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ABSTRACT
The objective of this study was to determine the effect of GnRH and estradiol benzoate (EB) on follicular wave
emergence, estrus, ovulation and pregnancy rate in CIDR treated buffaloes. Buffaloes were randomly selected into three
treatment groups which received either GnRH, (100 μg; Dalmarelin; Fatro, Italy; 2 ml, i.m.); (n = 9) or EB (3 mg plus 50
mg progesterone; Duoton Fort; T.P Drug, Lab., Thailand; 2 ml; i.m.); (n = 6) along with insertion of CIDR (day 0) while
buffaloes (n = 10) with CIDR alone served as control (CON). All Buffaloes were administered PGF2α, (0.150 mg;
Dalmazine, Fatro, Italy; 2 ml; i.m.) on day 6 followed by removal of CIDR on day 7. Follicular development and
ovulation were monitored daily from day 0 until ovulation using real time B-mode ultrasound (Honda; Model: HS-1500;
7.0 MHz). Estrus detection was carried twice daily using penile deviated teaser bull. Buffaloes were once inseminated 12
h after the standing oestrus. Pregnancy diagnosis was carried out on day 45 post insemination using ultrasonography.
The results showed that the follicular wave emergence did not differ due to treatments (P > 0.05); however, wave
emerged was earlier in buffaloes given GnRH and EB (2.8 ± 0.5 day) than control (4.0 ± 0.5 day). Similarly, the
proportion of buffaloes showing estrus did not differ (P > 0.05) among the groups. The interval from PGF2α
administration to estrus (64 ± 12.3 h) did not vary due to treatments but was numerically longer in buffaloes given
GnRH. The interval to ovulation after estrus (38.6 ± 7.9 h) did not change because of the treatments. There was no
significant difference in ovualtory follicle diameter (9.9 ± 0.5 mm) and pregnancy rate (6/19, 30 %) across the
treatments. In conclusion, this preliminary data indicate that administration of GnRH and EB result in emergence of
follicular wave, estrus and ovulation and similar pregnancy rate in CIDR treated buffaloes.
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INTRODUCTION
Buffaloes play a prominent role in rural
livestock production, particularly in Asia, and factors
affecting productivity are of paramount importance to
agricultural economics in this region of the world.
Reproductive efficiency is the primary factor affecting
productivity and is hampered in female buffalo by
inherent late maturity, poor estrus expression in summer,
distinct seasonal reproductive patterns, and prolonged
intercalving intervals (Singh et al., 2000).
During the last two decades, considerable
attention has been focused on reproductive physiology
and endocrinology, with the aim of developing models to
improve reproductive efficiency, particularly using
controlled breeding techniques in buffaloes (Barile,
2005). Estrus synchronization protocols, largely derived
from cattle, have yielded variable results in buffalo (De
Rensis and Lo’pez-Gaitus, 2007). For the successful
application of a synchronization protocol, clear
knowledge of the hormonal regulation of the estrous
cycle and follicular dynamics is required.

Generally estrus synchronization is achieved by
two approaches. The first approach is by controlling the
luteal phase of the cycle either through the administration
of prostaglandins (Brito et al., 2002) or use of
progesterone analogues (De Rensis et al., 2005). These
regimens indicate that estrus response varies from 8095% (Chohan, 1998, Barile et al, 2001) and fertility
ranges from 20 to 50% (Barile et al., 1997, Chohan,
1998). The limitation of prostaglandins became obvious
as it would work only if a corpus luteum is present
(Chohan, 1998, Brito et al., 2002); and the responses
were usually varied at different stages of the estrous cycle
(De Rensis and Lo’pez-Gaitus, 2007). The disadvantage
to the use of progestins is that fertility is reduced (Beal et
al., 1998) due to extension of the life span of dominant
follicles (persistent follicle) and ovulation of sub fertile
oocytes in cows (Ahmad et al., 1995). The CIDR device
was developed by Macmillan et al., 1991 and it is well
adopted in synchronizing estrus consistently that (has)
resulted in high pregnancy rates in cattle, regardless of
stage of the estrous cycle. Because of the short treatment
period (7 d), the incidence of persistent follicles is
reduced.
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The second and more recent approach of
synchronization is by controlling the follicular
development and ovulation using combinations of
prostaglandins
(Twagiramungu
et
al.,
1995),
progesterone (Macmillan et al., 1991, Neglia et al.,
2003), GnRH (Berber et al., 2002) and hCG (Companile
et al., 2007). Of these, OVSYNCH (GnRH- PGF2αGnRH) protocol became the most popular. However, its
major demerits are that its ineffectiveness in non cyclic
animals, questionable ovulation of follicle in response to
1st GnRH, ovulation of too small follicles with inadequate
LH receptors and about 10% of cows show estrus
between first GnRH and PGF2α. It has been suggested,
therefore, that these protocols could be more useful when
associated with treatments of short and long term
progestagens (Barile, 2005). Perhaps it was for this
reason that newer concept of synchronous wave
emergence, follicular development and ovulation was
developed in cows (Bo et al., 1996). This approach was
further facilitated by combining the use of CIDR device
(Martinez et al 1997) with GnRH or EB for successful
wave emergence with optimal fertility.
In buffalo, limited work has been done on
synchronization of estrus with CIDR (Singh, 2005,
Murugavel et al., 2009) and practically no information
available on synchronization of follicular wave
emergence. Therefore, the present study was designed to
evaluate the effect of GnRH and estradiol benzoate on
follicular wave emergence, estrus, ovulation and
pregnancy rate in CIDR treated Nili-Ravi buffaloes.

MATERIALS AND METHODS
Animals and treatment: This study was conducted
during breeding season (November-December 2007) at
Buffalo Research Institute Pattoki, District Kasur
Pakistan. Lactating buffaloes were maintained in freestall facilities, fed optimal ration, and milked twice daily.
Twenty five non-cyclic lactating buffaloes of moderate
body condition and body weight, were included in this
experiment, ranging from 2 to 4 lactations and >90 days
postpartum. Buffaloes were examined through
ultrasonography (ultrasound) before and at the start of the
experiment. All buffaloes received a controlled internal
drug release device containing 1.38 g of progesterone
(CIDR® Progesterone; EazibreedTM; New Zealand). At
the time of CIDR insertion, buffaloes in the GnRH group
(n = 6) received (100 μg; Dalmarelin; Fatro ®, Italy; 2 ml,
i.m.) and those in the EB group (n = 9) received estradiol
benzoate (3 mg plus 50 mg progesterone; Duoton Fort ®;
T.P Drug, Lab., Thailand; 2 ml; i.m.). Buffaloes in the
control group (n = 10) received no further treatment.
Thereafter, all buffaloes received the PGF2α (0.150 mg;
Dalmazine, Fatro®, Italy; 2 ml; i.m.) on day 6 and
CIDR’s were removed on day 7 (Fig. 1).
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Estrus detection and AI: Estrus detection was carried
twice daily using penile deviated teaser bull. Because of
low intensity of estrus behavior in buffaloes, they were
confirmed for presence of tone in uterus, vaginal mucus,
vulvular swelling and a large follicle >9 mm using
ultrasonography. Buffaloes detected in estrous (n = 22)
were once inseminated using frozen thawed semen from
single bull (Semen Production Unit, Qadirabad) of known
fertility approximately 12 h after the standing oestrus.
Ultrasound scanning and Pregnancy diagnosis: The
ovaries of each buffalo were examined by transrectal
ultrasonography (Honda; Model: HS-1500; 7.0 MHz)
daily from day of CIDR insertion to ovulation. All visible
follicles (>4 mm in antral diameter) were measured and
mapped individually for each buffalo. The dominant
follicle of a wave was defined as the follicle reaching the
largest diameter. The emergence of a follicular wave was
identified on the day that the dominant follicle was
retrospectively identified to have a diameter of 4–5 mm
along with cohort of follicles. Ovulation was defined
when the previously identified follicle (>9 mm)
disappeared on subsequent ultrasound scan. Pregnancy
diagnosis was determined at 45 days after insemination,
using ultrasonography. This was based on the presence of
fetal heart beat and amniotic fluid.
Statistical analysis: All data were analyzed with a
statistical software program (SPSS Version 10.0 for
Windows; SAS Institute, Cary, North Carolina, USA).
Data are presented as mean ± S.E.M. The wave
emergence, interval to estrus, interval to ovulation and
size of the ovulatory follicle among the groups were
compared using ANOVA. Pregnancy rates and estrus
response among treatment groups were compared by chisquare analysis. A probability level of (P < 0.05) was
considered significant.

RESULTS
Effect of GnRH and EB on estrus response,
follicular wave emergence, ovulation and pregnancy rate
in CIDR treated buffaloes has been presented in Table 1.
Although the follicular wave emergence did not differ
due to treatment (P > 0.05), it was earlier in buffaloes
given GnRH and EB than control. Similarly, the estrus
response did not differ (P > 0.05) among the groups but it
was lowest in EB buffaloes. The mean interval to estrus
from PGF2α (64 ± 12.3 h) did not vary due to treatment
but was delayed in buffaloes given GnRH. The mean
interval to ovulation after estrus (38.6 ± 7.9 h) did not
change because of treatment. There was no significant
difference in mean size (9.9 ± 0.5 mm) of the ovulatory
follicle among the groups. Likewise, pregnancy rate
(6/19, 30 %) remained the same across the treatments.
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Fig. 1: Time line for three treatment groups; GnRH, EB (estradiol benzoate + progesterone) and control in CIDR
treated buffaloes
Table 1: Effect of GnRH and EB on estrus response, follicular wave emergence, ovulation and pregnancy rate in
CIDR treated buffaloes
Variable
GnRH (n = 6)
EB n = 9)
Control (n = 10)
P-value
Wave emergence (days)
2.3 ± 0.3
3.3 ± 0.3
4 ± 0.5
0.90
Estrus response (%)
(5/6) 80
(6/9) 66
(8/10) 80
0.70
Interval to estrus from PGF2α (h)
80.0 ± 21.1
56 ± 8.0
56 ± 8.0
0.35
Interval to ovulation after estrus (h)
44 ± 4
36 ± 6.9
36 ± 12.9
0.55
Ovulatory follicle size (mm)
10.5 ± 0.7
9.8 ± 0.1
9.6 ± 0.1
0.65
Pregnancy rate (%)
(1/5) 20
(2/6) 33
(3/8) 38
0.82
Values are mean ± S.E.M.
None of the differences among groups were statistically significant (P > 0.05)
GnRH: buffaloes received GnRH at time of CIDR insertion. EB: buffaloes received 2mg EB plus 50 mg P4 at the time
of CIDR insertion. Control: buffaloes received CIDR only.
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The present study demonstrates, for the first
time, that the GnRH or EB treatments are equally
effective to synchronize the follicular wave emergence,
resulting in spontaneous ovulation when used in
combination with CIDR in buffaloes. Similarly, Martinez
et al., 1997 showed that GnRH and EB can induce wave
emergence in CIDR treated beef cows. The timing of
emergence of wave was significantly earlier in GnRH,
and ablated cows than EB or controls in their study. In
another report administration of GnRH resulted in
significantly earlier wave emergence (2.3 days) than EB
(4.4 days) in CIDR treated in repeat breeder Holstein
cows (Kim et al., 2007). The variation in results in our
and these studies could be due to differences in species,
lactation, physiological state of animals, experimental
conditions and number of animals. The hormonal
mechanism of wave emergence indicates that it could be
either due to the direct effect of GnRH or an indirect
consequence of EB. Administration of GnRH induces the
release of FSH and LH from the pituitary and alters the
pattern of growth of the existing follicle wave, causing
ovulation and inducing a new wave emergence 1–2 days
later (Diskin et al., 2002). On the other hand
administration of EB resulted in atresia of dominant
follicle followed by a new follicular wave after an
interval of about 4 days from treatment (Bo et al.,
1995).The rationale of CIDR treatment was to provide a
uniform and controlled luteal phase (Macmillan et al.,
1991). The temporal associations of progesterone and
estradiol and gonadotropins (FSH and LH) in this model
need to be investigated in buffaloes. These observations
imply that GnRH and EB can synchronize follicular wave
emergence effectively in CIDR treated buffaloes in the
same way as in cows.
The proportion of buffaloes responding to the
treatment and exhibiting estrus in the present study was
75 percent. This is in agreement with the earlier work in
cows in which the response varied from 55-100%
(Martinez et al., 1997, Martinez et al., 2000). The
interval from administration of PGF2α to estrus averaged
64 hrs in our study. Whereas this interval was 48 hrs with
EB and 63 hrs with GnRH when these treatments were
given at time of insertion as well as removal of CIDR in
beef cows (Martinez et al., 2000). This means that GnRH
and EB can synchronize estrus effectively in CIDR
treated buffaloes in the same way as in cows.
Ovulation occurs under the influence of
hormonal cascade and its timing has significant affect on
fertility. In the present study, ovulation took place
spontaneously about 38 hrs after the onset of standing
estrus. This duration is consistent with the previous
studies in buffaloes (Warriach et al., 2008).
Synchronization protocols using timed AI are usually
accompanied by induced ovulation in cattle (Martinez et
al., 2000). In the current study, with once AI at detected
estrus the pregnancy rate was 30%. This is lower than
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earlier work reported in beef (75%) (Martinez et al.,
1997, Martinez et al., 2000) and Holstein cow (50%)
where more or less similar protocol was used (Kim et al.,
2007). Typically, the fertility rate in buffaloes
inseminated with frozen semen is generally reported to be
lower than in cows (Andarbi et al., 2001). In conclusion,
this preliminary data indicate that administration of
GnRH and EB result in emergence of follicular wave,
estrus and ovulation and similar pregnancy rate in CIDR
treated buffaloes. Future studies are indicated to
determine the affect of induced ovulation with timed AI
in a similar model.
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