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Abstract 

In the present study we examined the ovarian biometry and ovarian follicular fluid proteins in 

buffalo. Abattoir derived buffalo ovaries (n=82) were grouped into either follicular or luteal 

stages of estrous cycle based on the characteristics of the corpus luteum and morphometry of the 

ovary. The ovarian dimensions were recorded and the follicles were counted. The follicles were 

aspirated and follicular fluid samples were collected and follicular fluid proteins were estimated 

by SDS-PAGE analysis. The molecular weights (MWs) of protein bands were estimated by 

comparing their migration rates on the gel with those of protein markers with known MWs. No 

significant (P<0.05) difference was observed in the biometry of ovaries within the phases 

(follicular or luteal phases) and also between the phases of estrous cycle. The numbers of 

follicles were observed to be higher in the left ovary during follicular phases as compared to 

other phases. A total of 22 different protein bands were observed corresponding to MWs varying 

from 15 to 180 kilodaltons (kDa) during different phases of estrous cycle with some proteins 

being specific to some stage of cycle. High molecular weight proteins (mean 180-195 kDa) were 

identified during luteal phase compared to follicular phase whereas low molecular weight 

proteins were common during follicular phase. It was concluded that the biometry of buffalo 

ovaries is not different during reproductive cycle. High molecular weight proteins were common 

in the ovarian follicular fluid during luteal phases and low molecular weights proteins common 

during follicular phases. 
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The ovaries and ovarian structures of buffaloes are inherently smaller in buffalo compared to 

cows and seasonal ovarian hypofunction and ovarian pathologies limit the breeding value of this 

important species [1]. There have been very few studies on the biometry of buffalo ovaries [2,3] 

and on the ovarian structures [3]. The biometry of ovaries appears important as most clinical 

evaluations utilize manual palpation of the ovaries and its structures for assessment of the stage 

of reproductive cycle [4,5].  

 

Follicular fluid (FF) is an avascular compartment within the ovary, separated from the peri-

follicular stroma by the follicular wall that constitutes a ‘blood-follicle barrier’ [6]. Follicular 

fluid is viscous in nature due to mucopolysaccharides. [7]. Follicular fluid contains many 

proteins, amino acids, sugars, enzymes, (collagenase, hylauronidase, transaminase, alkaline and 

acid phosphatases), salts, mucopolysaccharides, gonadotropins (LH, FSH, Prolactin), vitamins 

and steroids [8] and growth factors [9]. 

 

FF proteins influence the follicular development and oocyte maturation. FF when used for in 

vitro fertilization (IVF) and in vitro maturation (IVM) medium was found to have greater ability 

to stimulate nuclear and cytoplasmic maturation of oocyte, in vitro fertilization and development 

of embryos [10]. Buffalo FF alone without any supplementation induced good maturation of 

buffalo oocytes [11]. This positive response was because of the presence of various stimulatory 

proteins/peptides present in FF. 

 

The identification and role of buffalo FF peptides/ proteins have not been elucidated completely. 

Detailed knowledge on protein pattern of follicular fluid would be helpful in elucidating the 

process of oocyte maturation. The present study examined the biometry of the ovaries and also 

estimated the follicular fluid proteins from buffalo ovaries during different phases of the estrous 

cycle in buffalo. 

 

Materials and methods 

 

Collection of samples 

 

Buffalo genitalia were collected from abattoir immediately after slaughter and were brought to 

the laboratory in a thermocol box with ice packs. Genital organs without any gross pathology and 

at the desired stage were processed further. 

 

Evaluating the stage of reproductive cycle of genitals 

 

For determination of the stage of estrous cycle (Follicular /Luteal phase) the presence or/ absence 

of CL, color, size and consistency of CL and presence/absence of follicles on the surface of the 

ovary was utilized as described previously [12,13]. Briefly, the organs were divided into two 

groups (Follicular phase and Luteal Phase). Within this each group these were subdivided and 

classified into two groups 

Right and Left ovary -  Follicular phase  

Right and Left ovary -  Luteal phase 

Follicular phase was characterized not only by the presence of regressed CL with no vasculature, 

cream color and hard texture in cut surface but also with at least one 10 mm or above diameter 

follicle. 
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Three characteristics were used for identification of luteal phase. 

1. Gentalia with disorganized red color CL tissues and ovulation point not covered 

by surface epithelium. 

2. Gentalia in mid luteal-phase had CL tissues that were soft in texture, full of blood 

vasculature, had covered ovulation point, incomplete folding pattern in cut surface with reddish 

brown color. 

3. Presence of surface vascularization, complete folding in cut surface with 

moderately hard texture and brown CL color. 

 

Ovarian dimensions 

 

The weight of ovaries was recorded by placing individual ovary on a weighing pan (Sartorius 

Germany). The length, width and thickness of the ovaries were measured using a vernier caliper. 

 

Follicular evaluations 

 

a) The numbers of ovarian follicles were counted by visual observation. 

b) Collection of follicular fluid (FF): In the laboratory, the ovaries were washed 

thoroughly twice with sterile normal saline before collection of follicular to avoid the 

contamination of the follicular fluid. Fluid from each follicle was drawn with the help of 

disposable sterilized syringe fitted with 22 gauge needle. For each group of follicles, different 

needle and syringes were used for the collection of fluid as per the method described [14,15]. 

 

Processing and storage of follicular fluid 

 

The follicular fluid recovered from each group of follicles was pooled. The pooled samples of 

follicular fluid were subjected to centrifugation at 1500 rpm for 15 minutes (Remi C- 23, India), 

to remove the blood cells, oocytes and granulosa cells. 

 

Phenyl methyl sulfonyl fluoride (PMSF) at the rate of 20mg/ml was added to the cell free FF to 

prevent proteolysis during storage. The cell free FF samples were stored at -20°C until used for 

further analysis. 

 

SDS- Page Analysis 

 

For qualitative estimation of protein the follicular fluid was processed as per method described 

previously [16] with some modification using commercially available kits (Hi – Media, India). 

Data was analyzed as per standard methods described previously.  

 

Results 

 

Ovarian Dimensions 

  

The mean weight, length, width, thickness and number of follicles in right and left ovaries at 

different phases of the estrous cycle revealed highest weight and length of left ovary during the 

luteal phase and highest width and thickness of right ovary during luteal phase (Table. 1) 

whereas the highest number of follicles were observed for the left ovary during the follicular 

phase. However, no significant (P<0.05) difference was observed in the biometry of ovaries  
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within the phases (follicular or luteal phases) and also between the phases of estrous cycle 

(Table.1). 

 

Ovarian follicular fluid Proteins 

 

Follicular fluid Proteins with molecular weights ranging from 18.5 to 180 kilodalton (kDa) were 

found during the present study (Fig. 1, Table. 2). The molecular weights of protein that could be 

found using the present kit ranged from 11 to 245 kDa hence proteins below 11 kDa and above 

245 kDa could not be assayed in the present study. 

 

Comparison of proteins during different reproductive cycle stages. 

 

During follicular phase the proteins with molecular weight of 40-45, 80-85, 180-200 kDa range 

were absent in both ovaries. In left ovary, proteins with molecular weights of 60-65, 100-120 

kDa were absent during the follicular phase. In right ovary, proteins with 120-140 kDa were 

absent during the follicular phase. 

 

During luteal phase the proteins with molecular weights of 35-40, 60-65, 90-100 and 100-120 

kDa range were absent in both ovaries. In left ovary, 180-200 kDa were absent during the luteal 

phase. Proteins with molecular weights between 50-60 kDa were present in all the stages of 

estrous cycle. 

 

Table. 1. Biometry of ovaries in different phase of estrous cycle.  

 

Stage of 

estrous cycle 

Ovary Weight 

(gm) 

Length 

(mm) 

Width 

(mm) 

Thickness 

(mm) 

No. of 

follicles 

Follicular 

phase 

Right 

ovary 

3.73 ± 0.42 

 

20.96 ± 1.12 15.41 ± 

0.95 

11.30 ± 0.83 

 

7.43 ± 0.95 

Left ovary 3.63 ± 0.49 

 

20.96 ± 1.11 

 

14.20 ± 

0.81 

10.95 ± 0.73 

 

7.86 ± 1.27 

 

Luteal phase 

Right 

ovary 

4.15 ± 0.39 

 

23.31 ± 0.86 

 

15.94 ± 

1.03 

11.94 ± 0.62 

 

6.75 ± 0.89 

Left ovary 4.18 ± 0.38 

 

22.38 ± 1.52 

 

15.15 ± 

0.70 

11.72 ± 0.66 

 

7.40± 1.03 

 

Discussion 

 

In the present study no significant (P<0.05) difference was observed in the biometry of ovaries 

within the phases (follicular or luteal phases) and also between the phases of estrous cycle. These 

findings are similar to those observed by Chandrahasan and Rajasekaran [17] who could not find 

any significant difference between the biometry of buffalo ovaries on right and left side and also  
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between stages of the cycle. These authors also mentioned that the mean number of visible 

follicles between right and left ovaries did not differ significantly in buffalo ovaries. 

 

 
Fig. 1. Destained gel showing molecular weights of ovarian follicular fluid protein band 

fractions 

 

Neelam and Saigal, [18] examined 53 adult buffalo ovaries during luteal and follicular phases of 

reproductive cycle. The mean weight and size of right and left ovaries did not differ significantly 

neither in follicular nor in luteal phase. The ovaries during luteal phase had significantly higher 

values for weight, volume, length and breadth but not for the thickness. 

 

In the present study a total of 22 different proteins bands were observed corresponding to MWs 

varying from 15 to 180 kDa during different phases of the estrous cycle. Ovarian follicular fluid 

proteins with molecular weights between 90- 120 kDa were found during follicular phase but 

absent in luteal phase. Also four bands, below 25 kDa molecular weight protein were identified. 

A recent study [19] also found difference in the proteomics of follicular fluid from different 

sized buffalo ovarian follicles. 

 

Chandrahasan and Rajasekaran [17] observed twenty-eight protein bands from ovarian follicular 

fluid proteins of which, 10 bands were of molecular weight higher than 97 kDa whereas only 

four bands were detected below 29 kDa. It was found that almost all these bands had their 

counterpart in blood serum and it suggests that almost all the follicular protein of the buffalo 

originated from blood serum. 

 

In the present study mean molecular weights of follicular fluid proteins from the right ovary and 

left ovary during luteal phase were 42.5 ± 1.04 and 44 ± 1.08, respectively. Findlay et al. [20] 

identified and mentioned that 42.9 kDa peptide may be a form of inhibin subunit in bovine 

follicular fluid. Khan et al. [21] reported that there was no apparent difference in SDS PAGE 

pattern between follicular fluid from small, medium and large follicles of cyclic and acyclic 

buffaloes. 



Sasi et al., 2023 

 
 

 

Conclusions 

 

It was concluded that the biometry of buffalo ovaries is not different during reproductive cycle. 

In all the stages of estrous cycle proteins with molecular weights from 50-60 kDa are present in 

the ovarian follicular fluid with high molecular weights proteins common during luteal phases 

and low molecular weights proteins common during follicular phases. 

 

Table. 2. Mean molecular weight follicular fluid proteins during different phases of estrous 

cycle. 

Values with the same superscript in a row are not significantly different P (<0.05). 
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