
Arab J. Biotech., Vol. 21, No. (1) January (2018): 27-34. 

Biochemical analysis of glucose level and superoxide 
dismutase activity in buffalo follicular fluid and blood Serum 

 
(Received: 03. 05. 2018; Accepted: 15.05.2018) 

 
Tawfik H. N. 1, Kandil O. M. 1, Hemeida N. A. 2, Abdoon A. S. S. 1, Elkhadrawy H. H. 1 and 

Abdel-Aziz S. A. 3 
1Dept of Animal Reproduction & Artificial Insemination, Veterinary Research Division, National Research Centre 

(NRC), Cairo, 
 2 Theriogenology Department Cairo University, Faculty of Veterinary Medicine, Cairo, Egypt  

3Biochemistry and Chemistry of Nutrition Department, Cairo University, Faculty of Veterinary Medicine, Cairo, Egypt. 
 

ABSTRACT 
 

The reducing reproductive efficiency is one of the critical problems of the water buffalo, so 
the recent studies have indicated alterations in the follicular fluid and blood serum composition 
during such condition. The present study, therefore, aims at assaying the changes of follicular fluid 
glucose level and superoxide dismutase (SOD) activity in different size follicles and assaying these 
parameters in follicular fluid and blood serum during different phases of estrous cycle in the 
buffalo. Blood samples and ovaries were collected from 20 cyclic buffaloes of known estrous phase 
(follicular or luteal). Follicular fluid was aspirated from small sized ovarian follicles (2-4 mm) and 
medium sized follicles (5-8 mm).  Glucose level and SOD activity were significantly higher (P < 
0.05) in medium sized follicles (85.89 ± 1.59 mg/dl and 53.66 ± 0.76U/ml, respectively) than in 
small sized follicles (72.09 ± 0.84 mg/dl and 49.30 ± 0.41U/ml, respectively). Moreover, both the 
follicular fluid glucose level and SOD activity were significantly higher (P < 0.05) during the 
follicular phase than the luteal phase either in medium or small follicles. Also, the blood serum 
SOD activity was higher (P < 0.05) during the follicular phase (45.47 ± 0.50 U/ml) than in the 
luteal phase (38.46 ± 0.43 U/ml). In conclusion, Glucose level and SOD activity were significantly 
high in medium follicles follicular fluid and in serum during follicular phase of estrous cycle in 
buffalo. 
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INTRODUCTION 
 

he buffaloes are economically very 
potential livestock animals and 
distributed in 43 countries in the world. 

However, only four countries, India, Pakistan, 
China and Egypt, are producing more than 
98% of the world buffalo’s milk and around 
73% of the world buffalo’s meat (Soliman and 
Bassiony, 2011). The biggest problem 
concerning buffaloes facing the world is the 
reducing reproductive efficiency (Das and 

Khan, 2010). The follicular fluid provides a 
most important microenvironment for oocyte 
protection and maturation development, 
because it is the product of both the transfer of 
blood plasma constituents that cross the blood 
follicular barrier and of the secretary activity 
of granulosa and theca cells of ovary (Fortune, 
1994).Therefore, metabolic alterations in 
blood serum could be reflected on the 
biochemical composition of the follicular fluid 
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and indirectly influence oocyte quality (Ali et 
al., 2008). 

Oocyte maturation and follicular 
development need glucose which can be 
utilized via oocytes, cumulus cell complex 
(COCs) and follicular somatic cells via major 
pathways of glucose oxidation (glycolysis, 
citric acid cycle (TCA), oxidative 
phosphorylation and pentose phosphate 
pathway (HMP or PPP) (Leese and Lenton 
1990). Phosphoribosyl phosphate is one of 
PPP products in oocyte cytoplasm which being 
used by oocyte for purine synthesis (Sutton-
McDowall et al., 2010). These purines are 
involved in regulation of nuclear maturation 
and cytoplasmic homeostasis of the oocytes. 
The PPP gives NADPH+H which is 
responsible for glutathione (GSH) and 
glutathione peroxidase (GPx) as an antioxidant 
for oocyte protection and cell viability (Sutton-
McDowall et al., 2010).  

Glucose oxidation pathway is considered 
one of the stress factor on oocyte where the 
reactive oxygen substrate O- (superoxide 
anion) was released from electron pathway 
(Fattman et al. 2003). The superoxide 
dismutase (SOD) helps to remove the 
superoxide anion via dismutation reaction, 
producing H2O2 and molecular oxygen which 
well known that cells are living under aerobic 
conditions. SOD is considered one of the most 
important antioxidant parameter for oocyte 
competence and maturation development 
(Nozik-Grayck et al. 2005). Therefore, the aim 
of this work is to assay the glucose level and 
SOD activity in follicular fluid of different 
sized ovarian follicles and correlate the 
glucose level and SOD activity in follicular 
fluid with that of blood serum during the 
different phases of estrous cycle in the buffalo.  

 
 
 

 

MATERIALS AND METHODS 
 

Follicular fluid was collected from 
different sized ovarian follicles (small sized 
follicles of 2-4mm and medium sized follicles 
of 5-8mm) during different phases of estrous 
cycle (follicular phase and luteal phase) from 
40 ovaries of 20 cycling non-pregnant 
buffaloes slaughtered in a local slaughterhouse 
(Elmonieb abattoir, Giza Governorate, Egypt). 
Also, blood samples were collected from these 
buffaloes during slaughtering without 
anticoagulants and grouped to two groups 
according to estrous cycle of each buffalo 
(follicular phase and luteal phase) according to 
the morphological appearance of the ovaries 
(Mondal et al., 2004 and Jaglan et al., 2010). 

Immediately after slaughtering, both 
ovaries of each buffalo were collected in 
plastic bags containing 0.9 % NaCl as normal 
saline solution at temperature ranged from 
30օC to 37օC and transported in a tank to be 
inspected in the laboratory. 

In the laboratory, ovaries were washed 
once with 70% ethanol and at least three times 
with normal saline solution (NSS) 
supplemented with 100 IU/m1 penicillin and 
100µg/m1 streptomycin at 35ºC (Leibfried- 
Rutledge et al., 1987). The stages of estrous 
cycle either follicular or luteal were identified 
according to morphological features of the 
corpus luteum as previously established by 
Mondal et al., (2004) and Jaglan et al., (2010). 
Follicular diameter was measured using a 
caliper and follicles were grouped into two 
size categories: small (2-4 mm) and medium 
(5-8 mm) according to Dominguez (1995). 

The aspirated follicular fluids were 
collected in 15 ml sterile Falcon tubes (Fa, 
Con, USA) from different sized follicles and 
centrifuged at 3000 rpm for 10 minutes. 
Supernatant (follicular fluid samples) was 
divided into aliquots to avoid repeated freezing 
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and thawing and kept at -20 °C till used for 
biochemical analysis. 

Blood samples were transported in tank 
to laboratory for serum separation after blood 
centrifugation at 3000 rpm for 10 minutes. 
Collected serum samples were divided into 
aliquots to avoid repeated freezing and 
thawing and kept at -20oC till used for 
biochemical analysis. 

Glucose level and SOD activity of the 
follicular fluid and blood serum were assayed 
chemically by an enzymatic method utilizing 
kits supplied from Bio Diagnostic Research 
Office (Giza, Egypt) according to Trinder 
(1969) and Nishikimi et al., (1972), 
respectively. 

Data were expressed as means ± standard 
errors (SE). The significant differences were 
tested by analysis of variance (ANOVA) 
followed by post hoc test. Statistical analyses 
were performed using SPSS. 

 
RESULTS  

 
The means ± SE of the follicular fluid 

(FF) glucose level (mg/dl) and Superoxide 
dismutase (SOD) activity (Table 1) were 
significantly (P < 0.05) higher in medium 
sized ovarian follicles (85.89 ± 1.59 and 53.66 
± 0.76 respectively) as compared with small 
sized follicles (72.09 ± 0.84 and 49.30 ± 0.41 
respectively).  

 
Table (1): Glucose level (mg/dl) and Superoxide dismutase (SOD) activity (U/ml) in follicular 

fluids (Mean ± SE) of different sized ovarian follicles in the buffalo. 
 

Follicular size Glucose level (mg/dl) (SOD) activity (U/ml) 

Small size (2-4 mm.) 72.09 ± 0.84b 49.30 ± 0.41a 
Medium size (5-8 mm.) 85.89 ± 1.59a 53.66 ± 0.76b 
Means  in the some column with different letter superscripts are different significantly (P<0.05). 
 
 

Table (2) shows the effect of estrous 
cycle phases on glucose level (mg/dl) and 
superoxide dismutase (SOD) activity in the 
follicular fluid of different size ovarian 
follicles. Both glucose level and superoxide 

dismutase (SOD) activity means ± SE were 
significantly (P < 0.05) high during the 
follicular phase either in medium size or small 
size follicles when compared with the luteal 
phase. 

 
 
Table (2): Glucose level (mg/dl) and Superoxide dismutase (SOD) activity (U/ml) in follicular 

fluids (Mean ± SE) of different sized ovarian follicles during the luteal and follicular 
phases in the buffalo. 

Estrous phase Follicular size Glucose level (mg/dl) (SOD) activity (U/ml)  
Small size follicles 69.42 ± 0.32d 48.18 ± 0.22c  Luteal phase 
Medium size follicles 80.55 ± 0.76b 51.45 ± 0.62b  
Small size follicles 76.49 ± 1.51c 50.95 ± 1.10b  Follicular phase 
Medium size follicles 94.98 ± 0.08a 58.36 ± 0.19a  

Means  in the some column with different letter superscripts are different significantly (P<0.05). 
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Table (3) demonstrates the effect of 

estrous cycle phases on glucose level (mg/dl) 
in blood serum. Non-significant difference was 
detected in serum glucose level (mg/dl) 
between follicular (92.15 ± 1.54) and luteal 

phases (89.37 ± 1.06). Data in the same table 
show significant and positive correlations in 
glucose level between blood serum and 
follicular fluid during both follicular (r=0.94) 
and luteal (r=0.98) phases. 

 
Table (3): Correlation coefficient between glucose level (mg/dl) in blood serum and follicular 

fluid (FF) during the luteal and follicular phases of estrous cycle in the buffalo.  
Estrous cycle Glucose level (mg/dl) in blood 

Serum 
Glucose level (mg/dl) in 
FF 

Correlation 
coefficient (r)  

Luteal phase 89.37 ± 1.06a 74.99 ± 1.49b 0.981 

Follicular phase 92.15 ± 1.54a 84.41 ± 3.82a 0.938 

Means  in the some column with different letter superscripts are different significantly (P<0.05). 
Correlation coefficient (r) between the means in the same row. 
 

 
Superoxide dismutase activity (Table 4) 

was significantly high (P<0.05) during the 
follicular phase in both blood serum and FF as 
compared with the luteal phase.  Significant, 

weak and positive correlations were noted in 
SOD activity between blood serum and 
follicular fluid during both follicular and luteal 
phases.   

 
Table (4): Correlation coefficient between superoxide dismutase activity (U/ml) in blood serum 

and follicular fluid (FF) during the luteal and follicular phases of the estrous cycle in 
the buffalo. 

Estrous cycle (SOD) activity (U/ml) in blood 
serum 

(SOD) activity 
(U/ml) in FF 

Correlation 
coefficient (r)  

Luteal phase 38.46 ± 0.43b 49.81 ± 0.53b 0.510 

Follicular phase 45.47 ± 0.50a 54.12 ± 1.61a 0.277 
Values with different letter superscripts are different significantly (P<0.05). 
Correlation coefficient (r) between the means in the same row. 

 
DISCUSSION 

 
Results of the current study showed a 

significant increase in the mean values of 
glucose level in buffalo follicular fluid of 
medium sized ovarian follicles (5-8 mm 
diameter) when compared with small sized 
follicles (2-4 mm diameter). Such finding is in 
agreement with reports of Nandi et al. (2008), 
Tabatabaei and Mamoei (2011) and Khan et 
al., (2011) in the buffalo. Similarly, in the 

camel, El-Bahra et al. (2015) found a high 
glucose level in medium size follicles when 
compared with small sized follicles which 
Tabatabaei and Mamoei (2011) and El-Bahra 
et al. (2015) suggested that the high level of 
follicular fluid glucose in medium sized 
follicles might be due to the biochemical 
metabolites of follicular fluids, which are 
essential for maturation and even fertilization 
of the oocyte. 
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The significant increase in the follicular 
fluid glucose level during the follicular phase 
versus the luteal phase agrees with results of 
Shabankareh et al. (2013) in the cow. 
Moreover, Shabankareh et al. (2013) 
suggested that the high follicular fluid glucose 
level during follicular phase might be due to 
development of new blood vessels during 
formation of the corpus luteum which results 
in greater blood flow than in ovarian tissue. 
Therefore, follicular growth in absence corpus 
luteum (CL−ovaries) seemed to be higher than 
that in present corpus luteum (CL+ ovaries) as 
mentioned by Kaczmarek et al., (2005). On 
other hand, Acar et al. (2013) found a high 
follicular fluid glucose level during the luteal 
phase when compared with the follicular phase 
in Anatolian water buffalo.  

Current study presented no significant 
differences in blood serum glucose level 
during the follicular phase as compared with 
the luteal phase. Such finding agrees with 
results of Acar et al. (2013) in the buffalo who 
suggested that this result might be due to 
differences in animal nutritional factors. The 
significant positive correlation coefficients 
between glucose levels in blood serum and 
follicular fluid in the resent study are in 
accordance with Tabatabaei and Mamoei 
(2011) in the buffalo and El-Bahr et al. (2015) 
in the camel. The superoxide dismutase 
activity (SOD) in the follicular fluid increased 
significantly in medium sized follicles versus 
small follicles,  such result conflicts with that 
of El-Shahat and Kandil (2012) and Hozyen et 
al. (2014) in the buffalo and Combelles et al. 
(2011) in the bovine. Follicular fluid SOD 
activity showed a significant increase during 
the follicular phase versus the luteal phase. 
Similar finding was reported by El-Shahat and 
Kandil (2012) in the buffalo which suggested 
that SOD may remove the superoxide anion in 
a dismutation reaction, producing H2O2 and 
molecular oxygen. It is well known that cells 

living under aerobic conditions constantly face 
the oxygen (O2) paradox. O2 is required to 
support life, but its metabolites, such as 
superoxide anions (O2-.), hydroxyl radicals 
(OH.), and hydrogen peroxide (H2O2), 
collectively termed ROS, can modify cell 
function, and endanger cell survival, or both. 
These oxidants are suggested to originate 
mainly from steroidogenesis occurring in 
granulosa cells as suggested by Cassano et al. 
(1999). However, Hozyen et al. (2014), 
presented a significant increase in SOD (U/ml) 
activity in the same species during the luteal 
phase when compared with the follicular 
phase. 

The significant increase in blood serum 
SOD activity during the follicular phase 
compared with luteal phase agreed with 
reports of Abo-El maaty and El-Shahat (2012) 
in the mare. Finally, our results showed a weak 
positive correlation coefficient between SOD 
activity blood serum and follicular fluid. 

In conclusion, significant increases in 
follicular fluid glucose level and SOD activity 
in medium sized follicles were noticed during 
the follicular phase of the estrous cycle as 
compared with small follicles and luteal phase. 
This seems important to oocyte maturation and 
increased number and activity of the follicular 
cells towards the mature Graafian follicle, a 
prerequisite to ovulation. 
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  

 
           

     
  

 ١يوارضخلا نسح ماشھو ١نودبع حلاص يربص دمحاو ٢ةدیمح معنملادبع لیبنو ١لیدنق دمحم ةمیما و ١قیفوت رصن ماسح
 ٣زیزعلادبع دمحا يماسو

 ةرھاقلا- ثوحبلل يموقلا زكرملا -ةیرطیبلا ثوحبلا ةبعش -  يعانطصلاا حیقلتلاو ناویحلا يف رثاكتلا مسق١
 ةرھاقلا ةعماج- يرطیبلا بطلا ةیلك -يعانطصلاا حیقلتلا و دیلوتلاو لسانتلا مسق٢

 ةرھاقلا ةعماج- يرطیبلا بطلا ةیلك -ةیذغتلا ءایمیك و ةیویحلا ءایمیكلا مسق٣
  

 حاضیتسا ىلع لمعت ھثیدحلا تاساردلا ناف كلذلو سوماجلا يف ھجرحلا لكاشملا نم ةدحاو يھ ھیلسانتلا ةءافكلا صقانت نا
 ىوتسم يف تاریغتلا مییقت ىلا فدھت ھساردلا هذھ ناف كلذل. ھلاحلا هذھ للاخ مدلا لصمو تلاصیوحلا لئاس بیكرت يف تافلاتخلاا
 لئاس يف رییاعملا هذھ مییقتو تلاصیوحلل ھفلتخملا ماجحلال تلاصیوحلا لئاس يف زیتویمسید دیسكواربوسلا طاشنو زوكولجلا
 ھسوماج ٢٠ نم ضیابملاو مدلا تانیع عیمجت مت. سوماجلا يف قبشلا ةرود نم ةفلتخملا لحارملا للاخ مدلا لصمو تلاصیوحلا

 ةریغص تلاصیوحلا نم تلاصیوحلا لئاس بحس و) رفصلاا مسجلا دوجو ءانثا وا ضیوبتلا ھلحرم ءانثا (قبشلا لحارم للاخ
 زیتویمسید دیسكوا ریوسلا طاشنو زوكولجلا ىوتسم ناك. ةدح ىلع لاك) مم ٨-٥ (مجحلا ھطسوتم تلاصیوحلا و) مم ٤- ٢ (مجحلا
 بیترتلا ىلع) لم/ةدحو٠.٧٦±٥٣.٦٦(و) لسید/جمم١.٥٩±٨٥.٨٩ (مجحلا ھطسوتم تلاصیوحلا يف(P < 0.005) ایونعم ىلعا

 ناك كلذ ىلا ھفاضلااب. بیترتلا ىلع) لم/هدحو٠.٤١±٤٩.٣٠ (و) لسید/جم٠.٨٤±٧٢.٠٩ (مجحلا ةریغص تلاصیوحلا نع
 نع ضیوبتلا ةرتف ءانثا P < 0.005) (ایونعم ىلعا زیتویمسید دیسكوا ربوسلا طاشنو تلاصیوحلا لئاس يف زوكولجلا ىوتسم
 ةدحو (زیتویمسید دیسكوا ربوسلا طاشن ناك اضیا. تلاصیوحلا نم ریغصلا وا طسوتملا مجحلا يف ءاوس رفصلاا مسجلا دجاوت ةرتف

 ± 38.46 رفصلاا مسجلا ةرتف نع (0.50 ± 45.47) ضیوبتلا ةرتف ءانثا P < 0.005)( ایونعم ىلعا مدلا لصم يف) لم/ 
 ھطسوتم فارج تلاصیوح لئاس ىف ھیونعم هدایز إزداد زیتوسمسید دیسكوا ربوسلا طاشنو زوكلجلا ىوتسم:الاستنتاج.(0.43

  .رفصلاا مسجلا نیوكت هرتف نع قبشلا هرتف ءانثا مدلا لصمو مجحلا
 


