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 Objective: The purpose of this research was to compare the kinetics and meiotic advancement of cattle and 
buffalo oocytes, as well as to see how cAMP modulators affected the meiotic progression status of cattle and 
buffalo oocytes during the oocyte collection process. 
Design: comparing maturation stages times in buffalo and cattle oocytes. Cattle and buffalo oocytes were 
collected, separated into two groups (standard IVM and extended IVM), and cultivated for five hours in 5% 
CO2 at 39°C. The sample times for extended IVM are 8, 15, 18, 22, 24, and 30 hours. The nuclear status of 
each oocyte was assessed to determine how far it had matured at each time sample. Then after, study the 
effect of cAMP modulators on maturation rates of cattle and buffalo oocytes. 
Procedures: Standard IVM samples were taken at different maturation times, commencing at 8 h and ending 
at 24 h, while extended IVM samples were taken at 30 h. COCs were placed in a 15-mL sterile centrifuge tube 
with a warmed 3 percent sodium citrate solution and vortexed at maximum speed for 4 to 8 minutes as 
needed to remove all cumulus cells before being placed in a warm water bath at 39°C for 5 minutes. After 
that, the oocytes were mounted on a slide and placed in Coplin jars with a 3:1 methanol/acetic acid solution. 
Results: At any stage of sampling, the percentage of oocytes arrested at the GV stage did not differ 
significantly between cattle and buffalo oocytes. Furthermore, there was no significant difference between 
cattle and buffalo oocytes in terms of the percentage of oocytes that reached the MI stage. Moreover, the 
percentage of oocytes arrested at the GV stage did not differ substantially between cattle and buffalo oocytes 
when maturation was extended using cAMP modulators at all stages of sampling.  
Conclusion and clinical relevance: Modulating cAMP during oocyte maturation can change oocyte kinetics 
and increase developmental competence by boosting fertilization, cleavage, and morula rates. Furthermore, 
there is no significant differences in maturation rates between buffalo and cattle oocytes. 
Keywords: Cattle and buffalo oocytes, Extended maturation, cAMP modulators. 

          

 

1. INTRODUCTION 

Buffalo is an important livestock resource in many Asian 
and Mediterranean countries [1,2]. In vitro embryo production 
(IVEP) efficiency in buffalo is lower than in cattle, according to 
research, and this could be improved further by selecting high-
quality oocytes and/or improving the in vitro embryo culture 
system [3] [4] [5] [6]. The lack of synchronization between 
nuclear and cytoplasmic maturation, as well as insufficient 
cytoplasmic maturation, results in oocytes matured in vitro 
having lower developmental competence than those matured 
in vivo [3,4,6,7]. Despite extensive research into factors 
affecting oocyte maturation in mice and other animals, the 
molecular mechanism governing oocyte maturation in buffalo 
remains unknown [8–11].  

The goal of this study was to compare the kinetics and 
meiotic progression of cattle and buffalo oocytes, as well as to 
assess the effect of cAMP modulators on the meiotic 
progression status of cattle and buffalo oocytes during oocyte 
collection. Extend the maturation period of buffalo oocytes to 
see how it affects the rates of fertilization, cleavage, morula 
formation, and blastocyst formation. 

2. MATERIALS AND METHODS 

Unless otherwise stated all chemicals used were obtained 
from Sigma Chemical Co (St. Louis, MO, USA). 

2.1. Oocytes recovery and IVM 

The recovery of the buffalo oocytes invitro was done 
according to Mostagir et al. 2019 [2]. In a nutshell, ovaries from 
buffaloes with seemingly normal reproductive organs were 
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collected within 30 minutes of slaughter and evisceration. 
Within 1-2 hours of slaughter, the ovaries were kept in warm 
normal saline with (100 IU penicillin and 100 g 
streptomycin/ml) and transported to the lab. Aspiration of 
medium-sized ovarian follicles yielded cumulus-oocyte 
complexes (COCs) (2-8 mm). For the study, COCs with evenly 
granulated oocytes surrounded by multi-layered compact 
cumulus cells were chosen and washed three times in 
phosphate buffer saline. A 100 l drop of TCM 199 supplemented 
with 10% heat-inactivated foetal calf serum, 10 g/ml LH, 5 g/ml 
FSH, and 1 g/ml estradiol-17 is given to each of the 10-15 COCs. 
Mineral oil is used to cover the drops, which are then incubated 
for 20-22 hours at 38.5°C in the air with a maximum humidity 
of 5 percent CO2.  

2.2. Extension of maturation by cAMP modulators 

COCs were washed four times in a pre-IVM medium 
containing (cAMP modulators; forskolin FSK, and 3-isobutyl-1-
methylxanthine IBMX), and then incubated in this medium for 
two hours at 39°C in a non-CO2 incubator. COCs were washed 
four times in an extended IVM medium with cilostamide after 
being washed in HEPES-TALP. COCs were then divided into six 
groups for each of the 6-time samples, and each group of ten to 
fifteen COCs was placed in 50 l drops of IVM media and cultured 
for the required time in 5% CO2 at 39°C and humidity of 95% in 
the air. 

2.3. Sampling and staining 

Samples were taken at different maturation times for 
standard IVM, starting at 8 h and ending at 24 h, and at 30 h for 
extended IVM. COCs were placed in a warmed 3 percent 
sodium citrate solution in a 15-mL sterile centrifuge tube and 
vortexed at maximum speed for 4 to 8 minutes as needed to 
remove all cumulus cells in a warm water bath at 39°C for 5 
minutes. Oocytes were then fixed on a slide and placed in 
Coplin jars containing a 3:1 methanol/acetic acid solution that 
had been prepared previously. Oocyte slides were kept in a 
methanol/acetic acid solution for 24 to 72 hours. After that, the 
oocytes were stained with 1% aceto-orcein. Each oocyte's 
nuclear status was determined by looking at the slides under a 
microscope at a magnification of 20X. The oocytes were divided 
into three stages: GVBD (germinal vesicle breakdown), MI 
(metaphase I), and M II (metaphase II). 

2.4. In vitro fertilization (IVF) 

As described by Castellano et al. 2021 [12] motile 
spermatozoa were separated by the swim-up technique in the 
fertilization medium, modified Tyrode's Albumin-Lactate-
Pyruvate (TALP) containing 6 mg/ml of bovine serum albumin 
(BSA), for 1 hour. Gametes were co-incubated in the 
fertilization drops under sterile mineral oil for 18 hours at 39°C 
in an atmosphere of 5% CO2 in the air with maximum humidity 
after appropriate dilution. 

2.5. In vitro culture (IVC) 

Presumptive zygotes were gently pipetted out of 
cumulus cells and transferred to the culture medium synthetic 
oviductal fluid (SOF) (with 1 mM glutamine, 1% nonessential 
amino acids, and 1% MEM essential amino acids) and covered 
with mineral oil for 7 days at 38.5 °C in a CO2 atmosphere with 
maximum humidity [2]. The cleavage, morula, and blastocyst 
rates were calculated according to [13,14]. 

2.6. Experimental Design 
2.6.1. Experiment 1: comparing maturation stages times in 

buffalo and cattle oocytes 

Oocytes from cattle and buffalo were collected, divided 
into two groups (standard IVM and extended IVM), cultured in 
5% CO2 at 39°C for five hours, and sampled. Standard IVM 
sample times are 8, 15, 18, 22, and 24 hours. Extended IVM 
sample times are 8, 15, 18, 22, 24, and 30 hours. Each oocyte's 
nuclear status was evaluated to determine how far the oocyte 
had developed at each time sample. 

2.6.2. Experiment 2-A: effect of cAMP modulators on 
maturation rates of cattle and buffalo oocytes 

During oocyte collection for the extended IVM treatment, 
cAMP modulators FSK and IBMX were added to the oocyte 
holding medium (HEPES-TALP). Both cattle and buffalo oocytes 
were separated into two groups: standard IVM and extended 
IVM. During oocyte collection, the control treatment consisted 
of standard HEPES-TALP holding medium before moving the 
oocytes into a standard IVM medium. During oocyte collection, 
the extended IVM consisted of a HEPES-TALP holding media 
supplemented with FSK and IBMX. Oocytes were placed in pre-
IVM for 2 hours before being placed in IVM for 30 hours. 

 The rest of the experiment was carried out in the same 
manner as the first. All oocytes in IVM were cultured at 39°C in 
5% CO2 and sampled at regular intervals. Oocytes were stained 
with aceto-orcein after the CoCs were removed. At each time 
sample, the nuclear status was determined to determine 
oocyte development.  

2.6.3. Experiment 2-B: effect of addition of cAMP modulators 
during maturation on the developmental competence of 
buffalo oocytes 

To determine the effect of extended maturation time on in 
vitro fertilization and embryo development rate, oocytes that 
matured in vitro in control standard IVM or extended IVM were 
in vitro fertilized and cultured. 

2.7. Statistical analysis 

Each experiment was replicated at least three times. 
Student’s t-Test and one-way ANOVA were used to evaluate the 
differences between groups according to Elmetwally 2012 [15]; 
Gohar et al. 2018 [16], Elmetwally et al.2018; 2019; 2020 [17–
19]. . The differences of p<0.05 were considered significant. 
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3. RESULTS 
3.1. Experiment 1: comparing maturation stages times in 

buffalo and cattle oocytes 

As shown in table 1, the percentage of oocytes arrested at 
the GV stage did not differ significantly between cattle and 
buffalo oocytes at any stage of sampling. Furthermore, there 
was no significant difference in the percentage of oocytes that 
reached the MI stage between cattle and buffalo oocytes. 
Furthermore, there was no significant difference in the 
percentage of oocytes that reached the MII stage between 
cattle and buffalo oocytes, except after 22 hours, when buffalo 
oocytes had a significantly higher percentage of oocytes that 
reached the MII stage than cattle oocytes. 

Table 1. The normal in vitro maturation rates in different stages 
in buffalo and cattle oocytes. 

Time  GV MI MII 

8 hours  Cattle 42.77±  
5.80 

24.66 ±  
13.007 

0 

Buffalo 40.51± 
 1.58 

30.74±  
7.7 

0 

15 hours Cattle 10.647 ± 
1.226  

72.697 ± 
 3.901  

0 

Buffalo 15.190 ± 
4.865 

79.090 ±  
3.027  

0 

18 hours Cattle 6.403 ±  
3.857  

24.607 ± 
 9.206  

28.987 ± 
 4.674  

Buffalo 6.840 ± 
 3.423 

19.573 ± 
 6.939  

38.423 ±  
3.619  

22 hours Cattle 4.603 ± 
 2.306  

10.570 ±  
2.375  

41.743 ± 
 3.216  

Buffalo 4.737 ±  
2.472 

9.897 ±  
1.712  

61.527 ±  
6.789**  

24 hours Cattle 0 9.893 ±  
3.055  

75.963 ±  
4.167  

Buffalo 0 7.513 ±  
1.881  

77.987 ± 
 1.105  

Values with asterisks in the same time stage of sampling are significantly 
different between cattle and buffalo (P<0.05). 
 

 

3.2. Experiment 2: effect of cAMP modulators on maturation 
rates of cattle and buffalo oocytes 

As shown in table 2, after the extension of maturation by 
cAMP modulators at all stages of sampling, the percentage of 
oocytes that were arrested at the GV stage did not vary 
significantly between cattle and buffalo oocytes. Moreover, the 
percentage of oocytes that reached the MI stage did not vary 
significantly between cattle and buffalo oocytes. Furthermore, 
the percentage of oocytes that reached the MII stage did not 
vary significantly between cattle and buffalo oocytes. 

3.3. Experiment 2-B: effect of addition of cAMP modulators 
during maturation on the developmental competence of 
buffalo oocytes 

 

 

Table 2. Effect of cAMP modulators on maturation rates of 
cattle and buffalo oocytes. 

  GV MI MII 

8 hours Cattle 64.043 ± 
 5.541 

15.310 ±  
1.505 

0 

Buffalo 60.343 ± 
 3.296 

11.013 ± 
 3.294 

0 

15 hours Cattle 40.0 ±  
3.851 

56.520 ±  
6.469 

0 

Buffalo 42.070 ± 
 7.727 

54.480 ± 
 16.721 

0 

18 hours Cattle 14.167 ±  
3.751b 

21.107 ±  
1.377a 

23.283 ±  
6.413 

Buffalo 23.240 ± 
 5.055a 

24.113 ± 
 2.696 

19.423 ± 
 4.691 

22 hours Cattle 3.813b ±  
3.751 

16.203b ±  
2.017 

34.653 ± 
 5.026 

Buffalo 12.067a ± 
 5.055 

21.943a ±  
6.091 

35.283 ± 
 8.937 

24 hours Cattle 4.860b ±  
2.503 

8.517b ± 
 1.769 

54.173b ±  
1.044 

Buffalo 12.367a ±  
2.419 

13.6a ± 
 3.599 

59.943a ± 
 3.711 

28 hours Cattle 4.463b ± 
 2.246 

8.473 ±  
2.017 

41.037b ± 
 5.026 

Buffalo 12.490a ± 
 5.603 

9.490 ±  
3.591 

52.767a ±  
7.022 

Values with different letters in the same time stage of sampling are 
significantly different between cattle and buffalo (P<0.05). 

Table 3. Effect of addition of cAMP modulators during 
maturation on the developmental competence of buffalo 
oocytes 

 24h 28h 

Fertilization rate 44.09± 4.86 63.46± 3.7 * 
Cleavage rate 35.46 ± 2.03 56.22± 6.72 * 
Morula rate 16.45 ± 0.8743 29.12 ± 3.659* 
Blastocyst rate 6.537± 3.294 15.26 ± 4.062* 

Values with astrikes in the same time stage of sampling are 
significantly different between cattle and buffalo (P<0.05). 

As shown in table 3, extending the IVM for 28 h significantly 
increased the percentage of fertilized oocytes, when compared 
to in vitro matured oocytes that were incubated for 24 h. 

4. DISCUSSION 

During mammalian oogenesis, the oocyte is arrested at the 
dictate or germinal vesicle (GV) stage for a long time, then 
undergoes germinal vesicle breakdown (GVBD) and progresses 
to the metaphase I (MI) stage, followed by extrusion of the first 
polar body and arrest at the metaphase II (MII) stage [8,20,21]. 
The identification of potential predictors of oocyte 
developmental competence and the elucidation of molecular 
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mechanisms regulating oocyte maturation will aid us in 
improving the quality of oocytes matured in vitro [22,23].  

In the first 15 hours of the IVM, there was no significant 
difference in maturation rates between cattle and buffalo 
oocytes, according to the findings. After 22 hours of 
maturation, however, a significant difference in maturation 
rates was observed. Buffalo oocytes matured at a faster rate 
than cattle oocytes. However, after 24 hours of maturation, 
there was no discernible difference between the two species. 
Buffalo oocytes reached nuclear maturation faster than cattle 
oocytes, according to these findings. 

The higher maturation rate observed in buffalo than cattle 
oocytes doesn’t mean that developmental competence of 
buffalo oocytes will be higher than cattle [4]. As The data of in 
vitro embryo production (IVEP) in buffalo showed a lower 
efficiency compared to cattle. This rapid maturation rate can 
explain the developmental competence of in 
vitro matured oocytes is lower than in vivo matured as 
mentioned before by [4,24–26]. 

These findings also suggest that buffalo's lower 
developmental competence may be due to rapid nuclear 
maturation prior to the completion of all cytoplasmic 
maturation events. 

After observing the normal maturation in buffalo and cattle 
oocytes, the effect of elongation on the time of maturation has 
been evaluated. Meiotic inhibitors were added to the 
maturation medium then the maturation rates have been 
examined at different stages. The results revealed that no 
significant difference appeared in the maturation rates 
between cattle and buffalo oocytes at different times of 
maturation [27–29].  

The findings showed that using cAMP modulators to 
extend the maturation process in buffalo oocytes until 28 hours 
improved developmental competence by increasing 
fertilisation, cleavage, and morula rates. These findings were 
consistent with Gilchrist, 2010 [30,31], who suggested that 
modulating cAMP during oocyte IVM could be a solution to the 
current developmental competence gap between IVM-
produced oocytes and those matured in vivo [32–34]. As a 
result, increasing fertilisation, cleavage, and morula rates by 
modulating cAMP during oocyte maturation can modify oocyte 
kinetics and improve developmental competence. 
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