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ABSTRACT

Growth factors synthesized from mammalian oocytes popularly known as Oocyte Secreted 
Factors (OSFs) play numerous role in ovarian folliculogenesis. Growth differentiation factor-9 (GDF-
9) produced within the ovary plays an essential role during follicle maturation through their actions on 
granulosa cells, but their expression in follicular fluid has not been studied. The purpose of this study was 
to detect the temporal expression pattern of GDF-9 from the follicular fluid of buffalo ovary, which may 
be correlated with the oocytes and embryo quality. The sensitive messenger ribonucleic acid detection of 
GDF-9 from follicular fluid was determined by Reverse Transcriptase-Polymerase Chain Reaction using 
bovine oligonucleotide primers. Our finding showed the qualitative detection of GDF-9 mRNA transcripts 
from follicular fluid of buffalo ovary.
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INTRODUCTION

Growth Differentiation Factor-9 (GDF-
9), a prominent member of the Transforming 
Growth Factor-β(TGF-β) superfamily functions 
as paracrine factor in the regulation of granulosa 
cell proliferation and differentiation (Gilchrist et 
al., 2006). Furthermore, GDF-9 is the first oocyte 
derived growth factor found to be indispensable in 
ovarian folliculogenesis and expressed throughout 
the development of the maturing follicle. Besides its 
activities in cumulus expansion, oocyte maturation 
and ovulation (Gui and Joyce, 2005; Yoshino et 

al., 2006), italso play important roles during many 
steps of ovarian follicular development. GDF-9 
involved in cell survival signaling (Orisaka et al., 
2006) and act as modulators of many other growth 
factors and endocrine hormones (Juengel et al., 
2004). 

	 Given these results, GDF-9may be 
considered as a candidate gene for controlling 
ovulation rate in buffalo. Several studies 
have reported that supplementation of in vitro 
maturation media with FSH enhanced the cumulus 
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expansion, nuclear maturation and cleavage rate 
of buffalo oocytes (Chauhan et al.,1996; Abdoon 
et al., 2001). Few other studies have reported 
the beneficial effects of including follicular fluid 
replacing hormones during in vitro maturation of 
buffalo oocytes (Chauhan et al., 1997). 

In the ovaries, GDF-9 has been expressed 
in the oocytes of primordial follicles of sheep and 
cows (Bodensteiner et al., 1999). The expression 
begins at the primary follicle stage in women 
(Aaltonen et al., 1999), mice (Elvin et al., 1999) 
and also in rats (Jaatinen et al., 1999). GDF-9 
mRNA expression has also been identified in extra-
ovarian sites such as the pituitary, hypothalamus, 
placenta, testis and adrenal gland (Pennetieret al., 
2004; Faure et al., 2005; Farnworth et al., 2006). 
Follicular fluid contains proteins, anticoagulants, 
enzymes, etc., thereby providing the oocytes with 
a microenvironment which contains the necessary 
regulatory factors (Fortune, 1994). Since GDF-9 
affect oocyte development during folliculogenesis, 
follicular fluid level of this oocyte secreted 
paracrine factor may be important for oocyte 
function and subsequent embryo quality. Although 
GDF-9 and its functions in mammals have captured 
increased attention in recent years, much remains 
to be learnt about this molecule in buffalo. There 
is a lack of information on the availability of this 
growth factor from follicular fluid. Therefore, this 
study was designed to investigate the expression of 
GDF-9 from follicular fluid of buffalo ovary. 

MATERIALS AND METHODS

Buffalo ovaries were collected from 
a local abattoir at Perambur, Chennai within 
two hours of slaughter and washed five times in 
phosphate buffered saline (PBS) containing 100 
IU/ml penicillin and 100 µg/ml streptomycin. The 
aspiration of non-atreticantral follicles (3-8 mm) 
was carried out using 18-gauge needle connected to 
a 10 ml disposable syringe (Fig. 1). The aspirated 
contents were centrifuged at 500g for 30 minutes 

in a cooling centrifuge at 4°C. After settling of 
follicular cells, supernatant part of follicular fluid 
was slowly aspirated and transferred into a fresh 
1.5 ml microcentrifuge tube and then frozen at 
-80°C for RNA purification.

Total RNA was purified under RNase-free 
conditions at room temperature for each sample 
using Trizol Reagent (Invitrogen) according to the 
protocol of the manufacturer. In microcentrifuge 
tube, 250µl of cells free follicular fluid was lysed by 
the addition of 750µl Trizol followed by incubation 
at room temperature for 5 minutes. Then, 200µl 
of chloroform was added, vortexed for 5 seconds 
and incubated at room temperature for 5 minutes. 
The centrifugation at 12,000 rpm for 15 minutes 
at 4°C in cooling centrifuge separated the solution 
into an upper aqueous phase containing RNA and 
a lower phenol-containing organic phase. The 
upper aqueous phase was transferred to a clean, 
RNase-free eppendorf tube and again centrifuged 
at 12,000 rpm for 10 minutes at 4°C. Then, the 
pellet was washed with 1ml of 75% ice cold 
ethanol, subsequently centrifuged at 7500 rpm for 
5 minutes at 4°C and ethanol was discarded. The 
microcentrifuge tube was air dried and suspended 
with 10µl of DEPC water. The purified total RNA 
was stored at 80°C. The quantity and purity of the 
RNA were determined by spectrophotometry.

The cDNA synthesis was carried out 
using Revert Aid M-MuLV Reverse Transcriptase 
Kit (Fermantas, USA)in a standard 20µl reaction 
mixture. One microgram oftotal RNA was used 
as template RNA for reverse transcription as 
per manufacturer’s instructions. RT-PCR for 
GDF-9 was carried out by using the published 
(NCBI accession No: AB058416) forward (5’ 
AGAAGCTGCTGAGGGTGTAAGATT3’) and 
the reverse (5’ AAGCAATTGAGCCATCAGGC 3’) 
primer sequences (Hosoeet al., 2011) from bovine. 
These oligonucleotide primers amplified a fragment 
size of 401 base pair. The β-actin forward primer5’-
GATGAGGCTCAGAGCAAGAGA-3’ and reverse 
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primer 5’-TCGTCCCAGTTGGTGACGAT-
3’(amplicon size 596 was used as the internal 
control for Polymerase Chain Reaction). The PCR 
programme comprised an initial denaturation at 
95°C for 5 minutes, followed by denaturation at 
95°C for 30 seconds, annealing at 52°C for 30 
seconds, and extension at 72 °C for 1 minutes 
and final extension at 72 °C for 5 minutes. Each 
PCR was performed for 30 cycles for each sample. 
Products of the RT-PCR were separated by 
electrophoresis on 1.5% agarose gel and visualized 
by ethidium bromide staining. 

RESULTS AND DISCUSSION

In this PCR study, the existence of 
GDF-9 mRNA expression in follicular fluid of 
buffalo ovary was observed. The presence of this 
fecundity gene from follicular fluid of buffalo was 
detected by using the reverse transcriptase PCR. 
Fig. 2 shows the PCR ampliconsof GDF-9 (NCBI 
accession No: AB058416) along with β-actin gene 
(NCBI accession No: BG689033) electrophoresed 
through 1.5% agarose gel.

Fig.1. Picture showing ovaries of buffalo with 
follicles. Arrow mark showing fully grown good 

quality follicle from which the follicular fluid was 
collected.

Fig. 2.Agarose gel showing PCR amplicons of 
GDF-9 (401 bp) and β-actin (endogenous control) 

from follicular fluid of buffalo ovary.Lane 1: 
100bp Marker, Lane II: GDF-9 (401bp), Lane III: 

β-actin  (596bp).

Folliculogenesis is a complex process 
dependent upon the intricate interplay of various 
growth factors and hormones. It is now well 
established that during ovarian folliculogenesis 
there is a dynamic interplay between the 
oocyte and the surrounding somatic cells that 
mutually influences growth and differentiation 
of the somatic granulosa cells and the oocyte 
(Gilchrist et al., 2004). The members of the TGFβ 
superfamily influence a wide variety of growth and 
differentiation processes in a number of tissues and 
species. The newest member of this superfamily, 
GDF-9 appears to be no exception from this 
important function. Presumably, GDF-9 is the 
candidate gene for increasing the ovulation rate in 
sheep (McNatty et al., 2003). The essential role of 
GDF-9 in fertility was demonstrated by targeted 
deletion of the GDF-9 gene in mice (Dong et al., 
1996). Long term immunization against GDF-9 in 
sheep disrupts early folliculogenesis and leads to 
the absence of normal follicles beyond the primary 
stage of development (Juengel et al., 2002). In 
addition, a naturally occurring mutation in this 
gene causes infertility in sheep (Hanrahanet al., 
2004). Positive staining for the GDF9 protein was 
identified in oocytes and granulosa cells in human 
ovarian samples (Oronet al., 2010) and in buffalo 
oocytes (Kathirvel et al., 2013).

 
 I              II         III 

400 bp 
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In the present study, we have reported 
the expression of GDF-9 from the follicular fluid 
of buffalo ovary. There are no expression studies 
available to support the detection of GDF-9 gene 
from ovarian follicular fluid of buffalo. From 
previous ovarian expression studies, GDF-9 
transcripts have been found to be localized in the 
oocytes from primordial follicles in cows and 
sheep (Bodensteiner et al., 1999), whereas it is 
not found in primordial follicles of mice. These 
investigations suggest that expression pattern 
of GDF-9 differs between species. In goats, the 
polymerase chain reaction technique revealed the 
presence of GDF-9 mRNA in primordial, primary 
and secondary follicles, oocytes and granulosa 
cells of antral follicles (Silva et al., 2004). 
Moreover it is reported earlier that the numbers 
of antral follicles per unit of ovarian mass and 
expression GDF9 serve as an important clue for 
higher prolificacy (Pramodet al., 2013). Although 
results of our RT-PCR revealed the availability of 
GDF-9 expression from follicular fluid, the relative 
amount of mRNA transcripts of this gene need to 
be analysed through quantitative real time-PCR 
for further understanding the exact level of GDF-
9 in follicular fluid of different category follicles. 
Additional studies on preantral follicles are needed 
to clarify the role of GDF9 as well as other growth 
factors.

In summary, the present study has 
demonstrated for the first time, GDF-9 expression 
from follicular fluid of buffalo ovary. This evidence 
of expression of GDF-9 in buffalo ovarian follicular 
fluid supports the effect of supplementation of 
buffalo follicular fluid during in vitro maturation of 
buffalo oocytes in improving the maturation rate. 
Moreover, the precise physiologic role of GDF-9 
protein from follicular fluid in influencing oocyte 
needs further study.
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