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INTRODUCTION

Buffaloes have an important role in agricultural econo-
my in several Asian and African tropical and subtrop-

ical countries through providing both milk and meat, in 
addition to, their draught power. Buffaloes share about half 
of the overall dairy production in Egypt (Borghese, 2005; 
Perera, 2011). Buffaloes’ milk is preferable in Egypt be-
cause of its high fat and solid non-fat contents which gives 

the milk a good taste compared to that is of cows. Moreo-
ver, rearing of buffaloes is favored by because of their better 
adaptation to tropical and subtropical environment (Ab-
dalla, 2003; El-Wishy, 2007).

Buffaloes’ production is largely affected by reproductive 
performance. Low reproductive efficiency of Egyptian buf-
faloes is mainly due to poor estrus detection and prolonged 
inter-calving interval (Singh et al., 2000; El-Wishy, 2007). 
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Longer inter-calving intervals is mainly due to prolonged 
postpartum anestrus which is mainly attributed to ovari-
an inactivity (Hattab and Osman, 2000; Shah and Nakao, 
2010; Khan et al., 2012). It should be noted that the adap-
tation of the buffaloes on the harsh environment results in 
adverse effects on the reproductive efficiency resulting in 
prolonged postpartum anoestrus, low conception, and long 
inter-calving intervals (Perera, 2011). 

Although buffaloes are polyestrous, their reproductive ac-
tivity has wide variation throughout the year with a dis-
tinct seasonal difference in expressing estrus, and concep-
tion rate (Zicarelli, 1997). Furthermore, estrus in buffaloes 
is more frequent and stronger during short day seasons 
(Barkawi et al., 1989). Reduced reproductive activity of 
buffaloes during summer months has been associated to 
some factors such as day length (Dessoukey and Juma, 
1990), and heat stress (Warriach et al., 2008). Endocrino-
logically, summer anestrus in buffaloes is characterized by 
low plasma concentrations of both the pituitary and ovari-
an hormones ( Jainudeen and Hafez, 1993; Kaur and Arora, 
1994). Economically, prolonged postpartum anestrous and 
delayed resumption of ovarian activity lead to the major 
economic losses to the buffalo breeders (Singh et al., 2000; 
El-Wishy, 2007; Stanimir et al., 2012). It should be noted 
that one third of postpartum buffaloes remain anestrous 
for more than 5 months (El-Wishy, 2007).

Estrous synchronization depends on either lengthening or 
shortening the estrous cycle. Different techniques based 
on several hormonal treatments including P4, PGF2α and 
gonadotropins are used (Ryan et al., 1995). For successful 
synchronization, a clear understanding of the hormonal 
regulation of the estrous cycle is required. In buffaloes, the 
hormonal profile is generally like that in cows with lower 
peak concentrations of P4 and E2 plasma levels (Baruselli, 
2001; de Rensis and López-Gatius, 2007). The success rate 
of synchronization in buffaloes is poor during anoestrus 
(Metwelly, 2006). Most of the recent synchronization pro-
grams for buffaloes are based on similar regimes applied 
in cows, however, the main difference is that buffaloes ex-
perience a more intense low breeding season during the 
summer, when cyclic ovarian activity is reduced (Neglia 
et al., 2003; Presicce et al., 2004; Campanile et al., 2007). 
Different synchronization protocols with or without timed 
artificial insemination (TAI) have been utilized for resum-
ing the ovarian activity, however, the obtained outcomes 
were conflicting (Zaabel et al., 2009; Karen and Darwish, 
2010; Azawi et al., 2012a, b, c; Waqas et al., 2016; Sharma 
et al., 2017).

Different synchronization programs (Nayak et al., 2009;  
Naseer et al., 2012), breed and age of buffaloes (Singh et 
al., 2000; Derar et al., 2012) seasonal or nutritional effects 
(Nanda et al., 2003) are possible reasons for such differenc-

es in the outcomes.

The efficacy of the PGF2α-based regimens treatment in 
buffaloes depends upon plasma P4 concentration, the CL 
size, and the follicular status before PGF2α administration 
(Brito et al., 2002). In buffaloes, the effect of PGF2α 
administration is very similar to that observed in cattle. 
Pregnancy rate following PGF2α-induced estrus is about 
50% during high breeding season (de Araujo, 2002; 
Neglia et al., 2003) like that obtained after natural estrus 
(Sahasrabudhe and Pandit, 1997). The efficacy of PGF2α 
treatment is dramatically reduced during the low-breeding 
season, with conception rates below 25% (Chohan et al., 
1995), even when majority of treated buffaloes (88%) 
display standing estrus (Sahasrabudhe and Pandit, 1997). 

Ovsynch and GnRH-based regimens in buffaloes induce 
ovulation in 60–90% of treated animals (Aboul-Ela et 
al., 1985; Barkawi et al., 1993; Baruselli, 2001; Paul and 
Prakash, 2005) with conception rates during the high-
breeding season between 33% (Paul and Prakash, 2005) 
and 60% (Baruselli, 2001). The degree of synchronization 
success of ovsynch in cyclic animals requires the presence 
of a dominant follicle at the time of the first GnRH 
treatment (Thatcher et al., 2001; de Rensis et al., 2005).

The use of P4-based regimens (CIDR) include the 
administration of GnRH or E2 at the time of CIDR 
insertion and/or PGF2α at the day of removal. Estrus has 
been observed in 80–93% of treated buffaloes after about 
2-5 days (Bartolomeu et al., 2004; Barile et al., 2001), with 
pregnancy rate varies from 20 (Baruselli, 2001) to 50% 
(Barile et al., 2001; Neglia et al., 2003) during high-breed-
ing season. 

P4-releasing intravaginal device (PRID) and CIDR have 
been used with ovsynch programs for treatment of buffa-
loes suffering from inactive ovaries (Yendraliza Zesfin et 
al., 2011; Barile, 2012). After device removal, the plasma 
P4 concentration sharply decrease and those the GnRH, 
LH and FSH get increase leading to resumption of the 
ovarian activity (Zerbe, 1999). These regimes have been 
applied for both cyclic and a cyclic buffalo cows (Ali and 
Fahmy, 2007; Karen and Darwish, 2010) however, the con-
ception and pregnancy rate are still unsatisfactory.

The ovarian activity of buffalo is influenced by deficien-
cy of some minerals like phosphorus (P). Deficiency of P 
is associated with infertility and anoestrus conditions in 
cows (Hidiroglou, 1979). Heat stress could result in higher 
cortisol which is known to decrease serum P (Koch et al., 
1961). Higher P values in normal cyclic animals had been 
previously recorded (Newar et al.,1999). 

The overall question of our study was whether combina-
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tion of the CIDR with ovsynch protocols in acyclic buffalo 
improves both the resumption of cyclicity and conception 
rate compared to ovsynch protocols only. The current study 
aimed to evaluate the effect of P4 supplementation in 
ovsynch protocols in postpartum anestrous buffalo and to 
evaluate the efficacy of three different synchronization pro-
tocols; GPG ovsynch, G-CIDR-PG modified-ovsynch, 
and CIDR-GPG modified-ovsynch in anestrus buffaloes 
with evaluation of subsequent conception rate.

MATERIALS AND METHODS

Study locAtIon
This study was conducted in Luxor governorate, Egypt, 
located at 76 m above mean sea level, latitude 25.69° N 
and longitude 32.64° E. The study was performed during 
the low-breeding season (May–October) when the low 
(minimum) and high (maximum, °C) temperature ranged 
between 19-24°C and 35-41°C, respectively.

AnImAlS
Thirty-one clinically healthy female buffaloes (3-5 years-
old; and 440.0± 10.0 kg b.wt) suffering from postpartum 
anestrous (3-9 months) were included in this study. The 
anestrus had been confirmed by repeated rectal examina-
tion. Female buffaloes with history of metritis, lameness, or 
any other disorders that may affect the reproductive per-
formance were excluded.

All female buffaloes were milked twice daily at 07:00 am 
and 07:00 pm with average low milk yield of 4 kg/head.

experImentAl deSIgn
All female buffaloes were randomly subjected to one of the 
three different synchronization programs as follow:

GPG-ovsynch-treated group (n = 7):
Female buffaloes (n = 7; 3-5 years-old; and 391.71 ± 
18.33 kg b.wt) were subjected to GnRH-PGF2α-GnRH 
ovsynch protocol. Animals were subjected to intramuscular 
injection of 0.02 mg buserelin acetate, a natural GnRH 
analogue (Receptal®, Intervet international, European 
union) on day 0. Seven-days later, animals were intra-
muscularly treated with 25 mg dinoprost tromethamine 
(Lutalyse, Pfizer Animal Health, Pfizer Manufacturing, 
Belgium), and finally 0.02 mg buserelin acetate was ad-
ministered on day 9 followed by TAI (Figure 1a).

G-CIDR-PG-modified ovsynch-treated group (n = 10):
Female buffaloes (n = 10; 3-5 years-old; and 461.50 ± 12.10 
kg b.wt) were subjected to GnRH-CIDR-PGF2α-GnRH 
modified ovsynch protocol. buffaloes were subjected to 
intramuscular injection of 0.02 mg buserelin acetate, on 
day 0, followed by insertion of controlled-internal drug 

releasing device (CIDR containing 1.38 gm of P4 (EAZI-
BREED CIDR® cattle insert, Pharmacia & Upjohn 
Company Kalamazoo, Michigan, USA) Registered to and 
marketed by: Pfizer New Zealand Ltd) for 7 days. On day 
7, animals were intramuscularly treated with 25 mg dino-
prost tromethamine, and finally 0.02 mg buserelin acetate 
was administered on day 9 followed by TAI (Figure 1b). 

CIDR-GPG-modified ovsynch-treated group (n = 14):
In this 3rd group, female buffaloes (n = 14; 3-5 years-old; 
445.90 ± 15.50 kg b.wt) were subjected to CIDR-GnRH-
PGF2α-GnRH modified ovsynch protocol. Animals were 
subjected intravaginal CIDR for 7 days which is prior to 
intramuscular injection of 0.02 mg buserelin acetate, on 
day 0. On day 7, animals were intramuscularly treated 
with 25 mg dinoprost tromethamine, and finally 0.02 mg 
buserelin acetate was administered on day 9 followed by 
TAI (Figure 1c).

Figure 1: Ovsynch and modified ovsynch synchronization 
protocols show the GnRH-PGF2α-GnRH (GPG) 
ovsynch program with GnRH administration only at day 
0 (A), GnRH-CIDR-PGF2α-GnRH (G-CIDR-PG) 
synchronization program with GnRH at day 0, CIDR 
insertion for 7 days from day 0 to 7 (B), and CIDR-GPG 
synchronization program with CIDR insertion for 7days 
from day -7 to 0, GnRH at day 0 (C), followed by PGF2α 
at day 7, GnRH at day 9, and timed artificial insemination 
after 16-18 hours.

tImed ArtIfIcIAl InSemInAtIon (tAI)
Frozen buffalo-bull semen straws (El-Abasia AI lab. 
El-Dokki, Cairo, Lot number: 565, progressive forward 
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motility of at least 45%) were used for insemination.

blood SAmplIng
Five-ml blood samples were collected from the jugular vein 
into vacutainer heparinized tubes at these time-points; day 
-10, 0, 4, 7, and 9. Blood samples were centrifuged at 3000 
rpm for 15 min. After being separated, plasma samples 
were stored at - 20ºC until further assay.

progeSterone (p4) ASSAy
Plasma P4 concentrations were measured by single 
enzyme-linked immune sorbent assay (ELISA) using P4 
kits (ELITechGroup: In Vitro Diagnostic Equipment & 
Reagents, France).

phoSphoruS (p) ASSAy
Plasma P concentrations were measured by using P kits 
(spectrum–Egyptian company for biotechnology, Egypt) 
by means of the spectrophotometer machine (Yıldız and 
Öcal, 2001). 

pregnAncy dIAgnoSIS
For evaluation of the post-synchronization fertility 
parameter, pregnancy diagnosis was performed about 45-
60 days post-AI.

StAtIStIcAl AnAlySIS
All data were presented as the mean ± S.E.M. The animals 
within each group were classified as responsive and non-
responsive subgroups based on the P4 concentrations 
where plasma P4 levels >1.0 ng/ml at day 7 were considered 
as responsive. The statistical significance of differences in 
plasma P4 and P concentrations between the subgroups 
throughout the days of study were determined by student 
t-test. All data were analyzed by using Graph-Pad Prism 
(GraphPad Software, San Diego, CA, USA). Results were 
considered significant at the P<0.05 level.

RESULTS

In the present study, three different ovsynch and modi-
fied ovsynch protocols were used to synchronize estrous in 
postpartum anestrous buffalo. Our results showed that the 
conception rate was significantly higher (P<0.05) in the 
GPG ovsynch-treated compared to the G-CIDR-PG but 
not the CIDR-GPG modified ovsynch-treated modified 
with conception rates of 57.1%, 30.0%, and 50.0 %respec-
tively).

Plasma P4 and P concentrations in GPG-ovsynch-
treated group: Plasma P4 concentrations were significant-
ly higher (P<0.05) at day -10, 4, and 7 in responsive group 
in comparison to those in non-responsive group (Figure 
2a). While, no difference was reported in the plasma P 

concentrations between both sub-groups (Figure 2b). 

Figure 2: Plasma progesterone (P4) and plasma phosphorus 
(P) concentrations in GPG-ovsynch-treated group. (a) 
Plasma P4 concentrations for both responsive and non-
responsive groups. Zero (0) means day of first dose GnRH 
administration, and black arrow indicates day of PGF2α 
injection. (b) Plasma P concentrations for both responsive 
and non-responsive groups throughout the period of study. 
Asterisk means a significant difference at P<0.05. N.S. 
means non-significant difference. All values are presented 
as mean ± SEM.

Plasma P4 and P concentrations in G-CIDR-PG-mod-
ified ovsynch-treated group: Plasma P4 concentrations 
were significantly higher (P<0.05) at day 0, 4, and 7 in re-
sponsive group in comparison to those in non-responsive 
group (Figure 3a). While, there was a non-significant dif-
ference in plasma P concentrations between responsive and 
non-responsive groups (Figure 3b). 

Figure 3: Plasma progesterone (P4) and plasma 
phosphorus (P) concentrations in G-CIDR-PG-modified 
ovsynch-treated group. (a) Plasma P4 concentrations for 
both responsive and non-responsive groups. Zero (0) 
means day of first dose GnRH administration, and black 
arrow indicates day of PGF2α injection. (b) Plasma P 
concentrations for both responsive and non-responsive 
groups throughout the period of study. Asterisk means a 
significant difference at P<0.05. N.S. means non-significant 
difference. All values are presented as mean ± SEM.

Plasma P4 and P concentrations in CIDR-GPG-modi-
fied ovsynch-treated group:
Plasma P4 concentrations were significantly higher 
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(P<0.05) at day 4, and 7 in responsive group in comparison 
to those in non-responsive group (Figure 4a). Furthermore, 
the P concentrations in responsive group (8.85 ± 0.74 mg/
dl) were significantly higher (P<0.05) in compare to those 
in non-responsive group (4.27 ± 0.07 mg/dl) (Figure 4b). 

Figure 4: Plasma progesterone (P4) and plasma 
phosphorus (P) concentrations in CIDR-GPG-modified 
ovsynch-treated group. (a) Plasma P4 concentrations 
for both responsive and non-responsive groups. Zero (0) 
means day of first dose GnRH administration, and black 
arrow indicates day of PGF2α injection. (b) Plasma P 
concentrations for both responsive and non-responsive 
groups throughout the period of study. Asterisk means a 
significant difference at P<0.05. All values are presented as 
mean ± SEM.

DISCUSSION

Different therapies for treatment of postpartum anestrous 
buffaloes were previously studied (Karen and Darwish, 
2010; Rahman et al., 2012; Terzano et al., 2012; Waqas et 
al., 2016; Sharma et al., 2017). The present study describes 
the reproductive response of anestrous buffaloes with 
inactive ovaries to ovsynch or modified-ovsynch regimens 
during the low-breeding season (from May to October). 

In the present study, a significantly higher conception rate 
57.1% reported in GPG-ovsynch treated buffaloes. The 
high efficacy of GPG-ovsynch protocol to synchronize 
ovulation in 78-90 % of treated buffaloes (Paul and 
Prakash, 2005) and to increase the conception rate in 
60% of treated buffaloes in the high-breeding season 
(Baruselli, 2001) was previously reported. Other studies 
reported a lower efficacy when the ovsynch regimen was 
applied with a conception rate about 30.7-33.3 % (Paul 
and Prakash, 2005) and 34.6-34.9 % (Chaikhun et al., 
2010). Such variation in the response to ovsynch regimen 
is likely attributed to differences in breed, condition 
of the ovaries, the quality of straw used in the AI and 
environmental conditions (season). The effect of seasonal 
variation is supported by Baruselli et al. (1999) findings 
reported different responses of the treated buffaloes 
to the GPG-ovsynch with conception rates of 48.8 % 
and 6.9 % during the short-day and long-day seasons, 

respectively. Different response to GPG-ovsynch with 
high conception rate (56.5 %) during the high-breeding 
season (de Araujo et al., 2002), and lower conception rate 
(36.0 %) if used during the transition period from short 
day to long day season. Ovsynch using GnRH and PGF2α 
could successfully synchronize the ovulation in both cyclic 
and a cyclic buffalo (Ali and Fahmy, 2007) and that the 
response was lower when the treatment was performed 
during the low-breeding season (Perera, 2008). Such 
lower pregnancy rate in buffaloes is also reported when 
the ovsynch protocol is randomly employed regardless the 
ovarian condition (Neglia et al., 2003). Presence of a large 
follicle at the beginning of ovsynch (time of first GnRH) is 
a determining factor for the successful synchronization of 
ovulation and high conception rates (de Rensis et al., 2005; 
Presicce et al., 2005). 

Our study reported higher conception rate in response 
to CIDR-GPG compared to G-CIDR-PG regimen. It 
worthily noted that, CIDR insertion in the G-CIDR-PG 
is useful to prevent the premature estrus and increasing 
conception rates (Steckler et al., 2002). Moreover, CIDR 
has been effectively used to treat anestrous buffaloes 
(Singh, 2003a). Variable conception rates from 20 to 50 
% had been previously reported in response to CIDR 
treatment (Hattab et al., 2000; Barile et al., 2001; Neglia et 
al., 2003; Drost, 2007; Azawi et al., 2012 a, b, c). Recently, 
a study using pluriparous Egyptian buffaloes reported that 
G-CIDR-PG modified ovsynch protocol increased both 
the follicular and post-ovulation luteal blood flow and 
improved the fertility indices, as well (Samir et al., 2019). 
Collectively, our current results and previous data indicate 
that P4 treatments result in satisfactory conception rates 
in buffaloes during both the low- and high-breeding 
seasons. It should be noted that, a recently published meta-
analysis study reviewed 32 articles reported that ovsynch 
and different modified ovsynch estrus synchronization 
protocols have higher pregnancy per artificial insemination 
in cyclic compared with non-cyclic buffaloes (Du et al., 
2021). Therefore, more studies are required to confirm 
the efficacy of P4-induced treatment in the postpartum 
anestrus in buffaloes (de Rensis and López-Gatius, 2007).
Significantly higher P4 concentration at the day PGF2α 
in the responsive buffaloes in the ovsynch or CIDR-
plus modified ovsynch protocols could be predictor of 
probability of pregnancy as previously reported (Bello et al., 
2006). Moreover, buffaloes responded to ovsynch regimen 
during low-breeding season had P4 concentration ≥ 2.0 ng/
ml at the time of PGF2α ( Jabeen et al., 2013). Generally, 
the increased levels of P4 increases the sensitivity of the 
hypothalamic-pituitary system (Singh, 2003a, b, c), which 
improves the intensity of heat. From the hormonal point 
of view; anoestrus buffaloes with P4 concentration below 
1.0 ng⁄ml (Das and Khan, 2010) was considered responsive 
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to ovsynch or modified-ovsynch protocols when the plas-
ma P4 concentrations is more than 2.0 ng/ml after the 1st 
GnRH injection. 

Plasma P concentrations throughout the study showed 
no change between responsive and non-responsive groups 
after GPG-ovsynch treatment, similar results had been 
previously reported by Hedaoo et al. (2008) who observed 
no change between serum P in cyclic or anoestrus buffa-
lo. Modification of the ovsynch protocol by insertion of 
CIDR after the first GnRH injection in the G-CIDR-PG 
modified ovsynch treated group fails to increase the P 
concentrations in both the responsive and non-responsive 
groups throughout the whole period of sampling. Signifi-
cantly higher plasma P concentrations in the responsive 
group compared to the non-responsive CIDR-GPG treat-
ed group would be a good indicator of improved repro-
ductive performance, the physiological involvement of P in 
cAMP synthesis could be a pathway for its great influence 
on reproduction (Hurley and Doane, 1989). This notion 
is supported by the previous study that reported higher P 
concentrations in the cycling in compare to non-cycling 
buffaloes Newar et al. (1999). Moreover, our research 
group previously suggested that the CIDR-GPG would be 
a novel modified ovsynch estrus synchronization protocol 
in postpartum anoestrus dairy cows with high conception 
rate (Ahmed et al., 2017). 

Our study suggests that the usage of CIDR before apply-
ing the GPG synchronization regimen could be more ben-
eficial in improving the conception rates in buffaloes. Since 
the animals may utilize more P and other metabolites in 
activating the follicular dynamics and ripening the con-
ceiving oocyte in the ovulatory follicle. 

CONCLUSION

This study concluded that GPG-ovsynch synchronization 
protocol would be clinically beneficial for synchronization 
in postpartum anestrus buffaloes because of its better syn-
chrony and improved fertility, in addition to, its lower cost 
in compare to other modified ovsynch protocol. There is 
a possibility that CIDR-GPG modified ovsynch protocol 
would improve the fertility, since the significantly higher 
P levels can be utilized in activating the follicular dynam-
ics and maturation of the oocyte. More clinical studies are 
required to generalize the use of either GPG-ovsynch or 
CIDR-GPG modified ovsynch protocol in buffaloes.

ACKNOWLEDGEMENT

Authors would like to appreciate their deep thanks to staff 
members of Theriogenology, Obstetrics, and Artificial In-
semination Department, Faculty of Veterinary Medicine, 

South Valley University, Qena, Egypt for their help, scien-
tific comments and support.

ETHICAL APPROVAL

All experimental protocols and procedures were in ac-
cordance to the Animal Ethics and Use Committee of the 
South Valley University, Egypt.

CONFLICT OF INTEREST

The authors declare that there is no conflict of interest. 

AUTHORS CONTRIbUTION

A.S.A.H., A.M.I., N.A.M.Y., and A.E.A.: Prepared con-
ception and design of study. A.M.I., and A.E.A.: Con-
ducted the field study, examination of buffaloes, and blood 
sampling. A.E.A., A.S.A.H., A.M.I., and N.A.M.Y.: 
Collected laboratory samples and conducted biochemical 
analyses. A.M.I., A.E.A., A.S.A.H.: Manipulate and sta-
tistically analyzed the data. A.S.A.H., and A.E.A.: Draft-
ed the manuscript. A.S.A.H., N.A.M.Y., and A.E.A.: 
Carried out final writing, critical review and revision. All 
authors have read and approved the final manuscript.

REFERENCES

•	Abdalla EB (2003). Improving the reproductive performance of 
Egyptian buffalo cows by changing the management system. 
Anim. Reprod. Sci., 75: 1-8. https://doi.org/10.1016/S0378-
4320(02)00225-7

•	Aboul-Ela MB, El-Keraby FE, Khattab R (1985). Effect of 
GnRH treatment on postpartum resumption of estrus and 
ovulation in buffaloes. Buffalo J., 1: 61-69.

•	Ahmed AE, Zain Elabdeen AE, Zain O (2017). 
Presynchronization with CIDR improved the efficiency of 
ovsynch in the cyclic and acyclic Postpartum Pluriparous 
Cows. Zagazig Vet. J., 45(1): 82-91. https://doi.
org/10.21608/zvjz.2017.7690

•	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. https://doi.org/10.1016/j.
theriogenology.2007.03.011

•	Azawi OI, Ali MD, Oday SA, Salih A, Al-Hadad AS, Mouayad 
SJ (2012a). Treatment of anestrous in Iraqi buffaloes using 
ovsynch alone or in combination with CIDR. J. Adv. Vet. 
Res., 2: 68-72.

•	Azawi OI, Ali MD, Oday SA, Salih A, Al-Hadad AS, Mouayad 
SJ (2012b). Comparative efficacy of different CIDR 
protocols for the treatment of postpartum anestrous in Iraqi 
buffaloes. Vet. World, 5: 201-205. https://doi.org/10.5455/
vetworld.2012.201-205

•	Azawi OI, Delpli Ali M, Ahmed OS, Al-Hadad AS, Jamil MS, 
Hussien AS (2012c). Treatment of Repeat Breeding of Iraqi 
Buffaloes Using Different CIDR Protocols. Iranian J. Appl. 

https://doi.org/10.1016/S0378-4320(02)00225-7 
https://doi.org/10.1016/S0378-4320(02)00225-7 
https://doi.org/10.21608/zvjz.2017.7690 
https://doi.org/10.21608/zvjz.2017.7690 
https://doi.org/10.1016/j.theriogenology.2007.03.011 
https://doi.org/10.1016/j.theriogenology.2007.03.011 
https://doi.org/10.5455/vetworld.2012.201-205 
https://doi.org/10.5455/vetworld.2012.201-205 


NE  US
Academic                                      PublishersDecember 2021 | Volume 9 | Issue 12 | Page 2033

Advances in Animal and Veterinary Sciences
Anim. Sci., 2: 247-250 

•	Barile VL (2012). Technologies related with the artificial 
insemination in buffaloes. J. Buffalo Sci. 1: 139-146. https://
doi.org/10.6000/1927-520X.2012.01.02.02

•	Barile VL, Galasso A, Marchiori E, Pacelli C, Montemurro N, 
Borghese A (2001). Effect of PRID treatment on conception 
rate in mediterranean buffalo heifers. Liv. Prod. Sci., 68: 
283–287. https://doi.org/10.1016/S0301-6226(00)00228-1

•	Barkawi AH, Mokhless EM, Bedeir LH (1989). Environmental 
factors affecting age at puberty in Egyptian buffaloes. Buffalo 
J., 5: 71-78.

•	Barkawi AK, Bedeir LH, El Wardani MA (1993). Sexual 
behavior of Egyptian buffaloes in post-partum period. 
Buffalo J., 9: 225-236.

•	Bartolomeu CC, Del Rey JA, Madureira EH, Carvalho NA, 
Bernabe RC, Baruselli PS (2004). Synchronization of 
ovulation for fixed-time artificial insemination (FTAI) 
during the off-breeding season in buffalo. Arq. Fac. Vet., 25: 
8.

•	Baruselli PS (2001). Control of follicular development applied 
to reproduction biotechnologies in buffalo. In: Procee. Inter. 
Cong. Nazionale sull’allevamento del Buffalo, 128–146.

•	Baruselli PS, Madureira EH, Visintin JA, Barnabe RC, Amaral 
R (1999). Timed insemination using synchronization of 
ovulation in buffalo. Rev. Bras. Reprod. Anim., 23: 360–362.

•	Bello NM, Steibel JP, Pursley JR (2006). Optimizing ovulation to 
first GnRH improved outcomes to each hormonal injection 
of ovsynch in lactating dairy cows. J. Dairy Sci., 89(9): 3413-
3424. https://doi.org/10.3168/jds.S0022-0302(06)72378-5

•	Borghese A (2005). Buffalo Production and Research In: Food 
and Agriculture Organization of the United Nations. Rome. 
Italy. Tech. Series, 67: 189-280.

•	Brito LF, Satrapa R, Marson EP, Kastelic JP (2002). Efficacy 
of PGF2alpha to synchronize estrus in water buffalo cows 
(Bubalus bubalis) is dependent upon plasma progesterone 
concentration, corpus luteum size and ovarian follicular 
status before treatment. Anim. Reprod. Sci., 73: 23–35. 
https://doi.org/10.1016/S0378-4320(02)00124-0

•	Campanile G, de Palo R, Neglia G, Vecchio D, Gasparrinia 
B, Prandi A, Galiero G, D’Occhio M J (2007). Corpus 
luteum function and embryonic mortality in buffaloes 
treated with a GnRH agonist, hCG and progesterone. 
Theriogenology, 67: 1393-1398. https://doi.org/10.1016/j.
theriogenology.2007.03.001

•	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. https://doi.org/10.1016/j.theriogenology.2010.06.007

•	Chohan KR, Iqbal J, Choudhary RA, Khan AH (1995). Oestrous 
response and fertility in true anestrus buffaloes following 
hormonal treatment during summer. Pak. Vet. J., 15: 68–72.

•	Das GK, Khan FA (2010). Summer anoestrus in buffaloes- A 
review. Reprod. Dom. Anim., 45: 483-494. https://doi.
org/10.1111/j.1439-0531.2010.01598.x

•	de Araujo RC, 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. https://doi.org/10.1016/S0093-
691X(02)00639-8

•	de Rensis F, López-Gatius F (2007). Protocols for synchronizing 
estrus and ovulation in buffalo (Bubalus bubalis): A review. 

Theriogenology, 67: 209-216. https://doi.org/10.1016/j.
theriogenology.2006.09.039

•	de Rensis F, Ronci G, Guarneri P, Nguyen BX, Presicce GA, 
Huszenicza G, Scaramuzzi RJ (2005). Conception rate after 
fixed time insemination following ovsynch protocol with 
and without progesterone supplementation in cyclic and 
noncyclicMediterranean Italian buffaloes (Bubalus bubalis). 
Theriogenology, 63: 1824–1831. https://doi.org/10.1016/j.
theriogenology.2004.07.024

•	Derar R, Hussein HA, Fahmy S, El-Sherry TM, Megahed G 
(2012). The effect of parity on the efficacy of an ovulation 
synchronization (Ovsynch) protocol in buffalo (Bubalus 
bubalis). Anim. Reprod., 9: 52-60.

•	Dessoukey F, Juma KM (1990). Infertility problems among 
cows and buffaloes in Iraq. J. Anim. Sci., 43: 187-191.

•	Drost M (2007). Bubaline versus bovine reproduction. 
Theriogenology, 68: 447-449. https://doi.org/10.1016/j.
theriogenology.2007.04.012

•	Du C, Nan L, Sabek A, Wang H, Luo X, Hua G, Zhang S (2021). 
Evaluation of ovsynch versus modified ovsynch program on 
pregnancy rate in water buffaloes: a meta-analysis. Trop. 
Anim. Heal. Prod., 53:397. 1-12. https://doi.org/10.1007/
s11250-021-02828-7

•	El-Wishy AB (2007). The postpartum buffalo. II. Acyclicity and 
anestrus. Anim. Reprod. Sci., 97(3-4): 216-236. https://doi.
org/10.1016/j.anireprosci.2006.03.003

•	Hattab SA, Osman RA (2000). Use of norgestomet and 
oestradiol valerate injection with norgestomet implant and/
or PMSG for induction of oestrus in anestrous buffaloes. 
Vet. Med. J. G., 48: 135-143. https://doi.org/10.1016/
S0093-691X(00)00409-X

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

•	Hedaoo MK, Khllare KP, Meshram MD, Sahatpure SK, Patil 
MG (2008). Comparative studies of certain Bio-chemical 
constitutents of normal cyclic and anoestrus surti buffaloes. 
Vet. World, 1(4): 105-106.

•	Hidiroglou M (1979). Trace element deficiency and fertility in 
ruminants. A review J. Dairy Sci., 62: 1195-1206. https://
doi.org/10.3168/jds.S0022-0302(79)83400-1

•	Hurley WL, Doane RM (1989). Recent developments in the 
roles of vitamins and minerals. J. Dairy Sci., 72: 784-804. 
https://doi.org/10.3168/jds.S0022-0302(89)79170-0

•	Jabeen S, Anwar M, Andrabi SM, Mehmood A, Murtaza S, 
Shahab M (2013). Determination of ovsynch efficiency for 
oestrus synchronization by plasma LH and P4 levels in Nili 
Ravi buffalo during peak and low breeding seasons. Pak. Vet. 
J., 33(2): 221-224.

•	Jainudeen MR, Hafez ES (1993). Cattle and buffalo In: Hafez 
ESE editor. Reprod. Farm Anim., 315-329.

•	Karen AM, Darwish SA (2010). Efficacy of ovsynch protocol 
in cyclic and acyclic Egyptian buffaloes in summer. Anim. 
Reprod. Sci., 119: 17-23. https://doi.org/10.1016/j.
anireprosci.2009.12.005

•	Kaur H, Arora SP (1994). Annual patterns of plasma 
progesterone in normal cycling buffaloes (Bubalus bubalis) 
fed two levels of nutrition. Anim. Reprod. Sci., 7: 323-327. 
https://doi.org/10.1016/0378-4320(84)90017-4

•	Khan FA, Das GK, Pande M, Sarkar M, Mahapatra RK, Shankar 
U (2012). Alterations in follicular fluid estradiol, progesterone 
and insulin concentrations during ovarian acyclicity in water 

https://doi.org/10.6000/1927-520X.2012.01.02.02
https://doi.org/10.6000/1927-520X.2012.01.02.02
https://doi.org/10.1016/S0301-6226(00)00228-1 
https://doi.org/10.3168/jds.S0022-0302(06)72378-5
https://doi.org/10.1016/S0378-4320(02)00124-0 
https://doi.org/10.1016/j.theriogenology.2007.03.001 
https://doi.org/10.1016/j.theriogenology.2007.03.001 
https://doi.org/10.1016/j.theriogenology.2010.06.007
https://doi.org/10.1111/j.1439-0531.2010.01598.x 
https://doi.org/10.1111/j.1439-0531.2010.01598.x 
https://doi.org/10.1016/S0093-691X(02)00639-8 
https://doi.org/10.1016/S0093-691X(02)00639-8 
https://doi.org/10.1016/j.theriogenology.2006.09.039
https://doi.org/10.1016/j.theriogenology.2006.09.039
https://doi.org/10.1016/j.theriogenology.2004.07.024 
https://doi.org/10.1016/j.theriogenology.2004.07.024 
https://doi.org/10.1016/j.theriogenology.2007.04.012 
https://doi.org/10.1016/j.theriogenology.2007.04.012 
https://doi.org/10.1007/s11250-021-02828-7 
https://doi.org/10.1007/s11250-021-02828-7 
https://doi.org/10.1016/j.anireprosci.2006.03.003 
https://doi.org/10.1016/j.anireprosci.2006.03.003 
https://doi.org/10.1016/S0093-691X(00)00409-X 
https://doi.org/10.1016/S0093-691X(00)00409-X 
 https://doi.org/10.3168/jds.S0022-0302(79)83400-1 
 https://doi.org/10.3168/jds.S0022-0302(79)83400-1 
https://doi.org/10.3168/jds.S0022-0302(89)79170-0 
https://doi.org/10.1016/j.anireprosci.2009.12.005 
https://doi.org/10.1016/j.anireprosci.2009.12.005 
https://doi.org/10.1016/0378-4320(84)90017-4 


NE  US
Academic                                      PublishersDecember 2021 | Volume 9 | Issue 12 | Page 2034

Advances in Animal and Veterinary Sciences
buffalo (Bubalus bubalis). Anim. Reprod. Sci., 130: 27-32. 
https://doi.org/10.1016/j.anireprosci.2011.12.020

•	Koch P, Laurin C, Lemieux R (1961). The influence of 
cortisone-acetate on some serum phosphorus metabolites in 
young male schizophrenics. Am. J. Psychiatry, 117: 926- 936. 
https://doi.org/10.1176/ajp.117.10.926

•	Metwelly KK (2006). Treatment of ovarian inactivity in postpar-
tum buffalo-cows with special reference to its economic 
evaluation. Assiut Vet. Med. J., 52: 214-225. https://doi.
org/10.21608/avmj.2006.177589

•	Nanda AS, Brar PS, Prabhakar S (2003). Enhancing 
reproductive performance in dairy buffalo: major constraints 
and achievements. Reproduction, 61(Suppl): 27-36.

•	Naseer Z, Ahmad N, Khan MI, Ahmad E, Tahir MZ, Singh J 
(2012). Effect of GnRH and estradiol benzoate on follicular 
wave emergence, estrus, ovulation and pregnancy rate in 
CIDR treated Nilli-Ravi buffaloes. J. Anim. Plant. Sci., 22: 
142-146.

•	Nayak V, Agrawal RG, Srivastav OP, Sharma IJ (2009). Re-
utilization of Crestar implants for induction of fertile estrus 
in true anestrus buffaloes. Buffalo Bull, 28: 55-58.

•	Neglia G, Gasparrini B, Di Palo R, De Rosa C, Zicarelli L, 
Campanile G (2003). Comparison of pregnancy rates 
with two estrus synchronization protocols in Italian 
Mediterranean buffalo cows. Theriogenology, 60(1): 125-
133. https://doi.org/10.1016/S0093-691X(02)01328-6

•	Newar S, Baruah KK, Baruah A, Bhuyan D (1999). Studies 
on certain macromineral status in anestrus and cyclic post-
partum swamp buffaloes. Indian J. Anim. Res., 33: 134-136.

•	Paul V, Prakash BS (2005). Efficacy of the ovsynch protocol 
for synchronization of ovulation and fixed-time artificial 
inseminationin Murrah buffaloes (Bubalus bubalis). 
Theriogenology, 64: 1049–1060. https://doi.org/10.1016/j.
theriogenology.2005.02.004

•	Perera BM (2008). Reproduction in domestic buffalo. Reprod. 
Dom. Anim., 43: 200-206. https://doi.org/10.1111/j.1439-
0531.2008.01162.x

•	Perera BM (2011). Reproductive cycles of buffalo. Anim. 
Reprod. Sci., 124: 194-199. https://doi.org/10.1016/j.
anireprosci.2010.08.022

•	Presicce GA, Senatore EM, Bella A, de Santis G, Barile VL, 
de Mauro GJ (2004). Ovarian follic-ular dynamics and 
hormonal profiles in heifers and mixed-parity Mediterranean 
Italian buffaloes (Bubalus bubalis) following an estrus 
synchronization protocol. Theriogenology, 61: 1343-1355. 
https://doi.org/10.1016/j.theriogenology.2003.08.013

•	Presicce GA, Senatore EM, de Santis G, Bella A (2005). 
Follicle turnover and pregnancy rates following oestrus 
synchronization protocols in Mediterranean Italian buffaloes 
(Bubalus bubalis). Reprod. Domest. Anim., 40: 443–447. 
https://doi.org/10.1111/j.1439-0531.2005.00606.x

•	Rahman MS, Shohag AS, Kamal MM, Parveen N, Shamsuddin, 
M (2012). Application of ultrasonography to investigate 
postpartum anestrus in water buffaloes. Reprod. Dev. Biol., 
36: 103-108.

•	Ryan DP, Snijder S, Yaakub H, Ofarrell KJ (1995) An evaluation 
of estrous synchronization program in reproductive 
management of dairy herds. J. Anim. Sci., 73: 3687-3695. 
https://doi.org/10.2527/1995.73123687x

•	Sahasrabudhe SA, Pandit RK (1997). PGF2alpha induced 
oestrus in suboestrus Murrah buffaloes during the summer. 
Indian J. Anim. Sci., 67: 513-514.

•	Samir H, Kandiel M, El-Maaty A, Sediqyar M, Sasaki K, 

Watanabe G (2019). Ovarian follicular changes and 
hemodynamics in Egyptian buffaloes under CIDR-PGF2α 
and ovsynch-CIDR estrus synchronization treatments. J. 
Reprod. Dev., 65(5): 451–457. https://doi.org/10.1262/
jrd.2019-035

•	Shah SK, Nakao TA (2010). clinical study of anoestrus buffaloes 
in southern Nepal. J. Reprod. Dev., 56: 208-211. https://doi.
org/10.1262/jrd.09-137T

•	Sharma RK, Phulia SK, Jerome A, Singh I (2017). Ovsynch 
Plus protocol improves ovarian response in anovular Murrah 
buffaloes in low-breeding season. Reprod. Domest. Anim., 
52(6): 1030–1035. https://doi.org/10.1111/rda.13020

•	Singh C (2003a). Response of anestrus rural buffaloes (Bubalus 
bubalis) to intravaginal progesterone implant and PGF2α 
injection in summer. J. Vet. Sci., 4: 137-141. https://doi.
org/10.4142/jvs.2003.4.2.137

•	Singh C (2003b). Response of anestrus rural buffaloes (Bubalus 
bubalis) to intravaginal progesterone implant during 
summer. Indian J. Anim. Sci., 73: 1129-1130. 

•	Singh C (2003c). Response of anestrus rural buffaloes to 
estradiol and progesterone implant in summer. Indian Vet. 
J., 80: 23-25.

•	Singh J, Nanda AS, Adams GP (2000). The reproductive pattern 
and efficiency of female buffaloes. Anim. Reprod. Sci., 61: 
593-604. https://doi.org/10.1016/S0378-4320(00)00109-3

•	Stanimir Y, Anatoli A, Yordanka I (2012). Therapy of ovarian 
inactivity in postpartum Bulgarian Murrah buffaloes by 
PRID and ovsynch estrus synchronization protocols Asian 
Pac. J. Reprod., 1(4): 293-299. https://doi.org/10.1016/
S2305-0500(13)60095-0

•	Steckler TL, Faulkner DB, Nash TG, Dahlquist JM, Ireland FA, 
Kesler DJ (2002a). Improvement of pregnancy and rescue of 
embryos in beef cows. Theriogenology, 57: 561-567.

•	Terzano GM, Barile VL, Borghese A (2012). Overview 
on reproductive endocrine aspects in buffalo. J. Buffalo 
Sci., 1: 126-138. https://doi.org/10.6000/1927-
520X.2012.01.02.01

•	Thatcher WW, Moreira F, Santos JE, Mattos R, Lopez FL, 
Pancarci SM (2001). Effects of hormonal treatments 
on reproductive performance and embryo production. 
Theriogenology, 55: 75–89. https://doi.org/10.1016/S0093-
691X(00)00447-7

•	Waqas M, Mehmood MU, Shahzad Q, Kausar R, Sattar A, 
Naseer Z (2016). Comparative efficacy of GPG and ovsynch 
protocols on synchronization and pregnancy rate in Nili-
Ravi buffalo. Anim. Reprod. Sci., 166: 9–14. https://doi.
org/10.1016/j.anireprosci.2015.12.006

•	Warriach HM, Channa AA, Ahmad N (2008). Effect of 
oestrus synchronization methods on oestrus behaviour, 
timing of ovulation and pregnancy rate during the breeding 
and low breeding season in Nili-Ravi buffaloes. Anim. 
Reprod. Sci., 107: 62–67. https://doi.org/10.1016/j.
anireprosci.2007.06.007

•	Yendraliza Zesfin BP, Udin Z, Arman C (2011). Effect 
of combination of GnRH and PGF2α for estrus 
synchronization on onset of estrus and pregnancy rate in 
different postpartum swamp buffalo in KAMPAR regency. 
J. Indonesian Trop. Anim. Agric., 36(1): 8-13. https://doi.
org/10.14710/jitaa.36.1.9-13

•	Yıldız H, Öcal H (2001). A study on some serum mineral levels 
of cows with regular and irregular estrus cycles. F.U. J. of 
Health Sci., 15: 57-66.

•	Zaabel SM, Hegab AO, Montasser AE, El-Sheikh H (2009). 

https://doi.org/10.1016/j.anireprosci.2011.12.020
https://doi.org/10.1176/ajp.117.10.926 
https://doi.org/10.21608/avmj.2006.177589 
https://doi.org/10.21608/avmj.2006.177589 
 https://doi.org/10.1016/S0093-691X(02)01328-6 
https://doi.org/10.1016/j.theriogenology.2005.02.004
https://doi.org/10.1016/j.theriogenology.2005.02.004
https://doi.org/10.1111/j.1439-0531.2008.01162.x 
https://doi.org/10.1111/j.1439-0531.2008.01162.x 
https://doi.org/10.1016/j.anireprosci.2010.08.022
https://doi.org/10.1016/j.anireprosci.2010.08.022
https://doi.org/10.1016/j.theriogenology.2003.08.013 
https://doi.org/10.1111/j.1439-0531.2005.00606.x 
https://doi.org/10.2527/1995.73123687x 
https://doi.org/10.1262/jrd.2019-035 
https://doi.org/10.1262/jrd.2019-035 
https://doi.org/10.1262/jrd.09-137T 
https://doi.org/10.1262/jrd.09-137T 
https://doi.org/10.1111/rda.13020 
https://doi.org/10.4142/jvs.2003.4.2.137 
https://doi.org/10.4142/jvs.2003.4.2.137 
 https://doi.org/10.1016/S0378-4320(00)00109-3 
https://doi.org/10.1016/S2305-0500(13)60095-0 
https://doi.org/10.1016/S2305-0500(13)60095-0 
https://doi.org/10.6000/1927-520X.2012.01.02.01 
https://doi.org/10.6000/1927-520X.2012.01.02.01 
https://doi.org/10.1016/S0093-691X(00)00447-7 
https://doi.org/10.1016/S0093-691X(00)00447-7 
https://doi.org/10.1016/j.anireprosci.2015.12.006 
https://doi.org/10.1016/j.anireprosci.2015.12.006 
https://doi.org/10.1016/j.anireprosci.2007.06.007 
https://doi.org/10.1016/j.anireprosci.2007.06.007 
https://doi.org/10.14710/jitaa.36.1.9-13 
https://doi.org/10.14710/jitaa.36.1.9-13 


NE  US
Academic                                      PublishersDecember 2021 | Volume 9 | Issue 12 | Page 2035

Advances in Animal and Veterinary Sciences
Reproductive performance of anestrous buffaloes treated 
with CIDR. Anim. Reprod., 6: 460-464.

•	Zerbe H, Gregory C, Grunert E (1999). Treatment of ovarian 
cycle disorders in dairy cattle with progesterone-releasing 

devices. Vet. Umsch, 54: 189-192. (In German).
•	Zicarelli L (1997). News on buffalo cow reproduction. In: Proc. 

5th World Buffalo Cong., 1: 124–141.


