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Abstract

The aim of the present study was to determine the optimal phase of the follicular wave to
perform ovum pickup (OPU) for in vitro embryo production (IVEP) in various genetic
groups. For this purpose, 27 heifers - nine Bos taurus (Holstein), nine Bos indicus (Nelore)
and nine Bubalus bubalis (Mediterranean) - were maintained under the same nutritional,
management and environmental conditions. Heifers within each genetic group were
submitted to six consecutive OPU trials with 14-day intersession intervals, at three
different phases of the pharmacologically synchronized follicular wave (Day 1, Day 3 or
Day 5 after follicular wave emergence), in a 3 x 3 crossover design., when OPU was
performed at different phases of the pharmacologically synchronized follicular wave (Day
1, Day 3 or Day 5), no differences were found in the percent of oocytes recovered (70.5%
+3.1, 75.0% + 3.1, 76.0% * 3.2, respectively; P = 0.41) or blastocyst production rates
(19.4% + 2.9, 16.6% £ 2.9, 15.9% + 2.6, respectively; P = 0.36). Comparing genetic
groups, Bos indicus showed a higher blastocyst rate (28.3%° + 2.8; P < 0.01) than Bos
taurus and Bubalus bubalis (14.1%" + 2.9 and 10.2%" + 2.0, respectively). However, only
Bos indicus heifers showed a variation in the number of visualized follicles and the total
and viable oocytes along consecutive OPU sessions. In conclusion, different phases of the
pharmacologically synchronized ovarian follicular wave did not affect OPU-IVEP in Bos
indicus, Bos taurus, and Bubalus bubalis heifers. Additionally, Bos indicus heifers showed
greater OPU-IVEP efficiency than did the other genetic groups, under the same

management conditions.

Additional keywords: Nelore, Holstein, buffalo, oocyte, embryo
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1. Introduction

Over the past 20 years, a sharp increase of bovine in vitro embryo production
(IVEP) from oocytes retrieved by ovum pick-up (OPU) has been reported [1]. In vitro
embryo production along with other important advancements (i.e., animal genetic
improvement) has enabled a significant enhancement of both dairy and beef livestock
during this period. In buffaloes, OPU associated with IVEP is particularly important as an
embryo production technologies [2-5], because multiple ovulation and embryo transfer
programs show very low efficiency and few commercial applications [6-8].

Many studies have focused on improving the efficiency of OPU-IVEP programs,
enabling an even broader use of these reproductive techniques. Many factors are known
to influence OPU-IVEP outcomes, including follicular size [9-11], oocyte diameter [11, 12],
the phase of the follicular wave [13-20], the genetic group [4, 21-23], and the animal
category [24].

Previous studies have shown that the acquisition of developmental competence by
oocytes (e.g., the ability of the oocyte to reach the blastocyst stage) is associated with
follicular growth. Developmental competence continues to be enhanced as follicular
diameter increases and approaches the LH surge [9,25], which is strongly linked to oocyte
growth and mRNA and proteins being stored in the oocyte [26]. This buildup of RNA is
essential to sustain the first few cell cycles of early embryo development [27]. However,
oocytes obtained from follicles of the same diameter can differ in blastocyst yield. This can
be partially attributed to the influence of the phase of the follicular wave when the oocytes
are recovered. During the bovine [28] or buffalo [29] estrous cycle, 2 or 3 follicular waves
can be identified. During each follicular wave, dominant and subordinate follicles can be in
a growth, dominance, static or regressing phase [28, 30]. Several studies have

demonstrated that oocyte quality, recovery, cleavage and blastocyst rate can be
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influenced by these phases, as described below . In the regression phase, a severe level

of atresia can be observed in follicles, reducing oocytes developmental competence [18,
31]. However, an improvement of the blastocyst rate was demonstrated when oocytes
were collected from follicles with a mild level of atresia [19, 31, 32]. Conversely, other

authors have shown that including a growth phase [21] before follicle selection (i.e., follicle
deviation) improves the results of OPU-IVEP in cattle. Therefore, there is no consensus
about the most appropriate phase of the follicular wave to harvest oocytes to increase
oocyte recovery and quality for blastocyst production.

Bos indicus and Bubalus Bubalis females show some differences in their
reproductive behaviors and responses compared to Bos taurus [4, 23, 33, 37]. For this
reason, one cannot assume that outcomes obtained in Bos taurus would be the same in
Bos indicus or in Bubalus bubalis. Bos indicus cattle have a greater number of follicles
recruited per follicular wave and a lower diameter of the dominant follicle at deviation and
at ovulation compared to Bos taurus [35-39]. Additionally, buffaloes have an intermediate
follicle size at deviation and ovulation [8, 37,40]. These details could impact OPU-IVEP
outcomes because a greater number of recovered oocytes and a greater number of
blastocysts produced per OPU session were reported in Bos indicus compared to Bos
taurus cattle [41, 42]. Furthermore, poorer blastocyst rates (19.9% vs. 29.7%) following
IVEP programs have been reported in Bubalus bubalis compared to Bos taurus cattle [4].
In addition, as nutritional and environmental conditions can impact reproductive
parameters, it is important to analyze the effects of genetic background in animals
maintained under similar conditions.

In response to the lack of information on the efficiency of OPU-IVEP programs in
Bos indicus, Bos taurus, and Bubalus bubalis raised under similar conditions, we designed

the present study to evaluate: 1) the best time to perform OPU (Day 1, Day 3 or Day 5
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after synchronized follicular wave emergence) for optimal IVEP in each genetic group, and

2) differences in OPU-IVEP outcomes between genetic groups.

2. Material and Methods

2.1. Animals

The present study was approved by the Animal Experimentation Ethics Committee
of the University of Sao Paulo (protocol number 1070/2007).

A total of 27 cycling heifers - 9 Bos taurus (Holstein), 9 Bos indicus (Nelore), and 9
Bubalus bubalis (Mediterranean) - weighting a mean of 409.5, 467.7 and 579.0 kg,
respectively, and aging between 22 and 29 months - were maintained at FMVZ — USP
(Pirassununga, Sao Paulo, Brazil). Each genetic group was maintained in pens of 0.3
hectares, with the same environmental and shading conditions. The study was conducted
from July to October 2008, with an adaptation period in April 2008. Heifers had free access
to water and were fed twice daily with corn silage plus corn and soy concentrate (as
described by Gandra et al.[43]) at 2% of the body weight, which was adjusted based on
the previous day. During the adaptation and experimental periods, management,
environmental conditions and nutrition were controlled to offer the same conditions to all

heifers.

2.2. Experimental design

This study employed a 3 x 3 crossover design (3 genetic groups x 3 phases of

pharmacological synchronized ovarian follicular wave), performed with a 14-day interval



127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151

between OPU for 6 consecutive sessions(i.e., replicates). Number of replicates assured

our study being conducted before summer to avoid compromise ourresults.

2.3. Pharmacological synchronization of follicular wave emergence

All heifers were submitted to the same standard synchronization protocol for the
pharmacological induction of a new follicular wave before each OPU according to a
previously published method [44]. Briefly, the induction of a new follicular wave was done
by the injection of 50 mg of progesterone (P4; Progestar®, Syntex, Buenos Aires,
Argentina) and 2 mg of estradiol benzoate (EB; RIC-BE®, Agener Uniao Quimica, Sao
Paulo, SP, Brazil) administered during insertion of a norgestomet ear implant (containing 5
mg of Norgestomet; Crestar®, MSD Animal Health, Sao Paulo, Brazil). The emergence of
the new follicular wave occurred 4.4 + 0.2 days (mean £ S.E.M.) after the beginning of the
treatment, regardless of the genetic group [44]. To avoid the presence of a corpus luteum
(CL) at the OPU procedure, all heifers received an additional treatment of 150 ug of d-
cloprostenol (Preloban®, MSD Animal Health) at insertion of the ear implant. Immediately
before each OPU procedure, the ear implant was removed. Therefore, because the new
follicular wave was expected to emerge 4 days after the onset of the synchronization
protocol as described also by other authors [34] and to perform all OPU-IVEP on the same
day, the animals in each genetic group were subjected to the OPU procedure 5, 7 or 9
days after hormone treatment for groups Day 1, Day 3 or Day 5, respectively. In each
replicate, the onset of the synchronization protocol was normalized within each genetic
group, aiming to submit all animals to OPU in the same day . Resynchronization of
follicular wave emergence for the next OPU procedure was initiated 9, 7 or 5 days after

OPU for groups Day 1, Day 3 or Day 5, respectively.
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2.4. OPU procedure

Animals were submitted to 6 consecutives OPU procedures with 14-day
intersession intervals, performed by the same operator. For oocyte collection, heifers were
contained in a chute and an epidural anesthesia was administered (4 mL of lidocaine
hydrochloride 2%, Lidovet®, Bravet, Brazil) to facilitate the handling of the ovaries through
the rectum. The perineal area was cleaned using water and alcohol prior to each OPU
session.

All visible follicles were counted and aspirated by transrectal ultrasonography using
a portable scanner (Aloka SSDV 500; Aloka, Tokyo, Japan) with a 5 MHz convex array
transducer housed in a plastic vaginal probe with a stainless steel needle guide connected
to aspiration equipment and a vacuum system. Follicular aspirates were recovered via a
1.1-mm i.d. by 120-cm length circuit (Watanabe Tecnologia Aplicada, Cravinhos, SP,
Brazil), directly connected to a disposable 1.7 mm x 48 mm 16-gauge needle (BD
Angiocath, Sdo Paulo, SP, Brazil) and a 50-mL conical tube containing 15 mL of 0.9%
NacCl supplemented with 1% fetal calf serum (FCS; Gibco Life Technologies, Grand Island,
NY, USA), plus 50 ng mL™ penicillin, 50 ng mL™ streptomycin, 100 ng mL™* neomycin and
5,000 IU mL* sodium heparin (Parinex, Hipolabor, Belo Horizonte, MG, Brazil) at 35 to
37<C. The vacuum connected to the needle was set at a 12-15 mL minute™ water flow
rate. The conical tube containing the follicular aspirate was transported to a field
laboratory and cumulus-oocyte complexes (COCs) were washed using a 75-um filter
(Watanabe Tecnologia Aplicada) and the same warmed solution used during OPU. COCs
were morphologically evaluated under a stereomicroscope and classified as viable or
unviable based on oocyte cytoplasm characteristics and the number of cumulus cell layers

(adapted from Leibfried and First 45]). The same criteria were used to evaluate bovine and
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buffalo oocytes. Compact COCs with more than 3 layers of cumulus cells and oocytes with
homogeneous cytoplasm, compact COCs with at least one layer of cumulus cells and
oocytes with slightly heterogeneous cytoplasm, and partially denuded COCs and oocytes
with heterogeneous cytoplasm were considered viable for IVEP and were used in the
study. Denuded or degenerated oocytes and COCs with expanded cumulus cells were
considered unviable for IVEP and excluded from the study. Viable COCs were transported
to the IVEP laboratory within 2 h after OPU in 1.2-mL cryotubes containing HEPES-
buffered tissue culture medium 199 (TCM-199; Gibco, USA) with 10% FCS (Gibco),

sodium pyruvate (22 ug mL™") and amikacin (83.4 ug pl'; Neo Quimica, Brazil) at 35°C.

2.5. Invitro embryo production

All chemicals and reagents used were purchased from Sigma-Aldrich Chemical Co.
(St. Louis, MO) unless otherwise stated. In vitro experimental procedures were performed
in humidified incubators maintained at 38.5°C in air with 5% CO,, always by the same
operator.

Prior to in vitro maturation (IVM), oocytes were washed once in HEPES-buffered
TCM-199 with 10% FCS, sodium pyruvate (22 ug mL™) and amikacin (83.4 ug/ul) and
three times in IVM medium, composed of bicarbonate-buffered TCM-199 (Gibco, USA)
supplemented with 10% FCS, sodium pyruvate (22 pg mL™), amikacin (83.4 mg/ul),
human chorionic gonadotropin (hCG; 50 pg mL™*; Chorulon®, MSD Animal Health, Brazil),
follicle-stimulating hormone (FSH; 0.5 pg mL™; Folltropin®, Bioniche, Canada), estradiol
(Estradiol 178; 1 ug mL™), cysteamin (50 uM) and cystine (0.3 mM). COCs from each
heifer at each phase of the follicular wave (Day 1, Day 3 and Day 5) were separately
cultured for 24 h in drops of IVM medium under mineral oil. The ratio of oocyte: medium

was maintained at 1:3-5 ul in all steps of IVEP.
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After IVM, COCs were washed three times in IVF medium and submitted to IVF in
drops of IVF medium under mineral oil. The IVF medium was Tyrode albumin lactate
pyruvate (TALP) [46] supplemented with heparin (10 pug mL™), sodium pyruvate (22 pug mL®
1y, amikacin (83.4 pg mL™), fatty acid-free BSA (6 mg mL™) PHE solution (2 uM
penicillamine, 1 uM hypotaurine and 0.25 uM epinephrine). A single batch of frozen-
thawed semen from a Bos indicus (Nelore) and a Bubalus bubalis (Murrah) bull of known
fertility in previous IVEP programs was used for bovine and buffalo oocytes, respectively.
For IVF, straws were thawed for 30 s in a 37 wate r bath. Semen was deposited on a
90% to 45% Percoll gradient prepared with sperm wash medium (modified Tyrode
medium) and centrifuged at 320 x g for 30 min to separate the morphologically normal
spermatozoa and to remove the diluents and the seminal plasma. Afterwards, the sperm
pellet was evaluated for motility and concentration. Each fertilization drop received 10 uL
of sperm, to achieve a final concentration of 2 x 10° live sperm mL™ and was incubated for
20 h.

After IVF, presumptive zygotes were denuded of cumulus cells by gentle pipetting
in 2% hyaluronidase, followed by washing in HEPES-buffered TCM199 and in vitro culture
(IVC) medium. Groups of presumptive zygotes were co-cultured on a monolayer of
cumulus cells that had attached to the plate surface during IVM. The IVM medium was

changed to SOF [47] medium supplemented with 2% FCS, BSA (6 mg mL™), sodium

pyruvate (22 pg mL™?), amikacin (83.4 pg mL™), and essential and non-essential amino
acids to be used for IVC drops.

On the third day of IVC, one third of the IVC medium was replaced with fresh IVC
medium. At this time, the proportion of cleaved oocytes (the number of embryos with two
or more cells divided by the total number of structures in the culture) was also recorded.
The blastocyst rate (the total number of blastocysts divided by the total number of embryos

in the culture) was recorded on the seventh day and the hatching rate (humber of hatched
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blastocysts divided by the number of blastocysts) was recorded on the ninth day of IVC.
Embryos were classified according to IETS criteria [48]. Hatched blastocysts were fixed in
2% paraformaldehyde plus 0.1% polyvinyl-pyrrolidone (PVP) for 1 h and maintained in
PBS with 0.1% PVP at 4°C to be used for cell number determination. Embryos were
stained in PBS with 10 pg mL™* Hoechst 33342 for 5 min. The blastocysts were mounted
on a glass slide and nuclei were counted using a fluorescence microscope (Axioplan, Carl
Zeiss, Zeppelinstrasse, Germany) and AxioVs40 software (V4.6.1.0; Carl Zeiss). Oocyte
competence was assessed by the ability of the female gamete to produce a viable
blastocyst. Blastocyst viability was assessed by embryo morphology (i.e., clear blastocoel

and a well-defined inner cell mass), blastocyst hatching rate and blastocyst cell number.

2.6. Statistical analyses

The experimental unit was each oocyte within each genetic group. All variables
(number of visualized follicles, number of recovered oocytes, oocyte recovery rate, number
of viable oocytes, percentage of viable oocytes, number of cleaved structures, cleavage
rate, number of blastocysts, blastocyst rate, number of hatched blastocysts and hatching
rate) were analyzed by ANOVA using a MIXED procedure in SAS version 9.2 (SAS/STAT,
SAS Institute Inc., Cary, NC). Genetic group (Bos taurus, Bos indicus and Bubalus
bubalis), phase of follicular wave (Day 1, Day 3 and Day 5), replicate, and interactions
among the previous variables were considered as fixed effects in the statistical model. The
variably ‘animal’ within each genetic group was included as a random effect. The variable
‘number of nuclei in hatched blastocysts’ was analyzed by ANOVA using the GLM
procedure in SAS. Tests for normality of residuals and homogeneity of variances were
conducted for each variable. Data, which did not fulfill the assumptions for ANOVA, were

transformed using square root or square root arcsine. Differences between experimental

10
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groups were tested by Tukey tests at a 5% significance level. Data are presented as the

means = S.E.M.

3. Results

The phase of the follicular wave did not affect any of the variables evaluated in the
present study when pharmacological synchronization of follicular wave emergence was
done (Tables 1 and 2). There was no interaction between genetic group, phase of follicular
wave and replicate, genetic group and phase of follicular wave or phase of follicular wave
and replicate for any of the variables analyzed (Tables 1 and 2). However, an interaction
between genetic group and replicate was found for the number of visualized follicles (P <
0.01), the number of total oocytes recovered (P = 0.03), the number of viable oocytes (P <
0.01), and the number of cleaved embryos (P < 0.01; Table 2 and Fig. 1). Overall, Bos
indicus (Nelore) heifers showed a greater number of visualized follicles and a greater
number of total oocytes per OPU session than Bos taurus (Holstein) and Bubalus bubalis
(Mediterranean) heifers over all replicates. However, Bos indicus heifers showed a drop in
these same variables in the last replicate (Fig. 1). This effect of the cumulative OPU
procedures on the number of visualized follicles and the total oocytes was not observed in
Bos taurus and Bubalus bubalis heifers, whose values remained constant through the
replicates (Fig. 1).

No effect of phase of follicular wave was found for: Recovery rate (D1: 70.5% =+ 3.1,
D3: 75.0% + 3.1, D5: 76.0% * 3.2; P = 0.41), Percentage of viable oocytes (D1: 60.6% +
2.6, D3: 64.3% + 2.0, D5: 62.4% + 2.2; P = 0.48), Number of blastocysts (D1: 2.9 £ 0.7;
D3:3.0+0.7; D5: 2.8 £ 0.6; P = 0.76, Blastocyst rate (D1: 19.4% £ 2.9, D3: 16.6% + 2.9,

D5: 15.9% + 2.6; P = 0.36, Number of hatched blastocysts (D1: 1.4 + 0.4, D3: 1.6 + 0.4,

11
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D5: 1.3 £ 0.3; P = 0.56, Hatching rate (D1: 36.8% + 6.9, D3: 38.9% + 6.6, D5: 41.2% + 7.0;
P = 0.68), Nuclei of hatched embryos (D1: 176.4 £ 10.0, D3: 187.6 £ 8.2, D5: 170.6 * 8.3;
P =0.35).

Although the phase of the follicular wave did not affect the remaining variables
tested, a significant effect of genetic group was observed for most of these variables, as
follows. Recovery rate was not affected by genetic group (Bos indicus: 82.3 £ 2.5, Bos
taurus: 66.8 £ 2.8, Bubalus bubalis: 72.5 £ 3.6; P = 0.07). Compared to Bos taurus and
Bubalus bubalis, Bos indicus heifers had a greater percentage of viable oocytes (57.7° +
2.1,60.9% + 2.7, 68.8% + 1.8, respectively; P = 0.01), and these developed with better
number of blastocysts (1.1° + 0.2, 0.7° + 0.1, 7.3% + 0.9, respectively; P < 0.01), blastocyst
rates (14.1° + 2.9, 10.2° + 2.0, 28.3% + 2.8, respectively P < 0.01), and number of hatched
blastocysts (0.4° + 0.1, 0.3" + 0.1, 3.7% + 0.5, respectively; P < 0.01). Nonetheless, this did
not result in an effect on the hatching rate (24.9 £ 7.1, 34.7 £ 9.2, 49.0 + 4.9, respectively ;
P = 0.13) or the number of nuclei in hatched blastocysts (168.9 + 13.7, 206.1 + 23.1, 176.6

+ 5.3, respectively; P = 0.35).

4, Discussion

Here, we provide evidence that when OPU is performed up to the fifth day after
pharmacologically synchronized follicular wave emergence, there is no effect on follicle
number, oocyte recovery, oocyte morphology, cleavage rate, blastocyst rate and number
of cells of the hatched blastocysts. However, despite the lack of effects of the phase of the
follicular wave on OPU-IVEP, Bos indicus (Nelore) heifers yielded more oocytes and
produced more blastocysts per OPU procedure than Bos taurus (Holstein) and Bubalus

bubalis (Mediterranean) heifers. Nonetheless, a decrease in these same variables was

12
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noted over the consecutive OPU sessions in Bos indicus but not in Bos taurus or Bubalus
bubalis heifers.

According to previous reports, we expected the phase of the follicular wave to
affect OPU-IVEP vyields, as the phase of the follicular wave has been shown to affect
oocyte recovery rates [17] and competence to develop in vitro [16]. When OPU is
performed soon after the emergence of a follicular wave, better recovery and blastocyst
rates are obtained compared to when OPU is performed in later stages. Furthermore,
some studies have reported higher developmental rates in vitro when oocytes were

retrieved during the dominance phase [19,48]. Based on these reports, we designed the

present experiment to determine the optimal day of the pharmacologically synchronized
follicular wave to perform OPU to achieve better yields of OPU-IVEP in different genetic
groups. However, unexpectedly, the present study is in disagreement with the above
findings, and suggests that OPU can be carried out at any day between the first and the
fifth day after a pharmacologically synchronized follicular wave emergence with no
negative impact on the OPU-IVEP efficiency in Bos indicus, Bos taurus and Bubalus
bubalis heifers.

An important aspect which could contribute to this divergence is different
experimental conditions done in those studies. In almost all of them [15,16,19], the source
of oocytes was from animals slaughtered (post mortem), and animals were synchronized
with prostaglandin and/ or had follicles ablated to initiate the experiment. In the other two
works [14,17], oocytes were obtained in vivo, however with differences in the method of
synchronization of follicle wave emergence (prostaglandin and norgestomet plus estradiol
valerate, respectively) and also in the day O (estrus or emergence, respectively). Perhaps
the unexpected results regarding a day effect on OPU-IVEP variables could be attributed
to the method of synchronization of follicular wave emergence (pharmacological

synchronization) in comparison to follicular ablation. Although our purpose was to provide

13
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a more practical method of synchronization of follicular wave, the pharmacological
induction of follicular wave emergence could result in a cumulative follicle population
containing follicles under regression together with the new follicle cohort. More studies
must be conducted to clarify this matter.

Nevertheless, collectively, these works are not conclusive about a better day or a
better follicular wave stage to perform the OPU, nor about which variables (follicles,
oocytes, embryos produced) are constantly affected by collection day. Although our results
are in discordance with the previously mentioned findings, there are other studies
corroborating similar data to ours. For instance, no effect of day was reported by other
authors regarding the number of visualized follicles, total oocytes and recovery rate [24],
oocyte quality [17,19,20], cleavage [20] and blastocyst yield/ rate [32]. Despite this, there
is a consensus concerning the later phases of the follicular wave (from 7 days of follicular
wave emergence), which negatively affect oocyte competence, possibly due to advanced
atresia [18, 31]. However, this long interval from the follicular wave emergence and the
OPU procedure was not evaluated in the present trial. Therefore, we propose that oocyte
recovery be performed one day after pharmacologically synchronized follicular wave
emergence, which could shorten the interval between OPU sessions.

Overall, our results support the greater response of Bos indicus heifers when
subjected to OPU-IVEP programs than Bos taurus and Bubalus bubalis heifers. Pontes et
al [41] also reported similar data in Bos indicus (Gir), Bos taurus (Holstein) and Bos taurus
x Bos indicus (cross-bred) cows. These better outcomes can be explained by genetic

adaptability to tropical regions (i.e., thermotolerance) [21,49,50] and by the size of the
antral follicle population [35,37,38 in Bos indicus compared to Bos taurus. Several reports

also support a role for the IGF system in these physiological differences between Bos

indicus and Bos taurus [34,51,52]. The higher number of follicles present in Bos indicus
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cattle is associated with increased blood levels of IGF-I compared to Bos taurus. Some
genes of the IGF system are expressed in oocytes [53] and can accelerate nuclear
maturation in vitro [54]. The proteins encoded by these genes can also affect oocyte
developmental competence in vivo [55]. Therefore, higher IGF-I concentrations might also
be associated with better oocyte quality in Bos indicus cows compared to Bos taurus
COws.

Concerning the data on buffaloes, the poorer performance in OPU-IVEP compared
to Bos indicus might be explained by the smaller follicular pool found in buffalos than in
cattle [37,56,57]. Fragile zona pelucida [58,59] and junctions between granulosa cells and
the oocyte [2] are additional factors that could correlate with the poorer performance of
buffalo heifers in OPU-IVEP. In our study, the number of follicles, oocytes and cleaved
embryos did not differ between Hosltein and buffaloes. In work performed by Neglia et al.
[4], the breed of bovine used was not mentioned, but probably was beef Bos taurus, and
maybe the different performances reported can be attributed to this factor. In a recent
study carried out in Brasil [37], the number of follicles among buffaloes and Holstein
heifers did not differ, similar to our work. However, information about number of oocytes or
cleaved embryos among these genetic groups under the same management was not
found in the current literature. In this point of view, our trial is the first to report differences
in OPU-IVEP between two breeds of bovine and buffaloes in contemporary conditions.

In our study, we tried to provide all conditions to avoid a distress in the animals. We
choose as experimental model only heifers, because lactation and different milk production
levels could differentially impact the results. Also this category has a better adaptation to
climates changes than cows [24]. Additionally, in the present study we tried to minimize
the environmental stressors, performing the OPU only in the morning, providing shadowing
during management and in installations. Also, during all trial there was a control of the dry

matter intake with total mixed ratio feeding management. It is important to reinforce that all
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animals were maintained in the same conditions, and that these conditions were carefully
checked before and during all experimental period, in order to minimize bias which could
affect our results.

Regarding the decrease in the number of follicles visualized and in the total
oocytes that we observed in Bos indicus heifers after several OPU sessions, this finding
disagrees with some studies in which these variables remained constant in Bos taurus

[60,61] or in Bubalus Bubalis [62]. Possibly, OPU promotes ovarian lesions when

performed continually and with a short interval between sessions. This effect seems to be
well correlated with the number of follicles punctured in each OPU session, which may
explain the difference between genetic groups, as both Bos taurus and Bubalus bubalis
heifers performed poorly in OPU-IVEP compared to Bos indicus heifers. Another possibility
is the diameter of the needle used in our study (16 G), which could have favored more
lesions due the higher number of punctures performed in this genetic group.

In the present experiment, the OPU procedures were carried out 14 days apart; perhaps a
longer interval between OPU sessions should be studied, at least in Bos indicus heifers, to

avoid decreasing OPU-IVEP vyields.

5. Conclusions

OPU performed at different phases of the pharmacologically synchronized follicular
wave did not alter oocyte yields or in vitro embryo production. Additionally, Bos indicus
(Nelore) heifers showed a greater efficiency in OPU-IVEP programs than Bos taurus
(Holstein) and Bubalus bubalis (Mediterranean) heifers. Furthermore, in Bos indicus
(Nelore) heifers, more than five consecutive OPU procedures with 14 day intersession
intervals negatively affected the number of follicles suitable to puncture and the embryo

yield per OPU procedure.

16



409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424

Declaration of interest
The authors declare that there is no conflict of interest that could affect the impartiality of

this scientific work.

Acknowledgments

This work was supported by the Fundacdo de Amparo a Pesquisa do Estado de Séo
Paulo (06/59550-6 and 07/04782-2). The authors thank Tortuga Cia. Zootécnica Agréaria
(specially Fernanda Altieri Ferreira and Juliano Sabella Acedo) for providing mineral salt
(Nucleo Boi Verde®), MSD Animal Health (specially Juliano Kummer) and Biogenesis-
Bago (specially Reuel Luis Goncalves) for providing some of the hormones used, Prof. Dr.
Francisco de Palma Renndé and Prof. Dr. Rubens Paes Arruda for providing experimental
structure, Dr. Ubiraem Schalch for contacting the farms (Farm Santa Adele and S&o
Caetano) that provided some of the animals used in our study, as well as PCAPS/USP.
We also thank the undergraduate (Carolina Destro, César Caetano, Cindy Rodriguez,
Diego Souza, Elias Campos Filho, Gabriel Gomes, Gustavo Calomeni, Mariana Raposo,
Milena Rodrigues, Natalia Luvizotti, Rodrigo Gardinal, Sebastian Arango, Tassia
Goncalves) and graduate students (Aline Kehrle, Fernando Pardo, José Rodrigo Pimentel,

Juliano Sangalli, Patricia Miguez) involved in this project.

References

[1] Stroud B. IETS 2011 Statistics and Data Retrieval Committee Report - The year 2010
worldwide statistics of embryo transfer in domestic farm animals. Embryo Transfer
Newsletter: IETS; 2011. p. 10.

[2] Gasparrini B. In vitro embryo production in buffalo species: state of the art.
Theriogenology. 2002;57:237-56.

[3] Sa Filho MF, Carvalho NAT, Gimenes LU, Torres-Janior JR, Nasser LFT, Tonhati H, et
al. Effect of recombinant bovine somatotropin (bST) on follicular population and on in vitro
buffalo embryo production. Anim Reprod Sci. 2009;113:51-9.

17



450
451
452
453

455
456
457
458
459
460
461
462
463

465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489

[4] Neglia G, Gasparrini B, Caracciolo di Brienza V, Di Palo R, Campanile G, Antonio
Presicce G, et al. Bovine and buffalo in vitro embryo production using oocytes derived
from abattoir ovaries or collected by transvaginal follicle aspiration. Theriogenology.
2003;59:1123-30.

[5] Neglia G, Gasparrini B, Vecchio D, Boccia L, Varricchio E, Di Palo R, et al. Long term
effect of ovum pick-up in buffalo species. Anim Reprod Sci. 2011;123:180-6.

[6] Carvalho NA, Baruselli PS, Zicarelli L, Madureira EH, Visintin JA, D'Occhio MJ. Control
of ovulation with a GnRH agonist after superstimulation of follicular growth in buffalo:
fertilization and embryo recovery. Theriogenology. 2002;58:1641-50.

[7] Drost M. Bubaline versus bovine reproduction. Theriogenology. 2007;68:447-9.

[8] Baruselli PS, Soares JG, Gimenes LU, Monteiro BM, Olazarri MJ, Carvalho NAT.
Control of buffalo follicular dynamics for artificial Insemination, superovulation and in vitro
embryo production. Buffalo Bulletin. 2013;32:160-76.

[9] Lonergan P, Monaghan P, Rizos D, Boland MP, Gordon |. Effect of follicle size on
bovine oocyte quality and developmental competence following maturation, fertilization,
and culture in vitro. Mol Reprod Dev. 1994;37:48-53.

[10] Seneda M, Esper C, Garcia J, Oliveira J, Vantini R. Relationship between follicle size
and ultrasound-guided transvaginal oocyte recovery. Anim Reprod Sci. 2001;67:37 - 43.
[11] Raghu HM, Nandi S, Reddy SM. Follicle size and oocyte diameter in relation to
developmental competence of buffalo oocytes <i>in vitro</i>. Reproduction, Fertility and
Development. 2002;14:55-61.

[12] Otoi T, Yamamoto K, Koyama N, Tachikawa S, Suzuki T. Bovine oocyte diameter in
relation to developmental competence. Theriogenology. 1997;48:769-74.

[13] Blondin P, Sirard MA. Oocyte and follicular morphology as determining characteristics
for developmental competence in bovine oocytes. Molecular Reproduction and
Development. 1995:54-62.

[14] Hendriksen PJ, Steenweg WN, Harkema JC, Merton JS, Bevers MM, Vos PL, et al.
Effect of different stages of the follicular wave on in vitro developmental competence of
bovine oocytes. Theriogenology. 2004;61:909-20.

[15] Machatkova M, Jokesova E, Petelikova J, Dvoracek V. Developmental competence
of bovine embryos derived from oocytes collected at various stages of the estrous cycle.
Theriogenology. 1996;45:801 - 10.

[16] Machatkova M, Krausova K, Jokesova E, Tomanek M. Developmental competence of
bovine oocytes: effects of follicle size and the phase of follicular wave on in vitro embryo
production. Theriogenology. 2004;61:329-35.

[17] Machatkova M, Jokesova E, Horky F, Krepelova A. Utilization of the growth phase of
the first follicular wave for bovine oocyte collection improves blastocyst production.
Theriogenology. 2000;54:543 - 50.

[18] Merton JS, de Roos APW, Mullaart E, de Ruigh L, Kaal L, Vos PLAM, et al. Factors
affecting oocyte quality and quantity in commercial application of embryo technologies in
the cattle breeding industry. Theriogenology. 2003;59:651-74.

[19] Vassena R, Mapletoft R, Allodi S, Singh J, Adams G. Morphology and developmental
competence of bovine oocytes relative to follicular status. Theriogenology. 2003;60:923 -
32.

[20] Melo DS. Producéo in vitro de embrides derivados de odécitos obtidos em diferentes
fases da onda folicular de vacas Nelore (Bos taurus indicus). Faculdade de Ciéncias
Agrarias e Veterinarias, Universidade Estadual Paulista, Jaboticabal.: UNESP-Jaboticabal;
2007.

[21] Paula-Lopes F, CC C, Al-Katanani Y, CE K, Rivera R, Tekin S, et al. Genetic
divergence in cellular resistance to heat shock in cattle: differences between breeds
developed in temperate versus hot climates in responses of preimplantation embryos,

18



490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539

reproductive tract tissues and lymphocytes to increased culture temperatures.
Reproduction. 2003;125:285-94.

[22] Lopes AS, Martinussen T, Greve T, Callesen H. Effect of Days Post-Partum, Breed
and Ovum Pick-Up Scheme on Bovine Oocyte Recovery and Embryo Development.
Reprod Domest Anim. 2006;41:196-203.

[23] Escalona F, Mercado J, Rodriguez A, Rodriguez-Sallaberry C, Kowalsky AA.
Different response of Bos indicus vs. Bos taurus oocyte on maturation, cleavage and
embryo development under in vitro system. Reproduction Domestic Animal 2008;43:188.
[24] Ferreira RM, Ayres H, Chiaratti MR, Ferraz ML, Aradjo AB, Rodrigues CA, et al. The
low fertility of repeat-breeder cows during summer heat stress is related to a low oocyte
competence to develop into blastocysts. J Dairy Sci. 2011;94:2383-92.

[25] Sirard M-A. Follicle environment and quality of in vitro matured oocytes. Journal of
Assisted Reproduction and Genetics. 2011;28:483-8.

[26] Brevini-Gandolfi TA, Gandolfi F. The maternal legacy to the embryo: cytoplasmic
components and their effects on early development. Theriogenology. 2001;55:1255-76.
[27] Dieleman SJ, Hendriksen PJM, Viuff D, Thomsen PD, Hyttel P, Knijn HM, et al.
Effects of in vivo prematuration and in vivo final maturation on developmental capacity and
quality of pre-implantation embryos. Theriogenology. 2002;57:5-20.

[28] Ginther OJ, Knopf L, Kastelic JP. Temporal associations among ovarian events in
cattle during oestrous cycles with two and three follicular waves. Journal of Reproduction
and Fertility. 1989;87:223-30.

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

[30] Noseir W. Ovarian follicular activity and hormonal profile during estrous cycle in cows:
the development of 2 versus 3 waves. Reproductive Biology and Endocrinology.
2003;1:50.

[31] Hendriksen PJM, Vos PLAM, Steenweg WNM, Bevers MM, Dieleman SJ. Bovine
follicular development and its effect on the in vitro competence of oocytes.
Theriogenology. 2000;53:11-20.

[32] de Wit AA, Wurth YA, Kruip TA. Effect of ovarian phase and follicle quality on
morphology and developmental capacity of the bovine cumulus-oocyte complex. J Anim
Sci. 2000;78:1277-83.

[33] Sartori R, Fricke PM, Ferreira JCP, Ginther OJ, Wiltbank MC. Follicular deviation and
acquisition of ovulatory capacity in bovine follicles. Biology of Reproduction. 2001;65:1403-
9.

[34] B6 GA, Baruselli PS, Martinez MF. Pattern and manipulation of follicular development
in Bos indicus cattle. Anim Reprod Sci. 2003;78:307-26.

[35] Sartori R, Barros CM. Reproductive cycles in Bos indicus cattle. Anim Reprod Sci.
2011;124:244-50.

[36] Figueiredo RA, Barros CM, Pinheiro OL, Soler JIMP. Ovarian follicular dynamics in
Nelore breed (Bos indicus) cattle. Theriogenology. 1997;47:1489-505.

[37] Baldrighi JM, Siqueira AF, Assis PM, Sa Filho MF, Visintin JA, Nogueira GP, et al.
Hormonal evaluation during the ovulatory cycle of Holstein, Gir and Buffalo heifers at the
same environment and nutritional management. Reunido Anual da Sociedade Brasileira
de Tecnologia de Embrifes. Praia do Forte -BA- Brazil: Animal Reproduction; 2013. p.
415.

[38] Carvalho JBP, Carvalho NAT, Reis EL, Nichi M, Souza AH, Baruselli PS. Effect of
early luteolysis in progesterone-based timed Al protocols in Bos indicus, Bos indicusxBos
taurus, and Bos taurus heifers. Theriogenology. 2008;69:167-75.

19



540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589
590

[39] Gimenes LU, S& Filho MF, Carvalho NAT, Torres-Janior JRS, Souza AH, Madureira
EH, et al. Follicle deviation and ovulatory capacity in Bos indicus heifers. Theriogenology.
2008;69:852-8.

[40] Gimenes LU, Carvalho NAT, Sa Filho MF, Vannucci FS, Torres-Janior JRS, Ayres H,
et al. Ultrasonographic and endocrine aspects of follicle deviation, and acquisition of
ovulatory capacity in buffalo (Bubalus bubalis) heifers. Anim Reprod Sci. 2011;123:175-9.
[41] Pontes JHF, Silva KCF, Basso AC, Rigo AG, Ferreira CR, Santos GMG, et al. Large-
scale in vitro embryo production and pregnancy rates from Bos taurus, Bos indicus, and
indicus-taurus dairy cows using sexed sperm. Theriogenology. 2010;74:1349-55.

[42] Pontes JHF, Melo Sterza FA, Basso AC, Ferreira CR, Sanches BV, Rubin KCP, et al.
Ovum pick up, in vitro embryo production, and pregnancy rates from a large-scale
commercial program using Nelore cattle (Bos indicus) donors. Theriogenology.
2011;75:1640-6.

[43] Gandra JR, Freitas JE, Barletta RV, Filho MM, Gimenes LU, Vilela FG, et al.
Productive performance, nutrient digestion and metabolism of Holstein (Bos taurus) and
Nellore (Bos taurus indicus) cattle and Mediterranean Buffaloes (Bubalis bubalis) fed with
corn-silage based diets. Livestock Science. 2011;140:283-91.

[44] Gimenes LU, Fantinato Neto P, Arango JSP, Ayres H, Baruselli PS. Follicular
dynamics of Bos indicus, Bos taurus and Bubalus bubalis heifers treated with norgestomet
ear implant associated or not to injectable progesterone. Animal Reproduction.
2009;6:256.

[45] Leibfried L, First NL. Characterization of Bovine Follicular Oocytes and Their Ability to
Mature In Vitro. J Anim Sci. 1979;48:76-86.

[46] Bavister BD, Yanagimachi R. The Effects of Sperm Extracts and Energy Sources on
the Motility and Acrosome Reaction of Hamster Spermatozoa in vitro. Biology of
Reproduction. 1977;16:228-37.

[47] Tervit HR, Whittingham DG, Rowson LEA. Sucessfull culture in vitro of sheep and
cattle ova. Journal of Reproduction and Fertility. 1972;30:493-7.

[48] Wright JM. Photographic illustrations of embryo developmental stage and quality
codes. In: Stringfellow DA, Seidel SM, editors. Manual of the International Embryo
Transfer Society. Savoy, IL, USA: IETS; 1998. p. 167-70.

[49] Ramos AF, Rumpf R, Camara JU, Mollo MR, Pivato |, Marques Jr AP, et al. Effect of
follicular wave synchronization on in vitro embryo production in heifers. Anim Reprod Sci.
2010;117:201-7.

[50] Hansen PJ. Exploitation of genetic and physiological determinants of embryonic
resistance to elevated temperature to improve embryonic survival in dairy cattle during
heat stress. Theriogenology. 2007;68:5242-S9.

[51] Hansen PJ. Physiological and cellular adaptations of zebu cattle to thermal stress.
Anim Reprod Sci. 2004;82-83:349-60.

[52] Simpson RB, Chase CC, Spicer LJ, Vernon RK, Hammond AC, Rae DO. Effect of
exogenous insulin on plasma and follicular insulin-like growth factor I, insulin-like growth
factor binding protein activity, follicular oestradiol and progesterone, and follicular growth in
superovulated Angus and Brahman cows. Journal of Reproduction and Fertility.
1994;102:483-92.

[53] Alvarez P, Spicer LJ, Chase CC, Payton ME, Hamilton TD, Stewart RE, et al. Ovarian
and endocrine characteristics during an estrous cycle in Angus, Brahman, and Senepol
cows in a subtropical environment. J Anim Sci. 2000;78:1291-302.

[54] Nuttinck F, Charpigny G, Mermillod P, Loosfelt H, Meduri G, Freret S, et al.
Expression of components of the insulin-like growth factor system and gonadotropin
receptors in bovine cumulus—oocyte complexes during oocyte maturation. Domest Anim
Endocrinol. 2004;27:179-95.

20



591
592
593
594
595
596
597
598
599

601
602
603
604
605
606
607
608
609
610
611
612
613
614
615

[55] Sakaguchi M, Dominko T, Yamauchi N, Leibfried-Rutledge M, Nagai T, First N.
Possible mechanism for acceleration of meiotic progression of bovine follicular oocytes by
growth factors in vitro. Reproduction. 2002;123:135-42.

[56] Velazquez MA, Zaraza J, Oropeza A, Webb R, Niemann H. The role of IGF1 in the in
vivo production of bovine embryos from superovulated donors. Reproduction.
2009;137:161-80.

[57] Van Ty L, Chupin D, Driancourt MA. Ovarian follicular populations in buffaloes and
cows. Anim Reprod Sci. 1989;19:171-8.

[58] Gupta V, Manik RS, Chauhan MS, Singla SK, Akshey YS, Palta P. Repeated
ultrasound-guided transvaginal oocyte retrieval from cyclic Murrah buffaloes (Bubalus
bubalis): Oocyte recovery and quality. Anim Reprod Sci. 2006;91:89-96.

[59] Mondadori RG, Santin TR, Fidelis AAG, Name KPO, da Silva JS, Rumpf R, et al.
Ultrastructure of in vitro oocyte maturation in buffalo ( Bubalus bubalis). Zygote.
2010;18:309-14.

[60] Mondadori RG, Santin TR, Fidelis AAG, Porfirio EP, Bao SN. Buffalo (Bubalus
bubalis) Pre-antral Follicle Population and Ultrastructural Characterization of Antral Follicle
Oocyte. Reprod Domest Anim. 2010;45:33-7.

[61] Boni R, Roelofsen MWM, Pieterse MC, Kogut J, Kruip T. Follicular dynamics,
repeatability and predictability of follicular recruitment in cows undergoing repeated
follicular puncture. Theriogenology. 1997;48:277-89.

[62] Kruip TAM, Boni R, Wurth YA, Roelofsen MWM, Pieterse MC. Potential use of ovum
pick-up for embryo production and breeding in cattle. Theriogenology. 1994;42:675-84.

21



616 Table 1. P Values of main effects (genetic group — GEN; time of OPU relative to follicular wave emergence — DAY; and replicate — REP) and

617 their interactions.
P Value
GEN DAY REP GEN*DAY GEN*REP DAY*REP GEN*DAY*REP

Number of visualized follicles <0.01 0.82 0.08 0.88 <0.01 0.93 0.99
Number of total oocytes <0.01 0.56 0.05 0.90 0.03 0.37 0.39
Recovery rate (%) 0.07 0.41 0.52 0.30 0.64 0.49 0.23
Number of viable oocytes <0.01 0.06 0.01 0.46 <0.01 0.16 0.44
Percentage of viable oocytes (%) 0.01 0.48 0.01 0.38 0.05 0.28 0.45
Number of cleaved embryos <0.01 0.15 0.02 0.68 <0.01 0.53 0.45
Cleavage rate (%) 0.02 0.62 <0.01 0.65 0.01 0.62 0.06
Number of blastocysts <0.01 0.76 <0.01 0.62 0.28 0.37 0.48
Blastocyst rate (%) <0.01 0.36 <0.01 0.56 0.36 0.32 0.68
Number of hatched blastocysts <0.01 0.56 0.01 0.62 0.20 0.69 0.85
Hatching rate (%) 0.13 0.68 0.02 0.66 0.15 0.76 0.94
Nuclei of hatched embryos 0.35 0.35 - 0.11 - - -

618
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619 Table 2. Effect of OPU performed at different times after follicular wave emergence (D1, D3 or D5) in three different genetic groups (Nelore — NEL,

620  Holstein — HOL, and buffalo — BUF) on oocyte recovery, quality, and developmental competence.

D1 D3 D5 P VALUE

NEL HOL BUF NEL HOL BUF NEL HOL BUF GEN DAY GEN* GEN*

(n=3) (n=3) (n=3) (n=3) (n=3) (n=3) (n=3) (n=3) (n=3) DAY REP
Number of replicates 6 6 6
Number of visualized follicles 38.8+3.0 23126 18114 42.2+4.4 21723 19.4+15 42.0+3.6 215+22 18.8+1.6 <0.01 0.82 0.88 <0.01
Number of total oocytes 35.2+4.8 13.8+1.8 14.7 £1.9 37.5+4.4 16.2+2.2 139+16 385+4.3 16.2+2.3 15.7+2.0 <0.01 0.56 0.90 0.03
Recovery rate (%) 79.5+4.7 57.3+45 74854 83.4+338 73445 68.4+6.9 83.9+44 69.6 +4.7 74.4+6.7 0.07 0.41 0.30 0.64
Number of viable oocytes 24.7+£3.5 71+1.1 7.9+0.9 259+3.2 95+1.5 9.6+1.4 26.2+2.7 106+ 1.8 8.7+1.3 <0.01 0.06 0.46 <0.01
Percentage of viable oocytes 68.6 +4.1 53.8+4.0 595+5.1 68.6 +2.7 58.0+ 3.6 66.3+3.8 69.1+2.6 61.2+3.3 56.8+4.8 0.01 0.48 0.38 0.05
Number of cleaved embryos 20.6 £3.2 41+0.6 45+0.5 21.6+2.7 55+1.1 5.9+0.8 21.1+23 5.9+1.0 5.1+0.9 <0.01 0.15 0.68 <0.01
Cleavage rate (%) 82.4+3.6 62.5+5.38 61.4+54 85.1+22 57.4+7.0 68.1+5.0 80.3+25 59.7+5.9 61.1+5.0 0.02 0.62 0.65 0.01
Number of blastocysts on D7 7217 11+04 11+0.3 7.7+15 1.2+0.3 04+0.1 6.9+1.5 11+0.4 06+0.2 <0.01 0.76 0.62 0.28
Blastocyst rate (%) 28.1+5.6 16.6 £5.2 145+4.0 28.4+4.7 15.7+5.9 6.3+2.3 284+48 10.0+3.7 10.0+ 3.6 <0.01 0.36 0.56 0.36
Number of hatched blastocysts 37+1.1 04+03 04+0.2 41+1.0 0.3+0.2 04+0.2 3.4+0.7 0.3+0.1 0.2+0.1 <0.01 0.56 0.62 0.20
Hatching rate (%) 40.7 9.1 28.9+149 38.3+14.5 52.9+84 22.2+8.8+ 28.6 +18.4 525+8.3 23.3+13.7 35.7+18.0 0.13 0.68 0.66 0.15
Nuclei of hatched embryos 173.0£ 9.1 116.5+ 23.0 225.1+ 35.3 185.1+ 9.0 199.5+ 16.0 191.3+ 38.6 168.9+ 9.1 175.5+ 17.2 183.5+ 73.5 0.35 0.35 0.11 -

621

622 Data are shown as the means = S.E.M. Percentages were calculated as the number of structures/ donor/ replicate, except for nuclei of hatched

623  embryos
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Fig. 1. Interaction between genetic group and replicate for the number of visualized follicles (A), the
number of total oocytes (B), the number of viable oocytes (C), and the number of cleaved embryos
(D). Although Bos indicus (Nelore) had a greater number of visualized follicles, total oocytes, viable
oocytes, and cleaved embryos than Bos taurus (Holstein) and Bubalus bubalis (Mediterranean)

heifers, note the decrease in the number of visualized follicles and in the number of total oocytes in

the 6™ replicate for Bos indicus. azb: P< 0.01
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