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The present study investigated the effects of epidermal growth factors
(EGF) and/or B-Mercaptoethanol (BME) supplementations to oocyte maturation,
fertilization, and culture media on the buffalo in vitro embryo production. The
ovaries were collected and transferred within 2 h to the laboratory. The cumulus
oocytes complexes were aspirated from 3 to 8 mm diameter follicles. Firstly, EGF;
0, 10, 20, or 50ng/mL or BME; 0, 25, 50, 100, or 200 WM were supplemented
to the in vitro maturation (TCM-199), fertilization (IVF-TALP), or culture (IVC:
SOF) media. Our results revealed that supplementing EGF (20ng/mL) to the
TCM-199, IVF-TALP, or SOF media could efficiently improve the growth rates
and development of buffalos’ embryos, while EGF (50ng/mL) could stimulate
the embryo production only after treatment of the IVF-TALP /or SOF media, but
not the IVM medium. However, BME was less efficient than EGF; it stimulated
the growth rates of buffalo embryos when supplemented with the maturation
and fertilization (IVF-TALP) media in a 50 wM concentration. Secondly, combined
EGF (20ng/mL) and BME (50 wM) were supplemented to the maturation media
as effective concentration. The combined treatment of EGF (20 ng/mL) and BME
(50 wM) showed no significant enhancing effect on the buffalo embryos compared
to each alone. For future perspectives, further study is required to examine the
effects of combined EGF and BME on the maturation and fertilization of buffalo
oocytes at different categories of age and seasonal localities.
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1. Introduction

Buffaloes (Bubalus bubalis) are important milk and meat
producers and efficiently resist adverse environmental conditions.
However, buffaloes have lower productivity and reproductive
performance than cows due to; anoestrus, delayed puberty, or
lower conception rates (1, 2). Compared to cows, the donner
buffaloes were known to give lower ovarian follicles numbers, a low
embryo recovery rate, and less effective superovulation (3), which
may be attributed to the genetic-merits advancements through
reproduction-biotechnologies of the cows compared to buffaloes
(4, 5). In-vitro embryo production (IVEP) is an effective technique
for producing high-quality bovine embryos (6).

However, IVEP in buffaloes is limited due to several factors,
including low-quality oocytes obtained by ovarian stimulation.
Oocyte maturation is essential for fertilization and implantation
and completion of meiosis in response to substances naturally
originating from follicular fluid and cells (7, 8).

Cavalieri et al. (9), and Marin et al. (10) reported in vitro
embryo production (IVEP) efficacy was poor as 30-40% of the total
oocytes were developed into the blastocyst stage in cattle. However,
the blastocyst production rates in buffaloes were usually lower than
those achieved in cattle (around 22 vs. 40%, respectively). Thus,
different laboratories with scientific and commercial characteristics
have worked in the search to improve embryo production rates.

On the other side, Epidermal growth factor (EGF) promotes
oocyte maturation, including cellular growth, proliferation, and
differentiation and so mitosis stimulation (11) and meiosis
induction (12, 13). Also, EGF regulates various ovarian functions,
including granulosa and theca cells, follicle-stimulating hormone
action, and enhancement of oocyte maturation. Also, Adding EGF
alone to IVM media increases the cumulus cell expansion and
enhances the nuclear maturation of bovine oocytes. For oocyte
maturation and embryo development, antioxidants play a pivotal
role in many mammalian species (14) because excessive production
of reactive oxygen species negatively affects oocyte maturation and
embryo development (15).

B-Mercaptoethanol (BME) is a critical sulphuric amino acid
component of oocyte glutathione (GSH) that plays an important
role in protection against the toxic effect of oxidative stress. BME
is essential to enhance the oocyte GSH synthesis and improve
the quality of bovine embryos, and BME can effectively improve
oocyte maturation, likely due to the decrease in the oocytes’
intracellular free radicals (16). Furthermore, previous studies
showed that adding PME solely to the IVM media enhances
the expansion of the cumulus cells, the oocyte maturation, and
the fertilization rates (17). Also, Sidi et al. (18) reported that
BME supplementation could protect the bovine embryos against
oxidative stress and enhance the development of embryos with
increased blastocysts viability.

EGF and antioxidants could increase the cumulus expansion,
helping cellular maturation, but not nuclear (19). Combined
supplementation of EGF (20ng/mL) plus BME (100 pnM) in
buffalo was proposed to increase the proportion of oocytes
with the extruded polar body (20). Similar findings reported
significant increases in cleavage and blastocyst rates in response
to a combined treatment of EGF and cysteamine, an amino
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acid component essential for the synthesis of GSH (21). Despite
previous studies on supplementing EGF and/or antioxidants
to in-vitro embryo production media, it is still unclear what
is the most effective development stage (IVM, IVE or IVC)
they were involved in buffaloes’ embryos. Consequently, the
optimum effective concentrations of the EGF and/or BME should
be clarified.

The hypothesis of the current study depended on the
supplementation of the EGE, BME, or their combination of the IVM
(TCM-199), IVF (IVE-TALP), or IVC (SOF) media. The specific
aim of this study was to unveil the effects of EGF as a growth
promotor and/or PME, as an antioxidant, on the production of
buffalo embryos throughout the different developmental stages in
vitro; maturation, fertilization, and culture.

2. Materials and methods

2.1. Biological materials

2.1.1. Ovaries

Ovaries were obtained from apparently normal reproductive
organs of the slaughterhouse of adult buffaloes (Hide for reviewers).
Instantly, the ovaries were placed in a thermos containing warm
saline (35°C) with penicillin; 100 IU/mL, and streptomycin;
100 pug/mL, till they reached the laboratory for further processing.

2.1.2. Semen

Frozen 0.25 mL-straws containing 30 x 10° spermatozoa/straw
of superior buffalo bulls; obtained from the Animal Reproduction
Research Institute (ARRI), El-Haram, Giza, Egypt, were thawed in a
water bath (Laboratory Circulating Water Bath HWS-28, China) at
37°C for 30s. One straw was randomly examined, and at least 50%
sperm progressive motility and not exceeding 25% abnormality
were approved in the experiment.

2.1.3. Chemicals and media

In vitro used media, including; EGF (E-5036), PME (M-6250),
and TCM-199 (M-7528), and chemicals used for the preparation
of IVF-TALP and SOF media, all were purchased from Sigma-
Aldrich (Co. St. Louis County, MO, USA). Other chemicals were
obtained from Oxford Laboratory, Maharashtra, India, including;
sodium bicarbonate, sodium pyruvate, EDTA, and calcium lactate
with reference numbers; S-07990, S-08302, E-03819, and C-
02186, respectively. D-glucose (S-2837) was purchased from Alpha
Chemika, Mumbai, Maharashtra, India.

2.2. Preparation of media
All media were filtered using a 0.2 pm (Millipore, USA) syringe

filter and incubated for at least 2h in a humidified atmosphere
(95%) under 5% CO, at 38°C before use.
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2.2.1. Aspiration media

Filtered modified phosphate buffer saline (m-PBS, pH 7.1)
with 3% (v/v) inactivated fetal calf serum (FCS); tablets soluble
in distilled water (six times of distillation) with the addition of
Na pyruvate (0.2 mM), glucose (5.56 mM), bovine serum albumin
(BSA; 6 mg/mL), streptomycin sulfate (5 mg/100 mL) and penicillin
(100 IU/mL) was used as aspiration medium.

2.2.2. Maturation media

Tissue culture media-199 (TCM-199) supplemented with
gentamycin (1 wL/mL), Earl’s salts, L-glutamine, and 25mM
HEPES with 10% heat-inactivated FCS (PAA, Austria, Linz) were
used for oocytes maturation. The media was adjusted for pH 7.3-
7.6, osmolarity 270-290 mOsm/kg, and then sterilized by filtration
using a 0.22 um Millipore membrane biological filter.

2.2.3. Sperm capacitation, fertilization, and
embryo culture media

Sperm Tyroid’s albumin lactate pyruvate medium (sp-TALP)
was used for sperm capacitation (22), while IVF-TALP, which
contains caffeine as a motility-enhancing substance, was used
as fertilization media (23). Modified synthetic oviductal fluid
(SOF) medium was prepared at the laboratory according to Tervit
etal. (24).

2.3. Oocyte recovery

The aspirated oocytes with compact multi-layered cumulus
cells and evenly granulated cytoplasm were selected for IVM. The
recovered COCs were classified according to their quality into;
good oocytes with homogenous granular ooplasm surrounded by
more than three-compact layers of cumulus cells, fair oocytes with
homogenous ooplasm surrounded by 1-3 layers of cumulus cells,
and denuded oocytes with uneven ooplasm (14).

2.4. In vitro maturation of oocytes

Selected good COCs were washed four times in fresh warm
aspiration medium and subjected to the final wash using an IVM
medium. In 35-mm Petri dishes, groups of 5-15 COCs were
cultured in 50-100 L droplets of the filtrated IVM media (pH 7.4)
covered with sterilized mineral oil for 24 h at 5% CO,, 38.5°C, and
90-95% relative humidity (25).

2.5. Sperm preparation and capacitation

Post-thawing, semen aliquots were subjected to a swim-up
procedure, as follows, in a 15-ml rounded-bottom centrifuge tube;
(a) 1mL of semen and (b) 1 mL of sp-TALP were added, (c) the
tube was incubated at 37°C with 5% CO, for 60 min in a 45°
angle, (d) the upper 0.85mL of supernatant was collected and
transferred in a conical tube and diluted with sp-TALP to reach
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a final volume of 5mlL, (e) the tube was centrifuged at 120 g for
10 min, (f) the supernatant was discarded, and the sperm pellet was
diluted with 200 1 of sp-TALP, (g) the recovered spermatozoa were
evaluated for progressive motility, and (h) the pellet containing
motile population was resuspended in a sperm culture medium and
used for culturing with the mature oocytes (26) (Figure 1).

2.6. In vitro fertilization

The matured oocytes were partially removed from the
surrounding cumulus cells for IVF and then washed twice in a
warm [VE-TALP medium. Microdroplet (100 1) of the IVF-TALP
containing caffeine (0.0194 g/mL) and BSA (6 mg/mL) with 10 x
10 sperm/mL was prepared as; 75 WL of IVE-TALP specified to
10 oocytes per 25 pL of sperm suspension. Co-culture of sperm-
oocyte for fertilization was performed in a humidified atmosphere

(22, 23, 27) (Figure 2).

2.7. In vitro embryo culture

The presumed zygotes were washed four times in the embryo
culture medium, SOE and cultured in a humidified incubator.
Morula production rate was examined for the 8-16 cell stages from
94 to 96 h post-insemination. One day later, 120 h after fertilization,
the blastocysts formed and began to appear. A part of SOF-medium
was replaced with a fresh one 2-3 times (pre-incubated for at least
2h) before the embryo transfer to minimize the harmful effect of
the waste products elaborated by the embryos (28).

2.8. Effects of EGF on oocyte maturation,
fertilization, and embryo development

One of four different concentrations of EGF; 0 (control), 10,
20, and 50 ng/mL was supplemented to TCM-199 media during
the maturation stage only (first experiment), to IVE-TALP media
during the fertilization stage only (second experiment), or to the
SOF media during the embryo culturing and development stage
only (third experiment).

2.9. Effects of BME on oocyte maturation,
fertilization, and embryo development

One of the five concentrations of BME; 0 (control), 25, 50,
100, and 200 pM was supplemented to the IVM medium (TCM-
199) during the maturation stage only for the first experiment, to
the IVF medium (F-TALP) during fertilization only for the second
experiment, or to the IVC medium (SOF) during the embryo
development stage only for the third experiment.
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FIGURE 1

A flow-diagram describing sperm preparation by swim up method using sp-TALP in the following steps. (A) One milliliter of semen is added into a
centrifuge tube. (B) One milliliter of the sp-TALP is added over semen. (C) The tube is incubated in an inclined position for 60 min. (D) The upper
0.85mL layer of the motile sperm cells is removed to be placed in a conical tube with adding sp-TALP till reach a final volume of 5mL. (E)
Centrifugation for 120 g is performed for 10 min. (F) The sperm pellet is resuspended in the culture medium.

FIGURE 2

Buffalo oocytes obtained from slaughterhouse ovaries for aspiration of immature cumulus oocytes’ complexes (COCs) from follicles of 3-8 mm size
(A). Microscopic selection of the good quality even-shaped nucleated oocytes surrounded by expanded cumulus cells (B, C, green arrow). Mature
oocytes after washing three times in [IVF-TALP medium (D). Evaluation of fertilization and cleavage stages in buffalo embryos; fertilized oocyte
presenting the male and female pronuclei (E), fertilized oocytes with polar body (red arrow) (F), start of cleavage showing the two-cell stage cleaved

studies (22, 23).

embryo (G), and the four-cell stage cleaved embryo (H). This figure is partially retrieved from another recent piolet study (27) based on previous

2.10. Effects of combined EGF and BME on
the embryo development

After the data of the single use of different concentrations
of either EGF or BME as a supplement to one of the three
developmental stages, IVM, IVE or IVC were statistically
analyzed, a combined concentration of 20 ng/mL EGF + 50 uM
BME was decided as the most effective concentration to be
supplemented to the IVM medium (TCM-199) during the
maturation stage.

2.11. Statistical analysis

Non-parametric data were expressed as percentages of progress,
and rates of oocyte maturation and embryo production, morula,
and blastocyst were calculated using the Chi-square for trend.
Numerical data of the different groups were expressed as mean
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=+ standard error of the mean (SEM) and compared among the
three experiments using one-way ANOVA, and Tukey was used
as a post-hoc test. Each experiment was repeated three times, and
the differences were considered for the mean £ SEM for three
replicates (N = 3). Differences were considered significant at P <
0.05. Graph-Pad Prism software was used for analysis (San Diego,
USA, V.0.6).

3. Results

Effects of EGF; 10, 20, and 50ng/mL, supplementation of
TCM-199, IVF-TALP, and IVC/SOF media on the development of
embryos were shown in Table 1 and Figure 3. The TCM-199, IVE-
TALP, or SOF media supplemented with 10 ng/mL of EGF didn’t
significantly increase the rates of embryo development, morula,
and blastocyst compared to each respective control (Table 1).
However, supplementation of 20 ng/mL of EGF to the different
media significantly increased the stages of embryonic development
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TABLE 1 Effects of epidermal growth factor (EGF) added to maturation (TCM-199), fertilization, (IVF-TALP), and culture (SOF) media on the embryo
stages in buffaloes; oocyte maturation, fertilization, cleavage/morula and blastocyst development.

EGF concentrations Media treatment with EGF
TCM-199 IVE-TALP

10 ng/mL 10 ng/mL 10 ng/mL
Total original oocytes 55 48 66 62 70 67
Mature oocytes 39 70.9 37 77.1 46 69.7 48 77.4 55 78.6 52 77.6
Fertilized oocytes 30 76.9 29 78.4 36 78.3 38 79.2 38 69.1 39 75.0
Morula production 9 30.0 18 62.1 14 38.9 20 52.6 17 44.7 22 56.4
Blastocyst production 2 222 6 333 6 42.9 11 55.0 8 47.1 11 50.0
Total number (100%) 103 128 137
Chi? (P-value) 3.8 (0.053)N¢ 2.0 (0.157)%¢ 0.95 (0.329)N¢
20 ng/mL 20 ng/mL 20 ng/mL 20 ng/mL

N % N % N
Total original oocytes 55 62 66 62 70 71
Mature oocytes 39 70.9 53 85.5 46 69.7 47 75.8 55 78.6 57 80.3
Fertilized oocytes 30 76.9 48 90.6 36 78.3 39 83.1 38 69.1 45 78.9
Morula production 9 30.0 40 83.3 14 38.9 31 79.5 17 44.7 38 84.4
Blastocyst production 2 22.2 21 52.5 6 42.9 20 64.5 8 47.1 26 68.4
Total number (100%) 117 128 141
Chi? (P-value) 19.0 (<0.0001)*** 9.3 (0.002)** 10.0 (0.001)**

Total original oocytes 55 54 66 57 70 67

Mature oocytes 39 70.9 38 70.4 46 69.7 46 80.7 55 78.6 54 80.6
Fertilized oocytes 30 76.9 28 73.7 36 78.3 35 76.1 38 69.1 41 75.9
Morula production 9 30.0 13 21.4 14 38.9 25 71.4 17 44.7 35 85.4
Blastocyst production 2 22.2 4 66.7 6 42.9 12 48.0 8 47.1 20 57.1
Total number (100%) 109 123 137

Chi? (P-value) 0.54 (0.462)NS 4.4 (0.037)* 7.5 (0.006)™*

The differences were considered significant at *P < 0.05, **P < 0.01, ***P < 0.001; NS stands for non-significant difference. CTL, control. EGF was added to the three media in 10, 20, or
50 ng/mL. The values denotes sum of three experiments. Chi-square (Chi?) for the trend of the morula and blastocyst production rates was calculated considering the sum of values scored for
the three experiments.

up to the blastocyst stage compared to each respective control, as The effects of BME supplementation 25, 50, 100, and 200 pM
shown in the demographic trends of Chi? analyses (Table | and  to the TCM-199, F-TALP, or SOF media on the buffalo embryo
Figures 3A1, C1, E1, respectively; P < 0.05). Embryo production  development are shown in Table 2 and Figure 3. Interestingly,
rates were also significantly increased in response to supplementing  adding 50 uM BME to the maturation or fertilization media
the IVE-TALP and SOF media compared to their controls’ trend  significantly increased the development trend of morula and
(Chi? = 4.4 and 7.5, respectively; P < 0.05), but not the TCM-199  blastocyst stages compared to their controls (Chi> = 12.0, P
media, with 50 ng/mL of EGF (Table 1). = 0.0005, and Chi’> = 9.5, P = 0.002, respectively; Table 2

Fertilized oocytes proportion with the extruded 2nd polar body ~ and Figures 3B1, D1, respectively). The other concentrations of
was the highest in TCM-199 supplemented with 20 ng/mL of EGF ~ BME, 25, 100, and 200 uM, didn’t increase the rates of oocyte
(90.6%) compared to control (76.9%) (16.0 £ 6.0vs. 10.0 £ 1.2; P <  maturation, fertilization, or cleavages of embryos compared to
0.05). Furthermore, morula production was significantly increased ~ those of the control (Table2). According to Chi? analyses,
in response to the same concentration of EGF added to the TCM-  50uM of BME significantly scored the highest trend for
199 media (83.3%) rather than the control (30.0%; 13.3 0.7 vs. 3.0 ~ morula production after supplementation of the IVM (75.9 vs.
=+ 0.6; Table 1 and Figures 3A, Al; P < 0.05). 50.0%) or IVF medium (73.5 vs. 46.2%) compared to their
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FIGURE 3
Effects of EGF (20 ng/mL) added to TCM-199, IVF-TALP, and SOF media, on buffalo embryo stages; oocyte maturation, fertilization, morula and
blastocyst were shown in (A, C, E), respectively. EGF (20 ng/mL) characteristics on the developmental stages (%) of those embryos in vitro were
shown in (A1, C1, E1), respectively. Effects of BME (50 uM) added to TCM-199, IVF-TALP, and SOF media, on buffalo embryo stages; oocyte
maturation, fertilization, morula and blastocyst were shown in (B, D, F), respectively. BME (50 uM) characteristics on the developmental stages of
embryos in vitro were shown in (B1, D1, F1), respectively. Values were presented as mean + SEM for three experiments (A—F). Arrows denotes the
stage in treated medium. Asterisk (") denotes significance difference between each respective values (treated vs. CTL) at P < 0.05.

controls (Table2 and Figures 3B1, DI; P < 0.001). Morula
production was significantly increased in response to the same
concentration of BME added to the TCM-199 media (75.9%)
rather the control (50.0%; 7.3 & 0.3 vs. 3.3 & 0.3; Table 2 and
Figures 3B, D; P < 0.05).

Effective concentrations of either the EGF or BME showed
higher potency in the TCM-199 media compared to the fertilization
or culture media. Therefore, the effects of combined EGF
(20 ng/mL) plus BME (50 uM) supplementation of IVM/TCM-
199 media on embryo development were evaluated (Table3
and Figure 4). Supplementation of the TCM-199 media with
a combined concentration of EGF and BME significantly
increased the fertilization and growth rates of morula and
blastocyst compared to the control (Table 3 and Figures 4A, Al;
Chi? = 6.0, P = 0.015).

The demographic characteristics of in vitro maturation,
fertilization, and cleavage rates in addition to blastocyst production
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in response to EGF and/or BME added to the different media using
Chi? analyses have shown that EGF in 20 ng/mL was the highly
potent agent rather than PME 50 pM. Although the combined
treatment of both EGF and PME significantly increased the growth
rates of those embryos, it didn’t score additional enhancement
compared to those of EGF or BME, each alone (Chi2 = 19.0
and 12.0, respectively; Tables 1, 2 and Figures 3, 4, respectively; P
< 0.05). Accordingly, considering the blastocyst to morula ratio,
the proportion of blastocyst production scored the highest trend
in the TCM-199 medium supplemented with EGF (20 ng/mL)
rather, in order, than those supplemented with PME (50 uM)
and then the combined supplementation; EGF (20 ng/mL) plus
BME (50 wM), compared to those of controls (52.5 vs. 22.2, 40.9
vs. 20.0, and 54.5 vs. 42.9%, respectively). However, considering
the ratio of the blastocyst to the original oocytes, the proportion
of blastocyst production also scored the highest trend after the
treatment of TCM-199 medium with EGF rather, in order, than
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TABLE 2 Effects of Beta-Mercaptoethanol (BME) added to TCM-199, IVF-TALP, and SOF media on the embryo stages in buffaloes; oocyte maturation,
fertilization, cleavage/morula, and blastocyst development.

BME concentrations Media treated with BME
25 uM TCM-199 IVE-TALP

Total original oocytes 65 58 67 63 59 60

Mature oocytes 33 50.8 36 62.1 41 61.2 40 63.5 41 69.5 44 73.3
Fertilized oocytes 20 60.6 23 63.9 26 63.4 31 77.5 27 65.9 31 70.5
Morula production 10 50.0 15 65.2 12 46.2 20 64.5 9 333 12 38.7
Blastocyst production 2 20.0 5 333 2 16.7 6 30.0 3 333 3 25.0
Total number (100%) 123 130 119

Chi? (P-value) 2.6 (0.107)N¢ 3.4 (0.064)N 0.26 (0.61)™

Total original oocytes 65 49 67 65 59 55

Mature oocytes 33 50.8 40 81.6 41 61.2 42 64.6 41 69.5 38 69.1
Fertilized oocytes 20 60.6 29 72.5 26 63.4 34 81.1 27 65.9 24 63.2
Morula production 10 50.0 22 75.9 12 46.2 25 73.5 9 333 11 45.8
Blastocyst production 2 20.0 9 40.9 2 16.7 14 56.0 3 33.3 5 45.6
Total number (100%) 114 132 114

Chi? (P-value) 12.0 (0.0005)*** 9.5 (0.002)** 0.38 (0.536)NS

Total original oocytes 65 67 67 60 59 61

Mature oocytes 33 50.8 42 62.7 41 61.2 42 70.0 41 69.5 42 68.1
Fertilized oocytes 20 60.6 25 59.5 26 63.4 33 78.6 27 65.9 27 64.3
Morula production 10 50.0 16 64.0 12 46.2 12 36.4 9 333 11 40.7
Blastocyst production 2 20.0 6 375 2 16.7 3 25.0 3 33.3 4 36.4
Total number (100%) 132 127 120

Chi? (P-value) 2.2 (0.13)NS 0.89 (0.35)N8 0.08 (0.774)NS

Total original oocytes 65 59 67 75 59 63

Mature oocytes 33 50.8 33 55.9 41 61.2 42 56.0 41 69.5 45 71.4
Fertilized oocytes 20 60.6 15 45.5 26 63.4 28 66.7 27 65.9 29 64.4
Morula production 10 50.0 8 53.3 12 46.2 7 25.0 9 333 10 34.5
Blastocyst production 2 20.0 2 25.0 2 16.7 2 28.6 3 33.3 1 10.0
Total number (100 %) 124 142 122

Chi? (P-value) 0.10 (0.75)N¢ 0.77 (0.38)"¢ 0.10 (0.746)NS

The differences were considered significant at *P < 0.01; **P < 0.001. NStands for non-significant difference. BME was added to the three media in 25, 50, 100, or 200 M. The values denotes
sum of three experiments. Chi? for trend of embryo production was calculated considering the sum of values scored for the three experiments.
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TABLE 3 Effects of combined EGF and BME supplementations to the
TCM-199 medium on the embryo stages; cleavage and gastrulation.

TCM-199 medium

Embryo stages

CTL EGF + BME
N N %

Total original oocytes 35 43

Fertilized oocytes 14 40.0 26 60.5

Morula production 7 50.0 22 84.6

Blastocyst production 3 429 12 54.5

Total number (100%) 78

Chi? (P-value) 6.0 (0.015)*

EGF (20 ng/mL) and BME (50 M) were added to the three media. Chi? for trend of embryo
production was calculated. The differences were considered significant at *(P < 0.05). Other
explanations were given in Tables 1, 2. The values denotes sum of three experiments.

A A1

50; O CTL Blastocyst

& EGF+pME
404 Morula

301 TCM-199 Fertilized %)
0 20 40 60 80 100
N=3 M EGF+pME (DI CTL

20

NUMBER of EMBRYOS

Fertilized Morula Blastocyst

FIGURE 4

Effects of combined supplementation of EGF (20 ng/mL) and BME
(50 uM) to the TCM-199 medium on the buffalo embryo stages;
fertilized oocytes, morula, and blastocyst, were shown in (A), and
the trend demograph for the blastocyst production was shown in
(A1). Asterisk (") denotes significance difference between each
respective values (treated vs. CTL) at P < 0.05.

the combined supplementation of EGF plus BME, and then BME
compared with each respective control (33.9 vs. 3.6, 27.9 vs.
8.6, and 18.4 vs. 3.1%, respectively; Tables 1-3 and Figures 3, 4,
respectively; P < 0.05).

4. Discussion

The present study investigated the effects of supplementing
EGF- and/or BME to the TCM-199, IVF-TALP, or SOF media
on the in vitro growth rates of the buffalo embryos. The
study demonstrated that the optimum concentration of EGF as
20 ng/mL supplemented to TCM-199, IVF-TALP, or SOF media,
was potent for enhancing the expansion of COCs, inducing
higher maturation, fertilization, cleavage, morula, and blastocyst
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production (19). However, Sadeesh et al. (20) reported that the
optimum concentration of EGF was also 20ng/mL added to
the maturation/TCM-199 medium for buffalo’s in-vitro-produced
embryos. Earlier studies reported that oocyte competence and
blastocyst development rate were improved at 5ng/mL of EGF
(29). Moreover, Other in-vitro embryo production studies in bovine
found that the oocytes’ maturation rates were increased at 10 ng/mL
of EGF added to the maturation media (30). Previous studies were
compatible with our findings that higher concentrations of EGF, 40
or 50 ng/mL, reduced the blastocyst development rather than the
20 ng/mL, which may be attributed to a suggested phenomenon of
growth factor-induced receptor down-regulation. Generally, EGF
was previously reported to enhance the cellular function causing
early embryo development in mammals; more specifically, our
study elucidated that the optimum way to add EGF only as a
supplement to in-vitro-produced buffaloes’ embryos was 20 ng/mL
added to the TCM-199 media (14).

Our findings successfully determined that the optimum
concentration of BME alone was 50 WM added to the TCM-
199 media according to those reported by Songsasen and
Apimeteetumrong (31), who showed that supplementation of
TCM-199 medium with BME increased the proportion of buffaloes’
oocytes exhibiting synchronous pronuclei formation and enhance
the development of the produced blastocysts. Our results agreed
with those of Furnus et al. (32), who provided evidence that the
optimal development of cattle embryos in vitro partially depends
on the presence of precursor amino acids for intracellular GSH
production during IVM. Similarly, the present study provides
the beneficial effect of BME as likely attributed to the function
of BME in the production of GSH to improve the buffalo
embryo maturation and fertilization by increasing the blastocyst
production rates.

A previous study in porcine showed that supplementation
of lower concentration of PME, 25uM, in the IVM medium
increased the oocyte maturation rate (33); however, 50 uM of
cysteamine, or PME, could enhance not only the oocyte maturation
but also the transformation of sperm pronuclei formation (34).
Our findings revealed that supplementing 100 or 200 uM of
BME to the maturation medium couldn’t improve the growth
of buffaloes’ oocytes. Those findings agreed with Patel et al
(35), who reported similar findings in-vitro-produced buffaloes.
Cleavage, morula, and blastocyst rates were increased in the media
containing 50 uM of PME rather than those of control which
agreed with Sadeesh et al. (20), who stated that supplementation
of antioxidants such as BME to the culture medium enhanced
the antioxidant systems within the embryo and stimulated
the embryonic development. Thus, the oocyte developmental
competence could be improved by increasing the antioxidant
capacity of the oocytes during maturation in vitro (36, 37).
The present results are supported by Sidi et al. (18) studies
which reported that low molecular weight thiol-compounds like
the cysteamine or PME could stimulate the synthesis of oocyte
GSH. Both cysteamine and PME reduce cystine into cysteine and
promote cysteine uptake to enhance the oocyte’s GSH synthesis.
This pathway explains the efficacy of PME in improving oocyte
maturation (16).

Although BME added to SOF media showed no effect
on the embryo’s development, Sidi et al. (18) showed that
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supplementation of BME into the culture media could protect
the bovine embryos against oxidative stress and promote both
amino acid transport, DNA synthesis, and development of embryos
with increased the blastocysts viability. A previous report by
Kobayashi et al. (38) found that adding BPME in 100 M to
the TCM-199 improved the blastocyst formation and the cell
numbers of porcine oocytes, which may likely be due to the
species difference.

The present study reported that a combination of 20 ng/mL
of EGF plus 50 uM of BPME to the TCM-199 media significantly
improved the maturation of buffalo oocytes in wvitro. The
combination of EGF and antioxidants could increase the
maturation rate due to cumulus expansion, not nuclear maturation.
A significant increase in cleavage and blastocyst rates in response to
a combined treatment of EGF and cysteamine was reported (21).
On the other hand, Singhal et al. (19) reported that the TCM-
199 medium supplemented with EGF (20 ng/mL) plus cysteamine
(50 wM) showed no effect on the buffalo oocyte maturation and
embryo development. Still, in agreement with our study, the
oocyte cleavage rate was improved (46.4%) after supplementation
of the maturation medium with 20 ng/mL of EGF plus 50 uM
of BME.

Sadeesh et al. (20) stated that combined supplementation of
EGF; 20 ng/mL plus BME; 100 M, in the maturation medium
improved the maturation of buffalo oocytes with polar bodies
and further embryo development in vitro. They also compared
the TALP medium with the Bracket and Oliphant (BO) medium
for culturing and blastocyst production. Their findings were
consistent with our study, which used the combined treatments,
but the PME was at 50 uM since all stages of the embryo
development and cleavage rates were improved compared to
their respective controls. Another study testing the use of BO
medium instead of IVE-TALP should be carried out in the
future. They also observed that increasing the dose caused
a decrement in the cumulus expansion and the polar body
formation rates.

Simultaneously, in our study, using EGF or PME each alone
rather than combined use could be more effective for cleavage
and blastocyst production. These results could be attributed
to the embryos’ receptor’s down-regulation, supporting what
Sadeesh et al. (20) reported, but the potency was different
than ours.

Growth factors activate the receptor tyrosine kinases (RTKs) on
the cell’s surface, which triggers cellular proliferation by stimulating
the tyrosine autophosphorylation of RTKs and recruiting the Src
homology-2 (SH2) domains. Those activated RTKs are rapidly
internalized into cells by endocytosis and eventually degraded by
the lysosomes in a process termed receptor down-regulation, which
plays a crucial role in terminating the cellular proliferation signals
and preventing cellular overgrowth (39). The epidermal growth
factor receptor (EGFR) is the RTK (40). Activation of the protein
kinase C, which phosphorylates EGF-receptor threonine (41), or
stimulation of the calmodulin-dependent protein kinase II, which
phosphorylates serine in those receptors (42) leads to regulation of
the EGFRs.

A recent study showed that EGF and EGFR are expressed in the
bovine oocytes and their zona pellucida, in addition to the follicular
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granulosa, cumulus cells, follicular fluid, and theca folliculi (43).
As far as we know, studies concerning the cellular effects and their
RTKs in response to BME maybe not be available. However, our
finding suggests a pivotal role of BME in the up/down-regulation
of the EGFR, which explain the decreased growth rates of the
buffalo embryos after supplementing the EGF with BME. Also,
the regulatory mechanism of RTKs could be variable between the
embryonic stages; oocyte, morula, and blastocyst, which explains
the variant ratios detected between blastocysts vs. morulae or
blastocyst vs. oocytes. The results of Sadeesh et al. (20) and
our study are consistent but different in potency. We approve
that the higher doses lead to adverse effects. They observed the
adverse effect on the maturation, but in ours, it happened in
the culturing and blastocyst production between the single and
combined treatments.

5. Conclusions

In conclusion, EGF could efficiently improve the growth
rates and development of the in vitro produced buffalo embryos
after supplementation of the TCM-199, IVF-TALP, or SOF media
with the potent concentration of 20 ng/mL, while the increased
concentrations of EGF; up to 50ng/mL, stimulate the embryo
production only after treatment of the fertilization/ and/ or culture
media, but not that the maturation media. However, BME was
less efficient than EGF; it could only stimulate the embryos’
growth rates after treatment of the TCM-199 and IVF-TALP
media with a concentration of 50 WM. Furthermore, the combined
treatment of both EGF and BME showed no enhancement effect
on the buffalo embryo production compared to each alone. Our
study strongly supports the phenomenon of growth factor-induced
receptor downregulation.
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