Abrahan eq å1., 1972) as modífied by Dr. J.

O. Manns, using antÍbody purchased fro¡n Ðr. G. Abraham,

Harbor General Hospital, Torrance, California. The spe-

cificity of the antiserum hqs been published (Abrahan et

al., 1971 ) and was used at a dil-ution of 1:20r0CO.

F,ecovery was 85.6 + 2.O oÃ and all" samples were

corrected for procedural losses. Standards were assayed

in triplica¿e at the beginning ånd end of each assåy; un-

knowns wepe assayed in duplicate. Phosphate buffered sa-

line (PBS), (iria nns et al., l9?5 ) was used for preparation

of åntibody, progesterone solutions and charcoal suspen-

sion. The intra- and Ínter-assay coefficients of varia-
tion vrere ?.2 f" (n=IO) and 17.8 f" {n=7) for sampJ-es wj-th

P concentrations of 1.95 and 2.90 ng/ml-, respectivelyo

Statistical Procedures

Procedures used for interpretåtion of data were:

(a ) computation of sanple mean and standard error of the

mean, and (b) matched pair group anålysis for comparisons

betv',een years, as outlined by Schefler (f969 ) and Snedecor

and Cochran (1973).
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ftESUITS

Progesterone Profiles

Results of the progesterone (P) radioimmunoas-

says were individually plotted. Two representative pro-

files are shown in I'igures 3 and 4. From inspection of
the P-profile an estinatj"on Ìvås r¡ade for the date of the

first functional êorpus luteun (CL).

ït is understood that large prolcnged surges of

P concentration can only be the product of a fully func-

tional CL. Alt,hough a Ìårge P surge cannot pinpoint the

time of first ovulation, one can estimåte that ovulatÍon
probably occured ! to 5 days prior to that rise. there-

fore, the time of the first PP ovul-ation ü¡as estimated

to have occured by subtracting 4 days from the time of

the first substantiaL rise in P level. The time of the

first substantial P rise was 53.3 + 2.1 and 48.4 + 3.3

days for Year 1 and Year 2, respectively (individual cov¡

data shov¡n in Appendix Table 1e). From this it can be

estimated that first ovulation occured l+9.3 + 2.L and

l+t+.l+ + J.J days PP for Year l and Tear 2, respectively.
A summary of the P data for Year l and Sear 2

is presented in lable 6. Thj-s su¡rmary shovrs considerable
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variatíon. The greatest contributing factor in this
våriâtion was that a number of reLatively small surges

of P appeared prior to the first presumed ovuLation and

vrere therefore included in the average. Some profiles
included as many as five of these sÌrrges. The basal P

leve1 ranged fron 0.20 to A.64 ng/nl in Year l, and from

o.zt+ to O.64 ng/nl in Tear 2.

Pafpation Eesulte

During this study, no e oÌ'r was injected with PG

until a CL r.¡as observed on palpati.on. thus, the date of

first treatment with PG depended sole1y upon the palpation

result. Since there is an expected period of quiesence

during the early PF period, palpations hrere not begun un-

til 40 days PP.

Palpations were begun ênr average of 43.0 + f.7 and

l+7.O + 1.3 days PP for Year L and Year 2, respectÍvely.

There is always sorre doubt as to the accurêcy of ovarian

palpation which is dependent upon the skill of the opera-

tor. In retrospect, one can judge the effectiveness of

the palpation by comparing the observations with the P-

profiles. Tabl-e 7 shov¡s the result of the palpations in
relation to the estinated time of a functional Ct for
cows in Year l-. Tabl-e I shows the sanre information for
co¡¡s ín Year 2.

The time until- detection of a CL, in Tear 1 was

56.7 + 4.4 days PP. Âccording to the P-profites, the



TABLE 7. Palpation Accuracy: ïear 1

Cow Estinated Palpation Resul-t at First Falpable
Nr¡mber Ti¡ne of a Corresponding Time Cï, (days PP)

Functiona 1
CL (days )

14-69
4-70
2-70

].6-70
1o-70

5-70
2L-70
16-69
t7-70

4-69

2t+-69
17-69

78-?O
20-69
3-69

5b
60
oa
48
68
l+?
c(
55
52
34

58
,r8

60
l+5
55

Near first estrus
CI, each ovary
Cf, each ovary
ï,arge follicle
tL right ovary
CL right ovary
CL right ova ry
CI, right ovary
Cï, left ovary
Snall fo1licle
left ovary
Ct right ova ry
Follicle right
ovary
Cl, rÍght ovary
Cï, right ovary
Follicle each
ovary

61
60
65
62
61
54
55
58
55
55

58
58

52
48
52

Mean 53.3 ! 2.r 56.7 + L,7



TABI¡ì 8. Palpation Accuracy: Year 2

Cow
Nurnber

Estinated Palpation Result at First Palpable
Tir¡e of a Cori-esponding Time CL (days Þp)
Func tional
CL (days )

2-70

7-70

8-70

9-70

1o-70
t3-70

r5-70

t6-70

t7-70

19-70
20-7O
2r-7O
2t+-7O
27-74

28-7O

3L-70

32-?O
33-70

l+-69

5-69

7-69

8-69

L0-69

32

^7.

42

38

53
79

59

33

E'

6I
oo
55
69

<,<'

22

66
64

28

l+2

28

7O

56

No palpation till
53 days
Large follicle
left ovary
No palpation till
53 days
Follicle ea ch
ovary
Nil
Possible ovuLation
rÍght ovary
Possible ovulation
right ovary
No palpation till
61 days
llo palpa¿ien till
43 days
CL right ovary
Cl, right ovary
Just ovulated
Just ovulated
No pal.pa¡f6n after
57 days
No palpation till
43 dêys
No palpation tllÌ
47 days
CL right oväry
No palpation after
57 days
No palpation t111
59 days
No palpation till
59 days
No palpation til1
45 days
Small foLliele
right ovary
Follicle on ea ch
oYary

7l+

8B

7O

45

85
97

^?
68

52
61
73
59
57

5O

54

66
57

59

73

73

84

80



TABLE 8. (continued )

Cow Estinated
I'lunber Tine of a

tr\rnctional
Ct (days )

Palpation kesult at First Palpable
Corresponding Tirne Cl (days PP )

L4-69
]-5-69
16-69

17-69

1"8-ó9

20-69

24-69

l+6
84
l+6

29

60

41

23

Ni1
CL right ovary
FoJ-lic1e right
ovary
No paLpation ti1I
5lr days
Follicle right
ovary
Follic1e rieht
ovåry
No palpation till
44 dêys

7L
84
7O

61

72

5t

48.1, + 3.3 67.6 + 2.3
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P surge occured ¿t 53.3 + 2.1 days PP. 0n the åverage,

the CL detection followed the initial F surge by 3.5 ciays.

The time until- detection of a palpable C1, i¡ Year 2 was

67.6 + 2.1 days PP. Âccording to the P-profiles however,

ei{ulation . occurred at 48.4 + 3.3 days PP. On the average,

Èhe CL detection foli.owed the initial P rise by 19.2 days,

Evidence for Partial_

tuùeinizetion Prior to û/!rla tLon

As mentioned earlier, some indication was seen of
low surges of P a few days prior to first presumed ovula -
tion. In some cases there seemed to be more than one 1ow

surge priotr to ovul_ation. Appendix ?able 2A l-ists the covrs

exhibiting low P surges just prior to the first presuned

ovulation. Tn Tear Ì, in all but three cows, the p leve]-
rose for a short period of tir¡e before first ovulation
(5.9 ! 0.6 days) to a mean peak magnitude of 1.4 1O"z
ne/nJ-; welL above the basal level.

Àga in in Yeer 2 , s l_ovr P surge oc cuned a short,

time prior to first ovulation (4.& + 0.1¡ days),in 2l of
the 30 cows sampled. This P rise was usuå1ly only sus-

tained for one sanple period (6 - 7 days) and averaged

1.6 + 0.2 ng,/mJ. in magnitude. $even of thá animals whích

shov,¡ed no rise in P prior to first ovul_ation apparently
ovulated earlier ín the PP period (J.ess than 2J days pp),

while in the other tïro, the first, PG treatment preceeded

the first apparent ovulation.
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Because of the 1ow frequency of blood samp.Ling
( tl.¡o ti.mes a lveek ) it r¡as not possible to gain an accu*
rate profile of this briefly ¡naint¿ined surge. If sa¡r_
pling had been carried out more frequently, å more åccu_
rate account coul-d have been t ken of the length and. leveJ-
of the 1ow P surge prior to first ovulatj-orì. In a nurrb er
of cases, the true peak rnagnitude anrì length of the surge
!ùas not accurately depicted. possibly in some cases, the
suréIe t{as missed altogether. It appears from thÍs date
however, that this phenomenin truly exists in Èhis group
of co\4rs.

From the previously outlined procedure it is ap_
parent that the tine to first treêtment rvith pG depended
upon the palpation result. rf for any reason the cL was
missed on palpati-on, treatment r.¡ourd rrave been derayed.

The mean Ínterval t<) the first, pGF2o treâtment
in Year 1 was 56.9 j f.3 ¿ays (individual coy,¡ data in Âp_
pendix Table 3Â). Tn year 1, treatrnent, was effective in
synchronizin.q estrus in all but two cows (l.los " l?_69 anC
3-69). ?he mean interval fro,ï rhe second pGFro injection
to estrus was 4.4 + 0.8 days. Of the È1.¡o anirna]-s r.¡hieh
diC not respond to treatment, one (lt¡e. l?_ó9) exhibited
estrus 14 days after pGF2o injection, r"¡hile t.he other
(IJo. 3-69) did not exhibit estrus or subsequently con_
ceive. From inspection of her p_profile, it appeared
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that she had ovulated nornally at 51" days PP. The aean

interval to mêting in Tear 1 was 73.6 j 1.6 days PP.

Appendix Table 3A lists the results for Year 2 -
Group II . Two aspects of treatment in Ïeår 2 are different
than Year 1. Firstly, the type of PG used viås the analogue

ICI-80996, and secondly, injections were given 1J. days a-

part. one cow in this group showed no sign of estrus or

mating behavior åfter treåtment (No. 
"0-691 

anC subsequen-

tly did not conceive. Two cows in this group showed signs

of estrus beyond the nonna 1 tlme of PG-indueed estrus and

can be considered non-responsive to estrous synchroniza-

tion (Nos. 2f-'l0 and 'l-69). The average ti¡re to first PÊ

injection in Tear 2 - Group If anímals v¡as 66.9 + 2.7 days

PP; second treatment lvas at 77.9 + 2.7 days. The ¡nean in-
terval to breeding (estrus) after the second PG treatment

was 5.4 I 0.9 days. Ther"efore, the average interval to
breeding was 82.9 j 4.3 days.

The other group of cows in Year 2 were bred by Aï

at a pre-set time of 72 and 96 h post-Pc injection. Treat-

ment ln this group on the average of 7O.2 f 4.1 days PP

with the second treatinent at 81.2 I 4.1 days PP (11 days

apart ). The breed5.ng plan for this group of cows was AI

so the interval to breedÍng v{as a standard 3 and l+ days

post-PG. This resulted in a total PP interval to bree-

ding of 85.2 + 4.1 days.
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Cow and CaIf tri/eiEht GhOnEes

Individual gew qnd calf weights are Listed in
Âppendix Tables 4A to 74. Mean weight changes are shown

in Table 9.

Fertility Rates

Fertility rates were determined by observation of
estrus and/ or nating and subsequent calving dates. From

this data the estrous period following treatment at which

conception ociurred wês estimated. Fron the datâ in Year

J-, it appeared that 11 of the lJ cows conceived at the

first estrus following treatment (73.3"/r) " one cow con-

ceived at second estrus (No. 17-?O), while three cows did

not conceive (Nos. I+-7O, 5-70 and 3-69). Appendix Table

8A lísts the individual data for Year L.and Year 2.

From the data Ín ïear 2 - Group II, it appeared

that 9 of the 15 cows conceived åt the first estrus fol-
lowing treatment (60.0%). Three cows appeared to con-

ceive to the second estrus following treåtnent (Nos.

33-7O, 9-?0 and 24-70). Three cows did not conceive (Nos.

24-69, 5-69 and 20-69).

After ínsemination 
' 

Tear 2 - Group I cons remalned

in drylot for 10 days a n<i then were removed to pasture. It
appeared bhat six cows conceived to the tined AI, while one

coû, lÂ¡as observed to have been bred in pasture at second

estrus foJ-lowing treåtment, and subsequently conceived.
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It is unusual that eight of the nine cows that did not

conceive to the timed AI , vrere not bred back in pasture.

gtatistieål- Co¡qpqr:lsons

To deternine the degree of repeatability of PP

ovarian activity, a comparison was made with l-2 coi^rs thåt
repeated treatment fron Year 1 to Year 2, by natched pair
analysis. Table Ì0 presents the matched pairs for com-

parison of the time of first PP ovulation.

The comparison of Year I to ïearr:2 in days to first
ovulation, derilonstrated a significant difference (P< 0.01 )

between years. Tear I cows ovulated åt 49.1" + 2.5 days PP,

whíle the same 12 cows in Year 2 ovulated at, 32.8 + 4.O

days PP.

Tabl-e 10 also incl-udes the comparison of time of

first PG treatment. This comparj-son clearly points out

the need for a more efficient means of determining PP

ovarian activity. The current palpation schene was not

adequate in Year 2, thus causlng a delåy to treatment.

In Year 1, the delay rvas 7.8 days, but in Year 2, the de-

J-ay vras 33.4 dåys. this ciifference is significant (P<

0.01 ) .

As a consequence of the late detectíon of ovarian

activity in Year 2, the group of l-2 co¡.¡s was bred signi-
ficantly later (P< 0.01 ) than in Tear 1. Year I cows

v¡ere bred on the åverage at 7l+.O ¡! 2.0 days PP, while the

sårne cours in Year 2 were bred an average of S1.ó I l.S
days FP.



TABTE 10. Tear1y Difference in First PP Ovulation
and Treatment

Cow
Number

Dåys to First
Ovul-a tion PP

ïear l- lear 2

Days to First PG
Treatnent FP

ïear I Year 2

Iþ-69

L4-69

L6-69

L7-69

20-69

24-69

2-70

l_0-70

t6-70

L7-70

2t-7O

28-70

3O

5O

5L

u4

l+L

54

58

6t,

l+4

48

51

5l+

24

4z

42

25

37

L9

28

I+9

29

18

62

T8

55

6J.

58

58

48

58

65

6I

62

55

54

48

59

74

'to

68

72

5r

7l+

Õf

68

50

73

50

I{ea n t*9.I ! 2.5 32.8 I 4.0 56.9 ! 2.o 66.2 ! 3.o



76

DISCUSSION

Postpartum ïnterval to,,tQy!L!g_b:Lsn

The interval to first presumed ovulation was 49.3

+ 2.1 days in Tear 1, and 44.4 + 3.3 days in Year 2 in
this study. These figures show conslderable variation,
but are consistent r'¡ith a nunber of studies (Saiduddín et,

4., 1968, lpf]-; Foote et al., ]-961a, b; Foote, 1971 ;

Foote and Hunter, 1964; Foote and Saiduddin, 1964; Robert-

son, 7972i Wiltbank and Cook, 1958). 0n the åvêrâgê¡ ovll-

Iation occurred before 55 to 60 days PP. Afüer this inter-
val, attempts to induce estrus with luteolytic agents

should be almost 95% eîfective. Out of l¡J PP cyctes, only

eight cows had not ovulated before 60 days, and only two

cows had not ovu]-ated before f0 days PP"

Prsgesterone ProfiLes

According to the P-profiles, the basâl- P level
ranged fron 0.20 to 0.64 ne/r,J in Tear 1r and from O.24 to
0.6O ne,/ml in Year 2 in this study. This is consistent

vrith previous reports on P l-evels during PP anestrus

(Ðonaldson et aL. , I97Oi Balfouï et a1 ., 1957; Morrow et al:, 1968;
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Erb et aI ., 1971a,b).

Although pårtiâI luteinization, as indicated by

small P rises just prior to ovulation, have been observed

before, there is yet no explanation as to its physiologi-
cal role. Lt has been suggested (Manns f976, unpublished
data ) that the P produced from the partiål Luteinization
could possibly, uncer the correct endocrine balance, sig-
nal the irritiation of the first PP ovul-ation. However, a

clear picture has yet ¿o be defined. To obtain a clear
evål-uation of the phenomenon, not only P, but a1-[ other
reproductive associated hormones must be mapped out. ..AJ-so,

in orCer to achieve a more åccurate picture of the pheno-

menon, succeeding studies should incl-ude a more frequent
blood sampling regime. This study sampled onJ-y trro times
a week; a daily sanpling regime should be the ninimurn

frequency to âchieve a proper observation. It is likely
that the current sampling regime perhaps nissed the phe-

nomenon in the cows that displayed no surge in their pro-
fÍLe.

Palpation Effeq¡ivclress

Palpation can be a valuabJ_e aid to the research

scientist or clinician. However, in order to have an

accurete observation by ovarian palpatj_on, the indivi-
duaL nusü be experienced. ifithout detection of a CL,

treatment nay be deJ_ayed for days and even weeks.

Year I results indicåte that päIpêtions were
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effective in deternining ovarian åctivity. On the averâge,

ovu].ation took place at 53.3 + 2.L days PP; the palpatíons

indicated the existence of a CLl:y 56.7 1Ir.& days PP.

Usually, a CL cannot be detected until 3 to 4 daysi after
ovulation, therefore, these results were quite accurate.

Two types of error can be made by palpation with

respect to the existånce of a CL. The first type is when

the palpation does not detect a CL when in fact one is
present (as indicated by the blood P levels in the case

of this study). This type of error occurred in two cows

in Year 1. In this study, treatment was not given until
a CL was detected on palpation, therefore the first type

of error vùou.Ld extend the tine interval from ovulation

to treatment even though the aninal is cycling. This

type of error was very evident in Year 2. Of the 11 cows

which were missed, four exhibited no apparent ovarian

activity. Ln the other coÍrs folJ-icular activity was evi-
dent but no CL was palpable. Ferhaps these animals were

palpêted when the tcl was either too sma1l to detect, or

the cow was in early luteal phase of the cycle shortly
after estrus and ovul-ation. the incÍdence of this first
type of error in Year 2 was high (37f"); subsequently, the

ínterval fron the time of first ovulation to trea tment

!¡as much longer than in Te¿r 1 (3.3 Aays for Year l- vs

19.2 days for Tear 2).

the second type of error occurs ¡¡hen the paLpa-
-'tion detects a CL,, yet the P-profile indicates on]-y a
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tasaf p Level (no functional tL). This error occurred in
three cows in Year L and in two coì'rs in Year 2. This se-

cond type of error coul-d eventua1ly ceuse a large wastage

of PG if not checked, becåuse t,he in-iections would have

no effect upon a Cl, thåt does not exist. fn Year 1, it is
unusual that in the three cows that were ¿reateC too early
(as judged by theír P-profiles), all of them responded to

the second injection of PG. One of these cows hovuever, was

never observed in estrus, ånd l.¡a s never bred. The second

type of enor only occurred in two cows in Ïear 2. Ac-

cording to the P-profile, the cows did not show J-uteolysis

after both the first and the second injection. It is again

unusual- that both covrs showed estrous behavior I days after

the second in-iection. Each cow conceived; one at first
estrus, the other at second estrus fol1owing treatment.

Effect of lrsgÞeglan4¿nq

the effects of PGF2' and its anal-ogues on the bo-

vine have been well documented. The treatment regin¡e in
this study foflows åIong the same line as those used in
recent research studies and the resul-ts are compåråble to
others usíne PGFro or ICI-80996 to synchronize estrus.

There are a number of probleras associated Ìrith the

use of PG, particularly in the PP cow. Foremost, is the

problen of no response during PP anestrus. The resufts of

this study will add to those of other workers in oeternÍ-

ning the length of the anestrous period. Once the length
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is known, relative to certain standard conditj.ons (nutri-
tional plane, cattle type and nånagement practices), a

certain intervâI length may be employed beyond Ìrhich one

rray be confident ()Jfo Lavel.) thab the treatment wi l-l- be

successfuL.

ïn Year l, the j-nterval to estrus following PG

injection was 4.4 +.0.8 days (104.ó + 2o.2:r¡), ånd.treat-
ment hras completely effective in all- buü two cows. one

cow showed no signs of estrus, and the other cow did not

shohr esLrus until llr davs after treatment. The average

interr¡al tô estrus afber PGFro wolrld be 3.62 + O.)+I

davs ( 86 .8 t 9.8h) if these tluo c or¡rs were not included

in the calculation. This observation is somewhat longer

than other intervals reported after adninistration during

a normal cycle. Ellicott et aI. (f974) reported 79.6 +

I2.5 n to first estrus afùer a 2 x 30 mg im injection
scheme in Hereford heifers . Boche (1974) repo!'ted 59 +

3.3 h after a single 30 me in injection during diestrus,

and ó4 + 8.9 tr after a sinEle 2O ng im injection dr-tring

di estrus in Hereford-cross heifers. tfelch g[ al. 11975)

used a I ng uterine Ínfusion to achieve an interval of

65 t 2 h in lactating beef cows. T,Jith an im injection
of e;stradiol b,enzoate 48 h after pGF2o, the interval was

shortened and showed less variation (61+ f I h). A 2 mg

uterine infusion of PGFro did not inrprove on the syn-

chrony or decrease the interval to first estrus.
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In several reports it seens åpparent that dosage

J-evel of PGF2,, can affect the variation in response. As

dosage level increases from 2.x 15 m65 and 2 x 3O ng in-
jections to 2 x 60 rag injecùions, the variation in syn-

chrony decreases (ltoche, 1974; Stelflug g! aI., 1973, L9?5a)"

Although this study used a dosage of 20 ng PGF2*, the ideaL

dosagè seems to be lO ng PGF2*. This coul-d account for
some of the våriation observed in response to treatnent
in this study.

Another important factor in responsiveness is nu-

tritional health. This study indicetes that c or¡¡s showed

no appreciable weight loss while suckling heal_thy growing

caLves. Thus, the nutritionaJ- contribution to variation
in response can be ruled out. There are however, some

rrorr-nlêåsüråble factors which could have contributed to
the variation in response. The effects of suckling and

environmental stress, particularly repeated handling for
blood sanpling and pål-pation, upon the cows is unknown,

but not unrel-ated to responseô

Treatment was effective in synchronizing estrus
in all but three cows fn Year Z - Group II , which received
the PG analogue, ICI-80996. One cow showed an unusuaL

response (No. z0-69); according to the p-profile the cow

began cyclÍng at 38 days PP. Although the cow showed a

normal response to both injections (according to the p-

profile) she exhibited no signs of estrus or mating and

subsequentJ-y, did not conceive. Two co¡ls (Nos. ?-69 and
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?i-7O) sholred normal responses to FGI'Z* according to the P

profile, yet fail-ed to shol'¡ estrus untíI well åfter the

norrnal response interval (f2 and lJ days, respectivelyJ.
Both c or'¡s conceived during the second estrus following

trea tment .

The interval- fron last treatmert to observed estrus

r¡as l¡.2 + 1.0 days (100.1 !2i,r.2 h) excluding the aninals

lrhich did not respond. This intervel from treatment to

estrus did not appear to differ greatly fronr that in Year

1 (86.9 + 9.9 h) when the neturål- PGFro was used.

l{hen using a double injection regime one must be

sure that å11 cows are cyclíng nornally (21 ¿ay cycle), if
not, the effec¿ of the drug will be decreased. Two of the

five non-responsive c or1¡s lrere treaNed directly after the

first PË ovulation. there ís reåson to beli-eve that the

first PP cycle is shorter than normal (lt{orrolv eL aI., 1966,

1968; Henge et å1. t 1962i "ojagner and Hansel, 1969; i¡iagner

and Oxenreider, 1971). If this phenomenon exi sted in this
group of cor,,s, it is possible thåt the doubLe injection of

PGFro vrould not be effective in causing synchronization

durÍng this short FP cycle. Ðespite the failu¡'e in five
cohrs, the results of the double injection regime in.this
study are good. Treêtment was effective 1n 83 ]{o of alJ-

treäted animal-s.

Ti¡red lnseninåtion

.A necessity of any timed insemination scheme is
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the success of the P0 in causing estrous synchronization.

Researchers have been using a nr¡rber of different methods

recently to achieve synchronization of estrus with a mini-
mLüÌ aaount of variation. lvlos t methods are based on the use

of PG, however, some workers have been evaluating the use

of a combination of FG with (Gn-RH) and/or estra-
díol to decrease the variation in response. Generally,

workers using gonadotrophin releasing hormone (Gn-RH),

presenÈ results that indicate relativeÌy low conception

rates (22.O ta l+3.51Ã) to timed single inseminations around

60 h post,-PG (Brirt et al-. , I9T5; Ellicott, et al. , lg?5;
Graves et aI., 7975; ft.odrj-quez et aI. , 1975). However,

Gn-Ë,H was shown to be effective in decreasing the varia-
tion in tine of ovulation. I'Jelch et aL. (I9T j) observed

that estradiol benzoate reduced the variation in time of
LH release ånd onset of estrus v;hen injected l¡B h after
PGFZ or.

other workers have received so¡newhat better fer-
tility resul-ts Ìùith timed insemination. f,auderdale et al.
(Ign) inseminated at 72 and p0 h post-pGF2o and observed

a J8S pregnancy rate (comparable to control]. lauderdale

et a . (a97L) inseminated at ?Z and p0 h post-pGF2o and

observed a 55.814 pregnancy râte (comparable to control)c
Cooper (1974) inseminated at 72 and 96 h post-pGFro and

observed a 54.5% pregnancy rate. Seguin et a1 . (f975)

singJ-y inseninated at 7b or Bd h post-PGF2s and observed

an B2/o pregnancy rate. It is clear that Nhe results vary



84

cÃsiderably between studies, but most results indicåte

that fertÍJ-ity from timed inser¡ination is comparable to
controL breeding plans.

One possible cêuse of the 1or,¡ fertility could be

the non-synchrony of the post-PG ovul-ation with the dou-

bJ.e insemination scheme used. The ¿{I regime was designed

to cover the predícted time of ovulation, but it may be

that in this study it did not blanket the ovulation tiüe
as well as in other reports.

It is difficult to determine with a high degree of

êccuracy when ovulatioh takes p].ace after synchroni zation.
Estrous detection in this study was at most, only twice a

day. Therefore, it is also difficult to depend upon the

accuracy of this value for the purpose of estimating ovu-

lation tirìe. However, it seemed from the resit¡lts that
the interval from PG to estrus in these cows Ìùas somer,¡hat

longer than in pther reports. In Tear 1, the interval to
estrus was 86.9 h, and in Year 2, the interval was 100.0 h.

OLher reports indicate a slightly shorter interval to es-

trus (E11icott et a:..., l97l+i Roche, 1974; llelch e_! a1.,
1,975). If the usual intervaL to ovulation was approxi-

mately 18 h, then the projected time of ovulation in
these cows !.¡as ãt least betlreen 105 to 118 h after PG

treaünent. Therefore the pro bocol which cal-led for AI

at, 72 and 96 h in thís study msy not have been correct

to achieve high conception rates.
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YearL¡L,!i:!4erenceÞ

Nutritionå1 ]rionitor

Â prominent factor in determining the length of
PP anestrus, is that of nutrition. During this study the

nutritional status of a].l the animals on test lras rnoni-

tored by periodically obtaining body weights. Results

show that throughout the study, cows lost no appreciable

amount of weight. Body welght of the corøs had decreased

by 27.1 and l-0.9 kg by 9 weeks PP in Years l and 2, res-
pectively. However, the rate of gain (ROG) for calves in
Iear L and Year 2 were significantly different, (P< O.O1 ),
being o.85 + 0.05 and 1.o5 1 0.O3 kg/day, respecrively.
This implies that the Year 2 diet was of a higher quality
than the Ye¿r I diet, since the cows in Year 2 were able

to support higher calf gains. The diet, however, was not

subjected to feed analysis during the study. The corn

silage - alfalfa hay diet r'¡as the sarne in both years. It
is poss5"ble that the forage and siJ-age in Year 2 was of a

higher quality than in Tear l, therefore causing a higher

milk production and a higher cal-f ROG in Year 2. Forage

quality could al-so be irnpJ-icated in the yearly difference

in the time of first ovul-a tion between yeårs.

Time of First Postpart,um Ovul-ation

.A,ccording to the P-profiles, cows in Year Z ovu-

lated ó.3 days earlier after calving than dld the same l-2
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ãnj-!îafs j.n ihe previous year. The factors thât cou.]-d

have contributed to this cÌiíference are difficult to iso-

late. The maÍn factors which could account for this re-

sult are: the nutritional plane; envíronraental ånd ma-',

nêgerìrent practices, suckling stress, and age. Since the

cohrs had aged only I year, this factor should have only

minj.mal influence when the cows åre 6 and 7 years of age.

The housing, handling and management remained the sane

from year to year. As previously mentioned, the nutri-
tional plane of the cor.; s may have been different in qua-

Iity. This difference in quality coufd conceivably have

had an effect on the general reproductive activlty of the

cow, as weJ-l as on the heaLth and ROG of the caff. If
Índeed there was a nutritional difference, this could then

have been a major factor in the dÍfference in time of the

fírst ovufåtion between Ïear L and Tear 2. If investi-
gatj-on is continued, there should be a much closer monitor

on nu¿ritional- factors. Greater attempts shoul-d afso be

mêde to more precisely determine the time of first, PP

ovulation, and a more detailed and systematic method of

estrous detection wou.Ld be advisable.
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CONC],USICN

The length of the PP interval to first ovula tion,
as indicåted by P-profíl-e and ovariên palpation, in this
2 year study was esimated to be 49.3 and 44.4 days for
Year L and Year 2, respectively. Results indicête that
the PG treatments used were 83.314 effective in synchroni-:l

zing estrus. the interval from treåtnent to onset of ob-

served estrus was 3..62 . I 0.41 and 4 .20 + 1'."01 hours j¡ Yeårs

1 and 2, respectively.

Evidence wâs observed in this study for the phe-

nomenon of partial l-uteini-zation. Hovlever, there is yet

no expl-ânation as to its physiological_ role.
Bectal palpation as a tool for observation of PP

ovarian acÈivity is heJ-pful, but the technique requires a

considerable åmount of l-abour and the availability of a

skilled and v¡ell experienced palpåtor.

Results indicâte that timed inseminatj.on at 72 and

96 h after PG treatment did not, åclequête].y blanket the time

of synchronized ovulation. Pregnancy rate to timed insemi-

natÍon was l4Ofo, yet the prgnâncy rate to natural service

efter estrous synchronization was 73.3fa and 60.0$ for l

ïears 1 and 2, respectively.
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i'iåtched-pair analysis of 12 coss studied in both

yeârs suggest that the interval to first PP ovulatj.on was

significantJ.y different (P< 0,Ö1 I between years. The same

type of analysis also indicated that.rthe dÍfference between

years in calf ROG vras statistically significant (P< 0.05).

In both cêses, Year 2 performance by cows and calves wes

greater than in year 1. The rna jor contributing factor to this
difference may be the nutritional quality change from year

I to Year 2.

Results of this study indícate that further re-
search is required in order to expl"ain some of the phe-

nomena observed. In order to achieve a clear understan-

Cing of the phenonienon of partial luteinization, succeeding

projects shoul-d include a üore frequent blood sanpling re-
gime, as wel-l- as anal-ysis for estrogen, LH and lEH to com-

p]-ement the P-profile. Álso, it is apparent that although

the nutritional monitor lndicated no change in nutritionâl_
plane from Year 1 to Year 2r,resul-ts in reproductive per-

formance ind,icate othert¡¡ise. In future a cLoser monitor

such as periodic feed anaÌysis, must be carried out in
order to eliminate any doubt as to the standard of nutri-
tíon throughout the study.
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TAtsLE 14. First Substantiaj Rise in progesterone Level
(days postpartun )

Cow Nunber Year 1 ïeâr ,,2

t+-69
r4-69
L6-69
17-69
20-69
24-69
2-70

Lo-70
16-70
t7-70
2I-70
28-7O

4-70
5-70
3-69
5-69
7-69
8-69

10-69
L5-69
18-69
7-70
8-70
9-70

13-70
L5-70
19-70
20-7o
24-70
27-70
3t-7O
32-70
33-70

28
lþ6
l+6
29
l+I
28
32
53
33
22
66
22

ll,'
l+2
28
7O
56
84
60
63
42
38
79
59
52
61
55
69
22
66
64

3I*
5l+
55
48
45
58
o¿
68
48
52
55
58
60
l+7
55 **

:_

' Cov¡s not on

Cows not on

test in Year

best ín Yea¡

)

i_



TÅBLE 24. Occurrence of Low Progesterone Surges Just
Prior to First Ovulation

ïear 1

Cow Tine of
Number Presumed

Ovulation
(days PF )

Prior Progesterone Peak

Days Prior to Peak lriagnitud.e
Ovulation (ry/rr.]-)

r4-69
4-70
2-74

t6-70
10-70

5-70
2t-7O
16-69
17-7o
\,-69

24-69
17-69
28-7O
2s-69
3-69

0,,70

2.1+5
1.10
0.90
1.10
0.60
2.30
2.CO

0.50
2.40
2.00

o,55

5O
56
58
l+Iv

6b
l+3
5T
5t
I¡8
3O
5l+
4l+
5l+
41
5T

6

3
6
3
7
7
7

6
3
9

7

t+9.3 ! 2.I 5.9 ! 0.6 1.4 I o.z

Year 2

2-70
7-70
8-zo
9-70

2.IO
o.35
2.50
2"45

28
59
38
3l+



Table 24. (continued J

Year 2

Cow
Number

Tine of
Presr.¡ned
Ovulå ti on
(days PP )

Ðays Prior to
Ovulati on

Peak Ma Enitude
(nelñr )

Prior Progesterone Peak

t0-70
13-70
t5-70
16-70
t7 -70
t9-70
2A-7O
?r-70
24-70
27-74
28-7O
3t-70
32-70
33-70
l+-69
5-69
8-69

t0-69
Lt+'69
15-69
L6-69
1.7 -AO
18-69
20-69
2l+-69
7-69

ÌÐ
75
55
29
18
48
5?
Òz
5t
65
18
18
62
60
2l+
38
66
52
l+2
80
l+2
4'
56
37
19
2l+

r.h.5
2.7 5
1.10
?.50

o.80
0.s0
o,7o

'::'

0.90

::
1.34
2.t+o
2.75
r.65
0.50
1.00

2.65
o:?o

44.t+ ! 3.3 4.4 + 0.4 t.65 ! o.2



TABIE 34. Postpartum fnterval to PGF2' Treâtment and
ïnterval fro¡n Second PGF2g Injection to Estrus

Year 1

Cow
Nur,rber

PP Interval lnterval from
to First PG l,ast Treat-
fnjection ment to Estrus
(dåys ) (aays )

Totå1 PP Interval
to Breeding (days )

Il+-69
l+-7O
2-70

t6-70
l-0-70

5-70
2I-70
t6-69
17-70

tþ-69
?l+'69
L7-69
28-7O
20-69
3-69

61
60
65
62
61
59
5\.
58
55
55
58
58
48
48
51

Ã

7
)
l+
?
a

z
5

I4
3

2

?5
7l+
82
81
76
t)
AO

73
7O
69
75
84
63

25_

Mean 56.9 + L.3 ri.4 1 0.8 73.6 + r.6

Year2-GroupI

89
89

100
65
74

7l+
7l+
85
5A
59

Lt+'69
2'7o

10-70
17-70
t*-69
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ÎÂBl,E 3À. (continued)

Iear2-GroupI

Cow
Number

PP Interval
to First PC
Iniection
(dãys )

ïnterval from
Last, Tr'eat-
ment to Est,rus

(days )

lotal PP Interval
to Breeding (days )

65
115
106

76
67
95
99
84
85
69

5O
100

9T
a'l
Ë.t

80
84
69
7O
5l+

28-7O
L3-70

7-70
2O-7O
t9-70
10-69

8-69
32-70
8-70

3L-70

7O.2 ! t+.r 85.2 ! t+.r

Year2-GroupII

16-70
2L-7O
t6-69
2l+-69
17-69
20-69
15-69
33-70
27 -70
9-70

15-70

68
73
7O
51
68

88
57
5?
48
66

It
13

2

I+

7.

B3
9?
8¿r
66
86

103
72
73
64
80

t*
l+

5
Ã

2



TABLE 34" (continued)

Cow PP Interval fnterval_ from Total pp Interval
Number to First PG Last Treat- to Breeding (days )Injection ment to Estrus(days) (aays )

Year2-GroupII

2b-7O 62
7-69 7318-69 7?5-69 73

Mean 66,.9 ! 2.7 5.t+ + O.9 82.6 + L.j

l+

L2
t
l+

77
96
9L
öö
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TABLE-4A. Postpartum Cov.' 1,¡¡"t*nt": Year I (ke)

Year L

Colnt
Number Parturiti on 3 Weeks ó Weeks 9 lrleeks

20-69
t+-69
l+-7O

28-7O
L7-69
?-7O

L6-69
L6-7O
2t+-69
L4-69

5-70
2I-70
10-70
17-70
3-69

755.5
72L.8
669.t
663.6
6ls;t
612:7
598.2
610;o
611;8
5à5.5
578.2
57 5.5
520].O
5L6.7
t+7 b.5

768.2
701.8
6s¿.2
6lg.t
62L.8
6L6.t+
587,.3
579.L
577.3
56]-;4
553.6
545;5
49t+.5
485.5
t+52.7

764.5
ó80:0
650.9
638.2
6L6:t+
578.2
599.5
568:2
568;2
515.5
53L.8
49t+.5
t+96.4
467.3
456.b

750;9
68,1:r
6\7.3
6t+6;l+
622.7
587.3
595.5
5Ir7 "3
555;o
54r;8
5L2.7
535;5
499.L
509.1
tr57.3



TÂBLE 54. Calf kteights: Year I (kg)

Year l-

Calf
Nunber Birth 3 Weeks

R.O.G.*
9 Weeks (kelday)6 weeks

65
l+3
T2
6l+
53
27
39
3A
52
20
3b
35
32
bl+
62

40.9
b9.5
42.7
36.1+
42.7
49.r
40.5
38.2
33.2
33.6
38.2
29.r
35.o
4r.8
3t+.5

65.5
70.9
65.9
58.2or.,
73.6
56.h
55.4
47.3
52.7
58.2
52.7
53.6
5l+.5
63.6

72.7
86.4
84.5
75.9
86.4

100.9
69.r
6g.t
67.7
70.o
73.2
74.5
68.2
65.5
68.2

88.2
106.4
i.l-o.9

82.7
LOz.7
I22.7
78.2
83.6
81.8
92.7
ê9.1
9t+.5
8¡.0
77.L
80.0

0.81¿l
0.9r8
1.050
0.800
o.923
1.194
o.ó09
o.732
o.750
0.955
0.809
f.009
0.768
0.600
o.732

+ Bate of Gain



fÁBL,E 64. Postpartum Cow Weights: Tear 2 (ke)

Year 2

Cow
N¡:mber Parturiti on 3 l{eeks ó lrleeks 9 Weeks

L4-69
2-70

L6-7O
1o-70
2r-7O
L6-69
L7-?O

4-69
2b-69
L7-69
28-7o
20-69
L5-69
13-70
33-70
27-70
7-70
9-70

20'7o
L9-70
L5-70
10-ó9

8-69
24-70
32-70
7-69

18-ó9
8-70
5-69

3L-70

52r.8
59r.8
586.t+
5l+l+.5
527.3
586.t+
536.1+
655.j
550.9
623.6
7Ot+.5
727.3
b90.9
541.8
55¿.5
57e.5
t+63.6
6o9.t
629.5
593.2
583 "6
5t+5.5
bÈl.6
674.5
568.2
ó00.0
49t+.5
572.7
ó2r.8
5O0.0

524.t
603.3
578.2
5t+8.6
54È.6
602.7
537.3
674.5
566.b
6LO.9
?Lo.9
7 54.5
46r.8
l+72.7
522.7
559.L
527.3
57 5.O
6L2,7
607.3
605.5
53t+.5
481.8
672.7
576.4
599.L
t+69.L
563.6
602.7
5r5 "5

530.9
596.4
574.9
5b5 .5
5t¿5.5
ó1r.8
511.8
645.5
â56.4
607.3
686.t+
7t+2.7
450.0
460.0
5L2.7
55tt.5
532.7
570.9
6CI4,5
592.7
572.7
51.l+.5
,180.o
656.t+
540.0
569.L
467,3
581.8
óI1.8
523.6

510.O
586.4
570.9
534.5
53t+.5
600.0
51.2.7
6t l.o
547.3
613.6
6è7.3
727.3
4b3.6
472.7
5?9.r
547.3
559.L
556.4
592.7
616.4
604.5
5L4.5
t+7o.9
650.0
53r.8
570.9
t+65.5
585.5
600.0
5t+4.5



TABIE 7Á,. Calf $eights: Year 2 (ke)

ïear 2

Cal f
Nr¡¡ber Birth 3 ltleeks 6 vJeeks

R.0.c. *
9 t¡Ieeks (ke/dav)

79.L
89.1
73.6
76.1+
85.5
90.0
7r.8

108:2
80:9
77.3
90.9
66.4
92.7
91.8
87.3
93.6
86.¿'.
93.6
89.r
8r.8
92.7

106.8
83.6
88.2
84.5
85.5
83.ó
89.5
90.0
90.9

93.6
LO7.3
89:1
98.2

r03.ó
ù07;3
91.8

L23.6
106;¿,
9i.6

1r1.8
78.2

r0l}.5
100.0
101.8
1r3.6
LOz.3
r.lt.2
109.1
104.5
l1lþ"5
r_21.8
99.L

L10.0
9l'.5

r09.1
l94.5
108.2
LO7.3
lo3.6

0.895
1. ¿,r8
0;868
0;882
1;I05
O;9t+5
o.863
r;327
r,o55
0.923
L.L73
o.677
1.009
1.013
r.o?7
r.082
I.o05
L.259
I.I95
1.1r8
r.o77
r-L55
1.050
r.323
0.918
2,232
1.0ó8
1.082
o.995
0,900

33 .6 58.24t+.5 73.633.6 55.542.7 65.5
34.L 58.637.3 70.939.I 55.5t+5:5 80.0
40.9 5È.240.0 8,439.L 68.2t+o.9 60.0
40.0 8Ì.4
37.3 7t+.5
37 .3 70.9
t+4 .5 81 .8
39.L 7O.942.7 75,.o32.7 6g.t
38.6 ó1.8
46.8 7o.9t+9.L 8r.8
37.3 64.5
37.3 63.6
37.7 59.L
40.0 67.3
37.3 64.5
&0.0 62.7
4t+.5 7O.9
¡{.4. t 66.8

39
67
53
5t
lr0
46
75
57
7j
66
7l+
68
I
2
3
h
7I

10
T2
L7
18
19
28
29
32
36
l+2
5l+
72

* nate of Gain



ÎABIE 84. Conception ánd Gestation l,ength

Year I

Cow
Number

Ðate of
Calving
L976

Date of Breedine
at Estrus 1975

Assumed Post-treatnent
Estrus at Which Con-
ception occured

],4-69
+-70
2-70

L6-7o
1o-70

5-70
2L-7o
L6-69
L7-70
t+-69

2t+-69
17-69
28-7O
20-6e
3-69

July t7
July 10
Jul-y 2l
JuIy 2P
July 29
July 26
JuIy 18
JuIy 26
JuLy 27
JuLy 2þ

August I
Augusù 12
August I

AuEust_10

Fi.rst

First
First
First
First
F irst

S econd
First
First
First
First
I':":

May

Mav
May
May

May
May
rtune
May
June
May
June
June

3

3L
L5
I3

3
6

9
L7I
30

9
I

Year2-Groupl

2-7o
7 -70
8-70

10-7o
ri-70
L7-70
L9-70
20-7O
2È-7o
3L-70

August 27
July 2l
July 30

August 2O
JuIy 2)

August L3
June 22
June 2P

August 13
August, L3

*;i
Mav 3

Mav 3

y""l"n'zi
ur:t1 3_

First
First,
:.- -
.F ]-rst

ii'"i
:':":



TABLE 84. (ConrÍnued)

Tear2-Groupl

Oow
Number

Ðate of
Calving
r976

Date of Breeding
at Estrus 1975

Assr¡med Post-treatment
Estrus at Ulhich Con-
ception occured

)2-70
t+-69
8-óe

10-69 *
Lb-69

July 16
JuLy 30
JuIy 30
JuIy 2l
July 30

April 25

May 29

Fi"rst

S.econ<ì

Iear2-GroupII

15-69
33-70
27-70
9-70

15-70
24-70
7-69

r8-69
2b-69
17-69 **

5-69
20-69
L6-7o
2r-7O
L6-69

July 9
June 15
June 1ó
June 12
July I
July I

July 31
August I

August 13
August ?3
August l-3

Aueust 6
August I
Jwly 2)

April 21
April 16
March 3l
April 5April 21
:,¡jfay g
May 20

î: i
May 17
I4ay 6

May 11

First
Sec ond
First

S ec ond
First

Second
First
First
First
.::
First
First
First

Cow 1O-ó9 actually seen being bred durÍng second estrus.
Cov 17-69 died just prior to parturition.
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