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ESTRUS AND OVULATION SYNCHRONY OF BUFFALOES (Bubalus bubalis): A REVIEW
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ABSTRACT

Synchronizing estrus and ovulation in
buffalo using timed inseminations (TAI) protocols
circumvents the limitations associated with estrus
detection. Spontaneous estrus in buffalo may
achieve more conception rate on insemination
than those subjected to synchronization of estrus
and timed insemination (TAI). The advantages of
insemination following synchronization programs
include higher detection rates combined with
decreased embryonic losses and reduction in days
open. A synchonization programme should ensure
control of estrus cycle which entirely depends
on ovarian status of animals before starting any
protocol. Ovarian follicular status at the beginning
of treatment protocols plays vital role for effective
response shown by animals. Studies show that
more precise alterations in follicular waves
may be needed to achieve better synchrony of
ovulation and more fertility. The protocols which
use Gonadotropic Releasing Hormone (GnRH),
follicle stimulating hormone (FSH), luteinizing
hormone (LH), equine chorionic gonadotropin
(eCG), human chorionic gonadotropin (hCG),
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prostaglandins,  progesterone and estradiol
have been helpful in achieving the estrus and
ovulation synchrony. Use of estradiol esters and
progesterone per-vaginum implants have also
been incorporated in synchronization programs.
Synchronous emergence of follicular waves
using trans-vaginal ultrasound guided follicular
ablation and estradiol administration is a recent
concept for synchronization in buffalo. Further, a
recent approach has been to allow the follicle of
second follicular wave to ovulate as the fertility
has been lesser when first wave follicle ovulates.
Moreover, controlling environmental influences,
nutritional and managemental strategies remain
pre-requisite to achieve desired goals though
hormonal administration. This is more particular in
buffaloes suffering from anestrum more so in low
or non-breeding season and pre-pubetal anestrum.
This review will cover the available documented
literature regarding estrous cycle physiology with
emphasis on follicular wave dynamics and the
future area of work to be focused to achieve more

reproductive efficiency in buffalo.
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ovulation, synchronisation, anestrus

INTRODUCTION

Estrus or ovulation synchronization
refers to procedures for manipulating estrus cycle
of a group of female animals so that they can be
brought into estrus at a predetermined time (Odde,
1990). Buffaloes can adapt harsh environmental
conditions, thrive poor quality forage production
and compromise reproductive efficiencies. The
species often encounters sexual maturity later,
postpartum anestrus longer, expression of estrus
poorer, conception rate lesser and calving intervals
longer (Barile, 2005). Compared to cattle, their
ovaries are smaller bearing fewer primordial
follicles (Danell, 1987). Their puberty and sexual
maturity depend on genotypes, nutritional
aspects, managemental strategies and climatic
conditions. Puberty at favorable conditions is seen
at 15 to 18 months and 21 to 24 months in river
and swamp buffalo respectively (Perera, 2011).
Buffaloes have the capability to exhibit breeding
throughout the year although they have seasonally
governed ovarian activity. This is attributed to
rainfall patterns and temperature stresses in the
tropics. Rainfall affects the feed availability while
temperature stresses raise prolactin levels and
disturb gonadotropins. Besides photoperiodic
changes and melatonin secretion pattern in
temperate regions also alters the ovarian cyclicity
(Roy and Prakash, 2007). Dairy type buffaloes
exposed to restricted or no suckling exhibit estrus
cyclicity 30 to 60 days post calving. Swamp buffalo
breeds with free suckling exposure show cyclicity
60 to 90 days after parturition. (Perera et al., 1987).

The potential of production in buffalo is

largely affected by the efficiency of reproduction or
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ovarian activity during different seasons (Singh et
al.,2000). Also in buffaloes, due to lesser efficiency
of heat detection, variable estrus duration (4 to 64
h, Baruselli et al.,2001) and the more unpredictable
timing of ovulation, artificial insemination (Al)
remains a limited technique. This leads to further
lowering of reproduction efficiency in buffaloes.
Though this lower efficiency of reproduction is a
major concern, but recently developed protocols
have been able to control the estrus cycle. This
fixes the ovulation window, confines estrous
period and lowers need of estrus detection in
buffalo (De Rensis and Lopez-Gatius, 2007).
For synchronization protocols to be applicable,
understanding hormone regulation of the estrus
cycle, follicular dynamics, and efficient heat
detection (estrus signs being less overt or a problem
of sub estrus in the species) is required. The
concept of premature luteolysis by prostaglandins,
luteal phase prolongation by progestogens or
ovulation induction using gonadotropins and
estrogens have been practiced manipulating estrus
cycle physiology so far in buffaloes (De Rensis,
2007). More recent approaches are being targeted
to manipulate follicular development to achieve
greater estrus synchrony and improved fertility.
Synchronous emergence of follicular wave prior
to estrus and synchronization protocols providing
ovulation synchrony allowing fixed-time Al
without detecting estrus (Honparkhe, 2010) are
the latest advances in this regard. In our one recent
study (Bhat et al., 2015) we observed a good
synchrony of follicular waves following estradiol-
based synchronization regimen in buffalo and also
in our other findings (Bhat et al., 2014) we achieved
an optimal size of dominant follicle and subsequent
conception rate in anestrous buffalo following
estradiol-17f+ Controlled Internal Drug Release
Device (CIDR) protocol for synchronization.



Further buffaloes tend to be seasonal breeders
exhibiting summer anestrum particularly in
tropics. Hence protocols need to modify for
different reproductive behaviors. Based on review
of literature progestogen regimens adjunct by
(GnRH, hCG

and eCG) and estradiol esters help in improving

prostaglandins, gonadotropins
reproductive efficiency, but more comprehensive
studies have to be designed to improve conception

rate in buffalo.

Estrus cycle physiology in buffalo

Buffaloe’s mean cycle length is 21 days,
showing greater variation than cows. The estrus
duration being 5 to 27 h and ovulation happens
for a period of 24 to 48 h after the onset of estrus
(Perera et al., 1987; Perera, 1999). Circulatory
hormonal changes occurring being similar to
cattle, but the peak concentrations of progesterone
and oestradiol-17 are always lesser (Roy and
Prakash, 2009; Singh C, 2001). The luteal phase
duration and inter-ovulatory intervals are governed
by the number of follicular waves in one cycle (1
to 3 waves in buffalo). The overall estrus cycle
length in buffalo is similar to cattle, having 17 to
26 days range and 21 days mean (Jainudeen and
Hafez, 2000). Variations have been recorded in
cycle length in buffalo, with incidences of shorter
and longer cycles, associated mainly with adverse
environmental and nutritional conditions (Nanda
et al., 2003). Estrus duration in river and swamp
buffalo has been documented to be almost similar
(5 to 27 h) and ovulation happens 34 h after onset
of estrus, or 14 h after the end of estrus (Kanai
et al., 1990). Further this duration is shorter, and
signs are exhibited towards night hours or early
morning in hot seasons. More specifically, Italian
breeds, as reported by Zicarelli (Kumar), estrus

cycle duration varies from less than to greater than
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48 h. In the short and medium cycles ovulation
has been reported to occur variably after the end
of estrus or 24 to 60 h after the onset of estrus.
And longer cycles exhibited ovulation before the
end of estrus. Also, in the case of buffalo estrus
signs is not overt and homosexual behavior is rare
compared to cows (Sharma, 2011).

Buffaloes’s ovarian follicular dynamics is
defined by a wave-like pattern showing all stages
of emergence, growth, dominance and atresia or
ovulation of follicles (Garcia et al., 1998). Normally
1 or 2 anovulatory follicular waves followed by
an ovulatory wave has been reported (Adams et
al., 1995). Moreover buffalo’s ovaries are smaller
and have lower number of follicles per follicular
wave (due to smaller pool of primordial follicles)
compared to cattle (Gimenes et al., 2009; Danell,
1987).

Follicular dynamics in buffaloes

Ovarian follicular dynamics in buffaloes
has been described during estrus cycle (Taneja et
al., 1996), early pregnancy (Kumar et al., 2001)
and of ovaries young female calves (Presicce et
al., 2004). Being reported similar to those in cattle
(Baruselli et al., 1996), follicular development has
a predominance of two waves in buffalo. The first
wave has been observed around Day 0 (day of
ovulation) and the second wave around Day 9 or 10
(Ali et al., 2003). One, two and three waves have
been reported respectively in 3%, 63% and 33%
Brazilian Murrah buffaloes. The first wave usually
starts on day of ovulation in buffaloes exhibiting 1,
2 or 3 waves, while the 2™ wave emerged on days
10.8 and 9.3 for the buffaloes with 2 and 3 waves,
respectively, and the 3™ wave emerged on day 16.8
in 3 wave cycles (Yindee, 2010). 2 and 3 follicular
wave cycles differ in the mean luteal phase

duration (10.4 vs. 12.7 days) and the inter-ovulation
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intervals (22.3 vs. 24.5 days; Baruselli ez al., 1997).
On contrary, the majority of Indian suckled buffalo
possess single follicular wave cycles and less
number exhibit two wave pattern (Taneja et al.,
1995). The mean inter-ovulatory interval was 21.0
days in one wave cycles and 22.7 days in two wave
cycles. The growth profile of the dominant follicle
in one wave cycle is atypical following growth,
regression and re-growth and ending at ovulation
(Awasthi et al., 2006). Interestingly, another study
on Egyptian buffalo revealed three follicular waves
in the majority of cycles (54%, Barkawi et al., 2009).
Italian buffaloes exhibited differences in follicular
dynamics between heifers and buffaloes (Presicce,
2004). The results of above studies warrant further
investigations on follicular dynamics in buffaloes
to delineate whether the number of follicular waves
influences the oocyte quality that is destined for
ovulation. Each follicular wave, when started, is
preceded by a transient increase FSH levels and
this often peaks at or near the time of emergence of
future dominant follicle. Raised FSH levels serve
as a stimulus for the recruitment of the cohort
of ovarian follicles and hence for a new wave
emergence (appearance of >4 mm sized follicles on
ovaries (Wiltbank et al., 2002; Binelli et al., 2006).

In general, in bovines, ovaries show
emergence of 2 and/or 3 successive and wave
emergence is observed on ovulation day (day 0)
and day 10 in case of 2-wave cycle and on days
0, 9 and 16 in 3-waves cycles (Garcia et al., 1998).
Gonadotropins basal levels remain sufficient
to allow emergence of waves about every 7 to 9
days. Further it is the time of luteolytic in relation
to appearance of the last follicular wave which
governs two or three wave cycles of follicular
development.

Going to other aspect of ovarian dynamics

in buffalo, first postpartum ovulation in suckled
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Thai swamp buffalo is followed by a short estrus
cycle (10.2+0.38 days) in majority of the animals
and improves thereafter (Yindee et al., 2010).
According to Yindee er al. (2007), the mean
diameters of ovulatory follicles increased between
the first and second ovulation (13.50+0.52 in first
and 14.31£0.38 mm in second ovulation) whereas
mean size of ovulatory follicle and corpus luteum
was larger in pregnant animals at that ovulation.
The reason for the different results have been
the influence on the quality of the oocyte in the
dominant follicle destined for ovulation. Shorter
estrus cycles or anovulatory cycles in buffalo
often lead to postpartum anestrus and infertility
resulting in economic loss to buffalo breeders in
many countries. In Egypt, India, and Pakistan only
34 to 49% of buffaloes exhibit estrus during the
first 90 days postpartum while about 31 to 40%
remain in anestrum up to 150 days of calving (EL-
Wishy 2007).

Estrus synchronization in buffaloes

Satisfactory results have been achieved
when estrus cycles were synchronised on the basis
of manipulation of ovarian activity and prediction
of time of ovulation in cattle. Such manipulation
and prediction could be possible by controlling the
estrus cycle in buffaloes which has already been
reviewed by previous studies (Perera, 2011). The
estrus cycle may be controlled by either controlling
the Iuteal phase or follicular phase such as
follicular development and ovulation. So far, luteal
phase has been controlled by prostaglandin or
progesterone analogues while follicle development
and ovulation has been manipulated successfully
using combination protocols of prostaglandins,
progesterone, gonadotropins (GnRH, hCG, eCG)
and estradiol esters (Lopez Gartius, 2009).

Latest

synchronization programs in



buffalo are based on cattle studies but different
results have been reported because that buffaloes
are characterized by more intense nonbreeding
season especially in hot summer months owing
to reduced ovarian activity. Some other inherent
problems such as delayed sexual maturity,
seasonal pattern of reproduction, anestrus and
long inter-calving interval hamper reproductive
efficiency in buffalo (Nanda et al, 2003; Das
and Khan, 2010). Besides, sparse knowledge
documented regarding buffalo reproduction
physiology, our progress towards countering the
reproductive problems and improving production
efficiency is lesser than expected. Follicular fluid
microenvironment provides insight into the normal
follicular development processes and pathogenesis
of infertility problems in buffalo (Das and
Khan, 2010). The GnRH and PGF,  based estrus
synchronization is reported to be very helpful for
synchronizing estrus in cattle (Amaya-Montoya et
al., 2007) and buffaloes (Ghuman et al., 2010, Bhat
et al., 2015).

Previous studies regarding synchronization
estrus in buffalo have been based on premature
luteolysis induction using prostaglandins or luteal
phase extention using progestagens (Perera, 1987).
However, recent trends focus on ovarian follicular
wave dynamics (Zicarelli et al., 1997; Brito et
al., 2002) and its manipulation during follicular
development to achieve greater estrus synchrony
and improved fertility (De Rensis and Lopez-
Gatius, 2007, Bhat et al., 2015). So far, various
combinations of prostaglandins, progesterone
devices, GnRH and eCG have been applied but
poor results in buffalo are reported especially in
during the periods of marginal breeding activity
or seasonal anestrus (Parera, 2011). Targeting
follicular development stages of dynamics may

be needed to achieve more precise synchrony of
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ovulation and acceptable fertility. Researchers thus
are turning their attention to evaluate new hormonal
programs using combination protocols of GnRH,
FSH, LH, eCG, hCG, prostaglandins, progesterone,
and estradiol esters in buffalo. Administering
prostaglandins in buffalo alone or in combination
with GnRH has been evaluated with conception in
the range of 7 to 56%, while using progesterone
insert devices alone or in combination with GnRH,
eCG or hCG give conception rates in the ranged of
8 to 64%. However, success rate in many studies
was lower in buffalo particularly when regimens
were used during the periods of low breeding
activity or seasonal anestrus. Other studies have
tried various modified protocols to overcome the
limitations. The two main and efficient protocols
appear to be “Ovsynch” and its supplementation
with progesterone for 7 days and progesterone
10-14 days supplementation along with GnRH or
estradiol administration at progesterone insertion
and prostaglandin plus eCG at withdrawal (De
Rensis and Lopez-Gatius, 2007,). Ovsynch
protocol (GnRH, PG and GnRH on days 0, 7 and 9
respectively) has good results in buffalo, achieving
ovulation synchronization and conception to the
extent of 70 to 90% and 33 to 60% respectively
(Baruselli, 1999; Paul and Prakash, 2005). Ovsynch
supplemented with CIDR has even more results in
buffalo as reported in literature. Moreover, Jabeen
et al., 2013 reports positive response by 87.5%
Nili Ravi buffaloes in peek breeding season using
ovsynch protocol in term of oestrus and ovulation
synchronization while the response was only
36.36% during low breeding season. Work is on
the progress for establishing regimens in buffalo
which can produce higher conception by reducing
ovulation window and make timed insemination an
effective technique and circumvent estrus detection

need which otherwise has serious consequences in
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buffalo reproduction.

Synchronisation of ovarian follicular
growth and induction of ovulation of a
dominant follicle at predetermined time to allow
insemination known day and hour, without the
need of estrus detection (Baruselli et al., 2004)
has been made now a practical in cattle as well
buffalo.

protocols now synchronize wave emergence by

as Many ovulation synchronization

simultaneous administration of progesterone
and estradiol (Cavalho et al., 2008; Bhat et al.,
2015) and reduce exogenous and endogenous
circulating progesterone levels by progesterone
removal plus prostaglandin for CL regression and
timed ovulation. At the end, final growth and/
or maturation of the follicle for synchronized
ovulation allows more effective insemination at a
pre-determined moment (Bo et al., 2003).

Little

reproduction

information in literature about
buffalo

more progress towards better understanding of

continues to hamper
reproduction physiology and efficient tools to
improve fertility in this species. Follicular status of
animals is necessary to be evaluated before start of
any treatment protocols due to variable responses
shown by buffalo to the established regimens. In a
study on ewes by Gonzalez et al. (2000) ovarian
response was better following super ovulatory
treatment at the beginning or early luteal phase
of the estrous cycle. This allows corpus luteum
appearance along with the progestogen treatment
which controls follicular development for better
synchrony. Similarly, in buffalo a comprehensive
study of ovarian dynamics needs to do before start
of synchronisation protocols. This will allow to
determine ideal time of treatment to achieve better

synchrony of estrus and ovulation.
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Estrus cycle manipulations

The procedures to interfere with normal
estrus cycle physiology are based on manipulating
the corpus luteum by its premature luteolytic using
prostaglandins or to extend the luteal phase using
progestogens. In buffaloes hormonal changes
occurring during synchronization are poorly
understood. Plasma progesterone reflected by
concentration of faecal progesterone metabolite
determines functional stage of the corpus luteum.
Although plasma progesterone profiles give good
evidence of the reproductive status of the animal,
but its analysis may not provide accurate evaluation
of the ovarian status.

For effective estrus cycle manipulations
in buffalo, good body condition score, minimal
stress during the treatment and at insemination,
less seasonal differences and peak stages of the
breeding are some of the factors to determine
success rate of protocols. Moreover, the problem of
silent estrus in buffalo results in poor reproductive
efficiency (Baruselli et al., 2001). Various estrus
synchronization regimens such as progesterone,
progestogens and prostaglandin (Palta et al., 1995)
have been utilized to to successfully modify estrus
cycle physiology but their efficacy is lesser due to
the need of visual estrus detection aids (Erven and
Albaugh, 1987). Future research efforts in this area
should try to identify both factors determining
seasonal

low fertility and factors affecting

patterns of estrus behavior, understanding
hormone physiology of cycle in buffalo. Hence,
more understanding of reproductive physiology
or patterns in buffalo will help improve future

therapies.

Protocols used to control the luteal phase of
cycle

The luteal phase duration can be disturbed



through administration of prostaglandins or

progesterone.

PGF, administration in buffalo

In cattle and buffaloes, the effect of PGF,
on luteal phase is very similar. PGF, injection right
from day 5 of the estrus cycle has been reported to
cause regression of the corpus luteum. This follows
progesterone decline rapidly to basal concentrations
within 24 h and ultimately growth of dominant
follicle for induction of estrus and ovulation
(Chohan, 1998). The submucosal intra-vaginal low
doses of PGF, , ipsilateral to corpus luteum, also
effectively induces luteolysis (Subramaniam et al.,
1989). In buffalo, single or double shots of PGF,
induced estrus and ovulation in about 60 to 80%
of animals during the breeding season (Brito ef al.,
2002). PGF,  treatment to estrus interval reported
in few studies was 88 h (78% cases from 72 to
96 h), while PGF,  to ovulation was 100 h (81%
cases from 84 to 108 h). Further the intervals are
shorterfollwing PGF, administration in the early
luteal phase (Berardinelli and Adair, 1989).

The double PGF2 alpha plus GnRH protocol

45 to 50% pregnancy rates have been
achieved following double prostaglandin treatment
(Neglia, 2003) which in some studies appears to be
similar to those of natural estrus. Reduced efficacy
does exist during the non-breeding season, even
when a majority of buffaloes display standing
estrus following PGF, treatment (Jabeen et al.,
2013). In breeding season buffaloes treated with
two doses of PGF, at 13 days interval showed
estrus on examining ovarian activity two days
after the second PGF, . Animals with a Dominant
Follicle (10 mm) inseminated 16 to 22 h later had
acceptable conception rate. Pregnancy rates in

some studies were similar to the animals managed
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under the classic ovsynch protocol (48% versus
50%, respectively). However, interval between
PGF, treatment and the onset of estrus in
buffalo varies according to the stage of follicular
development at the beginning of protocol (De
Rensis, 2007). Animals having pre-dominance
stage of development when treated exhibited
estrus 1 to 2 days later compared to those treated
in the presence of a dominant follicle. This puts a
limitation on timed insemination in such protocols.
In other findings, double PGF, 12 days apart in
cycling buffaloes is more effective in synchronizing
ovulation and allows fixed-time Al at 72 h after
second-PGF, . Also, here the interval to ovulation
was not observed to be affected by the presence of
corpus luteum or ovulatory follicle at the beginning
of treatment. Moreover, there appeared to be no
effect of administering GnRH injection 48 h after
second-PGF2a (Dadarwal et al., 2009). Warriach
et al. (2008) reported larger ovulatory follicle size
and more estrus and to ovulation duration in PGF, -
induced luteolysis. Determining ovarian activity
by ultrasound may help to establish the ideal time
of PGF, treatment (De Rensis and Lopez-Gatius,
2007).

Modified synchronization protocols involving
ovulation of second follicular wave

Till date partial success has been achieved
with the used estrus synchronization protocols in
buffaloes (Ghuman et a/., 2010). Gain in information
regarding the effect of extending the growth of
dominant follicle and its effect on subsequent
fertility might be useful. Therefore, there is need to
establish a hormonal regimen in buffaloes that will
allow the dominant follicle to grow under a high
progesterone environment for a prolonged period
so that acceptable pregnancy rate can be achieved

consistently. Modified synchronization protocols
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involving ovulation of dominant follicle of second
follicular wave have been applied in buffaloes
(Bilal et al., 2016).

Fonseca et al. (1983) reported for the
first time that Holstein and Jersey cow breeds
becoming pregnant had greater concentrations
of P, in a 12 days period prior to insemination.
Other studies have documented P, concentration
during the development of pre-ovulatory follicle
influence fertility, since dominant follicle of first
and second wave use to grow under different P,
environment (Denicol et al., 2012). Sartori et al.
(2004); Denicol et al. (2012), have observed that
first wave dominant follicle grows under sub luteal
phase P, level (P<1.5 ng/ml) followed by luteal
phase level of P,, whereas dominant follicle of
ovulatory wave grows under luteal level (>2 ng/
ml) of P, prior to luteolysis. Various studies have
demonstrated favourable effect of P, environment
during DF development on subsequent corpus
luteum (CL) development, CL functionality and
fertility in cattle (Lonergan 2011; Wiltbank et
al., 2012; Dadarwal et al., 2013). Moreover, Low
circulating concentrations of P, immediately before
insemination have been linked with low pregnancy
rate and early pregnancy losses in bovines (Diskin
and Morris, 2008; Lonergan, 2011). Bisinotto et al.
(2010) has reported that increasing progesterone
supports growth of dominant (ovulatory) follicle
and improve subsequent pregnancy rate following
FTAL
development following PGF, and GnRH pre-

Effective control on follicle and CL

synchronization and Ovsynch protocol 7 days later
in cyclic buffaloes has been reported in buffalo
(Bilal et al., 2016). Also, a higher pregnancy rate
has been reported on delaying PGF, by 1 day in
synchronisation. The pregnancy rates obtained
were in confirmation with earlier studies by
Cunha et al. (2008); Hoque et al. (2014) comparing
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conception rate following ovulation dominant
follicle of second wave. Hence it is ascertained
that delay in luteolysis causes dominant follicle
of second follicular wave to grow under high
progesterone milieu, thereby improving the oocyte
competence and subsequent pregnancy rate in
buffaloes (Ganaie et al., 2018).

Progesterone based synchronization regimens
in buffalo

Comparedto prostaglandins, progesterone-
based regimens using Controlled Internal Drug
Release (CIDR) and Progesterone Releasing
Intravaginal Device, PRID or CRESTAR in most
of the protocols have limited outcomes in cattle and
buffalo. As per information available, ovulation and
estrus following progesterone withdrawal occurs
in 40 to 96 h and 43 to 117 h respectively. Also,
pregnancy rates following such treatments varies
from 20 to 50%. Bodhipaksha et al. (1994) after
comparing pregnancy rates in following artificial
insemination and natural breeding in 40 buffaloes,
treated with progestagen for 12 days, obtained
similar pregnancy rates (40%) in both groups.
Studies indicate that progestagen treatments during
the breeding season have acceptable conception
rates in buffalo.

Progesterone supplementation prior to
first postpartum ovulation reduces the occurrence
of short estrus cycles (Perry et al., 2004; Sa Filho
et al., 2006). Also, the majority of high-producing
dairy cows showing anestrum when treated with
CIDR show estrus cycles (Galvao et al., 2004;
Chebel et al., 2006). However, CIDR in Ovsynch
based fixed time Al protocols in buffalo induces
ovulation in majority of repeat breeding cattle with
acceptable conception rates (61%, P<0.05, Ghuman
et al., 2010). PRID insertion for 15 days in anestrus
buffalo induces fertile estrus in heifers showing



60% first service conception rate after insemination
at 48 h and 72 h of PRID removal. Fertility
results achieved also depend upon the life span
of ovulatory follicle during and post-PRID period
(Singh et al., 2009). Furthermore progesterone-
based regimen
Prostaglandin-Gonadotropin + CIDR) followed
by insemination at 72 (day 10) and 96 (day 11)
h after CIDR withdrawal is most favorable for
optimization of fertility status in the lactating
anestrus buffaloes (Ghuman er al, 2011). The

buffaloes that failed to conceive at induced estrus

hormone (Gonadotropin-

in different synchronization regimens exhibited
spontaneous onset of estrus in the subsequent 16
to 35 days. Further high proportion of buffaloes of
CIDR-based regimen exhibited estrus after failure
of conception at induced-estrus compared to other
regimens (Ghuman et al, 2011). In this regard
more comprehensive studies needs to be framed
to evaluate efficiency of CIDR application during

timed Al protocols in high producing animals

Controlling follicular development and ovulation
with different hormone combinationsTreatments
involving GnRH-prostaglandin

GnRH leads to LH surge during any stage
of the estrus cycle and promotes the ovulation of
a dominant follicle (Ghuman et al., 2010). It has
also been reported that GnRH administration
in buffaloes induces ovulation in 60 to 86% of
treated animals and the interval between GnRH
administration and ovulation is 3.3 to 83 h
(Aboul-Ela MB, 1988). So far most of the estrus
and ovulation GnRH synchronization protocols
allowing timed artificial insemination programmes
without estrus detection in cattle and buffalo have
been developed. All these regimens promote
ovulationby GnRH, CL regression by prostaglandin
7 days later, and thereafter the control of ovulation
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of the new ovulatory follicle by a second injection
of GnRH. Presence of dominant follicle assured by
ultrasound examination of the ovary (De Rensis et
al.,2005) or in some cases by double prostaglandin
pre-synchronization. Although conception rates
following these protocols are different during
transition from the breeding to non-breeding
season and dramatically decreases during non-

breeding season (Baruselli, 2001).

Combination protocols of Progesterone, GnRH,
estradiol, hCG and eCG

Prostaglandins, estradiol esters and hCG
have been successfully used for decades to improve
the synchrony of estrus and improving conception
rates in progestagen based protocols (Saini, 1988).
Many protocols are used to intensify estrus behavior
using different hormonal combination in buffalo to
prevent problem of wrong time insemination. We
have recently compared estradiol-17f3 in place of
first GnRH in a conventional ovsynch protocol.
The observations showed us more intensified
estrus using estradiol which simplified estrus
detection and improved conception rate. (Bhat et
al., 2018). CIDR protocol Barile et al. (2005) used
eCG at the time of progesterone device withdrawal
and double insemination at 72 and 96 h later and
reported higher conception rate.

Using GnRH in such protocols helps to
improve conception. Compared to non-pregnant
buffaloes, the pregnant buffaloes had a larger CL
only on day 5 post ovulation, whereas plasma
progesterone concentration was high throughout
the post-ovulation Iuteal phase (Pandey et al.,
2010). One of the important reproductive wastages
in buffalo is the early embryonic mortality. Thus,
protocols using GnRH and hCG may help to combat
luteal inadequacy by promoting luteinisation

of follicles and formation of accessary corpora
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lutea, this luteal insufficiency otherwise can be an
established cause of earlier embryonic mortality
(Lynch et al., 2010). GnRH injection increases
the large luteal cell proportion on day 10 of estrus
cycle (Mee et al., 1993), conceptus development
(Mann and Lamming, 1999), ability of embryo
to secrete IFN-t, embryo viability (Stronge et al.,
2005) and ultimately conception rates (Campanile
et al., 2008).

Non-breeding season and estrus synchronization
in buffalo
Both

status of buffalo is impeded in non-breeding

reproduction and  production

season. Longer day length and elevated
environmental temperature with high humidity
pre-dispose to poor nutrition status of buffaloes.
Besides environmental and nutritional factors,
management system also impedes reproduction,
better

anestrus in buffalo. More day length and high

exemplified by problem of summer
environmental temperature are associated with
hyper-prolactinaemia, gonadotrophin suppression
leading to alterations in ovarian steroidogenesis in
buffalo (Das and Khan, 2010). Because of ovarian
inactivity in summer as a result of endocrine
profile aberrations, buffaloes fail to exhibit estrus
(El-Wishy, 2007). Irregular progesterone profiles
during summer indicate disturbances in the normal
development of the corpus luteum (Tegegne, 1993).
Heat stress produced during summer also affects
folliculogenesis, follicular fluid microenvironment
and oocyte quality. Heat stress results in alteration of
follicular development and depression of follicular
dominance and early emergence of pre-ovulatory
follicle. Heat stress during the hot summer months
in India is a major cause of anestrus in buffalo and
is associated with elevated blood concentrations of

prolactin influencing ovarian activity and causing
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sub-fertility, silent estrus and repeat breeding
by decreasing progesterone secretion (Roy and
Prakash, 2007).

During seasonal anestrus, resumption
ovarian activity is delayed after each parturition
(38 to 64 days in breeding season to 116 to 148
days during non-breeding season) and parturition
to first estrus interval is prolonged compared to
the rest of the year (Madan et al., 1988). Moreover,
there is impact on the duration of estrus (8 to 10
h versus 18 h) in hot months. Also, unobserved
heats (silent or subestrus) are common during
summer months. However, ovarian activity not
decreased in all animals during the non-breeding
season, as a good number of females exhibited
variable degrees of ovarian activity and only 30%
of cyclic animals show no estrus behavior during
summer (Tailor et al., 1990). Accordingly, some
investigations have focused on protocols that are
effective at inducing ovarian activity, stimulating
estrus behavior and controlling ovulation during
seasonal anestrus. Many hormonal regimens
have been tried with varying degree of efficacy in
terms of estrus induction and conception rate in
summer. Treatment with progestagens and e¢CG
can induce the resumption of estrus in anestrus
buffalo cows, yielding good pregnancy rates.
Similarly, progesterone-based protocols during
the non-breeding season leads to pregnancy in
non-productive animals. Implantation of intra-
vaginal progesterone devices like CIDR for 10
to 14 days induced resumption of estrus among
83% of anestrus buffaloes within 12 to 120 h
after implant removal. Implantation of CIDR and
PGF,  injection is reported more effective than
CIDR alone in terms of exhibition of estrus and
conception rate. Long exposure of CIDR (10 to 14
days) was superior to short exposure of 8 days in

terms of resumption of estrus cyclicity in cattle



and buffalo. Long exposure of progesterone may
overcome summer sterility in buffaloes under rural
managemental condition (Singh, 2003). Further,
anestrus buffaloes reared under village or farm
conditions during summer show more responses to
norgestomet because of higher rates of ovulation
and conception than CIDR or PRID treated
animals. Numerous researchers have evaluated
the potential of using a norgestomet and other
hormonal combinations as a tool to synchronize
estrus in cyclic and anestrus animals. Buffaloes
showing absence of estrus after last calving show
intense heat and satisfactory conception following
PGF, 10 days apart (Day -12 and Day-2), pregnant
mare serum gonadotropin (PMSG) Day-5, and hCG
on the day of Al (Day 0). In buffaloes, pregnancy
rates achieved were acceptable following Ovsynch
during the non-breeding season (Warriach et al.,
2008). While other earlier studies report poor
pregnancy rates (26% in detected estrus and 7% in
Ovsynch, Chohan, 1998). Ovulation in Nili-Ravi
buffalo occured 30 h after the onset of standing
estrus and buffaloes successfully synchronized
with optimum fertility using either PGF2a alone
(detected estrus) or using (Ovsynch protocol)
during non-breeding season in order (Warriach et
al., 2008). Conception rated in other studies were
variable during non-breeding than breeding season
in buffalo (Murugavel, 2009). Moreover many
hormonal treatments aimed at controlling luteal
and follicular functions provide exciting results
after timed artificial insemination during the non-
breeding season (Baruselli, 2005). Few studies
reflect ovsynch protocol to be less effective during
the non-breeding season, but CIDR application
increased fertility during this period (Jabeen et
al., 2012). This indicates ovsynch + CIDR a more
effectiveregimeninnon-breeding seasonsinbuffalo.
Acyclic buffaloes treated with Ovsynch+CIDR,
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PRID+PMSG follicular

dominance, ovulation, and good conception rates

display growth,
(Presicce et al., 2005). Future investigations need
to be targeted at identifying factors determining
seasonal impact on reproduction, patterns of
estrus behaviour, physiology of estrus cycle and
induction of follicular growth during non-breeding
season in buffalo. Also, ovulation and its regulation
by hormones needs emphasis to overcome the
problem of silent or unobserved estrus behavior
in buffaloes which otherwise often lead to wrong
time insemination, conception failure and repeat

breeding problems in this species.

Effect of equine chorionic gonadotropins (eCG)
in synchronization

eCG when added to any progesterone-
based estrus synchronization protocol substantially
improves ovulation rate in non-cyclic buffaloes.
But for unpredictability in timing of ovulation in
buffalo, double inseminations and (Barile, 2005)
was carried out to obtain acceptable pregnancy
rates. Studies on anestrus buffaloes have shown
that eCG incorporation at progesterone withdrawal
in progesterone-based estrus synchronization
protocols improved the ovulation rate. However,
of

protocols under field conditions

evaluations such estrus synchronization
in tropical
climates have not been widely designed. Most of
the protocols are applied to well managed animals
reared under farm conditions (De Rensis, 2007).
The CIDR + eCG treatment in cows and buffaloes
improves ovulation rate in non-cyclic buffaloes
and pregnancy rates in cyclic as well as non-cyclic
animals (Murugavel et al., 2009). eCG improves
the efficacy of a timed artificial insemination
protocols by improving follicular growth reponse,
luteal dynamics and fertility in buffalo during the

non-breeding season although in heifers interval
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from progesterone withdrawal to ovulation and its
synchrony has not been influenced (Baruselli et
al., 2004).

Pre-pubertal anestrus and synchronization
protocols
Anestrus  condition in  pre-pubertal
buffaloes is characterized by the development
of follicles to ovulatory size without ovulations.
Anestrus condition in pre-pubertal buffaloes
needs stimulation push to existing endogenous
gonadotropins to start the ovulatory activity
compared to strict seasonal breeders like ewe
(Malpaux et al., 1998). Following second GnRH
injection on day 9 in prepubertal anestrum,
majority of the animals ovulate between 24 to
48 h (Baruselli et al., 2003). So far, only a few trials
to induce and synchronize estrus in pre-pubertal
anestrus buffaloes have been carried out, although
these trails lack the understanding of ovarian
activity (Zicarelli et al., 1997). In recent past,
treatments that stimulate gonadotrophin secretion,
follicular development, and ovulation such as
Melatonin (Malpaux et al., 1998), ovsynch protocol
(Ghuman et al., 2010), and progesterone implants
(Ghuman et al., 2011) have been thoroughly
investigated in pre-pubertal buffaloes displaying
anestrus. Pre-pubertal anestrus buffaloes exhibited
ovulatory response between 48 to 72 h subsequent
to PRID removal. Possibly, prolonged progesterone
exposure increases hypothalamic responsiveness
to endogenous estradiol produced by dominant
non-ovulatory follicles and hence occurrence of
a proper LH surge leads to ovulation (Singh et
al., 2009). PRID has been used in pre-pubertal
conditions with 60% CR in PRID-treated pre-
pubertal buffaloes inseminated 48 and 72 after
PRID removal. There is emergence of an ovulatory

follicle after PRID removal (12.4£1.0 mm; life
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span, 17.0£1.0 D), but heifers, emergence of 1 or
2 dominant non-ovulatory follicles (13.6£0.69 mm
and ovulatory follicle (14.7£0.77 mm; life span,
11.7£0.9D) which ovulate 48 h after PRID removal
(Singh et al., 2009). Ovsynch protocol has been
found 100% successful for inducing ovulatory
estrus which was synchronized in 82% anestrus
buffalo heifers, thus requiring insemination only at
24 h subsequent to second GnRH but investigations
are required to have better first service conception
rate after ovsynch program in acyclic buffalo
heifers during summer season (Ghuman et al.,
2009). Underlying mechanisms for the induction
of estrus could be priming of hypothalamus with

progesterone and estrogen.

CONCLUSION

Recent developments in synchronization
protocols ensure control on ovarian follicular
growth and luteal dynamics in buffalo. This is
aimed for better synchrony of estrus and fixed time
ovulation of resulting dominant follicle and allowing
inseminations at predetermined time. Many of the
ovulation synchronization protocols control wave
emergence and growth of follicles successfully in
cattle but still need evaluation in buffalo. Further
most of the combination protocols are designed
for plasma progesterone decline at ovulation by
removing exogenous progesterone source and
administration of prostaglandin to promote luteal
regression/endogenous source to improve timed
ovulation rate. This way such protocols may
serve as good tools for control of reproduction in
buffalo. But extensive investigations are lacking
in literature. PGF, based synchronization is more
economical and effective in buffalo but success

entirely depends on the presence of mature



corpus luteum hence it may not work in anestrus
or acyclic animals. Further success rate is poor
when synchronization treatment is done during
the periods of marginal breeding activity or in
pre-pubertal anestrum condition in buffalo. Thus,
effective synchronization protocols controlling/
synchronizing follicular and luteal processes
need to be comprehensively designed for buffalo,
particularly in different breeding seasons and near
puberty. This could have an economic impact on
buffalo production by breeding heifers exhibiting
pre-pubertal anestrus at an optimal age and to
enhance lifetime reproductive performance and
productivity. As an overall conclusion, hormonal
interventions along with improved management
practices can better enhance reproductive
performance in buffalo. Future investigations
with this regard should be aimed at identification
factors determining seasonal low fertility as well
as patterns of estrus behaviour in buffalo. Insight
into or better clarification of factors affecting
estrus cycle physiology will help to achieve precise
control of estrus cycle in buffalo. This would
ultimately ensure more synchrony and acceptable
ovulation and conception rates in fixed time

insemination protocols in infertile buffaloes.
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