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In vitro embryo production of Bos taurus
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Abstract: Oocyte quality is important for in vitro embryo
production success. Morphological features such as fol-
licular size, oocyte diameter, cytoplasm appearance, and
zona pellucida integrity determine oocyte’s developmen-
tal competence. Evaluations at the meiotic stage, and of
metabolic state and viability have also been performed.
Therefore, the aim of this study was to elucidate if Bos
taurus oocytes from follicles of different sizes, identified
by the brilliant cresyl blue staining (BCB), show improved
in vitro embryo development. Oocytes from small (2.0—
4.9 mm) and large (5.0-10.0 mm) follicles were classified
according to their cytoplasm appearance, blue (BCB+)
and colorless (BCB-), and by measuring their diameters.
The analyzed parameters were viability before matura-
tion and after fertilization, assessment of the meiotic
stage, embryo development and blastocyst formation,
and the results for BCB+ and BCB- oocytes from small
and large follicles were compared. The results varied ac-
cording to the oocyte classification, oocyte from small
follicles showed an increase in blastocyst production.
We conclude that BCB staining allows the select on of
oocytes from small follicles that are competent of reach-
ing the blastocyst stage in Bos taurus.
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Introduction

The evaluation of oocyte quality is critical for in vitro
embryo production success. It is important to identify
oocytes with developmental competence. This is com-
monly performed by assessment of morphological fea-
tures [1], such as the oocyte diameter and follicular size
[2, 3]; evaluations at the cellular level of the meiotic stage
[4], metabolic activity [5] and viability have also been per-
formed [8].

Morphologic assessment of oocyte quality is based on
the thickness of the cumulus oophorus and cytoplasm
homogeneity [7]. However, oocyte selection based on
morphological characteristics provides an imprecise cri-
terion of choice [8]. Oocytes with normal morphological
appearance can be found at an early stage of degenera-
tion [9].

The follicular size is another parameter used to iden-
tify oocytes with developmental capacity. It has been re-
ported that follicular growth is a key process, because
the oocytes of large follicles (LF) have greater develop-
mental capacity than those obtained from small follicles
(SF) [1, 3, 10]. However, it has also been reported that
bovine follicles of the same follicular size exhibit differ-
ent physiological stages [11]. Other studies, performed
with bovine, goat and sheep oocytes, have reported an
association between oocyte diameter and blastocyst de-
velopment [12]. Bovine blastocyst production increases
in full-grown oocytes with diameters greater than 120 ym
compared those with diameters of 115 um [13]. When oo-
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cytes complete growth, they achieve a metabolic state
considered more competent for in vitro maturation (IVM)
and in vitro fertilization (IVF), therefore, identification of
competent oocytes is a critical point for in vitro embryo
development (IVED). The brilliant cresyl blue (BCB) tech-
nique for competent oocyte identification has been de-
scribed [7]. BCB is a non-invasive intracellular dye used
to identify oocytes that have completed their growth. It
is an electron acceptor and it has been reported as an
indicator of the glucose-6-phosphate dehydrogenase
(G6PDH) activity [1, 5]. In oocytes that have completed
their growth, the activity of G6PDH and the production
of reduced nicotinamide adenine dinucleotide phosphate
(NADPH) decreases, consequently, BCB cannot be re-
duced and the oocyte cytoplasm staining remains blue
(BCB+). In oocytes that continue to grow, G6PDH activity
and NADPH production is intense, and they reduce BCB,
rendering the oocyte cytoplasm colorless (BCB-) [3].

It has been reported that BCB+ oocytes in both, bovine
and buffalo, are larger in diameter [12, 14], and that they
are capable of producing a greater number of embryos
and blastocysts [8, 14]. Blastocyst production from BCB+
oocytes has been reported to be significantly better than
that from control [8, 14—1€]. However, it has also been
reported that no differences were found between the
production of blastocysts from BCB+ bovine oocytes and
controls [17-1S]. These conflicting results, in terms of the
BCB staining efficacy in identifying competent oocytes,
could be due to differences between the bovine species
(Bos indicus vs. Bos taurus) investigated. One study
reported blastocysts production of 28% from BCB+ oo-
cytes obtained from the crossbred B. taurus x B. indicus;
however, this value was not significantly different from
that of the control (25%) [17]. Consequently, the bovine
species could constitute a key factor in the identification
of high-quality oocytes.

Worldwide B. taurus is an economically important spe-
cies due to its higher production of milk and meat com-
pared to B. indicus [20]. Milk production in Mexico was
11 billion liters in 2017 [21], and approximately 50.6% of
is obtained from B. taurus [22]. For this reason, to pre-
serve these species characteristics, crosses of B. tau-
rus and B. indicus have been made. Oocytes from B.
indicus have better quality than those from B. taurus
mainly due to major adaptation characteristics. Besides,
B. indicus has thermotolerant genes which protect their
reproduction features of increased fertilization and blas-
tocyst formation [23]. Another factor to be considered is
that geographical distribution of B. Indicus is in Mexico’s
south-east, and that of B. taurus is in the north and center.
It has been reported that B. taurus has greater sensitivity

to high temperatures, i.e. heat stress, and this affects fol-
licular growth, follicle number, steroidogenesis and gap
junctions between the oocyte and cumulus cells [23].
These factors may lead to infertility; therefore, this spe-
cies has become highly important in terms of the study
of IVF efficiency. It has been reported that higher blasto-
cyst rates were obtained in B. indicus than in B. taurus
(36% vs. 12%, respectively) [24]. Most studies reporting
high blastocyst rates were performed on B. indicus, but
in several studies, the animal species was not specified.
Therefore, the aim of this study was to elucidate if B. tau-
rus oocytes from follicles of different sizes, identified by
BCB staining, show increased IVED rates.

Materials and Methods

This study was approved under the regulations of the
Committee for the Care and Use of Animals, Metro-
politan Autonomous University-Xochimilco. The ovaries
were obtained from B. taurus cows at the Temamatla
slaughterhouse, State of Mexico, under the approval of
the animal health federal law with the number: 025575-
R. Frozen semen was obtained from one commercial
Holstein bull (Semex, México).

Unless otherwise stated, all chemicals were purchased
from Sigma-Aldrich (St. Louis, MO, USA). The incubation
conditions for all processes were 38.5°C with an atmo-
sphere of 5% CO,, 95% air, and saturation humidity.

Oocyte collection

Ovaries were obtained from B. taurus (Holstein) cows
and transported to the laboratory in a solution consisting
of 0.157 M NaCl at 37°C supplemented with antibiotics:
7.5 1IU/ml ampicillin, 7.5 pg/ml streptomycin, and 0.015
ug/ml amphotericin. The follicles were classified using a
Vernier caliper in to small (SF; 2.0-4.9 mm) and large
(LF; 5.0-10.0 mm). The follicular fluid was aspirated with
Tyrode’s modified medium, supplemented with 10 mM
sodium lactate, 0.50 mM HEPES buffer, and 0.01% poly-
vinyl alcohol (TL-HEPES-PVA), with a pH of 7.3-7.4 [5].

Brilliant cresyl blue stain

Oocyte-cumulus cells complexes (COCs) from the two
follicles sizes were exposed to BCB (26 pM) diluted in
modified Dulbecco’s phosphate-buffered saline (mD-
PBS), supplemented with 0.4% bovine serum albumin
(BSA) for 90 min. COCs were classified according to
the color of the cytoplasm: blue (BCB+) and colorless
(BCB-) [1, 3].



Oocyte diameter assessment

To determine the diameter of the oocytes treated with
the BCB, it was necessary to remove the cumulus cells.
Each oocyte was photographed by a camera (Nikon
COOLPIX S4) and all measures were obtained using
Imaged, image processing program [25], considering the
center and two perpendicular axes, including the zona
pellucida.

In vitro maturation of BCB+, BCB- and control oocytes

Both BCB treated and control oocytes were washed
three times in TCM-199 supplemented with 26.2 mM so-
dium bicarbonate, 3.05 mM D-glucose, 0.91 mM sodium
pyruvate, 0.1% PVA, 0.57 mM cysteine and 10 ng/ml epi-
dermal growth factor [6]. The oocytes were transferred in
batches of ten to 45 pL of the maturation medium same
as above supplemented with 10% fetal bovine serum
(FBS) and 0.075 IU/ml of human menopausal gonadotro-
pin, then cultured for 24 h.

In vitro fertilization sperm preparation

Thawed semen was diluted 1:3 with modified Tris-
buffered medium (mTBM) containing 113.1 mM NaCl,
3 mM KCI, 7.5 mM CacCl,, 20 MM Tris, 11 mM glucose,
10 mM sodium pyruvate, 60 pg/ml penicillin, and 100 ug/
ml streptomycin sulphate [26]. The semen suspension
was centrifuged at 500xg for 20 min [27]. The pellet was
resuspended in 1 ml of mMTBM supplemented with 8 mg/
ml BSA and incubated for 1 h (swim up). The supernatant
was recovered (0.5 ml) and diluted in mTBM to obtain a
concentration of 1 x 108 sperm/ml [5].

In vitro fertilization of BCB+, BCB- and control oocytes

The cumulus cells were partially removed from the
oocytes after IVM, and the oocytes were transferred in
batches of ten to 45 uL of the fertilization medium: Ty-
rode’s medium supplemented with 6 mg/ml BSA, lactate,
and pyruvate (TALP). The oocytes were incubated with
sperm for 21 h [18].

In vitro embryo development of BCB+, BCB- and control
oocytes

The remaining cumulus cells were mechanically re-
moved and the zygotes were co-cultured with granulosa
cells in sequential media SOF1-SOF2 (In vitro, Mexico)
for 168 h [28]. SOF1 (50 uL) was used for 48 h and SOF2
(50 pL) for the remaining 120 h. The culture media were
supplemented with 10% FBS [28]. Cleavage was evalu-
ated after 72 h of incubation and blastocyst production
at 168 h.
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Assessment of the viability and meiotic stage

A double stain was performed. Thiazolyl blue solution
(0.5 mg/ml) exposure for 2 h was used to determine the
oocyte viability. Oocytes with violet cytoplasm was con-
sidered viable, and colorless ones were considered non-
viable [8]. A second staining, Hoechst (40 pg/ml) diluted
in PBS for 45 min, was performed to assess the meiotic
stage: germinal vesicle (GV), metaphase | (Ml), meta-
phase Il (MIl) [7] and fertilized (F), which was determined
by the presence of male and female pronuclei. Mll plus
fertilized oocytes were considered mature. Observations
were made at 400 x under an epifluorescence micro-
scope (Nikon Eclipse E600).

Statistical analysis

To compare the viability, meiotic stage, IVED, and blas-
tocyst rates among the oocytes groups from both follicles
sizes, data were treated as non-parametric and analyzed
using a multiple comparison Duncan test and Number
Cruncher Statistical Software (NCSS'). Percentage
data are presented as mean + SD values. Differences
were considered significant when P < 0.05.

Experimental design

Four experiments were performed to determine the via-
bility, meiotic stage, oocyte diameter, IVM, IVF and IVED
of BCB-treated oocytes from small (SF; 2.0-4.9 mm)
and large (LF; 5.0-10.0 mm) follicles and untreated con-
trols.

Experiment 1. Determination of the diameter of oocytes
treated with BCB.

The diameters of 463 BCB-treated oocytes were mea-
sured (4 replicates) of which 322 were obtained from SF
and 141 from LF.

Experiment 2. Assessment of the viability of oocytes be-
fore IVM and after IVF.

For oocyte viability before IVM and after IVF, a total of
406 BCB-treated oocytes were evaluated with thiazolyl
blue solution (MTT) (4 replicates) before IVM: 263 and
143 from SF and LF, respectively. For the control, a total
of 166 oocytes were evaluated (4 replicates) of which 96
and 70 oocytes were obtained from SF and LF, respec-
tively. After IVF, 389 BCB-treated oocytes were evalu-
ated (6 replicates) of which 275 and 114 were from SF
and LF, respectively. For the control, 138 oocytes were
evaluated (6 replicates): 103 and 35 oocytes from SF and
LF, respectively.
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Table 1. Results of BCB staining of oocytes from the two
sizes of follicles

Follicle Size ~ Total n Group n (% * SD)
Small 1,053 BCB+ 221 21 £ 17)*
BCB- 832 (79 + 19)°
Large 467 BCB+ 220 (47 + 18)°
BCB- 247 (53 +21)°

n: number of oocytes. The percentages were calculated
from number of oocyte analyzed. Different superscripts
indicate a significant difference (P < 0.05).

Table 2. Diameters of BCB+ and BCB— oocytes from
the two follicles sizes

Follicle Size  Total n Group n (X +SD)
Small 322 BCB+ 61 (154+7)
BCB- 261 (151 +7)
Large 141 BCB+ 61 (153 £5)
BCB— 80 (150 + 6)

n: number of oocytes. X = SD: oocyte diameter (um)
average = SD. The diameters showed no significant
differences among the groups (P > 0.05).

Table 3. Viability before IVM and after IVF of oocytes from the two follicles sizes

Before IVM After IVF
Follicle Size Group
n Viability n (% + SD) n Viability n (% + SD)
Small Control 96 92 (95+9) 103 97 (94 £ 11)
BCB+ 50 44 (88 = 11) 53 45 (85+15)
BCB- 213 204 (96 £ 4) 222 199 (89 £ 11)
Large Control 70 68 (97 £4) 35 31 (88 £13)
BCB+ 71 70 (98 £ 4) 61 54 (88 £ 13)
BCB- 72 70 (97 £ 3) 53 45 (85+21)

n: number of oocytes. The percentages were calculated from the number of analyzed oocytes.

There were no significant differences (P > 0.05).

Experiment 3. Assessment of the meiotic stage before
IVM and after IVF.

A total of 388 BCB-treated oocytes were evaluated
with Hoechst stain (4 replicates) before IVM: 248 and
140 oocytes from SF and LF, respectively. For the con-
trol, 160 oocytes were evaluated with Hoechst (4 repli-
cates): 92 and 68 oocytes from SF and LF, respectively.
After IVF, 343 BCB-treated oocytes were evaluated with
Hoechst (6 replicates): 244 and 99 oocytes from SF and
LF, respectively. For the control, 128 oocytes (6 repli-
cates) were evaluated: 97 and 31 oocytes from SF and
LF, respectively.

Experiment 4. Evaluation of the embryo development
and blastocyst formation rates.

A total of 262 BCB-treated oocytes were cultured (4
replicates) to evaluate embryo development: 193 and
69 oocytes from SF and LF, respectively. For the con-
trol, 161 oocytes were cultured (4 replicates): 87 and 74
oocytes from SF and LF, respectively. The percentage
of blastocysts was calculated from the total cleavage in
each group.

Results

Oocytes treated with BCB

In the present study, 1,520 oocytes were obtained,
69% from SF (n=1,053) and 31% from LF (n=467). Those
treated with BCB showed a higher percentage of BCB-
in both follicle sizes (P < 0.05). A higher percentage of
BCB+ oocytes was obtained from LF that from SF (P <
0.05) (Table 1).

Diameters of oocytes treated with BCB
The diameters of BCB+ and BCB- oocytes from SF
and LF were similar (P > 0.05) (Table 2).

Viability of oocytes before IVM and after IVF

The viability of BCB+, BCB- and control oocytes
groups from both follicle sizes did not show differences
before IVM (P > 0.05). Also, after IVF no differences
among the groups were found (P > 0.05). The result of
comparisons of the viability before IVM and after IVF
were also similar (P > 0.05) (Table 3).

Meiotic stage before IVM and after IVF

The percentage of oocytes in the GV and MI stages
before IVM were similar among the BCB+, BCB- and
control oocytes from both sizes of follicles (P > 0.05).
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Table 4. Meiotic stage before IVM and after IVF of viable oocytes from the two follicles sizes

Follicle G Before IVM n (% + SD) After IVF n (% + SD)
. roup
R n GV MI n MI MII F Matured*

Small ~ Control 92 53(58+12) 39(42+12) 97 21 (21+19" 25@25+16)" 51(53+32)°" 76 (78+19)°
BCB+ 44  28(64+22) 16(36+22) 45  4(9£6) 6(13£0)°  35(78+18)° 41 (91 +6)°
BCB- 204 134(66+10) 70(34+10) 199 28(14=14)° 57(28+17)" 114(57+22)" 171 (85 14)

Large  Control 68 44(65+15) 24(35+15) 31  3(10° 72248  21(68+8)° 28 (90 15)°
BCB+ 70  42(60+10) 28(40+5) 54 7(13£10)° 13(24+23)" 34(63+27)° 47(87=13)
BCB- 70 42(60+20) 28(40£20) 45  S5(11+8)°  8(18+8)"  32(71=16)° 40(89:9)°

n: number of oocytes. Meiotic stage: germinal vesicle stage (GV), metaphase I (MI), metaphase II (MII), and fertilized (F), which
was identified by the presence of male and female pronuclei. *The MII plus fertilized oocytes were considered matured. The percent-

age was calculated from the number of analyzed oocytes. Different superscripts indicate a significant difference (P < 0.05).

Table 5. Embryo and blastocyst development rates of oocytes from the two follicles sizes

Follicle Size Group n Cleavage n (% = SD) Blastocyst/Cleavage n (% + SD)
Small Control 87 50 (57 £ 6)* 8 (l6+1)*
BCB+ 57 35 (61 + 20)* 7(26+21)
BCB- 136 73 (54 £ 15)° 9 (12+£4)*
Large Control 74 47 (64 + 19)° 724+ 15)°
BCB+ 27 17 (63 + 21) 321£11)°
BCB- 42 32 (76 + 13)° 5025+ 12)°

n: number of oocytes. Different superscripts indicate a significant difference (P < 0.05).

After IVF, control oocytes from SF displayed higher Ml
rates compared to BCB+ and BCB- oocytes (P < 0.05).
All the oocyte groups from LF had similar Ml rates (P >
0.05). Percentages of matured oocytes (MIl + F) from SF
were significantly higher in the BCB+ and BCB- groups
compared to the control; however, no significant differ-
ences were found among the oocyte groups from LF (P
> 0.05). Concerning fertilization, in oocytes from SF, fer-
tilization rates were higher in the BCB+ group compared
to the control and BCB- groups (P < 0.05). However, in
oocytes from LF, fertilization rates were higher in the
BCB- group compared to the BCB+ and control groups
(P <0.05) (Table 4).

Embryo and blastocyst development

The embryo cleavage rates of the BCB+ and control
oocytes from SF showed no difference (P > 0.05), but
they were higher compared to the BCB- group (P <
0.05). On the other hand, the embryo cleavage rates of
BCB+, BCB- and control group oocytes from LF were
similar (P > 0.05) (Table 5).

The blastocyst development rates of the BCB+ oocytes
from SF were higher than those of the control and BCB-
group oocytes (P < 0.05). The blastocyst development
rates of LF oocytes were similar among the BCB+, BCB-
and control groups (P > 0.05) (Table 5).

Discussion

Reproductive technologies are important for the de-
velopment of the livestock industry, especially that of B.
taurus cows [5]. However, research results regarding ef-
ficacy BCB staining have been contradictory. Some stud-
ies did not specify the animal species studied [1, 8, 29,
30] and some were carried out on B. indicus [5, 24, 31]
exclusively; therefore, it is difficult to draw definitive con-
clusions.

The genotype is an important aspect to be considered,
because there are differences in the follicular develop-
ment between B. indicus and B. taurus. During follicular
recruitment, B. indicus cows recruit a greater number of
follicles per follicular wave than B. taurus [32]; therefore,
the number of oocytes recovered under hormonal treat-
ment is higher in B. indicus than in B. taurus [24]. On the
other hand, it is known that the quality of oocytes from B.
taurus decreases in the summer [33]. Therefore, these
characteristics should be considered when evaluating
the developmental capacity of oocytes [5].

In the present study, a greater number of B. taurus
oocytes were obtained from SF, but only 21% of them
were BCB+. This suggests that oocytes from SF continue
in the growth phase. In LF, fewer oocytes were recov-
ered and no significant differences in their characteris-
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tics were found between the BCB+ and BCB- groups,
although higher BCB+ oocyte rates were obtained from
LF compared to SF. Itis clear that oocytes from LF would
possess better developmental capacity because fol-
licular growth is essential for oocyte maturation [34]. In
agreement with our results, Karami-Shabankareh et al.
[1] reported that bovine oocytes showed no correlation
between the BCB+ percentage and follicular size.

In B. taurus and buffalo, it has been demonstrated that
BCB+ oocytes are larger in diameter than BCB- oocytes
[12, 35]. However, the present study found that the di-
ameter was similar in BCB+ and BCB- oocytes obtained
from both follicle sizes. In agreement with this, Castane-
da et al. [25] reported the same. Also, some studies have
demonstrated that bovine oocytes from 3 mm follicles
have completed their growth, therefore they do not in-
crease in diameter in relation to the follicular develop-
ment [29, 34]. Accordingly, the diameter of the B. taurus
oocytes, as a parameter of quality, cannot be used as
a reliable method to predict the developmental capacity.

The meiotic stage before IVM is related to develop-
mental capacity [36]. In the present study, GV oocyte
rates were similar in BCB+, BCB- and control oocytes
from both sizes of follicles. Another study of buffalo also
reported that GV percentages of BCB+, BCB- and con-
trol oocytes from three follicles sizes were similar [7].

The ovulation of matured oocytes with the ability to
carry out normal embryo development is the end point of
in vivo maturation [37]. The results of the present study
show that the maturation rates of BCB+ and BCB- oo-
cytes from both SF and LF were similar. These results
demonstrate that BCB staining does not increase the M|
proportion of oocytes. Some studies have reported great
similarities in the Mll proportions of BCB+ and control oo-
cytes [16, 38, 39, 40]. In controls, the maturation rate was
slightly reduced, only in oocytes form SF, as reported by
Manjunatha et al. [35] in buffalo.

Results concerning the efficacy of BCB staining of
bovine oocytes are controversial. In the present study,
the fertilization rate increased in BCB+ oocytes from SF
(78%) and BCB- oocytes from LF (71%). It has been re-
ported that BCB- bovine oocytes have higher fertiliza-
tion rates than BCB+ [41]. Also, BCB+ buffalo oocytes
have been reported to have higher fertilization rates than
BCB- oocytes [35]. Another study of B. taurus oocytes
reported a fertilization rate of 48%, lower than that seen
in the present study [23].

The embryo cleavage rate of oocytes from SF were
higher in the BCB+ and control groups than in the BCB-
group; therefore, blue BCB staining identified the oocytes
in SF with the greatest capacity for development. Some

studies have reported similar results for B. taurus [42]
and B. indicus [5]. With regard to oocytes from LF, BCB
staining did not identify those with greater development
capacity, as was previously reported by Karami-Shaban-
kareh et al. [1].

The blastocyst production was higher in BCB+ (26%)
than in BCB- (12%) oocytes from SF. Besides, the blas-
tocyst production rate of BCB+ oocytes was similar to
that of BCB+ oocytes (21%) from LF. These results agree
with those reported by Muasa et al. [5] for B. indicus.
Blastocyst production was similar in BCB+ and BCB- oo-
cytes from LF. A likely explanation for this is that in LF,
oocytes are selected naturally in vivo by endocrine and
paracrine factors for follicular recruitment [43—45].

In summary, BCB staining of oocytes from SF in-
creased blastocyst production by allowing the selec-
tion of competent oocytes that will reach the blastocyst
stage. In LF, since oocytes have been selected naturally
(by means of ovarian folliculogenesis), no significant dif-
ferences were observed in blastocyst production rates
among the groups. However, fewer oocytes were recov-
ered from LF, resulting in fewer oocytes available for IVF
procedures.

The results of this study suggest that selecting oocytes
from SF, that are positively stained by BCB, increases
the blastocyst rates in B. taurus.
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