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The aim of the present study, was to evaluate whether a single
subcutaneous administration of the GnRH analogue buserelin
could induce ovulation in the mare during the breeding season.
Two studies were carried out under field conditions. In Experi-
ment 1, 90 cycles of trotter mares aged 2–7 years, were assigned
to a buserelin group (Bus1) or to a control group (Control), in
the presence of a ‡35 mm pre-ovulatory follicle, with uterine
oedema and a relaxed cervix. Tenmareswere assigned to the two
groups for 32 cycles in Bus1 and 52 cycles in Control, twomares
receivedonlyBus1 for three cycles, andonemarewas assigned to
Control for three cycles. Mares treated with buserelin received
6 ml of SUPREFACT� s.c. (1.05 mg/ml buserelin acetate), and
no treatment was given in Control. The ovulation rate between
24 and 48 h was higher (p < 0.0001) in Bus1 (31/35) than in
Control (15/55). In Experiment 2, the condition of inducing
ovulation with 6 ml SUPREFACT� s.c. (Bus2) or 1500 ui
human chorionic gonadotropin were identical to the first study.
Forty-ninemares of ages 2–21 years, were used for 120 cycles, 56
cycles were assigned to Bus2, and 64 cycles were induced with
1500 IU human chorionic gonadotropin i.v. No significant
difference was found in the ovulation rate on day 2 (38/56, 50/
64), or in the fertility rate (19/48, 26/57).Nonegative effect of the
treatment was observed with repeated buserelin administration
in either study during the breeding season.We can conclude that
a single administration of buserelin induces ovulation in the
mare, under suitable conditions for veterinary practitioners.

Introduction

Greater sophistication in mare management requires
more precise control of ovulation and to overcome the
difficulty of predicting ovulation time it is induced.
Human chorionic gonadotropin (hCG) is currently one
of the most commonly administered hormones in equine
reproduction management. However, it has been repor-
ted on several occasions that repeated hCG administra-
tion during a breeding season reduces the efficacy of
inducing ovulation (McCue et al. 2004). It has also been
demonstrated that mares with high levels of anti-hCG
antibodies do not ovulate at the expected time after
hCG injection (Duchamp et al. 1987). Antibody forma-
tion could be crucial in embryo transfer programmes
where synchronization between donor and recipient
mares is required and where induction and subsequent
embryo collection of donor mare may be repeated for
several successive cycles within the same breeding
season. The GnRH analogue deslorelin is successfully
used in the USA and in Australia but is not currently
available on the market all over Europe. Buserelin,
administered twice a day for 4 days, has been demon-
strated to induce ovulation consistently in the mare
(Barrier-Battut et al. 2001; Camillo et al. 2004), but
repeated 12-hourly intravenous injections are impracti-

cal in field conditions. The aim of this study was to
evaluate the efficacy of a single high subcutaneous
administration of buserelin acetate to induce ovulation
in the mare.

Two experiments were carried out simultaneously in
field conditions. In the first we compared a group
treated with buserelin with a non-treated control group,
and in the second we compared buserelin with hCG
treatment.

Materials and Methods

Experiment I

In this study, 13 2- to 7-year-old trotter mares, belonging
to the same stud farm as recipient mares for an embryo
transfer programme, were used during 90 cycles from
March to November. A total of 35 cycles were assigned
to the buserelin group (Bus1), and 55 cycles to the
control group (Control), Ten mares were assigned to the
two groups for 32 cycles in BUS1 and 52 cycles in
Control, two mares received only Bus1 for three cycles,
and one mare was assigned to Control for three cycles.
Follicular growth and ovulation were determined by
daily transrectal ultrasonography using a scanner
equipped with a 5 MHz linear probe. After prostaglan-
din F2a (PGF2a) was injected, once a ‡30 mm pre-
ovulatory follicle was found, ultrasound examinations
were performed every day until ovulation. Mares were
assigned to the Bus1 or Control group when there was a
‡35-mm diameter pre-ovulatory follicle, when uterine
oedema was observed and the cervix was judged relaxed
by transrectal palpation. The choice of group to which
mares were assigned was determined by requirements of
synchronization with a donor mare. In Bus1, mares
received a subcutaneous injection of 6 ml of SUPRE-
FACT� containing 1.05 mg/ml buserelin acetate (Aven-
tis Pharma, Frankfurt, Germany). Mares in the control
group received no treatment.

Experiment II

In this study, 49 warmblood mares, aged between 2 and
21 years, were used for 120 cycles from March to
November. The mares, from a number of breeders, were
kept in a stud farm for breeding management. Fifty-six
cycles were assigned to the buserelin group (Bus2), and
64 cycles to hCG group (hCG). Sixteen mares were
assigned, to hCG for 30 cycles, and to Bus2 for 36
cycles, 27 mares received only hCG for 34 cycles, and six
mares were assigned only to Bus2 for 20 cycles. The six
mares, which were only assigned to Bus2 were those
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included in embryo transfer programme with repeated
induced cycles during the breeding season. Follicular
growth and ovulation were assessed daily by transrectal
ultrasonography after a ‡30-mm diameter pre-ovulatory
follicle had been found. Mares were assigned to one of
the two groups, when there was a ‡35-mm diameter pre-
ovulatory follicle, when uterine oedema was observed
and the cervix was judged relaxed by transrectal
palpation. Mares assigned to Bus2 received a subcuta-
neous administration of 6 ml SUPREFACT� as pre-
viously described, and mares assigned to the hCG group
received 1500 IU hCG i.v. (CHORULON� Intervet,
Beaucouze, France). Depending on the availability of
sperm, mares were inseminated either the day ovulation
was induced, and the day after induction and then every
day until ovulation if there was no response to
treatment, or only the day after treatment when sperm
was limited. A total of 41 stallions were used to
inseminate mares in this study. The mares that did not
become pregnant were re-assigned to the same or the
other group.

Statistical analysis

Data are shown as the percentage of mares ovulating at
various times, as mean ± SEM for follicle diameters,
and were analysed using a chi-squared test and Student’s
t-test.

Results

Experiment I

This experiment started on 16 March for the Control
and on 31 March for Bus1 group and ended on 2
November and 13 November respectively.

The mean diameter of the pre-ovulatory follicle on the
day mares were assigned to Bus1 or Control was 39 mm
for both groups (Table 1).

The percentage of mares ovulating in the expected
time limit (i.e. between 24 and 48 h) was significantly
higher (p < 0.0001) in Bus1 (89%) than in Control
(27%) (Table 2).

As shown in Fig. 1, the diameter of the pre-ovula-
tory follicle in the control group did not affect the
interval between assignment to a group and ovulation
(Fig. 1).

As shown in Table 3, there was no correlation
between the month of treatment and the interval
between assignment and ovulation, R2 ¼ 0.03 in Bus1
and 0.004 in Control. But the interval between assign-
ment and ovulation is longer (p < 0.001) in Control
(2.7 ± 0.1) than Bus1 (1.9 ± 0.05).

Reiteration of administration of buserelin in the same
mare did not increase the percentage of ovulation

occurring after 2 days. None of the 13 mares treated
three times or more with buserelin showed delayed
ovulation (Table 4).

Experiment II

Injections of hCG were administered earlier in the
season than for buserelin, starting on 15 March and
completed on 2 July, while Bus2 treatment started on 17
April and ended on 8 November.

The mean (±SEM) dominant follicle size at admi-
nistration of treatment in the hCG and Bus2 groups was
41 ± 0.5 and 40 ± 0.5 mm respectively. However,
when ranked by class of diameter (Fig. 2), the propor-
tion of mares with smaller follicle size was slightly higher
(p ¼ 0.02) with buserelin.

The percentage of mares ovulating at the expected
time (i.e. on day 2) was not significantly different

Table 2. Interval between assignment to a group and ovulation

Days Buserelin, n (%) Control, n (%)

1 4/35 (11) 6/55 (11)

2 31/35 (89) 15/55 (27)

3 23/55 (42)

4 9/55 (16)

5 2/55 (4)

Table 1. Pre-ovulatory follicle diameter on the day of assignment to
an experimental group

Follicle size (mm) Buserelin control

Mean ± SEM 39 ± 0.5 39 ± 0.9

Maximum 45 48

Minimum 35 34
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Fig. 1. Correlation between the assignment – ovulation interval and
follicle size at assignment. The proportion of cycles within the lowest
class of follicle size was higher in Bus2 than human chorionic
gonadotropin (a > b; p ¼ 0.02)

Table 3. Mean number ± SEM of days between assignment to
groups and ovulation according to the month

Month

Bus1 Control

Average ± SEM n Average ± SEM n

March 2.0 ± 0.0 2 3.0 ± 0.8 4

April 2.0 ± 0.0 5 3.0 ± 0.0 1

May 1.0 ± 0.0 1 2.7 ± 0.3 11

June 1.5 ± 0.4 2 2.9 ± 0.4 7

July 1.5 ± 0.4 2 2.6 ± 0.2 12

August 1.8 ± 0.2 5 2.5 ± 0.3 11

September 2.0 ± 0.0 9 3.3 ± 0.3 3

October 2.0 ± 0.0 5 2.8 ± 0.3 5

November 2.0 ± 0.0 4 3.0 ± 0.0 1

Total 1.9 ± 0.05 35 2.7 ± 0.1 55
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between the two groups (68% in Bus2 vs 78% in hCG).
Although the follicular size was slightly lower in Bus2,
the proportion of mares with early ovulation (on day 1)
was significantly higher (p ¼ 0.005) in Bus2 (15/56) than
hCG (5/65). By contrast, the percentage of mares
ovulating more than 2 days after treatment was signi-
ficantly higher (p ¼ 0.02) in hCG (8/64) than in Bus2
(1/56) (Table 5).

As shown in Table 6, there was no correlation
between the month of treatment and the interval
between treatment and ovulation, R2 ¼ 0.0007 in Bus2
and 0.035 in hCG. But the interval between treatment
and ovulation is longer (p < 0.001)in hCG (2.2 ± 0.1)
than Bus2 (1.7 ± 0.1).

In the hCG group, evaluation of the effect of repeated
treatment during the season was not possible because
only four mares received three administrations of hCG
and all of them ovulated on day 2 after administration
during the third cycle. These mares were 2, 5, 7 and
8 years old.

Table 7 shows the percentage of mares in different age
groups ovulating on days 1, 2 and >2. To eliminate the
bias of repeated hCG administrations, only the first
cycle of the breeding season was taken into account.

Although there was no significant difference, the
response to hCG tended to decrease with the age of
mares (p ¼ 0.13).

In Bus2, about a third of the mares were treated more
than three times during the breeding season and no
decrease in response was observed with repeated treat-
ment during the same breeding season (Table 8).

As repeated administration of buserelin had no effect
on the ovulatory response, we took into account all
induced cycles during the breeding season and compared
mares younger or older than 10 years of age. In Table 9
the percentage of old mares (68%) ovulating at the
expected time did not differ from young mares (68%).

In field conditions, breeders choose the stallion, and
so a variety of stallions (n ¼ 41) of differing fertility
were used in this study. However, no significant diffe-
rence in the fertility rate was observed between the two
treatments (Table 10).

Table 4. Distribution of ovulations after repeated administration of
buserelin during multiple cycles

No. treated cycle No. cycles

Percentage of mares ovulating

£24 h 24–48 h >48 h

First treated cycle 12 0 100 0

Second treated cycle 10 30 70 0

Third treated cycle 8 12.5 87.5 0

Fourth treated cycle4 4 0 100 0

Fifth treated cycle 1 0 100 0

Table 5. Distribution of ovulations after induction with buserelin or
human chorionic gonadotropin

Days Buserelin, n (%) hCG, n (%)

1 15/56 (26.8) 5/64 (7.8)

2 38/56 (67.9) 50/64 (78.1)

3 1/56 (1.8) 3/64 (4.7)

4 0/56 (0) 3/64 (4.7)

5 0/56 (0) 2/64 (3.1)

LUF 2/56 (3.6) 1/64 (1.6)

LUF, luteinized unruptured follicle; hCG, human chorionic gonadotropin.

Table 6. Mean number of days between assignment to group and
ovulation according to the month

Month

Buserelin hCG

Average ± SEM n Average n

Month 2.3 ± 0.4 9

March 1.6 ± 0.2 5 2.3 ± 0.2 11

April 1.6 ± 0.2 5 2.2 ± 0.1 28

May 1.9 ± 0.1 9 2.0 ± 0.1 14

June 1.8 ± 0.2 11 1.0 ± 0.0 1

July 1.6 ± 0.2 9

August 2.0 ± 0.0 6

September 1.7 ± 0.2 6

October 1.7 ± 0.3 3

Total 1.7 ± 0.1 54a 2.2 ± 0.1 63a

aMares with LUF were not taken into account.

Table 7. Effect of age of mares on the response to human chorionic
gonadotropin administration

Age No. mares

Percentage of mares ovulating

£24 h 24–48 h >48 h

£10 years 25 12.0 80.0 8

>10 years 17 11.7 58.8 23.5

Table 8. Effect on ovulation response of repeated buserelin adminis-
tration during the same breeding season

Treatment cycles No. cycles

Percentage of mares ovulating

£24 h 24–48 h >48 h

1–3 cycles 41 29.2 63.3 2.4

4–7 cycles 15 20.0 80.0

Table 9. Effect of age of mares on the response to buserelin

Age No. mares

Percentage of mares ovulating

£24 h 24–48 h >48 h

£10 years 28 28.6 67.9

>10 years 28 25.0 67.8 3.6

0%

10%

20%

30%

40%

50%

60%

35–38 39–41 42–44 45–47 48–50 51–53 54–57

 Size of follicles (mm)

%
 T

re
at

ed
 c

yc
le

s

buserelin %

hCG %

a

b

Fig. 2. Percentage of treated cycles by class of follicle size
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Discussion

The first study demonstrated that a high single admi-
nistration of buserelin consistently induced ovulation in
mares compared with the Control group. This contra-
dicts many previous studies that have shown that a
single administration of buserelin was not effective in
inducing ovulation. Different hypothesis can be put
forward: (1) doses were too low to maintain a consistent
LH release (only 42 lg of buserelin for Vidament et al.
1992); (2) compared with s.c. administration, i.v. or i.m.
reduces the duration of LH secretion [Ginther 1992
found that a single injection (400 lg) of synthetic GnRH
increased LH concentrations for 3 h when administered
by i.v. and for 8 h by s.c.]; (3) other molecules than
buserelin with shorter half-lives were used (Duchamp
et al. 1987 unsuccessfully used 2 mg i.m. of gonadorelin
in pony mares); (4) administration of GnRH is more
effective in the follicular stage than in the cycle stage
Oxender and Noden 1997 did not advance ovulation
significantly with 5 mg GnRH sc given 96 h after PG2a
regardless of follicle size.

In our two studies, the percentage of mares ovulating
within the expected time (i.e. between 24 and 48 h) is
similar to, or even higher than those obtained by the
other teams. Barrier-Battut et al. (2001) obtained 47%
of mares ovulating on day 2 with 4 · 40 lg i.v. Camillo
et al. (2004), under the same conditions, found that 43%
of mares ovulated within 48 h.

In our second study, buserelin was as effective as hCG
in inducing ovulation in the mare. The percentage of
mares ovulating within 48 h was 95% and 86% in the
Bus2 and hCG groups respectively. The proportion of
mares ovulating after induction with buserelin or hCG
within 48 h and between 24 and 48 h is similar to those
reported in the literature with hCG (Loy and Hughes
1966; Duchamp et al. 1987; Ginther 1992; Barbacini
et al. 2000; McCue et al. 2004). However, the high
percentage of mares ovulating within 24 h (27%) in
Bus2 is not fully understood. It does not seem related to
the size of the pre-ovulatory follicle at administration,
the diameter being slightly larger in the hCG group. An
early ovulatory response was observed by Battut-Barrier
et al. (2001) after buserelin, and was also observed by
McCue et al. (2004) after hCG administration. As
reported by McCue et al. (2004), the percentage of
early ovulation did not increase as the breeding season
progressed.

In line with Barbacini et al. (2000) and McCue et al.
(2004), hCG efficacy tended to be lower in older mares.
Conversely, in mares treated with buserelin we did not

observe an age effect, and there was no negative effect of
repeated treatment on ovulation time. This suggests that
mares which failed to ovulate on day 2 with hCG had
been highly exposed to this hormone in previous
breeding seasons.

Although a high number of stallions with differing
fertility were used, the hormones had no influence on the
pregnancy rate.

OVUPLANT� have been reported to be very effective
in inducing ovulation (>80% ovulate within 48 h) when
administered to oestrual mares (Jöchle and Trigg 1994).
However, it has been proved in other species and more
recently in horses that GnRH treatment can downre-
gulate the hypothalamic–pituitary axis, causing a
decrease in gonadotrophin concentrations (Johnson
et al. 2000). To avoid this downregulation McCue et al.
(2002) recommend that the deslorelin implant be
removed 48 h after administration. Although in our
study the breeding season was long, no mares were
observed with early anoestrus, including those, which
were treated with buserelin for several cycles.

Further experiments are needed to evaluate subse-
quent gonadotrophin levels to determine more precisely,
the interval between administration of buserelin and
ovulation, and the interoestrus interval as sign of
downregulation.

However, we can conclude that a single high subcu-
taneous buserelin administration consistently induces
ovulation in mares, under conditions suitable for veteri-
nary practitioners and with no decline in efficacy with
repeated administrations.
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