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INDUCTION OF
ESTRUS AND FERTILITY
IN ANESTROUS EWES!

D. E. Ray®; L. F. Bush, Associate Professor of
Animal Science; and J. F. WacNER®

Several potential methods of
overcoming the seasonality of repro-
duction in sheep are available: (1)
selecting individuals (or breeds)
exhibiting estrous periods through-
out the year; (2) artificial modifica-
tion of environmental factors (tem-
perature and light) affecting estrus;
and (3) administration of hormones
to induce estrus and fertility during
the non-breeding season. Of the
three, the latter has the advantages
of immediate applicability (when
perfected) and concomitant syn-
chronization of breeding and lamb-
ing dates.

Numerous workers have investi-
gated the hormonal induction of es-
trus and conception in the anestrous
ewe. Although a single injection of
a gonadotrophin such as pregnant
mare’s serum (PMS) will induce
ovulation in a large proportion of
anestrous ewes, this phenomena is
accompanied by estrus only if PMS
is preceded by a period of proges-
terone injections (Dutt, 1953). Fer-
tility at the induced heat period is
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generally quite low, particularly
during mid-anestrum  (approxi-
mately 33%). Also, estrous response
and fertility are lower in lactating
than in non-lactating animals (Gor-
don, 1958).

Robinson (1960) stated that two
of the major problems in controlled
sheep breeding are (1) simplifica-
tion of the progesterone injection
procedure and (2) determination of
factors affecting fertility following
treatment. The studies reported
herein were designed to evaluate
the efficacy of an orally effective
progestin and various combinations
and sequences of hormone therapy
on the “estrus - ovulation - concep-
tion” complex in anestrous ewes.

General Procedures

Thirteen trials were conducted
during the non-breeding season

'Supported in part by grants-in-aid from Eli
Lilly and Company and Syntex.

*Present address: Department of Animal Sci-
ence, University of Arizona, Tucson, Arizona.
®Present address: Eli Lilly and Company, Green-
field, Indiana.



over a 4-year period (1961-64), in-
cluding a total of 857 ewes. Various
breed and age groups were utilized,
with lactating and non-lactating
ewes included in the studies. Fac-
tors such as breed, age, and lacta-
tion status were balanced among the
treatment groups.

Hormones utilized in these
studies were (1) 6-chloro-2%-dehy-
dro-17-acetoxyprogesterone (CAP),
a potent orally effective progestin;
(2) ethynyl estradiol 3-methyl ether
(EE), an orally effective estrogen;
(3) estradiol; (4) progesterone;
and (5) pregnant mare’s serum
gonadotrophin (PMS)*. Treatinent
normally consisted of a 10- to 16-day
period of progestin administration
tollowed by a single injection of
PMS. The effect of estrogen in this
basic treatment was evaluated in
some trials by simultaneous admin-
istration (in the form of EE) with
the progestin or as a single injection
(estradiol) following PMS. In the
later trials a part or all of the basic
treatment was repeated to effect a
second synchronous estrus.

CAP and EE were administered
in .23 to .45 kg. of ground corn by
once- or twice-a-day feeding for the
specified nummber of days. An aqu-
eous solution of PMS was adminis-
tered subcutaneously 24 or 36 hours
after the final progestin feeding. Es-
tradiol was injected subcutaneously
at the same time or 36 hours follow-
ing PMS. Estradiol was administer-
ed as the Na salt or dissolved in
either corn oil or sesame oil. Pro-
gesterone was dissolved in corn oil
and injected subcutaneously.

In most cases estrous activity was
not determined until the end of the
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treatment phase, although in a few
trials vasectomized or aproned rams
were utilized to check estrus before
and during the treatment period.
Occurrence  of following
treatment was cvaluated twice a
day (am. and p.m.), unless other-
wise stated. Each time of observa-
tion for estrus is referred to as a
“period,” and this is the unit of time
used to measure the length of es-
tvus. Therefore, a “period” is rough-
ly equivalent to a half day. Intact
rams were used to breed ewes at
the induced estrous periods, with
approximately an equal number of
ewes on each treatment mated to
cach ram. Each ewe was normally
mated once during each heat per-
iod. Treatment effects were evaluat-
ed by laparotomy, slaughter, or
trom lambing data.

estrus

Untreated control animals were
not involved in any trials. In the
earlier experiments “positive” con-
trols (received daily injections of
progesterone) were utilized as a
standard. One group of animals re-
ceived CAP as a single injection.

Data were statistically evaluated
by chi-square or analysis of variance
techniques depending on the nature
of the observations. The method of
unweighed means was utilized in
tactorial treatment arrangements in-
volving unequal subclass numbers
(Snedecor, 1956).

To provide continuity of thought
specific procedures involved in each
trial will be accompanied by results.

'Lyopholyzed PMS supplied by Ferring AB,
Malmo, Sweden.



Methods and Results
1961

Three trials were conducted dur-
ing April and May of 1961 involving
163 IHampshire, Columbia, and
grade ewes. Two of the trials were
conducted at the South Dakota Ag-
ricultural Experiment Station Sheep
unit and the third trial in a private
flock through cooperation of the
owner. These trials were designed
to ascertain the level of CAP for op-
timum results and the effect of estra-
diol subsequent to PMS.

Trial 1. Five treatments with 13
ewes per treatment were started on
April 10. Treatments imposed were:
20, 10 or 5 mg. CAP per ewe daily
in 0.23 kg. of corn (fed once daily
for 15 days) in treatments 1 to 3, re-
spectively; single injection of CAP
(subcutaneously in 0il ) in treatment
4, six ewes receiving 5 mg. and seven
ewes 10 mg.; and 10 mg. progeste-
rone daily (subcutaneously in oil)
for 15 days in treatment 5. All ewes

received 1,000 I.U. PMS 24 hours
atter the last progestin treatment
with the exception of treatment 4,
where PMS was injected 15.5 to 16.0
days after the single CAP injection.
Half of the ewes on each treatment
received 0.75 mg. Na salt of estra-
diol (subcutaneous injection) 36
hours following PMS administra-
tion. In treatment 4, only ewes re-
ceiving the 5 mg. injection of CAP
reccived estradiol. Two ewes from
each treatment were laparotomized
7 days after PMS injection and their
ovaries examined. Fertility was eval-
uated from lambing data.

Table 1 summarizes the results of
this trial. Estrous response was quite
poor in all groups receiving CAP
orally except at the 5 mg. level when
followed by an injection of 0.75 mg.
estradiol. All ewes that received a
single 5 mg. CAP injection followed
by estradiol were observed in heat,
whereas none of the ewes injected
with 10 mg. CAP and no estrogen
were in heat. The “standard” treat-

Table 1. Response of Anestrous Ewes to Various Progestin-Estradiol Treatments
) - 5 10 0
Progestin, mg. _20CAP* 10 CAP* _5CAP*  CAP" CAP" Progesterone
Estradiol, mg. 0 75 0 75 0 75 75 0 0 75
Total No. 6 7 6 7 6 7 7 6 6 7
No. in heat® . 0 1 1 1 0 6 7 0 5 7
Days, PMS
to heat ______ 3.0 4.0 3.0 3.1 23 23 24
Periods in heat® 1.0 1.0 1.0 1.0 1.9 1.2 23
No. lambing ... 0 0 0 0 0 0 1 0 3 1

"Dose administered daily, 6-chloro-A°®-17-acetoxyprogesterone (CAP) orally and progesterone
by subcutaneous injection. All received 1,000 LU. pregnant mare’s serum (PMS) 24 hours after
last progestin treatment.

"Single subcutaneous injection in oil; 1,000 LU. PMS injected 15.5 to 16.0 days after CAP in-
jection.

“Administered as a subcutancous injection 36 hours after PMS.

“Significant differences between progestin treatments (P<(.01), estrogen treatments (P<C.01),
and progestin X estrogen interaction (P<.05).

““Period” refers to each heat check, e.g., two “periods™ per day.
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level of CAP. A significant interac-
tion between progestin and estradiol
treatments was also detected for
this trait (P<.01). Administration
of estradiol to ewes on the 3 mg.
CAP level shortened the interval to
estrus, whercas estradiol tended to
increase this interval in the other
two treatiments.

Of 42 ewes observed in heat and
bred, 15 conceived and produced
term lambs. No significant treat-
ment effects were detected for pro-
portion of ewes lambing. An addi-
tional 11 ewes returned to estrus ap-
proximately one cycle later and five
of these lambed from “repeat” mat-
ings.

Trial 3. This trial, involving two
groups of 27 ewes cach, was con-
ducted in cooperation with a private
breeder. Only Hampshire ewes
were involved. Treatments consist-
ed of either 2 or 4 mg. CAP per ewe
daily for 15 days (starting May 5)
followed by 1, 000 1.U. of PMS 24
hours following the final progestin
feeding. Approximately half of the
ewes on cach treatment received a

Table 3. Response of Anestrous Ewes to
an Oral Progestin Followed by
Supplementary Estrogen

CAP mg." 2 4
Estradiol, mg.” 0 0.5 0 0.5
No. ewes 13 14 13 14
No. in heat 10 13 9 11
Days, PMS

to estrus’ 20 1.7 2.7 1.7
"67{,}11(11'0—/\6»17-zlcetr)X)‘prt)gcstcr()nc (7CAP),

fed at indicated levels in corn for 15 days.
1,000 I.U. PMS injected 24 hours after last
CAP feeding.
"Estradiol injection (subcutancous) administer-
ed 36 hours atter PMS.
“CAP treatments, P<.01; estradiol treatments,
P<.01; CAP X estradiol interaction, P<.01.

7

subcutancous injection of 0.5 mg.
estradiol (Na-salt) 36 hours after
PMS.

Ewes were mated at the induced
heat period, but length of estrus
was not evaluated.

No significant treatment effects
were observed for proportion of
ewes in estrus (table 3). However,
there was a tendency for more ewes
in heat on the 2 mg. CAP treatment
and in ewes receiving supplemental
estrogen.

Interval from PMS to estrus was
significantly affected by both vari-
ables (P<.01). Ewes receiving the
higher level of CAP exhibited
longer interval to estrus, and estra-
diol administration shortened this
interval. The effect of estradiol was
more pronounced at the higher CAP
level; therefore, a significant inter-
action was observed for this trait
(P<.01).

None of the ewes lambed as a re-
sult of mating at the induced heat
period. Only two rams were avail-
able in this trial and one of the rams
bred the majority of ewes observed
in heat. Therefore, ram fertility
may have been a factor in this par-
ticular study.

1962

Eight trials (trials 4-11) were
conducted during May-July; two of
the trials were at the Agricultural
Experiment Station and the remain-
ing six in cooperation with private
breeders. Involved in these studies
were 303 ewes. Breeds were Hamp-
shire, Suffolk, Columbia, South-
down, and grade ewes. Lactating
ewes were included in the two Ex-
periment  Station trials. TFactors
evaluated in these trials were level



of CAP (0.5-1.0 mg.) with or with-
out ethynyl estradiol 3-methyl ether
(EE), interval between progestin
treatment and injection of PMS, and
the effect of a supplementary estro-
gen injection subsequent to PMS.

Trial 4. Ninety-eight Hampshire,
Columbia and grade ewes were in-
cluded in this trial. Treatment vari-
ables were levels of CAP:EE
(0.5:0, 0.75:0, 1.0:0, 1.0:2.0 mg.);
interval from last CAP:EE adminis-
tration to injection of 1,000 I.U.
PMS (24 or 36 hours); and level of
estradiol injection 36 hours after
PMS (0 or 0.5 mg. as the Na-salt).
CAP:EE combinations were fed in
45 kg. of ground com by twice-a-
day feeding for 15 days. Treatments
were started on May 22. The ewes
were checked prior to the start of
the trial with vasectomized rams;
none exhibited estrous activity dur-
ing this pretreatment phase. Lactat-
ing ewes (n = 36) had lambed 13
to 28 days prior to initiation of hor-
mone feeding.

Table 4. Response of Anestrous Ewes to
Various CAP:EE Combinations

CAP:EE

(mg.)* 0.5:0.0 0.75:0.0 1.0:0.0 1.0:2.0
Total No.

ewes _...._. 24 25 25 24
No. in heat __ 14 12 17 10
Days,

CAP:EE

to estrus” 3.7 37 38 45
Periods

in estrus® 2.6 2.8 25 19
No. ewes

lambing = 1 1 3 1
"CAP == 6 chloro-A%-dehydro-17-acetoxypro-
gesterone; EE = ethynyl estradiol 3 methyl

ether. Fed in ration for 15 days.
Significant treatment effect, P<.01.
“See footnote “e”, table 1.
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Ewes were checked for estrus
twice daily after treatment and mat-
ed at each heat period observed in
estrus. Fertility was evaluated from
lambing data.

Results are presented in tables 4
and 5. Treatments did not signifi-
cant]y affect proportion in heat,
length of estrus, or number ewes
lambing. Therefore, results were
summarized over PMS interval, es-
tradiol level, and lactation status
for conciseness of presentation
(table 4). Although not statistically
significant, a larger proportion of
cwes receiving estradiol were in
heat (.63 vs. .45) and a larger pro-
portion of lactating than non-lactat-
ing ewes were in estrus (.61 vs.
50). Length of estrus tended to be
shorter in lactating ewes (2.3 vs. 2.6
periods). Only 11% of ewes bred pro-
duced lambs (6 of 53); therefore,
the statistical evaluation of fertility
is not too meaningful.

Combinations of CAP:EE, inter-
val to PMS, and estradiol level all
significantly affected interval from
PMS to estrus. The inclusion of 2.0
mg. EE in the CAP feeding regime

Table 5. Effect of Time of PMS and
Estradiol Injections on Days from
CAP:EE to Estrus

Hours,
CAP:EE to PMS"  Estradiol
Estradiol (mg.)" 24 36 average
0.0 35 4.7¢ 4.1"
05 .. 35 4.0 3.7
PMS average 3.5 4.3° 3.9

"Hours elapsing between last CAP:EE feeding
and injection of PMS (1,000 LU.).

"Injected 36 hours after PMS.

PMS X estradiol interaction, P<.05,
P05,

P01



lengthened the average onset of es-
trus (P<.01, tablc 4). As indicated
in table 5 delaying the PMS injec-
tion until 36 hours after last CAP
feeding resulted in a delay of estrus
of approximately 0.8 day (P<.01),
and injection of 0.5 mg. estradiol

hastened the onset of estrus
(P<.05). A significant interac-
tion between PMS and estra-

diol was observed (P<.05), ap-
parently resulting from the in-
crease in interval to estrus ex-
hibited by animals receiving PMS
36 hours after final CAP with no sup-
plemental estrogen. A significant in-
teraction (P<.05) was also detected
between CAP:EE and PMS. Injec-
tion of PMS 36 hours after CAP:EE
resulted in a slightly shorter interval
to estrus at the 0.75:0 level, but a
greatly lengthened interval at the
1.0:2.0 combination. The 24 hour
PMS group showed a general in-
crease in this interval as dose of
CAP:EE increased.

Trial 5. A group of 78 grade (pre-
dominately Columbia) ewes were
divided into eight groups and each
group was allotted to one of the fol-
lowing treatment combinations:
CAP, 0.75 or 1.00 mg. per ewe daily;
EE, 0 or 2.0 mg. per ewe daily; in-
terval between final CAP:EE and
1,000 I.U. PMS. 24 or 36 hours. All
ewes received 0.5 mg. estradiol (Na-
salt) 36 hours after the PMS injec-
tion. Methods of hormone adminis-
tration were identical to Trial 4.
CAP:EE feeding started on May 25
and continued for 15 days. Lactat-
ing ewes (n = 27) were divided as
equally as possible among the eight
treatment  combinations. These
ewes were 26 to 110 days postpar-

tum at the start of hormone treat-
ment.

Following hormone administra-
tion, ewes were checked twice daily
for estrus and mated with an intact
ram at each period observed in heat.
Lambing data were obtained as in
previous trials.

Level of EE fed did not signifi-
cantly affect any of the variables
measured; therefore, data were
summarized over EE levels for pre-
sentation,

Considering all ewes treated, 71%
(55 of 78) were in estrus subsequent
to treatment (table 6). More ewes
receiving PMS at the 36-hour inter-
val were in heat (P .07). Ewes re-
ceiving the higher level of CAP had
a longer interval to onset of estrus
(0.4 day, P<.05). Also, ewes receiv-
ing PMS 36 hours after CAP did not
return to estrus until approximately
0.4 day after the 24-hour group
(P<.05).

The only factor exerting a signifi-
cant effect on length of estrus was
lactation status; lactating ewes ex-
hibited a shorter estrus than “dry”
ewes (1.6 vs. 2.2 periods, P<.05).

Only 25% of ewes mated produc-
ed lambs (14 of 55). None of the
tactors studied exerted an apparent
effect on fertility, although small
numbers limited the statistical
evaluation of this trait.

Trials 6-8. These trials were con-
ducted with cooperative breeders
and involved a total of 63 ewes of
Hampshire, Suffolk or Southdown
breeding. The only treatment vari-
able imposed was level of CAP: 0.75
or 1.00 mg. per ewe daily for 15
days. As in previous trials, CAP was
administered in .45 kg. of ground






Hampshire and seven Suffolk ewes.
One group received 1.0 mg. CAP
daily for 15 days, the other 1.0 mg.
CAP plus 2.0 mg. EE for the samce
period. PMS was injected 24 hours
after final CAP and 0.5 mg. cstra-
diol 36 hours later. Other procedures
were similar to the above trials.

Estrus was observed in 27 of 28
ewes. Seven ewes subscquently
lambed from mating at the induced
heat period, three on 1.0:0.0 CAP:
EE combination and four on 1.0:2.0
CAP:EE. Length of estrus was
significantly longer in the latter
treatment (3.8 vs. 2.5 periods,
P<.05).

Trial 11. The final field trial in
1962 involved 20 Suffolk ewes. Half
received 0.75 mg. CAP daily and
half 0.75 mg. CAP plus 2.00 mg. EE
for 15 days. CAP treatment was
started on May 25. PMS and estra-
diol treatments were identical to
Trial 10. Breeding practices were
consistent with previous trials. One
exception to the general procedures
noted above was that ewes were
checked for estrus at 4-hour inter-
vals subsequent to hormone admin-
istration, thereby allowing for rather
precise estimates of the length of
estrus.

Fifteen of the 20 ewes were ob-
served in estrus; one ewe on each
treatment lambed from breeding at
the induced heat period.

Length of estrus was significantly
shortened by the addition of 2.0 mg.
EE to the treatment regime (29 vs.
56 hours, P<.01).

1963

The study conducted in 1963
(Trial 12) was designed to evaluate
(1) the effect of a “double” PMS in-
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jection (second injection of PMS
approximately one estrous cycle af-
ter first), (2) the cffect of a relative-
ly high level of estradiol (5.0 mg.
vs. 0.5 mg.) subsequent to PMS, (3)
the response of yearling as compar-
ed to parous ewes, and (4) the ef-
feet of lactation on treatment re-
sponse. A total of 245 ewes were in-
volved in this study—60 grade yearl-
ing ewes and 185 parous Hamp-
shire, Columbia, Suffolk and grade
ewes. Lactating ewes (n 98)
were 13 to 74 days postpartum when
hormone  administration  began
(April 11).

All ewes received 1 mg. CAP in
0.45 kg. of ground corn once daily
for 10 days. PMS (1,000 L.U.) was
administered to all ewes 36 hours
after last CAP feeding. The ewes
were then divided into four groups
on the basis of parity, breed, lacta-
tion status and wcight. Two groups
received estradiol (in sesame oil)
injections 24 hours following the
PMS, one group receiving 0.5 and
the ()thor 5.0 mg. per ewe. The re-
maining two groups received a sec-
ond PMS injection (1,000 1.U.) 16
days after the initial PMS, follow-
ed by cither 0.5 or 5.0 mg. estradiol
24 hours later.

Ramns with marking harnesscs
were placed with the ewes follow-
ing estradiol injections, and ewes
were checked twice daily for indi-
cations of mating. Ewes scheduled
to receive “double” PMS were not
exposed to rams following the initial
PMS injection. In addition yearling
ewes were checked for estrus with
vasectomized rams for 20 days prior
to beginning of treatment.

Ovarian information and fertility
data were obtained from yecarling



ewes at slaughter approximately 30
days after mating. Lambing data
were obtained from the parous
ewes.

Results are presented separately
for yearling and parous ewes. A
large proportion of yearling ewes
(88%) was observed in estrus follow-
ing treatment (table 8). None of the
main treatment effects significantly
affected  this trait; however, the
PMS X estradiol interaction was
significant (P<<.01). Only 9 of 15
ewes receiving “double” PMS and
5.0 mg. of estradiol were observed

Table 8. Estrus and Fertility of Yearling
Ewes Following CAP-PMS-Estradiol

Treatments

No. PMS injections® 1 2
Estradiol, mg." 05 5.0 05 5.0
No. ewes 15 15 Is 15
No. in estrus” 14 15 15 9
Days, PMS

to estrus' 22 19 24 28
Periods

in estrus’ 1.9 2.0 1.8 3.8
No. pregnant g 10 6
Embryos/cwe 22 16 19 18
No. corpora

lutea’ 48 22 39 23
Embryonic

survival (%)° 56 88 59 93

*All ewes received 1 mg. CAP in 045 kg. feed
daily for 10 days: followed by 1,000 1L.U.
PMS (subcutancously) 36 hours after last
CAP feeding. Second PMS injection (1,000
1.U.) administered 16 days after frst.
"Estradiol (in sesame oil)  administered
hours after PMS.

PMS X estradiol interaction, P<.01.
ISignificantly longer for two PMS injections,
P<.05.

“Significantly longer, 5.0 mg. estradiol,
P<.05; PMS X estradiol, P .05, Sce foot-
note “¢”, table 1 for definition of period.

24

fSignificantly  larger, 035 mg. estradiol,
P<.05.
“Significantly  larger, 5.0 mg.  estradiol,
P<.01.
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in heat, whereas all but one ewe in
the other groups were in estrus.

The interval from PMS to estrus
was lengthened in ewes receiving
“double” PMS (P<.05). Length of
estrus was greater in ewes receiving
the higher dose of estradiol
(P<.05). Ewes treated with double
PMS and 5.0 mg. estradiol had a
much longer estrus period than the
other treatment combinations re-
Su]ting in a signiﬁcant interaction
(P~ 05).

Conception rate (60%) and num-
ber of embrvos per ewe (1.9) were
not significantly affected by treat-
ments. However, there was a trend
for more embryos at the 0.5 mg.
level of estradiol.

Ovulation rate, as reflected by
number of corpora lutea in preg-
nant ewes, averaged 3.3 for all ani-
mals. Significantly more ova were
shed in ewes receiving the lower
dose of estradiol (4.3 vs. 2.2
P<.05).

Embryonic survival rate at 30
days of gestation was evaluated by
dividing the number of embryos by
the number of corpora lutea for each
individual ewe and expressing this
as a percentage. Only data from
pregnant ewes were included in thig
caleulation. This method of calcula-
tion prevents one animal from dis-
proportionately affecting the over-
all results. Considering all ewes,
average cmbryonic survival was
74%. This parameter was significant-
ly higher in ewcs receiving 5.0 mg.
estradiol (P<.01).

Estrus was observed in 86% of
parous ewes treated (table 9). The
single PMS injection resulted in
a  higher proportion in estrus









Hampshire, Suffolk and Columbia
ewes; (2) grade ewes — all parous,
grade cwes; (3) yearling ewes. The
purebred ewes were of intermediate
ages (3-6 years old ), and the parous,
grade ewes were older (53-8 years
old). Therefore, this classification
roughly divided the ewes into age
groups.

Estrous response following the
initial PMS injection was signiﬁcant—
ly affected by treatment (P<.05).
Only one of 46 ewes on Treatment
II (no initial CAP) was observed in
heat, whereas nine ewes in each of
the other treatments were in heat.
A significant (P<.05) breed X
treatment interaction was also de-
tected. The largest proportion of
purebred ewes was observed in
heat on Treatment III (24%),
whereas more yearling ewes (56%)
were in estrus on Treatment 1.

Interval from PMS to estrus and
length of estrus were not statistical-
ly evaluated due to the small num-
ber of observations. However, no
ma]'()r differences between treat-
ments were upparcnt for these
traits.

Both treatment and breed group
significantly affected the occurrence
of estrus following the final PMS in-
jection (P<<.01). Treatment III re-
sulted in the largest proportion of
ewes in estrus (877), whercas only
7% of ewes from Treatment I were
in heat. More yearling ewes were ob-
served in estrus (69%) than the
other two breed groups. In the
purebred group 39% were in heat,
whereas only 23% of grade ewes re-
turned to estrus following final
PMS.

An interaction between treat-
ment and breed group for occur-
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rence of estrus was also indicated in
the analysis (P2 .05). This was ap-
parently due to the differential
response among breed groups on
Treatment II; 90% of yearling ewes
on this treatment were in heat, but
only 18% and 0% of purebred and
grade cwes, respectively.

Interval from final PMS to estrus
was shorter on Treatment TIT (2.1
days) than on Treatment I (3.5
days) and Treatment 11 (3.1 days).
Differences were significant at the
1% level of probability. Length of
estrus was also significantly affected
by treatment (P<.01). Ewes on
Treatment 111 were in heat an aver-
age of 2.0 periods, whereas on
Treatments 1 and 11 ewes were in
heat 1.0 and 1.2 periods respective-
lv. Breed differences for interval to
estrus and length of estrus follow-
ing final PMS were not statistically
cvaluated, since no grade ewes
were observed in heat on Treat-
ments I and I1.

Grade ewes not returning to es-
trus  following final PMS were
slaughtered 4 days after injection
(n = 33). Examination of ovaries
from thesc ewes indicated that
treatments did not induce follicular
maturation and ovulation in most
cases. Based on number of corpora
lutea, only 3 of 33 ewes slaughtered
had ovulated from the second PMS
injection, and only 58% had follicles
5 mm. or greater in diameter. It ap-
pmred that ovulntory response was
greater following the initial PMS
injection — 27% had corpora albi-
cantia estimated to have resulted
from ovulations following initial
PMS. No differential treatment ef-
fects were noted.

Grade ewes exhibiting  estrus



were slaughtered approximately 30
days after breeding. Ten ewes
were in this group, and all were on
Treatment III. Only one of these
ewes was pregnant at slaughter,
possessing two normal embryos. An
additional six ewes had regressing
corpora lutea (1-3 per ewe) which
probably resulted from induced
ovulations following final PMS.
Therefore, 70% of this group ap-
parently ovulated following the
second PMS injection. Nine of the
10 ewes had follicles 5 mm. or great-
er in diameter.

dmbing Icsp(mse was quite poor
in the remaining ewes. Only 15 of 44
ewes mated (34%) produced lambs.
Treatment I resulted in the highest
proportion of ewes lambing (3 of 3),
whereas only 6 of 28 ewes lambed
on Treatment III. Although treat-
ments differed significantly (P<
.05), the small numbers involved
limit the accuracy of this evaluation.
Fifty percent of yearling ewes and
21% of purebred ewes lambed. This
difference was significant at the 10%
level.

DISCUSSION

Experiments conducted during
1961 indicated that CAP is a rela-
tively potent oral progestin, and
that levels as low as 1 mg. per ewe
daily for 15-16 days followed by
PMS resulted in estrus in a majori-
ty of ewes treated. Reducing this
dosage to 0.5 or 0.75 mg. per ewe did
not result in increased performance
(1962). Since the possibility of an
inadequate amount of CAP being
consumed is increased as dose de-
creases, a level of 1 mg. per ewe
daily was used in subsequent trials.
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In comparison, Brunner et al. (1964 )
found that approximately 50-60 mg.
ot 6-methyl-17-acetoxyprogesterone
(MAP, another orally active pro-
gestin) per ewe daily was required
for comparable estrous response.
However, Pursel and Graham
(1962) reported that 10 mg. MAP
daily resulted in 7 of 10 ewes exhib-
iting an induced estrus. For compar-
ison, appr()ximately 10 mg. proges-
terone daily (by injection) is re-
quired to “prime” the anestrous ewe
for estrus and ovulation when pro-
gesterone is followed by PMS ad-
ministration (Robinson, 1959).

The inclusion of an orally effect-
ive estrogen, ethynyl estradiol 3
methyl ether (EE), in the CAP
treatment did not appear to improve
either estrous response or fertility
(Trials 4, 5, 10 and 11), and there-
fore it was eliminated from subse-
quent trials.

There was an indication that a
36-hour interval between CAP and
PMS injection resulted in a larger
proportion of ewes in estrus (Trial
5); however, this effect was not ob-
served in other trials comparing in-
terval to PMS injection. The most
consistent effect of delaying PMS
injection until 36 hours after CAP
was a delay in the onset of estrus.
This delay was roughly comparable
to the additional time elapsing be-
tween PMS injections (approxi-
mately 0.5 day ).

Although a relatively large pro-
portion of treated ewes responded
with a synchronous estrus (70% or
more in most trials), fertility was
quite low. Considering all trials con-
ducted during 1961-62, only 15% of
all ewes mated (52 of 342) produc-
ed lambs. Even if the trials in which



other factors may have been involv-
ed (rams, Trial 3) or where the ac-
curacy of lambing information may
be questioned (Trials 6-8) are eli-
minated, only 21% (51 of 244) ewes
lambed. This proportion varied
from 11%-36% in the various studies.
Other workers have reported low
fertility following similar progestin-
PMS treatments (Gordon, 1958
Pursel and Graham, 1962; Allen and
Lamming, 1960; Braden and Moule,
1962).

Observations by Gordon (1958)
indicated that fertility may be nor-
mal in ewes experiencing a spontan-
eous estrus subsequcnt to an in-
duced estrus. In experiments design-
ed to evaluate this theory, Gordon
(1963) reported that a repeated pro-
gestrone-PMS  therapy (PMS in-
jections separated by an interval
equivalent to approximately one es-
trous cycle) resulted in an appar-
ently normal conception rate (68%).
Therefore, trials conducted at this
station in 1963 and 1964 were de-
signed to evaluate the efficacy of this
treatment sequence. Although the
earlier trials involved a 15-16 day
period of CAP feeding, it was deem-
ed desirable to reduce this period if
possible, especially in a treatment
involving repeated administration
of the basic hormones. The work of
Gordon (1958, 1963) indicated that
the period of progestin administra-
tion could be shortened to 7 days
without adverse effects on estrus
and fertility. This supposition has
been more recently substantiated
by the work of Brunner et al.
(1964). Therefore, a 10 day CAP
feeding period was chosen, and al-
though not contemporarily tested
against other lengths of treatment,
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results indicated that this was a sat-
isfactory “priming” period.

Although fertility was generally
improved in these trials, it did not
approach the levels observed by
other workers ( Gordon, 1963, Brun-
ner et al., 1964). Best results were
obtained with yearling ewes (50%-
60% conception rate) and poorest
with lactating ewes (5% conception
rate). Lcngth of postpartum inter-
val in lactating ewes may have been
a factor contributing to fertility
(Wagner, 1964), although the low
conception rate in this study pre-
vented an evaluation of this factor.

Lactating ewes generally benefit-
ed the most from repeated treat-
ments; yearling ewes the least. In
general, yearling ewes exhibited the
best response to treatments of any
of the age groups. This general re-
lationship has also been observed
by Gordon (1958).

The inclusion of supplementary
cstrogen in the treatment regimc
following PMS generally resulted in
an increase in the number of ewes
in estrus, a decrease in interval to es-
trus, and an increase in length of es-
trus.

Although not a consistent effect,
there was an indication that 0.5 or
0.75 mg. estradiol subsequent to
PMS may have been slightly detri-
mental to fertility. This effect was
more clearly demonstrated at a
higher level of estradiol in parous
ewes (Trial 12). Again, an age dif-
ference was observed for the effect
of estrogen on fertility. Yearling
ewes had a similar conception rate
on either 0.5 or 5.0 mg. estradiol,
but embryonic survival rate was
actially improved on the higher
dose.  Conversely, parous ewes




demonstrated a decrease in fertility
(as evaluated by lambing data) on
the higher dose. Gordon (1963)
presented evidence indicating that
administration of 50 mcg. estradiol
after breeding improved fertility in
yearling ewes.

In Trial 12 in which ovulation
rate was determined at slaughter,
5.0 mg. estradiol significantly de-
pressed ovulation rate in yearling
ewes as compared to 0.5 mg. Robin-
son (1962) also reported that in-
jections of small quantities of estra-
diol with gonadotrophin tended to
suppress ovulation in some cases.

The poor estrous response in ewes
not receiving supplemental estro-
gen in the final trial is difficult to ex-
plain. Slaughter results obtained
trom the old, grade ewes indicated
that ovulatory response to PMS was
very poor, and suggested that the
PMS may have lost some potency or
was incorrectly labeled. A sample of
the PMS was retained and bioassay-
ed against a standard PMS prepara-
tion. Results of the bioassay indicat-
ed that the PMS utilized in the last
experiment was approximately 50%
of the expected potency. Therefore,
the dose of PMS administered was
only approximately 500 I.U., and
may have accounted for the poor
estrus and ovulatory response ob-
tained. However, Robinson (1959)
reported a satisfactory ovulatory
response from as little as 250 I.U.
PMS in progesterone primed anestr-
ous ewes.

SUMMARY
A total of 857 anestrous ewes
were involved in 13 trials conducted
during 1961-64. An orally effective
progestin (6-Chloro-49-17-acetoxy-
progesterone, CAP) was fed in the
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ration for 10 to 16 days, followed by
750 to 1,000 1.U. PMS and 0.5 to 5.0
mg. estradiol subsequent to the
PMS. “Double” PMS treatments
were evaluated in two experiments.
The inclusion of an orally effective
estrogen (ethynyl estradiol 3-methyl
ether, EE) in the CAP treatment
was evaluated in some of the trials.

Approximately 1 mg. CAP per
ewe daily resulted in a satisfactory
estrous response in most trials. A
post-treatment estrus was normally
observed in 70% or more of ewes re-
ceiving this dose of CAP. Addition
of EE to the CAP treatment did not
improve estrous response or fertili-
ty.
Injection of 0.5 to 5.0 mg. estra-
diol subsequent to PMS resulted in
a larger proportion of ewes in estrus,
a shorter interval from CAP to es-
trus, and a longer heat period. Fer-
tility may have been adversely af-
tected by supplementary estrogen,
particularly in parous ewes receiv-
ing 5.0 mg. injections. Ovulation
rate was suppressed in yearling
ewes receiving 5.0 mg. estradiol
when compared to 0.5 mg. How-
ever, embryonic survival was en-
hanced in yearling ewes receiving
5.0 mg. estradiol.

Fertility (conception rate) was
quite variable, but was definitely
lower than that normally observed
during the regular breeding season.
Age of ewe exerted a large influence
on fertility. Yearling ewes exhibited
the highest fertility (50%-60% con-
ception rate), whereas lactating
ewes had the poorest fertility (5%
conception rate).

Repeated PMS treatments were
most effective in mature and lactat-
ing ewes.
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