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Summary. The reasons for a reduced oestrous response in heifers
following a 9-day treatment with implants of progesterone were deter-
mined. Progesterone implants were inserted into Hereford cross heifers
for 9 days at different stages of the oestrous cycle. Oestradiol benzoate
(5 mg) was also given at the time of insertion of implants. The oestrous
response obtained was low in animals receiving implants on Days
3 or 17 but was high in those receiving implants between Days 5
to 15. Injecting 50 mg progesterone with the 5 mg oestrogen increased
the oestrous response in animals receiving implants on Day 17 but the
onset of oestrus was more variable following this treatment in animals
receiving implants on Day 3 or between Days 5 and 15. Removing the
implants after 12 days instead of 9 days, however, gave a precise onset
of oestrus. The conception rate to A.I. was not different in heifers syn-
chronized with a 9- or 12-day treatment from that of the controls but it
was lower in heifers synchronized with implants ofprogesterone removed
after 18 or 21 days. The high conception rates obtained at slaughter 30
to 40 days after the last insemination were substantiated by allowing a

group of heifers to calve after synchronization with a 9-day progesterone
treatment.

INTRODUCTION
Oestrus and ovulation can be synchronized in cows with progestagens but the
conception rate to matings at the controlled oestrus is lower than normal
(Hansel, 1967; Mauléon & Chupín, 1971; Jochle, 1972; Roche & Crowley,
1973). When the period of progestagen treatment is reduced to 10 days, by
giving an injection of oestrogen on the 1st day of progestagen treatment to
induce premature regression of the CL, the conception rate has been reported
to be normal (Wiltbank & Kasson, 1968; Wiltbank, Sturges, Wideman, Le
Fever & Faulkner, 1971; Chupín, Le Provost, Mauléon, Ortavant, Parez &
Petit, 1972; Roche, 1974a). Using a short-term progesterone treatment, a

lower oestrous response was reported in cycling heifers in comparison to the
response obtained in heifers given progesterone for 20 days (Roche, 1974a).

The aim of this work was to study some of the factors affecting the oestrous
response in cycling heifers following short-term progesterone treatments.
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MATERIALS AND METHODS

Implants
Silastic rubber implants containing 4 g progesterone with a surface area of

9200 mm2 were placed in the dewlap of heifers to synchronize oestrus (Roche,
1974a).
Animals

Mature Hereford cross cycling heifers were grazed at pasture during the
summer of 1972 and 1973. Vasectomized bulls with chin-ball mating devices
were run with the heifers to aid detection of oestrus. The day of oestrus was
taken as Day 0 of the oestrous cycle. Following removal of the implants, the
heifers were checked individually for the occurrence of oestrus at 08.00, 14.00
and 20.00 hours for 3 days. Vasectomized bulls were then left during the night
with those heifers which had not shown oestrus.

All heifers in oestrus to be artificially inseminated received frozen semen from
the same bull by an inseminator from a commercial A.I. station. Heifers in
oestrus during the night and still standing at 08.00 hours were inseminated
between 15.00 and 17.00 hours on the same day; heifers in oestrus during the
night and not standing at 08.00 hours were inseminated between 11.00 and
13.00 hours. Heifers detected in oestrus during the day were inseminated the
following morning between 11.00 and 13.00 hours. Vasectomized bulls were
then run with the heifers to determine the number returning to service and the
repeats were inseminated as outlined for the first service. All heifers were killed
30 to 40 days after the last insemination and the number with normal live
embryos was recorded.

Group 1. The date of occurrence of oestrus was obtained for twenty-four
heifers. Silastic implants of progesterone were inserted for 9 days as follows :

eight on Day 3, seven between Days 6 and 14 and nine on Day 17. An injection
of 5 mg oestradiol benzoate in 5 ml corn oil was also given at the time of inser¬
tion of the implants. The oestrous response was determined and heifers not in
oestrus were slaughtered 5 days after removal of the implants and their repro¬
ductive tracts were examined.

Group 2. Either 5 mg oestradiol benzoate alone or 5 mg oestradiol benzoate
and 50 mg progesterone were injected into seventy-three heifers at the time of
insertion of the implants. The implants were inserted for 9 days at known
stages of the oestrous cycle, i.e. Day 3; during the luteal phase—Days 5 to 15;
and on Day 17. Following removal of the implants, the number of heifers in
oestrus was determined. Eighteen of the heifers were removed from the experi¬
ment at this point so that of the remaining 55, only those that were in oestrus
were inseminated at the controlled and first repeat heats to determine the
conception rate.

Group 3. In attempts to reduce the spread in the onset of oestrus following
removal of the implants, the period of insertion was increased from 9 to 12 days.
Thirty-eight heifers, two on each day of the cycle, received implants and were

given 5 mg oestradiol benzoate and 50 mg progesterone on the day after inser¬
tion of the implants. The implants were removed after 12 days, and the onset
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of oestrus and the number of heifers in oestrus were determined. Heifers in
oestrus at the controlled heat and at the first repeat heat were inseminated and
subsequently slaughtered to determine the number pregnant.

Group 4. Two groups of twenty-four and twelve heifers received implants
for 18 and 21 days respectively without regard to stage of cycle. Heifers were
inseminated when they showed oestrus, both at the controlled and first repeat
oestrus. Twelve similar untreated heifers were run with a vasectomized bull
and inseminated as they showed oestrus. The animals were then slaughtered
to determine fertility.

Group 5. The ovaries of fifty heifers were examined rectally and twenty-nine
animals diagnosed as having a large CL on either ovary received implants for
9 days and were given 5 mg oestradiol benzoate at the time of insertion of
implants. Animals in oestrus were hand-mated to bulls and then allowed to
calve to substantiate the data on pregnancy rate at slaughter.

Table 1. Effect of the stage of the cycle at the time of
insertion of implants and injection of oestrogen on the
oestrous response in heifers after a 9-day treatment with

progesterone

Stage of oestrous cycle
when implants given

Heifers in heat within 3 days
of removal of implants
No. %

Day 3
Luteal (Days 5 to 15)
Day 17

50
100
56

RESULTS

Group 1
The oestrous response following the 9-day treatment varied according to

the stage of the oestrous cycle of the animals when treatment began (Table 1).
Heifers treated during the luteal phase had a high oestrous response while
those receiving implants on Day 3 or 17 had a lower response. The heifers
receiving implants on Day 17 that failed to show a synchronized oestrus all had
a CL (wt+S.E. = 3-75+ 1 8 g) at slaughter 5 days after removal of the im¬
plants.
Group 2

When 50 mg progesterone were incorporated into the corn oil with the 5 mg
oestradiol benzoate, the oestrous response of animals treated on Day 17 was
increased whereas the oestrous response in animals treated on Day 3 or treated
during the luteal phase was not affected (Table 2). The onset of oestrus was

delayed, however, and spread over a 5-day period in the group given the oestro¬
gen + progesterone injection on the day ofinsertion of the implants. The majority
of heifers treated on Day 17 that did not have a synchronized oestrus were in
oestrus 7 to 11 days (mean+S.E. = 9-4+0-53 days) after removal of the im¬
plants.
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Group 3
When the treatment period was increased from 9 to 12 days and an oestrogen

+ progesterone injection was given on the day after insertion of the implants,
the oestrous response was high and the majority of animals were in oestrus on
the 2nd day after removal of the implants (Table 3). The only animals not
giving a high response were those which received implants between Day 0 and
Day 3 of the cycle.

Table 2. Effect of oestrogen or a combination of oestrogen and progesterone given on
the day of insertion of implants for 9 days on the oestrous response in heifers

Stage of oestrous cycle
when implants given

Days after
removal of
implants

Treatment on day of insertion of implants
Oestradiol benzoate

(5 mg) only
Oestradiol benzoate

(5 mg) +progesterone (50 mg)
Day 3

No. of heifers treated
No. in oestrus after removal of implants

Luteal phase
No. of heifers treated
No. in oestrus after removal of implants

Day 17
No. of heifers treated
No. in oestrus after removal of implants

10

2
3

7 to 14

10

10

25

11

12
5
3
3

Table 3. The onset of oestrus in heifers following a 12-day
progesterone treatment with an oestrogen + progesterone
injection given on the day after insertion of the implants

Day of oestrous
cycle when

implants given
No.
of

heifers
No. of

heifers in
oestrus

Time to onset of oestrus (days)

0 to 3
4 to 6
7 to 14

15 to 20
Total

10
6

12
10
38

6
6
9

10
31

6
4
6

10
26

Fertility in Groups 2, 3 and 4
The fertility following A.I. of the heifers that came into oestrus following

synchronization in Groups 2, 3 and 4 was influenced by the length of admini¬
stration of progesterone (Table 4). The conception rate following the 9- or

12-day treatment period was not significantly different from that of the
controls but was significantly decreased after the 18- or 21-day treatment
periods. The conception rate of twenty heifers which had repeat oestrous
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periods after the 9- or 12-day treatment was not different from that of the
controls since twelve of them were pregnant at slaughter.
Group 5

When heifers with a mature CL were intentionally selected for a 9-day
progesterone treatment and were given 5 mg oestradiol benzoate on the day of
insertion of the implants, twenty-seven of twenty-nine were in oestrus within
3 days of removal of the implants. One heifer aborted and nineteen of the
remaining twenty-six heifers that mated at the control oestrus calved, and
seventeen of them did so within a 9-day interval.

Table 4. Fertility to A.I. at the synchronized oestrus of heifers given progesterone
for different periods

Treatment period with progesterone (days)
9 12 18 21

Controls

No. of heifers
No. of heifers in oestrus (%)
No. of heifers pregnant (%)

54
38 (70)
20 (54)

38
31 (82)
20 (65)

24
24 (100)
9 (38)

12
11 (92)
4(37)

23
22 (96)
15 (68)

DISCUSSION
The results presented support previous work showing that the oestrous response
in heifers following short-term progesterone treatment is lower than that
obtained after an 18-day treatment (Roche, 1974a). When implants were

inserted and oestrogen given during the period of formation of the CL (Day 3)
and during the period ofactive follicular growth (Day 17), the oestrous response
was low. This was in contrast to the high oestrous response obtained when
implants were inserted for a 9-day period during the luteal phase (Days 5 to
15).

The reason why some heifers which received implants on Day 17 failed to
show heat was apparently due to the oestrogen injection causing ovulation
even though the animals were receiving exogenous progesterone. This conclu¬
sion is based on the presence of a mature CL in the ovaries of animals that did
not respond when slaughtered 5 days after removal of the implants. It is further
strengthened by the fact that animals treated on Day 17 and not responding
in Group 2 were in oestrus about 10 days after removal of the implants.

Increasing amounts of oestrogen during the late follicular stage of the normal
oestrous cycle appear to be responsible for causing the ovulatory peak of LH and
hence, indirectly, ovulation (Hansel, 1972; Cummins, Blockey, Brown &
Goding, 1972). Exogenous oestrogen given to ovariectomized heifers or given
in the early luteal phase of the cycle causes a release of LH (Cummins et al.,
1972; Hobson & Hansel, 1972). Injection of 2 mg oestradiol valerate 24 hr
after removal of progestagen implants resulted in the animals ovulating in a
shorter period of time than uninjected heifers with implants (Wiltbank et al.,
1971). Thus, oestrogen can release LH as well as hasten the time of ovulation
in cattle.
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Both exogenous and endogenous progesterone reduce or even completely

block the release of LH induced by oestrogen (Scaramuzzi, Tillson, Thorney-
croft & Caldwell, 1971; Hobson & Hansel, 1972). Thus, incorporating pro¬
gesterone into the oestrogen injection, given on the day of insertion of implants,
was the logical step to prevent the oestrogen causing immediate ovulation in
animals receiving implants during the follicular phase of the oestrous cycle.
The progesterone + oestrogen combination did, in fact, increase the synchron¬
ized oestrous response in heifers given implants on Day 17, suggesting that the
progesterone was effective in blocking the ovulatory effect of the oestrogen.
Heifers given the oestrogen + progesterone injection at the time of insertion
of implants during the luteal phase, however, had a longer and more variable
interval from the removal of the implants to the onset ofheat when the implants
were removed after 9 days. Thus, the progesterone could be partly blocking the
luteolytic effect of the oestradiol benzoate.

By increasing the period of progesterone administration from 9 to 12 days,
the variability in the onset of oestrus following removal of the implants was

reduced as twenty-six of thirty-one heifers had synchronized heats on the 2nd
day after removal of the implants. A predictable and precise onset of heat is
important since it would allow synchronized animals to be inseminated on a

fixed time basis irrespective of oestrus without the need to control the time of
ovulation.

The only heifers that consistently did not give a high oestrous response
following a 9- or 12-day treatment were those between Days 0 to 3 of the cycle
at the time of insertion of the implants. This result is similar to that found
following the use of prostaglandin F2ot (PGF2a) to synchronize heat in cattle
(Rowson, Tervit & Brand, 1972; Louis, Hafs & Séguin, 1973) since PGF2a is
luteolytic during dioestrus but not between Days 1 to 4 of the cycle. Thus, it is
possible that oestrogen may act by causing endogenous release of PGF2a.
It has been shown that oestradiol given on Day 13 of the cycle in ewes increased
PGF levels in blood when measured by radioimmunoassay (Caldwell, Scara¬
muzzi, Brock, Tillson & Speroff, 1972). In addition, the prostaglandin-releasing
effect of oestradiol is exerted directly on the uterus (Barcikowski, Carlson,
Wilson & McCracken, 1973). As yet, however, the mechanisms of action of
oestrogen on the one hand, and of PGF2o[ on the other, in causing luteolysis
in cattle are not clearly understood.

The fertility to a single insemination in heifers synchronized with progesterone
was dependent on the period of administration of progesterone. When an 18-
or a 21-day treatment period was used, the oestrous response was high but
fertility to A.I. at the controlled oestrus was low. By contrast, fertility was not
different among control and synchronized heifers when a 9- or a 12-day treat¬
ment period was employed. The physiological reason for the difference in
fertility between synchronized heifers on short- and long-term progesterone
treatments is not known. One study indicated that plasma oestrogen levels were
abnormal around oestrus in heifers given daily injections of progesterone for
18 days while the pattern in heifers given progesterone for 9 days and in control
animals was not different (Rodetter, Hopwood & Wiltbank, 1972). Abnormal
hormonal levels have also been reported in heifers synchronized with melen-
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gestrol acetate (Britt & Ulberg, 1972; Henricks, Hill & Dickey, 1973). Since
oestrogen deleteriously affects sperm and egg transport (Chang & Harper,
1966), abnormal oestrogen levels could be the first step leading to reduced
sperm transport (Quinlivan & Robinson, 1969) and fertilization rate (Hill,
Lamond, Henricks, Dickey & Niswender, 1971) found in cows and ewes at the
synchronized oestrus.

The apparent key to achieving high fertility at the controlled oestrus in
heifers synchronized with progesterone implants capable of releasing 29 mg
progesterone in vivo per day (Roche, 1974a) is to limit the period of administra¬
tion of progesterone to 9 or 12 days. This means the incorporation of a luteo¬
lytic agent in conjunction with the progesterone since administration of pro¬
gesterone at the dose levels used does not greatly affect the life span of the CL
(Woody & Ginther, 1968). Oestrogen is luteolytic but due to its effect on
secretion of other hormones depending on the dose level used and the endocrine
state of the animal at the time of injection (Denamur, 1972), it has certain
limitations. Its ability to induce ovulation can be blocked by giving large
amounts ofprogesterone at the same time, but even then animals treated during
the first 3 days of the cycle have a low synchronized oestrous response. Another
potent luteolytic agent in cattle is PGF2a (Rowson et al., 1972; Louis et al.,
1973) which has been used to synchronize oestrus (Roche, 1974b). One draw¬
back to the use of PGF2a is that its effectiveness is limited to the luteal phase of
the cycle (Days 5 to 15). Administration of progesterone for 7 days followed by
an injection ofprostaglandin at withdrawal of the progesterone is an alternative
way to synchronize heat and preliminary results from this laboratory indicate
that it is an effective method (J. F. Roche, unpublished data).
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