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Abstract

The aim of the present study was to study the effect of parity on the efficacy of Ovsynch protocol in
buffalo. Out of 686 buffalo heifers (HE) and 273 cows (BC), 8 heifers and 9 cows were used to monitor and
evaluate ovarian follicular dynamics and serum progesterone profile during this protocol while the rest of animals
were used to compare the conception rate following the application of this protocol, respectively. Total of 385
control buffalo heifers (CHE, n = 219) and cows (CBC, n = 166) were used as a reference for conception rate. The
heifers and buffalo-cows were cyclic. All treated animals were injected with GnRH on Day 0, PGF,a on day 7,
GnRH on day 9 and inseminated artificially 16 h later. Ovarian changes were monitored daily using ultrasound and
serum progesterone (P,) in the investigated animals. All heifers (8) and 5 cows had F > 8 mm (LF) at the first GnRH
injection. The first GnRH injection resulted in ovulation in 7/8 HE (87.5%) and 5/9 BC (55.5%). Following second
GnRH, ovulation occurred in 100% of HE and 88.8% of BC. Ovulation started earlier in BC (10.41 = 7.6 h)
following second GnRH and extended for longer (22.6 + 5.4 h) in HE. The average P4 concentrations of the HE were
slightly greater than those of the BC on day 7 (P = 0.04). Conception rate in HE was 62.54 % (429/686) and was
59.82 % (131/219) in CHE, while it was only 22.71 % (62/273) in BC and 59.64 % (99/166) in CBC. It is suggested
that the unsatisfactorily low conception rate in buffalo-cows -compared to heifers- may be attributed to the early
ovulation and sub-functional CL.
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Introduction

The water buffalo is used in many countries including Egypt as a source of milk and meat production. The
population of buffaloes in Asian and Mediterranean areas is about 150 Millions and 3.7 Millions are bred in Egypt
(Borghese, 2004). Silent heats and long calving interval have been recognized as a major cause of infertility and low
productivity in buffaloes. Seasonality of the Egyptian buffaloes is not clear. The productivity in domesticated
buffaloes is limited for reasons like inbreeding, feeding and health care, but the major problem seems to be
infertility that is much higher than that in cattle (Danell, 1987; Abol-Roos and Gaffar 2000). Postpartum anestrus in
buffaloes is responsible for long calving interval (Borghese et al., 1993; Campanile et al., 1993). Under typical
management, upon reaching pubertal weight and age, buffalo heifers are housed with female adult buffaloes for
either natural mating or artificial insemination (AI). Al has a significant contribution to the genetic improvement in
cattle and has the potential to improve the genetic characters in buffaloes. However, widespread use of Al in buffalo
is still limited due to relatively low expression of estrus behavior (Seren et al., 1993; Ohashi, 1994). Variable
duration of estrus (4-64 h) and difficulty in predicting time of ovulation negatively influence the application of Al in
buffaloes (Baruselli, 2001). This consideration indicated a need for estrus synchronization fixsidg -time
insemination for implementation of breeding programs in buffaloes (Presicce et al., 2004; Ali and Fahmy, 2007).
Estrus synchronization protocols, largely derived from cattle, have yielded variable results in buffalo (Singh et al.,
1984; Barile et al., 1997; Zicarelli et al., 1997; Neglia et al., 2003; Presicce et al., 2004; Campanile et al., 2007a).
Although failure of timed ovulation in synchronized buffaloes has been suggested as an important cause of poor
fertility (Hattab ef al., 2000; Baruselli, 2001), yet it has not been fully studied. There is limited use of Al due to a
low conception rate following estrus synchronization (Zicarelli et al., 1997). There are some reports of ovarian
follicular dynamics in buffalo (Manik ef al., 1994; Taneja et al., 1995a, b, 1996, Baruselli et al., 1997) but a critical
comparison of the effects of age and parity on ovarian follicular dynamics and hormonal profiles has not been
largely studied (Presicce et al., 2004). The Ovsynch program has been applied in nulliparous and multiparous
(Presicce et al., 2004), cyclic and non-cyclic buffaloes (De Rensis et al., 2005; Ali and Fahmy, 2007). However,
application of ovulation synchronization program in Egyptian buffalo is not widely applied. Characterization of
follicular turnover using ultrasonography and hormonal profile in heifers and buffaloes during ovsynch program
under local condition in Egypt is not critically studied. The aim of the present study was to monitor and compare the
ovarian follicular dynamics and serum progesterone profile in Egyptian buffalo heifers and post partum cows
(Bubalus bubalis) during the ovulation synchronization protocol.
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Materials and Methods
Animals and management

Total of 686 heifers (HE, aging 19-27 average 24 + 0.8 months and weighing 350-420 kg and 273
parturient and lactating cows (BC, 1- 5 parities, 415-530 kg body weight and 45-65 days post-partum) of cyclic and
reproductively healthy Egyptian buffalo were assigned for the present study. Total of 219 heifers (CHE) and 166
buffalo-cows (CBC) inseminated during natural estrus using the same semen within the same season were used to
compare conception rate between treatment and control groups. Experimental and reference animals were housed in an
open yard in the animal farm of Al-Azhar University, Assiut-Campus and Ard El-Khair farm, Misr El-Khair foundation,
Assiut province, Egypt. The buffalo-cows were milked twice daily, and fed on 40% forage dry matter (Egyptian clover)
and 60% concentrate mixture. Wheat straw was also fed ad libitum. The ration provided 14% CP and 67% TDN. The
experiment was conducted during Dec-Feb of the year 2009/2010 (57.29 + 2.3% relative humidity and 13.45 + 0.8°C
maximum atmospheric temperatures). Body condition scoring (BCS) system from 1 = very thin to 5 = very fat was
evaluated for each cow (Edmonson et al., 1989). Only cows between 2.5 and 3.5 BCS were included. Before starting the
Ovsynch program, the reproductive tract of all HE and BC was examined rectally and ultrasonographically for recording
the ovarian and uterine findings for at least one cycle for each animal. The examination started after Day 25 from
parturition in BC. In control groups, the routine rectal palpations were done before insemination.

Ovsynch program

The HE and BC were treated on day 0 (1% day of the program) with 100 pg GnRH im, (Buserelin,
Receptal®, Intervet International B.V., Boxmeer, Holland). Seven days later (Day 7), 25 mg PGF2a (Dinoprost,
Lutalyse, Pfizer, Pharmacia and Upjohn Company, NY, USA) was administered intramuscularly (im). Forty-eight
hours later (Day 9), the animals received a second dose of 100 pg GnRH im. All animals were inseminated
artificially 16-21 h following the second GnRH treatment, with frozen-thawed semen from a superior-proven buffalo bull.

Ultrasound examination

Ovarian structures of only 8 heifers and 9 cows in treated group were monitored ultrasonographically using
a real-time, B-mode, diagnostic scanner equipped with a transrectal 5/7.5 MHz linear array transducer (Hitachi,
EUB-405B, Japan). Ultrasound examinations were performed once daily from days 0 to 9, and each 12 h thereafter
until ovulation or for a maximum of 48 h. All follicles >3 mm and CL were measured, and sketched individually for
each cow. Ovulation was identified when a traced large growing antral follicle was no longer observed. Emergence
of a follicular wave was defined as the day on which the retrospectively traced dominant follicle (DF) was 4 mm
(Ginther et al., 1997). Follicle luteinization was considered when a follicle did not ovulate; instead lutein tissue
gradually developed and detected as echogenic ring that increased in thickness later andfilled the whole follicular
antrum. The CL was examined and an image of the largest cross-sectional areca was estimated. Luteal regression
following PGF20. treatment was considered when P4 concentration was less than 1 ng ml". The following ovarian
characteristics were determined and compared between groups: (1) ovulation rates after thefirst and second GnRH
treatments; (2) diameter of the ovulatory follicles; (3) interval from treatment to emergence of a new follicular wave
after the first GnRH treatment; (4) number and diameter of the CL; (5) luteal regression rate after PGF2a treatment.
Pregnancy diagnosis was performed by ultrasonography 30 days after AI. The CR was determined and compared
between groups.

Serum hormonal analysis

Blood samples were collected from the jugular vein of 8 heifers and 9 cows (the same animals used to
monitors the ovarian changes) of the treated groups into plain tubes at days 0, 2, 4, 7, 9 and 10 of the program. The
samples were transported into ice box to the laboratory within 20-30 min, centrifuged at 1700 xg for 20 min and sera
were stored at -20°C until analyzed for P,. The P, concentration was determined using direct ELISA technique. Kits
were provided by Diagnostic System Laboratory Co. (DSL, Catalogue No. 3900, USA). The coefficient of variance
of intra-and inter-assay were 4.8 and 9.2%, respectively. The sensitivity of the assay was 0.12 ng.

Statistical analysis

The data were presented in mean + SEM and statistical analysis was carried out using SPSS program,
version 10.0. Differences in ovulation rates after GnRH treatment, luteal regression rates, and CR between HE and
CHE heifers; BC and CBC cows were evaluated by y’-test. A t-test was used to compare groups for follicle and CL
diameters within the examination dates, and the interval from treatment to ovulation and interval to wave
emergence. Differences among the HE, CHE, BC and CBC groups in the serum P4 level were evaluated using
ANOVA. Level of significance was set at P < 0.05.
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Follicle turnover
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Results

At the first GnRH injection, the mean number of small follicles (2-5 mm) in HE was 65 vs. 73 in BC. They
increased significantly in HE after GnRH injection compared to BC (P < 0.05). The mean number of medium sized
follicles (5-8 mm) was nearly equal in both groups at the time of the first GnRH injection (11 in HE vs. 10 in BC),
then increased in both groups with non-significantly larger number in HE than BC (P = 0.3). The number of the
large follicles (>8mm) at the first GnRH injection was higher in HE than BC (Fig. 1).
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Figurel. Follicular population in Egyptian buffalo heifers (n = 8) and cows (n = 9) on both ovaries (Mean £ SEM,
small follicle 2-5 mm, medium follicle 5-8 mm, large follicle >8 mm) during Ovsynch protocol.
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Ovarian response to First GnRH (Table 1)

Table 1. Ovarian response of Heifer (HE) and buffalo-cows (BC) to the first GnRH injection (Day 0) during
Ovsynch protocol.

Ovarian Findings Heifers (HE, n = 8) Buffalo-Cows (BC, n=9)
Animals had LF (n) 8/8" 5/9°
LF number (n) 8" 5
LF diameter (mm) 9.5+0.14° 9.8 +£0.32°
MF number (n) 1 10°
SF number (n) 65" 73°
CL (n) 4/8" 4/9°
CL size (mm) 15.48 +1.95% 18.90 £ 1.20°
Response to first GnRH
Ovulation (n) 7/8° 5/5%
Time to ovulation (h) 48.7 +3.7° 64.2+5.6°
Ov F size (mm) 10.5+1.0° 13.4+£43%
F atresia 1n? 10°
F lutenization 1 0
FW (n) 8/8" 8/9"
Time to FW (h) 51.0+34" 52.6+24"
FGR (days 0-7, mm day™) 0.57 £ 0.04" 0.86 + 0.06"

Values in means = SEM. F: follicle; CL: corpus luteum; LF: large follicle; MF: medium follicle; SF: small follicle;
FW: follicular wave; FGR: follicle growth rate; OVF: ovulatory follicle. Values with different letters (* and b) differ
significantly.

After the first GnRH injection, 87.5 and 100% of HE and BC ovulated, respectively (P = 0.88). Follicle
luteinization was observed only in one follicle (11.1%) in the HE group. A new follicular wave was recruited in all
heifers after nearly two days (51.0 = 3.4 h); and in 8 out of 9 BC, a new dominant follicle developed within nearly
the same period as in HE (52.6 + 2.4 h).

Ovarian findings on day 7 (Table 2)

Table 2. Ovarian response of Heifer (HE) and buffalo-cows (BC) to PGF2a injected on Day 7 (Day 0 = start of the
protocol) of the Ovsynch protocol.

Ovarian Findings

Heifers (HE, n=8)

Buffalo-Cows (BC, n=9)

CL (n) 3/8 had 1 CL 4/91 CL
5/8 had 2 CL 1/9 had 2 CL

CL size 14.85 +0.72° 16.20 £ 0.95

Animals had LF 8/8" 5/9°

LF number (n) 10° 5°

LF diameter (mm) 10.11 +0.59° 12.90 +0.18°

FGR (days 0-7, mm day™) 0.57 + 0.04* 0.86 = 0.06°

Response to PGF2a (Day 9)

Luteolysis (n) 8/8" 1/5°

Animals had LF (n) 8/8? 7/9%

LF (n) 8’ 7

F size (mm) 10.68 + 0.69" 11.66 +£0.91°

FGR (days 7-9, mm day™) 0.59 + 0.06" 0.58 £ 0.07*
Values in means + SEM. F: follicle; CL: corpus luteum; LF: large follicle; FGR: follicle growth rate. Values with
different letters (*™!®) differ significantly.

At day of PGF2a injection (Day 7), Three HE had single CL and 5 had double CL (2 of them were already
present at the time of the first GnRH injection and the others resulted from second ovulations). One Buffalo-cow
only had double CL and the rest had a single CL. The mean diameter of the CL was significantly larger in BC group
(P =0.003). A follicle larger than 8 mm in diameter was detected in all HE (100 %) and in 5/9 BC (55.5%) groups.
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The mean diameter of the LF2 was significantly larger in BC than in HE (12.90 = 0.18 vs. 10.11 £ 0.59
mm, respectively). The mean growth rate of the LF between days 0 and 7 was higher (P = 0.03), and the maximum
diameter was larger (P =0.01) in BC.
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Ovarian response to the PGF2 o (Table 2)

Luteolytic responses to PGF2a treatment were 87.5 and 20.0% for HE and BC, respectively. In HE, the CL
was regressed from an average diameter of 14.85 + 0.72 mm on Day 7 to 9.14 + 0.7 mm on Day 9. In the BC, the
CL was decreased from 16.20 + 1.20 mm on Day 7 to 9.06 + 0.6 mm on Day 9. The diameter of the DF was 10.68 +
0.69 mm and 11.66 = 0.91 mm in HE and BC, respectively.

Ovarian response to the second GnRH (Table 3)

Table 3. Ovarian response and conception rate of Heifer (HE) and buffalo-cows (BC) after the second
GnRH injection during Ovsynch program

Ovarian Findings Heifers (HE, n = §) Buffalo-Cows (BC, n =9)

Ovulation (n) 8/8" 8/9*
Interval to ovulation (h) 22.6 +5.4° 1041 +7.6°
Ov F size (mm) 10.94 +0.91° 13.64 +0.89°
Second CL size (mm, developed at D7 ) 15.45+0.8° 19.7+1.3°
CR (n= 686 HE and 273 BC) 429/686" 62/273°
CR % 62.54%" 22.71%"

Values in means £ SEM. F: follicle; CL: corpus luteum; OvF: ovulatory follicle; CR: conception rate; Values with

different letters (* ™*®) differ significantly.

The size of the dominant follicle was 9.82 + 1.23 and 11.96 + 2.15 mm for HE and BC at the time of
second GnRH injection, respectively. An ovulation rate of 100 and 88.8% was recorded for HE and BC,
respectively. Ovulation time averaged 22.6 h (range 16-36 h) and 10.4 h (range 6-24 h) in HE and BC, respectively
(P =0.01). The mean diameter of the CL developed at Day 7 of the protocol was 15.45 + 0.8 and 19.7 + 1.3 mm in
HE and BC, respectively (P = 0.03).

P4 concentrations (Fig. 2)
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Figure 2. Progesterone levels in serum of heifers (n = 8) and buffalo-cows (n = 5) treated with the Ovsynch
program. Values with different letters (*") differ significantly (P < 0.05).
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The average P, concentrations were higher in HE than in BC on day 7 (P = 0.04). The concentration of
serum P4 correlated positively correlation with the diameter of the CL (r = 0.6, P = 0.005).
Conception rate

In the treated groups, 429 out of 686 HE (62.54 %) and 62 out of 273 BC (22.71 %) had conceived (P =
0.01). In the control groups, 131 out of 219 CHE (59.82 %) and 99 out of 166 CBC (59.64 %) had conceived.

Discussion

This study aimed to describe the differences between heifers and buffalo-cows in their response to different
treatments of the Ovsynch program. Thefirst GnRH was designed to enhance the ovulation of the large functional
follicle and to induce a new follicular wave. It is well accepted that injection of a GnRH agonist at any stage of the
estrous cycle in cattle 1) increases the number of medium-sized follicles within 3 days of treatment, 2) eliminates
the large follicles by ovulation or atresia and 3) induces the emergence of a new follicular wave within 2 to 3 days of
treatment (Jazayeri et al., 2010). The second injection of PGF2a increases the percentage of animals synchronized
by lysis of both the cyclic CL and that resulted from ovulation of DF1 (Pursley et al., 1995). The second GnRH
injection on Day 9 of the protocol causes an induced LH surge responsible for ovulation of the dominant follicle and
formation of a new CL (Senger, 2003).

The results of the present study showed that 87.5 and 100% of HE and BC, respectively, had ovulations
after the first GnRH injection. In previous studies, an ovulation rate of approximately 86% was recorded in cyclic
buffaloes (Rao and Venkatramiah, 1991; De Araujo Berber et al., 2002), 90% in cyclic and 50% in non-cyclic
buffaloes (Neglia et al., 2003; Ali and Fahmy, 2007) and 82-90% in cyclic cattle (Pursley et al., 1995; Wiltbank,
1998; Frike et al., 1998) following thefirst GnRH administration. The present results are coincident with the
previous study of Neglia et al. (2003) in buffaloes and disagree with previous reports in cattle (Pursley et al., 1995;
Hussein, 2003). The discrepancy between the present findings and previous ones may be attributed to the fewer
dominant follicles in BC at the time of first GnRH injection. The time of ovulation after GnRH injection depends
mainly on the size of DF1 at the time of injection (Wiltbank, 1998; Hussein et al., 2002; Hussein, 2003). However,
follicle size is not the only parameter that can affect the ovulation rate. In a recent study, it was demonstrated that
follicle size in buffaloes that ovulate compared to those that did not ovulate is quite similar (Campanile et al., 2008).
Moreover, stage of the follicular development (growth or regression phase) greatly affects the response to GnRH
treatment (Dharani ef al., 2010).

It is recorded that the first GnRH was successful in synchronizing a new follicular wave 1-3 days after
treatment (Neglia et al., 2003; Ali and Fahmy, 2007). In cattle, the new wave started 1-2 days after GnRH treatment
regardless the incidence of ovulation (Frike et al., 1998; Hussein, 2003; Hussein ef al., 2004). In the present study,
this wave resulted in the development of a new DF (DF2) in all and 8/9 of HE and BC groups, respectively. The
DF2 developed faster from days 0 to 7 and reached a larger diameter in the BC cows, this may be attributed to the
subnormal P4 level. The sub-luteal circulating P4 has been reported to increase the frequency of LH pulses, and
prolonged growth phase of the dominant follicle (Bridge and Fortune, 2003). After the PGF2a injection, if the
dominant follicle did not ovulate, a new wave of small follicles needs some days to grow and become able to
produce estradiol-17 leading to induction of preovulatory LH-surge (Bridge and Fortune, 2003). PGF2a was
injected on day 7 to regress all CLs. If a CL resulted from the initial injection of GnRH, the 7 days interval should
have provided sufficient time for the CL to mature in order to respond to PGF2a (Wiltbank, 1998; Ali and Fahmy,
2007). In the present study, all treated HE and 5 BC showed at least one or double CL in the day of PGF2a.. Most of
HE (7/8) had a follicle larger than 8 mm. The high synchrony between animals (presence of functional CL and large
active follicle), reported in this study, is the result of thefirst GnRH treatment. A synchrony rate of 90 % in Murrah
buffalo (Paul and Prakash, 2005), 74.7% in Mediterranean Italian buffaloes (De Rensis ef al., 2005) and 84% in
cattle (Frike et al., 1998) was previously recorded. Regression of corpora lutea was recorded for all HE and BC, but
the difference was only in number of animals (8 HE vs. 5 BC) in the current study.

In order to increase synchrony of ovulation, a second GnRH was injected to ovulate the preovulatory
follicle at a precise time (Wiltbank, 1998). In the present study, the DF2 ovulated in 100 and 88.8% of the HE and
BC groups, respectively. An ovulation rate of 90-93% in cyclic buffaloes (Rao and Venkatramiah, 1991; De Araujo
Berber et al., 2002; Paul and Prakash, 2005) and 86-100% in cyclic cattle (Frike et al., 1998; Wiltbank, 1998;
Hussein, 2003) was recorded. In the current study, the BC group started to ovulate earlier (6 h after second GnRH)
than the inseminating time (16 h after second GnRH). Furthermore, those animals ovulated over a relatively longer
time (40 h). Early and asynchronous ovulation as well as early application of this program in the post partum BC
seemed to be problematic and might explain the very low CR in this group (22.71%). Neglia et al. (2001) observed a
pregnancy rate of 45% in buffalo-cows synchronized with PGF,a alone and 48.8% when PGF2a was combined
with GnRH injection at the time of Al. Similarly, 33.3, 43.7, 36 and 15.0 vs. 51.4% pregnancy rate was recorded in
Murrah buffalo (Paul and Prakash, 2005), Mediterranean Italian buffalo (De Rensis et al., 2005), Italian cyclic

Anim. Reprod., v.9, n.1, p.00-00, Jan./Mar.201



DY

Derar et al. Ovsynch protocol in buffalo heifers and cow.

buffalo (Neglia et al., 2003) and Swamp buffalo heifers vs. cows (Chaikhun et al., 2010) after using Ovsynch
protocol and timed insemination, respectively.

In the current study, the level of P4 indicated precisely the presence or absence of a CL andftected its
size and activity. Concentration of P4 found here is in agreement with the levels recorded by others on skim milk
(Qureshi et al., 2000) and plasma (Jazayeri et al., 2010) of buffaloes. Serum progesterone levels in HE and BC
subjected to Ovsynch protocol, compared to control groups were not significantly different till the fifth day of
treatment. At the seventh days of the program, serum progesterone values differed significantly in HE and BC
compared to control groups (P < 0.05). The present results indicated that the CL of the BC group was less active
than that of the HE group which might explain the low CR recorded in the BC group and suggested that a significant
improvement in CR in the BC cows can be achieved with the supplementation of exogenous progesterone from days
0 to 7 post insemination. It has been previously suggested that high P4 level at the time of PGF,a application may be
an important factor to improve conception on subsequent insemination (Hussein, 2003, De Rensis et al., 2005). On
the contrary, Pursley et al. (1997) reported that P, supplementation at the day of PGF2a injection had no effect on
the probability of pregnancy. Attempts to replace the second GnRH injection by hCG failed to improve conception
rate in buffalo after fixed time Al in Brasil (Carvalho et al., 2007). It was suggested that the presence of a large
follicle at the beginning of the Ovsynch protocol is a determining factor for a successful synchronization of
ovulation and high conception rates (De Rensis ef al., 2005). It was concluded previously that buffaloes require
exogenous hormone treatments that induce elevated P4 throughout the period from initial development to embryonic
attachment and the use of pharmacological treatments in order to increase P4 blood levels between 25 and 40 days
post Al period characterized by 45% of embryo mortality in buffalo, play a determinant role in farms with high
incidence of embryonic mortality (Campanile ef al., 2005, 2007b).

In Conclusion, the application of Ovsynch program in buffalo heifers could be better than in cows.
Conception rate in buffalo heifers was acceptable and satisfactory, while in buffalo cows was very low. The
difference may be attributed to earlier and long-lasting ovulation as well as sub-functional CL in buffalo-cows. In
addition, early application of the program during the post partum period may be another possible cause of lowering
the conception rate in buffalo-cows. Further studies should focus on improving the conception rate following
application of Ovsynch program.

Acknowledgments

The authors are deeply grateful to Dr. M. Abdel-Raouf, Professor Emeritus, for his guidance, critical
reading and suggestions during the manuscript preparation.

References

Abol-Roos MEA, Gaffar AEA. 2000. Trials to improve reproductive &itiency of subestrus buffalo cows using
PGF2a at mid luteal phase. Assiut Vet Med J, 43:327-337.

Ali A, Fahmy S. 2007. Ovarian dynamics and milk progesterone concentrations in cycling and non-cycling buffalo-
cows (Bubalus bubalis) during Ovsynch program. Theriogenology, 68:23-28.

Barile VL, Galasso A, Marchiori E, Borghese A. 1997. Effect of PRID treatment on estrus synchronization and
progesterone levels in Italian buffaloes. In: Proceedings of 5™ World Buffalo Congress, 1997, Caserta, Italy.
Monterotondo Scalo, Italy: International Buffalo Federation. pp.738-743.

Baruselli PS, Mucciolo RG, Visintin JA, Viana WG, Arruda RP, Madureira EH. 1997. Ovarian follicular
dynamics during the estrous cycle in buffalo (Bubalus bubalis). Theriogenology, 47:1531-1547.

Baruselli PS. 2001. Control of follicular development applied to reproduction biotechnologies in buffalo. /n: Atti I
Congresso Nazionale sull’Allevamento del Bufalo, 2001, Eboli, Italy. Eboli, Italy: CNAB. pp. 128-146.

Borghese A, Barile V, Terzano G, Annicchiarico G, Debenedetti A, Malfatti A. 1993. Anoestrus length in
Italian buffalo cows. Note 1. In: Prospects of Buffalo Production in the Mediterranean and the Middle East:
Proceedings of the joint ESAP, EAAP, FAO, ICAMS and OIE Symposium, 1992, Cairo, Egypt. Wageningen,
Netherlands: PUDOC. pp. 389-392. (EAAP Publication, 62).

Borghese A. 2004. Recent developments of buffaloes in Europe and Near East. In: Proceedings of the 7™ World
Buffalo Congress, 2004, Manila, Philippines. Manila: WBC. pp. 10-16.

Bridge PJ, Fortune JE. 2003. Characteristics of developing prolonged dominant follicles in cattle. Domest Anim
Endocrinol, 25:199-214.

Campanile G, Di Palo R, Esposito L, Montemurro N, Lucaroni A, Todini L. 1993. Anoestrus length in Italian
buffalo cows. Note II. /n: Prospects of Buffalo Production in the Mediterranean and the Middle East: Proceedings of
the joint ESAP, EAAP, FAO, ICAMS and OIE Symposium, 1992, Cairo, Egypt. Wageningen, Netherlands:
PUDOC. pp. 385-388. (EAAP Publication, 62).

Anim. Reprod., v.9, n.1, p.00-00, Jan./Mar.201


http://www.theriojournal.com/article/S0093-691X(10)00311-0/abstract�

DY

Campanile G, Vecchio D, Neglia G, Dipalo R, Prandi A, D’Occhio MJ. 2008. Progesterone and pregnancy status
of buffaloes treated with a GnRH agonist. Livest Sci, 115:242-248.

Campanile G, Di Palo R, Neglia G, Vecchio D, Gasparrinia B, Prandi A, Galiero G, D’Occhio MJ. 2007a.
Corpus luteum function and embryonic mortality in buffaloes treated with a GnRH agonist, hCG and progesterone.
Theriogenology, 67:1393-1398

Campanile G, Vecchio D, Zicarelli L, Neglia G, Di Palo R, Balestrieri A, D’Occhio MJ. 2007b. Strategies to
reduce embryonic mortality in buffalo cows. Ital J Anim Sci, 6(suppl. 2):680-683.

Carvalho NAT, Nichi M, Henriquez CEP, Oliveira CA, Baruselli PS. 2007. Use of Human Chorionic
Gonadotropin (hCG) for fixed-time artificial insemination in buffalo (Bubalus bubalis). Anim Reprod, 4:98-102.
Chaikhun T, Tharasanit T, Rattanatep J, De Rensis F, Techakumphu M. 2010. Fertility of swamp buffalo
following the synchronization of ovulation by the sequential administration of GnRH and PGF2alpha combined with
fixed-timed artificial insemination. Theriogenology, 74:1371-1376

Danell B. 1987. Oestrous behaviour, ovarian morphology and cyclical variation in follicular system and endocrine
pattern in water buffalo heifers. Uppsala, Sweden: Sveriges Lantbruksuniversitet. Thesis. pp. 54-94.

De Araujo BRC, Madureira EH, Baruselli PS. 2002. Comparison of two Ovsynch protocols (GnRH versus LH)
for fixed timed insemination in buffalo (Bubalus bubalis). Theriogenology, 57:1421-1430

De Rensis F, Ronci G, Guarneri P, Nguyen BX, Presicce,Huszenicza GA. 2005. Conception rate after fixed time
insemination following Ovsynch protocol with and without progesterone supplementation in cyclic and non-cyclic
Mediterranean Italianbuffaloes (Bubalus bubalis). Theriogenology, 63:1824-1831.

Dharani S, Kathiresan D, Devanathan TG, Balachandaran C. Satheeshkumar S. 2010. Ovulatory response of
the first follicular wave growing and regressing phase follicle for GnRH administration in cyclic buffaloes. Buffalo
Bull, 29:199-205.

Edmonson AJ, Lean 1J, Weaver LD, Farvert T, Webster GA. 1989. A body condition scoring chart of Holstein
dairy cows. J Dairy Sci, 68:72-78.

Frike PM, Guenther JN, Wiltbank MC. 1998. Efficiency of decreasing the dose of GnRH used in a protocol for
synchronization of ovulation and timed Al in lactating dairy cows. Theriogenology, 50:1275-1284.

Ginther OJ, Kot K, Kulick LJ, Wiltbank MC. 1997. Emergence and deviation of follicles during the
development of follicular waves in cattle. Theriogenology, 48:75-87.

Hattab SA, Kadoom AK, Plame R, Bamberg E. 2000. Effect of CRESTAR on estrous synchronization and the
relationship between fecal and plasma concentrations of progestagens in buffalo cows. Theriogenology, 54:1007-
1017.

Hussein H. 2003. Untersuchung zur ovariellen Reaktion im Rahmen der Zyklussynchronisation mittles
GnRH/PGF2a und deren Graviditatsresultat bei Milchrindern. Giessen, Germany: Justus liebig Universitit Giessen.
Thesis. pp. 87-89.

Hussein H, Derar R, Shehata SH. 2004. Efficacy of ovulation synchronization with GnRH and PGF2 a in
subfertile dairy cows. Assiut Vet Med J, 50:280-291.

Hussein HA, Bostedt H, Wehrend A. 2002. Evaluation of timed insemination using ultrasonography in dairy cows
and heifers after synchronisation of estrus post partum. /n: 35 Jahrstagung Physilogie und Pathologie der
Fortpflantzung, 2002, Leipzig, Germany. Leipzig: Universitdt Leipzig. pp. xx. Abstract.

Jazayeri SP, Kohram H, Salehi R. 2010. Hormonal responses to GnRH injection given at different stages of the
estrous cycle in water buffaloes. Afr J Biotechnol, 9:2169-2172.

Manik RS, Madan ML, Singla SK. 1994. Ovarian follicular dynamics in water buffaloes (Bubalus bubalis):
ultrasonically monitoring individual follicles for wave hypothesis. Theriogenology, 41:246. Abstract.

Neglia G, Midea D, di Brienza C, Rossi N, Zicarelli L. 2001. Associazione del GnRH alle prostaglandine nella
inseminazione strumentale della bufala Mediterranea Italiana. /n: Atti I Congresso Nazionale sull' Allevamento del
Bufalo, 2001, Eboli, Italy. Eboli, Italy: CNAB. pp. 337-340.

Neglia G, Gasparrini B, Palo R, Rosa C,.Zicarelli L, Campanile G. 2003. Comparison of pregnancy rates with
two estrus synchronization protocols in Italian Mediterranean buffalo cows. Theriogenology, 60:125-133.

Ohashi OM. 1994. Estrous detection in buffalo cow. Buffalo J Suppl, 2:61-64.

Paul V, Prakash BS. 2005. Efficacy of the Ovsynch protocol for synchronization of ovulation and fixed-time
artificial insemination in 350 Murrah buffaloes (Bubalus bubalis). Theriogenology, 64:1049-1060.

Presicce GA, Senatore EM, Bella A, De Santis G, Barile VL, De Mauro GJ,. Terzano GM, Steccob R,
Parmeggiani A. 2004. Ovarian follicular dynamics and hormonal prdiles in heifer and mixed -parity Mediterranean
Italian buffaloes (Bubalus bubalis) following an estrus synchronization protocol. Theriogenology, 61:1343-1355
Pursley JR, Mee MO, Wiltbank MC. 1995. Synchronization of ovulation in dairy cows using PGF2a and GnRH.
Theriogenology, 44:915-923.

Pursley JR, Wiltbank MC, Stevenson JS, Ottobre H, Garverick HA, Andetson LL. 1997. Pregnancy rates in
cows and heifers inseminated at a synchronized ovulation or synchronized estrus. J Dairy Sci, 80:295-300.

Derar et al. Ovsynch protocol in buffalo heifers and cow.

Anim. Reprod., v.9, n.1, p.00-00, Jan./Mar.201


http://www.theriojournal.com/article/S0093-691X(10)00311-0/abstract�
http://www.theriojournal.com/article/S0093-691X(10)00311-0/abstract�
http://www.theriojournal.com/article/S0093-691X(10)00311-0/abstract�
http://www.theriojournal.com/article/S0093-691X(10)00311-0/abstract�
http://www.theriojournal.com/article/S0093-691X(10)00311-0/abstract�

DY

Derar et al. Ovsynch protocol in buffalo heifers and cow.

Qureshi MS, Habib G, Nawab G, Siddiqui MM, Ahmad N, Samad HA. 2000. Milk progesterone prfiles in
various reproductive states in dairy buffaloes under field conditions. Proc Natl Sci Counc Repub China B, 24:70-25.
Rao AVN, Venkatramiah P. 1991. Induction and synchronization of estrus and fertility in seasonally anestrus
buffalo with GnRH and PGF2a analogue. Anim Reprod Sci, 25:109-113.

Senger PL. 2003. Reproductive cyclicity-luteal phase. In: Senger PL. Pathways to pregnancy and Parturition. 2"
ed. Pulman, WA: Current Conceptions, Inc. pp. 212-xxx.

Seren E, Parmeggiani A, Zicarelli L, Montemurro N, Pacelli C, Terzano GM. 1993. Periestrus endocrine
changes in Italian buffaloes. /n: In: Prospects of Buffalo Production in the Mediterranean and the Middle East:
Proceedings of the joint ESAP, EAAP, FAO, ICAMS and OIE Symposium, 1992, Cairo, Egypt. Wageningen,
Netherlands: PUDOC. pp. 393-396. (EAAP Publication, 62).

Singh G, Singh GB, Sharma RD, Nanda AS. 1984. Ovulation and fertility after PRID PRID GnRH and GnRH in
anestrous buffaloes. Theriogenology, 21:859-867.

Taneja M, Singh G, Totey SM, Ali A. 1995a. Follicular dynamics in water buffalo superovulated in presence or
absence of a dominant follicle. Theriogenology, 44:581-597.

Taneja M, Totey SM, Ali A. 1995b. Seasonal variation in follicular dynamics of superovulated Indian water
buffalo. Theriogenology, 43:451-464.

Taneja M, Ali A, Singh G. 1996. Ovarian follicular dynamics in water buffalo. Theriogenology, 46:121-130.
Wiltbank MC. 1998. Improving reproductive eficiency in high producing dairy cattle. In: Proceedings of the XX
World Buiatrics Congress, Sydney. Sydney, Australia: WBC. pp. 571-582.

Zicarelli L, De Filippo C, Francillo M, Pacelli C, Villa E. 1997. Influence of insemination technique and
ovulation time on fertility percentage in synchronized buffaloes. In: Proceedings of 5™ World Buffalo Congress,
Caserta, Italy. Monterotondo Scalo, Italy: International Buffalo Federation. pp:732-737.

Anim. Reprod., v.9, n.1, p.00-00, Jan./Mar.201



