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ABSTRACT

Recently, interest in improving Al efficiency in buffaloes is on ovarian
structure-based Timed AI (TAI) and was investigated in the study. In Study 1,
a comparison of efficiencies between corpus luteum (CL)- and dominant follicle
(DF)-based TAI was performed. Buffaloes (n=143) with CL were treated with
Prostaglandin to induce its regression and estrus (T1); while buffaloes (n=157)
with DF were injected with Gonadotropin-Releasing Hormone (GnRH) to
induce ovulation (T2). In Study 2, a comparison among follicle-based protocols
was performed, namely: Ovsynch protocol (n=152) for T1; Controlled Internal
Drug Release-Synch-human-Chorionic Gonadotropin (CIDR-Synch-hCG)
protocol (n=167) for T2; and SELECT AI (n=170) for T3. Pregnancy diagnosis
was conducted 35-40 days after TAIL Results in Study 1 revealed a significantly
higher (P<0.05) pregnancy in follicle-based (33.41%) than in CL-based protocol
(26.47%). In Study 2, a significantly higher (P<0.05) pregnancy was observed in
CIDR-Synch-hCG (42.61%, T2) than in Ovsynch protocol (35.06%, T1); while
SELECT Al (50.53%, T3) significantly differs (P<0.05) from T1 and T2. The
study demonstrated that follicle-based- is better than CL-based protocol. While
supplementing follicle-based/Ovsynch protocol with progesterone (CIDR)
and replacing GnRH with hCG (CIDR-Synch-hCG) improved pregnancy.
Moreover, achieving a follicle size (=12.0 mm) on the day of AI with SELECT
Al enhanced pregnancy in water buffaloes.

Keywords: buffaloes, corpus luteum, controlled breeding, ovarian structure, timed
insemination

INTRODUCTION

Buffalo reproduction is generally known to be challenging if not difficult due to
the extrinsic and intrinsic factors that cause reproductive concerns which limit the full
genetic and economic potential of this species (Madan et al., 1996). The major factor is the
inherently low number of primordial follicles in buffalo heifers (Danell, 1987) compared
with primordial follicles in cattle (Erickson, 1966). In addition, a high incidence of atresia in
buffalo follicles (66.7%) was reported (Danell, 1987) compared with that of cattle follicles
which is only 50% (Rajakoski, 1960). Moreover, a large number of follicles are lost during
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the regular estrus cycle of this animal with only one follicle ovulating at the end of the estrus
cycle. It must be understood however, that follicle growth and development is characterized
by 2-3 wave-like patterns that involve follicular recruitment, selection, and dominance
with a single ovulatory follicle generated at the end of the estrus cycle, while a group of
subordinate follicles regress towards the end of each wave (Baruselli ef al., 1997). Follicle
wave emergence during the luteal phase of the estrus cycle is considered non-ovulatory
resulting in a high rate of follicular wastage. Moreover, buffaloes give two births every three
years, resulting in low overall reproductive efficiency while cattle deliver calves yearly.

Manipulation of ovarian function using reproductive technologies offers strategies
to save these rich follicle populations from wastage and maximize their potential for calf
production (Baruselli et al., 2018). Exploiting ovarian structures, particularly during the
estrus cycle of buffaloes has been an effective approach to elicit ovarian response. More
recently, controlling the estrus cycle can be approached with the kind of ovarian structures
specifically through corpus luteum at the luteal phase or dominant follicle at a follicular phase
of the estrus cycle. Timed Artificial Insemination (TAI) is the widely used reproductive tool
to manage controlled breeding in cattle and buffaloes. It normally involves a combination
of hormones to induce physiological events during the estrus cycle. Ovarian response and
dynamics by manipulating CL with Prostaglandin have been long used in cattle (Odde et
al., 1990) and in water buffaloes (Atabay et al., 2020). Controlling ovarian activity through
follicular manipulation by injecting GnRH twice, called the Ovsynch Protocol, was only
started in 1995 as a procedure to restore cyclicity of the dairy cattle (Pursley et al., 1995).
This original ovulation synchronization protocol has been used subsequently in buffaloes
with modifications for better efficiency (Baruselli et al., 2018: Neglia et al., 2003). The major
improvement was the use of exogenous progesterone, a Controlled Internal Drug Release
Device (CIDR) simultaneously given with 1% GnRH on Day 0, thus the development of CIDR-
Ovsynch protocol (De Rensis et al., 2005). This modification is known to promote more
synchronous ovulation and enhance the developmental competence of oocytes improving
pregnancy. Further modification of the CIDR-Ovsynch protocol by using hCG instead of 2™
GnRH resulted in the development of a highly efficient CIDR-Synch-hCG protocol in dairy
buffaloes (Atabay et al., 2020). More recently, a follicle-based TAI protocol (SELECT Al)
which involved achieving an optimal size of pre-ovulatory follicle at the time of insemination
constitutes an interesting innovation in various timed Al protocols in buffaloes (Pandey et
al., 2018). Ovarian structure-based TAI program can maximize reproductive performance
and provide options for more efficient reproductive management in water buffaloes and
other livestock species.

The present study aimed to explore an ovarian structure-based TAI that can harness
the full reproductive potential of water buffaloes by either luteal or follicular control during
the estrus cycle. Specifically, pregnancy rates were compared following hormonal treatment
with Prostaglandin in the presence of corpus luteum or injection with Gonadotropin-
releasing hormone (GnRH) in the presence of dominant follicle/s in the ovaries. Moreover,
the physiological events and conditions associated with these ovarian structure-based timed
Al protocols influencing TAI efficiencies were elucidated in the present study.

MATERIALS AND METHODS

The present work was conducted at the Philippine Carabao Center, National Gene
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Pool, Lomboy Farm, San Jose City, and other Cooperatives in Nueva Ecija from September
2019 to December 2023. Buffaloes were raised in confinement and were given concentrates,
forage, and/or rice straws as their regular feed ration. Water was given ad libitum. Buffaloes
were used for research following the requirements of the Philippine Animal Welfare Act of
1998 and the proper management system for experimentation of the Agency.

Buffaloes of at least 60 days post-partum with a body condition score (BCS) of not
less than three and with at least one of the ovaries equal or greater than two cm and with a
dominant follicle size of not less than 7.0 mm were used in the study. Evaluation of BCS
was done according to the method described by Alapati et al. (2010).

Examinations of the ovaries were conducted using an ultrasound scanner (HS-1600,
Honda Electronics Co., Ltd. Japan). Sizes of the dominant follicle (DF) were measured at
Day 0 of the hormonal program.

Experimental Design

Study 1. Comparison of Al efficiencies of ovarian structure-based timed
Al protocols in water buffaloes. In Treatment 1, post-partum buffaloes (n=143) were
subjected to a corpus luteum-based Prostaglandin protocol to regress the CL and induce
estrus synchronization for TAI. Briefly, buffaloes with palpable CL and were confirmed not
pregnant by ultrasound were injected with Prostaglandin (PGF, , 5 mL, Lutalyze, IM) on
Day 0 (Figure 1). Artificial insemination was performed twice on Day 3, in the morning and
afternoon, at 8 hours apart. Determination of pregnancy was conducted using ultrasound on
Days 35-40 after TAL
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Figure 1. Schematic presentation of corpus luteum-based protocol. Day 0: Injection of PG-
F, . Day 3: Conduct of 1* and 2" Al with 8-hour interval. Days 35-40: Pregnancy
detection by ultrasonography.
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Figure 2. Schematic presentation of follicle-based protocol. Day 0: Injection of 1 GnRH.
Day 7: Injection of PGF, . Day 9: Injection of 2" GnRH. Day 10: conduct of 1
and 2™ TAI Days 35-40: pregnancy detection by ultrasonography.
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In Treatment 2, buffaloes (n=157) were subjected to a follicle-based Ovsynch
protocol to induce ovulation for TAI. Briefly, buffaloes with large follicles (7-12.0 mm)
upon ultrasound were injected intramuscularly with the 1% GnRH, (Fertagyl, 2ml) on Day 0
and PGF,a (5 mL, Lutalyze) on Day 7 (Figure 2). Injection of 2"* GnRH was done on Day
9 and the conduct of 1% and 2™ Al were done on Day 10. Pregnancy was determined using
transrectal ultrasonography on Days 35-40 after TAI
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Figure 3. Schematic presentation of follicle-based CIDR-Synch-hCG protocol. Day O:
Injection of GnRH and insertion of CIDR. Day 7: Injection of PGF, and removal of
CIDR. Day 9: Injection of human-Chorionic Gonadotropin (hCG). Day 10: Conduct
of 18t and 2" TAI. Days 35-40: Pregnancy diagnosis using ultrasound machine.
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Figure 4. Schematic presentation of follicle-based SELECT Al protocol. Day 0: Injection
of GnRH and insertion of CIDR. Day 7: Injection of PGF, and removal of CIDR.
Day 9: Injection of hCG and conduct of 1** Al when follicle size is (>12.0 mm).
Day 10: Conduct of twice TAI on Day 10 at 8 hrs interval in buffaloes with
preovulatory follicles (>12.0 mm). Days 35-40: Pregnancy detection by transrectal
ultrasonography.

Study 2. Comparison of Al efficiencies among Follicle-based Time Al protocols
in water buffaloes. In Treatment 1 of Study 2, post-partum buffaloes (n=152) with Dominant
Follicles were subjected to the Ovsynch protocol described earlier (Figure 2). In Treatment
2, buffaloes (n=167) were subjected to follicle-based CIDR-Synch-hCG protocol to induce
ovulation and TAI (Figure 3). Briefly, buffaloes were injected with GnRH (Fertagyl, 2 ml,
IM) concomitant with intravaginal insertion of CIDR (Eazi-Breed, 1.38-g progesterone) on
Day 0. CIDR removal and intramuscular injection PGF o (Lutalyse, 5 mg/ml,) were done
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on Day 7. Two ml of hCG (Chorulon, 1,000 I.U/ml) was given on Day 9. Al was conducted
twice on Day 10 with 8-hour interval. Examination for pregnancy was done using ultrasound
on 35-40 Days post-TAI

In Treatment 3, buffaloes (n=167) were subjected to a follicle-based SELECT Al
protocol which is the same as follicle-based CIDR-Synch-hCG but TAI was performed
simultaneously with GnRH on Day 9 or Day 10, depending on the size of the pre-ovulatory
follicle of >12.0 mm (Figure 4). Essentially, only those buffaloes with the said size of the
follicle were selected for Al at the end of the TAI program.

Pregnancy Diagnosis

Pregnancy diagnosis was carried out utilizing a transrectal ultrasound scanner
(Honda, HS-1600V, Japan) equipped with a 7.5 MHz linear array transducer. The dorsal and
lateral surfaces of uterine horns were scanned. Cows were classified as pregnant when corpus
luteum (CL), uterine fluid, and a conceptus with a heartbeat were present. The pregnancy
rate (PR) was obtained based on the number of pregnant cows divided by all inseminated
buffaloes.

Transrectal Ultrasonography

The ultrasound examinations were performed using a transrectal ultrasound scanner
(Honda, HS-1600V, Japan) equipped with a 7.5 MHz linear array transducer designed for
intra-rectal placement. The scanning of uterine horns was performed on their dorsal and
lateral surfaces. Pregnancy status was determined following the criteria described by Fricke
et al., (2016) with some modifications. Briefly, the criteria include the presence or absence
of CL, uterine fluid, and fetus. Cows were considered pregnant when CL was present and
there is presence of both uterine fluid and fetus.

Statistical Analysis

Data were presented as mean+=SD with 4 replications in each Study. Data in Study
1 which compared the pregnancy rates between corpus luteum- and follicle-based TIA
protocols were analyzed by t-test, while data in Study 2 which compared pregnancy
rates among follicle-based TAI protocols were analyzed by One-way Analysis of Variance
(ANOVA). When a significant difference was detected between dependent variables, Tukeys-
Kramer’s HSD was conducted as a post hoc test. All analyses were performed using JMP
Statistical Software (Version 11.1.1 SAS Institute, Inc., Cary, NC, USA). The minimum
level of significance was set at P<0.05.

RESULTS

Study 1. Comparison of Al efficiencies of ovarian structure-based timed Al protocols
in water buffaloes.

The result of the study revealed a significantly higher (P<0.05) pregnancy rate in
follicle-based Ovsynch protocol compared with a corpus luteum-based Prostaglandin protocol
(Table 1). The ovarian structures namely: the corpus luteum and follicles significantly differ
in response in terms of pregnancy rates following hormonal treatment and TAI programs in
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the present study.

Table 1. Pregnancy rates following ovarian structure-based timed artificial insemination in
water buffaloes.

TREATMENTS NO. OF NO. OF %
(OVARIAN STRUCTURE- ANIMALS ANIMALS PREGNANCY
BASED PROTOCOL) USED PREGNANT
T1 Corpus luteum-based 143 38 26.47 +1.56°
(Prostaglandin)
T2 Follicle-based 157 53 33.41 +3.332
(GnRH/Ovsynch)

Data were presented as Mean+SD, with 4 replications.
+b.cValues with different superscripts within column are significantly different at P<0.05.

Study 2. Comparison of Al efficiencies among Follicle-based Time Al protocols in water
buffaloes

In this study, the Al efficiencies of the follicle-based protocols in terms of pregnancy
rates were compared, with the Ovsycnh protocol as control (Table 2). Induction of follicle
ovulation with the CIDR-Synch-hCG protocol yielded a significantly higher (P<0.05)
pregnancy rate compared with the Ovsynch protocol. Moreover, the follicle-based SELECT
Al protocol (T3) achieved a significantly different (P<0.05) pregnancy rate from follicle-
based protocols (T1, T2). Select Al protocol resulted in the highest pregnancy rate among
the follicle-based protocols.

Table 2. Pregnancy rates following follicle-based timed artificial insemination in water

buffaloes.
TREATMENTS NO. OF NO. OF %
(FOLLICLE-BASED ANIMALS ANIMALS PREGNANCY
PROTOCOLS) USED PREGNANT
T1 Follicle-based 152 53 35.06+2.85¢
(Ovsynch)
T2 Follicle-based 167 72 42.61 +£0.47°
(CIDR-Synch-hCG)
T3 Follicle size-based 170 86 50.53+3.21°

(>12.0 mm, SELECT Al)

Data were presented as Mean+SD, with 4 replications.
ab.cValues with different superscripts within column are significantly different at P<0.05.




76 Atabay et al.

DISCUSSION

A controlled breeding program has been the recent reproductive strategy to exploit
the estrus cycle to enhance ovarian response and maximize reproductive efficiency in water
buffaloes (Baruselli et al., 2018). Timed Al or fixed time Al programs are widely used
reproductive tools to hormonally induce estrus or ovulation depending on the main ovarian
structure at any point of the estrus cycle in cattle (Bisinotto ef al., 2014) and water buffaloes
(Baruselli et al., 1999; Baruselli et al., 2007). The earlier and most common approach to
control ovarian function is through the induction of CL regression and estrus synchronization
using Prostaglandin (Atabay ef al., 2020, Odde et al., 1990). A more recent and popular
method of ovarian manipulation is through the induction of ovulation of the dominant follicle
using Gonadotropin-releasing hormones (Pursley et al., 1995). The present study compared
the efficiencies of ovarian structure-based TAI protocols in buffaloes and aimed to describe
physiological mechanisms and events associated with each kind of protocol. Findings in
Study 1 revealed a lower pregnancy rate following CL-based estrus induction with PGF,a
compared with DF-based ovulation induction with GnRH. The present result is consistent
with the findings that targeting CL alone for its regression without regard to the co-existence
of the dominant follicle at the time of Prostaglandin injection may cause untimely or late
ovulation and insemination (Atabay et al., 2020). Moreover, in the presence of a DF at
Prostaglandin induction, the oocyte inside the follicle could have been aged at ovulation and
fertilization with low subsequent developmental competence resulting in a poor conception
rate. Prostaglandin induction is found more effective with functional CL, meaning both CL
and dominant follicles are present at the initial hormonal injection, achieving more precise
timing of Al and improved pregnancy (Pandey et al., 2011).

A major reproductive advancement pursued to address concerns about the timing
of Al and oocyte quality was the induction of follicle ovulation with GnRH as the main
hormone of the original Ovsynch protocol (Pursley et al., 1995). GnRH is highly effective
in inducing ovulation of the Dominant follicle and follicular wave emergence leading to
the formation of a new Dominant Follicle with fresh oocyte at insemination, resulting in
higher pregnancy outcome compared with CL regression by Prostaglandin in the present
study. Furthermore, supplementation of the Ovsycnh protocol with CIDR at Day 0, as
an exogenous progesterone source and replacing GnRH with hCG as the final ovulatory
hormone improved the pregnancy rate following follicle-based CIDR-Synch-hCG protocol.
The present result conforms with that of Sa Filho ef al. (2010) wherein supplementation
of exogenous progesterone (CIDR), prevented pre-mature ovulation and promoted more
synchronous ovulation and timely insemination. On the other hand, replacing 2™ GnRH
with hCG was reported to be more effective as a final ovulatory hormone than GnRH in the
original Ovsynch protocol (Atabay et al., 2020). HCG was reported to be more potent and
act directly on the ovulation of follicles in the ovary, compared to GnRH which has yet to
pass through the hypothalamus and anterior pituitary gland to release LH before it can act in
the ovary to cause follicle ovulation (Baruselli ef al.,1999).

The most recent innovation from the modifications of the follicle-based timed
insemination is focused on the size of the pre-ovulatory follicle (POF) on the Day of
insemination, wherein a follicle size-based TAI protocol, SELECT Al has been established
in our present Study. Under this protocol only those animals with POF size of > 12.0 mm
diameter were inseminated, achieving the highest pregnancy rate so far (45-55%) from the
current TAI Program in buffaloes. Limited works in this area are reported in cattle (Sa Filho
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et al., 2010; Perry et al., 2007) and in buffaloes (Pandey ef al., 2011; Pandey et al., 2018;
Neglia et al., 2003). Achieving the optimum POF size before insemination is important
since a small ovulatory follicle may result in poor hormonal concentrations and uterine
environment that can compromise embryonic/fetal development, while too big POF may
contain aged oocytes with less fertilization competence and result in failure of developmental
progression (Lopes et al., 2007, Vasconcelos et al., 2001). Optimizing follicle sizes during
TAI and their association with pregnancy are being pursued to reduce pregnancy loss and
improve pregnancy not only in buffaloes but also in cattle species.

CONCLUSION AND RECOMMENDATION

The present study demonstrated efficiencies of TAI protocols wherein the hormonal
programs involved are mainly based on target structures in the ovary to achieve better
ovarian response and pregnancy outcome. The follicle/GnRH-based protocol is found to be
superior in efficacy than the corpus luteum/Prostaglandin-based protocol. Moreover, among
the Follicle/GnRH-based protocols, supplementing the Ovsynch protocol with exogenous
progesterone and using human Chorionic gonadotropin for final ovulation (CIDR-Synch-
hCG protocol) improved pregnancy following artificial insemination. Finally, the follicle
size-based Select Al is found to be the most effective TAI protocol. The pre-antral follicle
size of 12.0 mm has become a common helpful reference to conduct insemination following
induced or natural estrus in buffaloes. The importance of pre-ovulatory follicle size during
insemination was emphasized in the present study. Further efforts will focus on determining
the optimum follicle size to do TAI in buffaloes. Specifically, research exploration will
cover the optimum follicle size in adults, heifers, and among breeds of buffaloes, backed
up with hormone assay and ultrasonography to enhance the precision of controlled breeding
programs which can impact reproductive efficiency not only in water buffaloes but also in
other livestock species.
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