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Abstract 
In this study, in vitro derived (oocytes from ovaries of slaughtered buffalo cows) and 
in vivo derived (oocytes collected through TUFA from living buffalo cows) oocytes 
were assessed on their ability to acquire the necessary developmental competence in 
the production of blastocyst stage embryos when cultured in culture systems using a 
complex/serial culture media or a single based medium from maturation to culture. In 
vitro derived oocytes ability to complete the 1st meiotic division (nuclear maturation) 
showed no difference when cultured in either culture systems (82.6-83.1%) but was 
higher compared to in vivo derived oocytes (62.3-74.4%). The cleavage rate of in vivo 
derived oocytes (78.7-79.2%) was significantly higher than in vitro derived oocytes 
(59.4-62.9%). Significantly higher blastocyst formation rate was observed from in vivo 
derived oocytes cultured in a single based culture system (31.1%). Overall, the results 
showed the usefulness and practicality of using a single synthetic oviductal fluid based 
medium for supporting buffalo oocytes acquisition of developmental competence in an 
in vitro culture system. 
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 Introduction 
      Mammalian oocytes have ability to achieve full 
developmental competence up to the blastocyst stage 
following in vitro fertilization requires a carefully 
regulated environment which is dependent on the 
compositions of the medium used. Oftentimes, the 
variabilities observed on the results under the in vitro 
systems could be traced back on the differences on the 
media (e.g., type, batches, lot) used and its 

supplementations. Thus, a need for a single culture 
system that would support the oocytes acquisition of 
competence for complete maturation, the resulting 
zygotes development past the “cell-block” stage up to 
the blastocyst stage is imperative. The developing 
oocyte in vivo is normally exposed to a continually 
changing microenvironment to become 
developmentally competent. As it finds its way into the 
oviductal fluids after the ovulation event, an equally 
competent fully capacitated sperm similarly exposed to 
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the tubal microenvironment completes the whole 
fertilization process. In vitro studies on the use of 
formulated culture media preparations were so designed 
to mimic the natural environment to as closely as 
possible where the oocytes are normally exposed to. 
These in vitro culture media provide the stage-specific 
nutrient requirements of the fertilized oocytes for 
optimum development to occur until they become pre-
implantation embryos. Ever since the inception of the 
formulated synthetic oviductal fluid (SOF) based on the 
biochemical analysis of sheep oviduct (Tervit et al., 
1970), it has become a popular medium of choice. 
Interestingly, its use as an “all in one medium” for 
oocyte maturation, fertilization and embryo 
development was reported successful (Gandhi et al., 
2000). 

In our laboratory, TCM-199 medium+10% 
FCS+gonadotropins and epidermal growth factor was 
used for oocyte in vitro maturation, BO medium 
(Brackett and Oliphant, 1975) for in vitro fertilization 
and modified synthetic oviductal fluid (mSOF: 
Takahashi and First, 1992) for embryo culture, each of 
which have varying concoctions of media substrates, 
ions and energy substrates. The objective of this study 
was to evaluate SOF as a common base media for 
maturation, fertilization and culture for bubaline. 
 
Materials and Methods 
 
Reagents and media 
     Unless specified, all chemicals, reagents and 
hormones were purchased from Sigma (St Louis, MO, 
USA). The composition of the base medium-synthetic 
oviductal fluid for SOF-IVM and SOF-IVF is 99.7mM 
NaCl, 7.16 mM KCl, 1.19 mM KH2PO4, 1.71mM 
CaCl2∙2H2O, 0.49 mM MgCl2∙6H2O. The components 
of mSOF base media for embryo culture (IVC) is 
107.7mM NaCl, 7.16 mM KCl, 1.19 mM KH2PO4, 1.71mM CaCl2∙2H2O, 0.49mM MgCl2∙6H2O. 
 
Oocyte collection  

Bubaline ovaries were obtained from a local 
abattoir and transported to the laboratory within 5 h in a 
thermos with 0.9% saline solution. Cumulus cell-oocyte 
complexes (COCs) were aspirated from antral follicles 
(3-5 mm in diameter) using an 18 gauge needle 
attached to a sterile 10 ml plastic syringe (Group 1).  
Also, COCs were collected by ovum pick up using 
transvaginal ultrasound-guided follicular aspiration 
(TUFA) of antral follicles measuring 5-12 mm in 
diameter from Bulgarian Murrah buffaloes (8-15 yrs 
old) stationed at the Philippine Carabao Center-Gene 
Pool (Group 2). Selected COC’s from each group were 
randomly cultured in culture system A or in culture 
system B which is briefly outlined below in Table 1. 

In vitro maturation of COCs  Selected oocytes were cultured in the maturation 
media for 22 h in a humidified incubator with 5% CO2 level at 38±1°C in atmospheric air. The IVM media 
were supplemented with 10% foetal calf serum 
(FCS,v/v), follicle stimulating hormone (FSH, 0.02 
units/ml), epidermal growth factor (EGF, 10 ng/ml) and 
oestradiol (1µg/ml). After the in vitro maturation 
period, the oocytes were subjected to fertilization in vitro.  
 
Sperm preparation, in vitro fertilization and culture Locally processed frozen semen of water buffaloes 
from the Sperm Processing Unit of the Philippine 
Carabao Center stationed at Digdig Ranch, Carranglan, 
Nueva Ecija were used for in vitro fertilization. For each 
experimental trials, a straw containing 0.5 ml semen 
were thawed at 39ºC for 10 sec and washed twice in 
SOF-Hepes sperm wash medium or in BO medium by 
centrifugation. After the final wash, the sperm 
concentration was determined using haemocytometer and 
was adjusted to 2x106 sperm/ml concentration.  

SOF-IVF medium was supplemented with 6 
mg/ml BSA-FAF and 10 mM caffeine while the BO 
medium was supplemented with 6 mg/BSA + 5 mM 
theophylline. Each IVF media were filter sterilized with 
0.22 µm cellulose nitrate. Shortly thereafter, droplets 
(25 µl)   from each IVF media were prepared and were 
added with 25 µl of the washed sperm suspension to 
give a final sperm concentration of 1x106 sperm/ml.  

Before sperm-oocyte coincubation commenced, 
the oocytes were partially and/or completely denuded 
free of cumulus cells before transferring in the 
microdroplets of IVF medium to co-incubate with the 
sperm for at least 6 h in a humidified incubator at 39ºC; 
5% CO2 in air. After the sperm and oocyte co-
incubation in each of the culture systems used, the 
oocytes were denuded free of unwanted sperm still 
attached in the zona pellucida and cumulus cell debris 
by repeated pipetting. The presumptive zygotes were 
then introduced in the microdroplets (50µl) of mSOF 
culture medium to allow embryonic development in a 
humidified incubator with 5% CO2: 5%O2: 90% N2 gas 
atmosphere at 39±1ºC. 

 
Assessment of maturation, cleavage and cell count Oocytes with visible polar body at the end of 
maturation period were considered to have completed 
the 1st meiosis (Ocampo et al., 2001a). Cleaved 
embryos (2- 4 cell stage) progressing to blastocyst stage 
(7-8th day) were fixed in 0.75 ml Na citrate (2.3%) 
solution + 0.25 ml ethanol + 10 µl Hoechst 33342 (1 
mg/ml stock solution dissolved in ethanol) for at least 
24 h in a refrigeration temperature in an Ependorf tube 
covered with aluminum foil. Then, the blastocysts were 
mounted on glass slide in glycerol droplets and the cells 
counted through Fluorescent microscopy (Thouas, 
2001). 
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Table 1: Culture system A and B for the culture of slaughterhouse-derived COCs (Group 1 oocytes) and OPU- derived 
COCs (Group 2 oocytes) 

Culture system Source of oocytes Maturation  
media 

Fertilization  
media 

Embryo culture  
media 

Culture system A TCM-BO-mSOF Group 1  TCM 199 BO   mSOF 
Group 2 

Culture system B  
SOF based:        IVM-IVF-mSOF 

Group 1 SOF- IVM  
SOF-IVF 

mSOF 
Group 2 

 
Table 2: Developmental competence of bubaline COCs in different culture systems. 

Culture 
System 

Source of 
oocytes 

No. of oocytes (%) Total 
cell count cultured matured/ inseminated cleaved blastocyst 

A 
 
B  
 

Group 1 
Group 2 
Group 1 
Group 2 

83 
77 
75 
82 

69 (83.1)a 
48 (62.3)c 
62 (82.6)a 
61 (74.4)b 

41 (59.4)a 
38 (79.2)b 
39 (62.9)a 
48 (78.7)b 

9 (13.0)a 
8 (16.0)a 

10 (16.1)a 
19 (31.1)b 

98.8±7.0 
97.3±8.1 

102.3±3.4 
97.6±7.5 

Culture system A (TCM-BO-mSOF medium); Culture system B (mSOF medium); Group 1 (COCs derived from the slaughter 
house); Group 2 (COCs derived from living buffalo cows); a,b,c Values with different superscript differ significantly (P<0.05). 
 Results and Discussion 
 

The completion of 1st meiosis (nuclear maturation) 
of Group 1 oocytes cultured for maturation in culture systems A and B showed no significant difference 
(82.6-83.1%) but was significantly higher than Group 2 
oocytes (62.3-74.4%). Following sperm-oocyte 
coincubation, the resulting cleavage rate of Group 2 
oocytes (78.7-79.2%) was significantly higher than 
Group 1 oocytes (59.4-62.9%) in either culture systems used. Lastly, the resulting blastocyst formation rate was 
highest in Group 2 oocytes maintained in culture 
system B (31.1%). The total cell count of blastocyst 
stage embryos produced in both culture systems had no 
significant difference (Table 2). 

The results obtained showed that the source of the oocytes affects the in vitro maturation and the 
subsequent embryo development to the blastocyst stage 
following fertilization. The observed higher nuclear 
maturation rate of Group 1 oocytes could be attributed 
to the homogeneity on the quality of oocytes used. 
Quantitatively, the opportunity to select only good quality oocytes for maturation was higher in oocytes 
aspirated from the slaughter house derived ovaries than 
TUFA derived oocytes (Merton et al., 2009; Ocampo et 
al., 2015). For every OPU session, all recovered COCs 
were treated as one batch throughout the whole in vitro 
embryo production system, including oocytes with few cumulus cell enclosures of less than three layers and 
those with unevenly darkened ooplasm. Recovery of 
such type of oocytes was difficult to avoid even with 
the use of the most optimized pressure of 45-50 mm Hg 
through TUFA (Aquino and Ocampo, 2013). The discrepancies in the quality of oocytes used 
significantly influences the oocytes ability for 
completion of 1st meiosis. Such observation was 
similarly observed in other mammals (Yadav et al., 
1997; Ocampo et al., 2001b; Merton et al., 2003; Van 
Wagtendonk-de Leeuw, 2006).   

In earlier studies involving bubaline embryos, 
development to the blastocyst stage in vitro was 
demonstrated when cultured in ligated rabbit 
(Chantaraprateep et a., 1989), sheep oviduct (Galli et 
al., 1998), co-cultured with oviduct epithelial cells 
and/or cumulus cells (Totey et al., 1992; Madan et al., 
1994; Ocampo et al., 2001c), Buffalo Rat Liver cells or 
Vero cells (Boni et al., 1994, 1999; Gasparrini, 2002).  
Although the embryotrophic properties of these cells 
have been demonstrated, the exact role on the 
acquisition of embryos developmental potential 
remained unclear. Also, these systems are quite 
unsuitable for large scale embryo production. In this 
study, culture system A (TCM-BO-mSOF) and B 
(mSOF alone) were compared.  The highest blastocyst 
yield observed was from Group 2 oocytes that were 
matured, fertilized and cultured in SOF base medium, 
though morphologically showed no difference from 
blastocyst stage embryos derived from Group 1 of 
culture system A. In another study, embryos cultured in 
SOF were reported to be more translucent and have 
compact cell mass (Gasparrini, 2002). Upon analysis of 
the total cell count (Fig. 1) of expanded blastocyst stage 
embryos produced in both culture systems, no 
significant differences were observed (97.3±8.1-
102.3±3.4). In bovine, SOF medium has similarly been 
shown to support embryo development following 
maturation and fertilization (Takahashi and First, 1992; 
Carolan et al., 1995). 

The lower blastocyst yield of Group 1 oocytes was 
attributed to the follicular source at different stages of 
growth and atresia. Follicles from ovaries with or 
without dominant follicles and/or corpus luteum affect 
oocyte developmental competence in vitro (Baruselli et 
al., 1997; Nagai, 2001). In contrast, twice a week 
repeated OPU in buffaloes resets follicular population 
with a diameter of >2mm to 0, that results in a new 
follicular wave characterized by homogenously sized 
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Fig. 1: An expanded blastocyst stage bubaline embryos (Day 7) and its cell count following; Hoechst staining. 400 x  
follicles (Gasparrini, 2002), with reduced follicular 
atresia. In this case, the oocytes were recovered before 
follicular atresia set in, owing to the higher blastocyst 
yield of Group 2 oocytes. This observation is 
compatible with the notion that maternally inherited 
developmental competence (completeness of nuclear 
and cytoplasmic maturation, DNA synthesis, activation 
of embryonic genome, polypeptide synthesis and 
morphological maturation of organelles etc…) plays a 
major role in controlling the developmental competence 
of an oocyte or embryos.  Also, it was reported that 
prolonged exposure of buffalo oocytes in excised 
ovaries (more than 2 h) results to cellular damage due 
to autolytic processes as enhanced by abrupt 
environmental change (Neglia et al., 2003), 
significantly compromising the developmental 
competence of the oocytes/embryos in vitro. 
Nonetheless, results on the effect of transport time on 
the maturation, fertilization and embryo developmental 
rate of swamp buffaloes showed no significant 
differences (Ocampo et al., 2001b).  
 
Conclusion 

The results of the study showed that bubaline 
immature oocytes acquisition of developmental 
competence in the production of blastocyst stage 
embryos could be achieved in using a single base 
synthetic oviductal fluid medium.  
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