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Abstract: Effect of co-culture of buffalo preantral follicles with different somatic cells, i.e. cumulus cells,
granulosa cells, Ovarian Mesenchymal Cells (OMC) and Oviductal Epithelial Cells (OEC) was studied. Large
preantral follicles were isolated by microdissecting the trypsin (1%) digested ovarian cortical slices. Cumulus
cells were isolated by repeated pipetting of oocytes, granulosa cells were isolated by aspirating from punctured
preantral follicles and OMC were isolated from ovarian cortex by scraping the cortical slices and passing
through 20 µ filter. In-group 1, preantral follicles were cultured only in standard culture medium (control)
without somatic cells for 80 days. Coculturing of preantral follicles were done with cumulus cells (group 2),
granulosa cells (group 3), OMC (group 4) and OEC (group 5) for 80 days. The results indicated that preantral
follicles which were co-cultured with cumulus cells, granulosa cells and OMC had a better development and
survivability in vitro as compared to control and those co-culture with OEC (group 5). 
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INTRODUCTION from in vitro grown preantral follicles in pigs has been

With respect to culture of buffalo preantral follicles, were cultured with different concentrations of growth
not much work has been done and there is still need to factors for 15 days [5]. However, growth of large preantral
develop an appropriate culture system with necessary follicles in vitro has not been studied before. There is
inputs and conditions for stimulating growth of preantral scope to improve the culture conditions and to develop
follicle, oocyte maturation and its gaining capacity to appropriate culture systems with necessary inputs for
being  fertilized  in  vitro  . Developing a culture system stimulating growth of preantral follicle. The present study
for preantral follicles has important biotechnological was undertaken to find out the effect of co-culture with
implications due to its potential to produce large number different somatic cells like cumulus cells, granulosa cells,
of oocytes for embryo production, manipulation and Ovarian Mesenchymal Cells (OMC) and Oviductal
transfer. Recent studies have indicated that co-culturing Epithelial Cells (OEC) on growth of preantral follicles. 
of preantral follicles with different cells like Bovine
Granulosa Cells (BGC), cumulus cells, Bovine Ovary MATERIALS AND METHODS
Mesenchymal cells (BOM), Fetal Bovine Skin Fibroblasts
(FBF), follicular cells  etc.  have significant influence on All the chemicals were obtained from Sigma-Aldrich,
the development of preantral follicles in different species USA, unless otherwise stated. Trypsin was obtained from
[1, 2]. Growth and survival rates of the oocytes from Himedia Labs, Mumbai, India. Steer serum collected by
porcine  preantral  follicles  were  enhanced  only  when clotting the blood from a long-term term castrated bullock
co-cultured with cumulus cells from antral follicles > 3 mm was heat inactivated at 56 °C for 30 min. filtered (0.22 µ),
in diameter [2]. The bovine preantral follicles were sterilised and stored in 2 ml aliquots at-20°C until use.
maintained for more than 30 d with an increase in follicular
size when co-cultured with Bovine Ovary Mesenchymal Isolation of large buffalo preantral follicles: Ovaries were
Cells (BOM) [1]. Till now, success has been achieved only brought to the laboratory in warm (32 to 33°C) normal
in mice in producing offspring using primordial and saline  supplemented  with  gentamicin  (50 µg ml ) for
preantral follicles [3]. Embryo production using oocytes the isolation of  preantral  follicles.  Ovaries  were washed

reported [4]. Buffalo small preantral follicles (<108 µm)
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thoroughly in 0.9 per cent normal saline supplemented supplemented with steer serum (10%), follicle stimulating
with gentamicin (50 µg ml ). Thin and small sections hormone (FSH-0.05 IU ml ), Sodium pyruvate (0.23 Mm),1

(approximately  1 mm) were made from the ovarian cortex Glutamine (2 Mm), hypoxanthine (2Mm), insulin-
and these ovarian sections were washed with preantral transferrin-selenium (ITS-6.25 µg insulin, 6.25 µg
follicle isolation medium consisting of Dulbecos transferrin,  6.25  ng  sodium  selenite),  mercaptoethanol
phosphate buffer saline, steer serum (10%) and (10 µM mL ), Gentamicin (50 µg mL ). Preantral follicles
gentamicin (50 µg ml ). The ovarian cortical sections were cultured under mineral oil in 35 mm petridish placed1

were then digested with trypsin (1%) by incubating at in CO  incubator (38°C, 5% CO  in air, 90-95% relative
37°C for 10 min. Combined enzymatic cum microdissection humidity). The culture medium was replaced every
method was followed for the isolation of large preantral alternate day. The culture media were prepared fresh and
follicles (Gupta, 2004: personal communication). Large kept for incubation in CO  incubator for 30 min before
preantral follicles of 150 to 500 µm size were isolated from using  for  culture. The  sizes of follicles were monitored
ovarian pieces by micro-dissection using 26 G disposable by  measuring  follicular  diameter  on  day  0  and  every
needle and scalpel blade under stereozoom microscope. 10  days of culture. Vitality and morphology were
The diameter of preantral follicles was measured with assessed  on  days  0,  30,  60  and  then every twenty
precalibrated micrometer of the stereozoom microscope. days of culture. Viability of preantral follicles was
Follicles with normal appearance and without visible signs assessed by trypan blue staining technique [7]. 
of degeneration [5] were selected for the study.

Isolation of ovarian mesenchymal cells: After the removal were allocated into the following 5 groups: (1) control
of Ovarian Surface Epithelium (OSE), the ovarian cortex (without co-culture), (2) co-culture with  cumulus cells
from  buffalo  ovaries  was  chopped into small pieces of (0.7-1.0×10 ) per drop of preantral follicle culture medium
1 cmm (approx) [ 6] and washed in preantral follicle for 80 days, (3) co-culture with granulosa cells (0.5-
isolation medium. The cortical pieces along with the 0.8×10 )  per  drop of preantral follicle culture medium for
isolation medium was repeatedly aspirated with sterile 80 days, (4) co-culture with ovarian mesenchymal cells
Pasteur  pipette  for  facilitating  the release of stromal (0.05-0.07×10 ) per drop of preantral follicle culture
cells and then filtered through 20 µm sterile nylon filters. medium for 80 days, (5) co-culture with 20-30 buffalo OEC
The filtrate was taken for examination under stereozoom per drop of preantral follicle culture medium for 80 days.
microscope (Olympus, Japan). The smallest size category Experiment was replicated for 45 times.
cells i.e. mesenchymal cells were collected and were taken
for culture along with the preantral follicles. Statistical analysis: The differences between the sizes

Isolation of cumulus and granulosa cells: Oocyte with were analysed by ANOVA and the respective means were
cumulus cells were aspirated from surface follicle of compared using Bonferroni Multiple comparison test [8].
medium sized ovarian follicles. The cumulus-enclosed Differences between the mean values were considered
oocytes were denuded by repeated pipetting to facilitate significant when the P values were less than 0.05.
the release of cumulus cells that were collected and
washed 3 times in culture medium before they were used. RESULTS
Preantral  follicles  were  dissected  out  under  stereo
zoom microscope and washed thrice in preservation The size and growth of the follicles in the co-cultured
medium  consisting  of TCM-199 (90%) supplemented groups was significantly higher (p<0.05) compared to that
with follicular fluid  (10%),  mercaptoethanol  (10%)  and of control group on all the days of experiment (Table 1).
gentamycin  (50 µg ml ). Oocytes  were  removed by However follicular growth (p<0.05) was highest in case of1

using 26 G needle and the granulosa cells were aspirated cumulus cell group compared to all other groups (Fig. 1).
from oocytectomized follicles and were washed twice in The growth rate in preantral follicles achieved by 60  and
culture medium before they were used. 80  day of culture was highest (p<0.05) in case of cumulus

Culture of preantral follicles: Preantral follicles were was considered co-culture with cumulus cells, granulosa
cultured in 100 µl droplets of standard culture medium cells and mesenchymal cells resulted in significantly
consisted of Minimum Essential Medium (MEM) higher  (p<0.05)  percentage of   live  follicles compared to
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Experimental design: Two to three preantral follicles each
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and vitality of follicles on different days of in vitro culture
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Table 1: Effect of co-culture with various types of somatic cells on size (Mean±SEM) profile of Preantral Follicles (PFs) during in vitro culture

Size (diameter in µm) of preantral follicles

----------------------------------------------------------------------------------------------------------------------------------

Group No. of PFs Day 0 Day 30 Day 60 Day 80

Control 118 283.70 ±8.07 354.20 ±9.40 382.80 ±9.63 386.20 ±9.501,a 2,a 2,a 2,a

Cumulus cells 94 282.00 ±7.81 428.10 ±11.86 730.50 ±13.76 865.60 ±14.061,a 2,bc 3,b 4,b

Granulosa cells 93 294.30 ±8.42 458.60 ±12.23 562.70 ±17.53 618.30 ±18.111,a 2,b 3,c 4,c

Ovarian mesenchymal cells 90 295.40 ±8.73 423.70 ±12.35 556.40 ±13.50 609.60 ±15.811,a 2,bc 3,c 3,4,c

Oviductal epithelial cells 101 299.70 ±8.86 387.90 ±10.78 510.20 ±11.43 545.10 ±12.611,a 2,ac 3,c 3,d

*Preantral follicles were used for retrieval of oocytes for IVF, Values with different superscript letters and numbers differ significantly (p<0.05) within column

and rows respectively

Table 2: Effect of co-culture of Preantral Follicles (PFs) with various types of somatic cells on the vitality percentage (mean±SEM) observed during different

days of in vitro culture

% of live follicles

----------------------------------------------------------------------------------------------------------------

Group No. of PFs Day 30 Day 60 Day 80

Control 118 75.64 ±6.21 43.72 ±9.22 42.21 ±8.901,a 2,a 2,a

Cumulus cells 101 100.00 ±0.00 86.60 ±12.23 86.60 ±12.231,a 1,a 1,a

Granulosa cells 90 86.47 ±7.35 84.60 ±7.28 51.37 ±7.481,a 1,a 1,a

Ovarian mesenchymal cells 93 91.13 ±4.50 88.37 ±6.61 79.57 ±10.331,a 1,a 1,a

Oviductal epithelial cells 101 87.56 ±4.77 72.02 ±17.22 24.96 ±13.821,a 1,2,a 2,3,a

* Preantral follicles were used for retrieval of oocytes for IVF, Values with different superscript letters and numbers differ significantly (p<0.05) with in column

and rows respectively

Fig. 1: Growth (µm) achieved on different days of in vitro
culture by preantral follicles co-cultured with
different types of somatic cells

control  and  co-culture  with  OEC (Table 2). By 60 days
of in vitro culture less than 50% of the follicles were alive
in case of control, but the vitality percentage was more
than 80% in case of co-culture groups of cumulus cells,
granulosa cells and mesenchymal cells and in these
groups there was no significant decrease (p>0.05) in the
percentage of live follicles even till the last day of culture.

DISCUSSION

The present study demonstrated successful co-
culture  of  buffalo  preantral follicles with different
somatic cells in vitro. This is apparently, the first report of
in   vitro  culture  of   preantral  follicles  with  somatic
cells  in  buffalo. To  overcome  growth-inhibiting  effect
of  factors  secreted  by   the  ovary  on   follicles  during
in vivo  condition,  technologies were developed in vitro
by providing external growth promoting factors; all the
follicles can be grown to the stage where oocytes become
meiotically  competent  to  undergo in vitro fertilization.
By applying this in vitro technology we can utilize ovary
of an animal to the maximum extent.

Co-culture of large preantral follicles with somatic
cells resulted in significantly higher size, growth and
growth rate compared to culture without somatic cells. Co-
culture of preantral follicles with cumulus cells resulted in
significantly higher growth rate compared to other types
of cells. When survivability was concerned, co-culture of
preantral follicles with cumulus cells, granulosa cells and
OMC resulted in higher percentage of live follicles
compared to control and co-culture with OEC. These
results might be attributed to the positive effect exerted
by somatic cells (cumulus cells, granulosa cells and
mesenchymal cells) secretions during in vitro condition.
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Co-culture with cumulus cells, granulosa cells and granulosa cells and OMC was beneficial for the growth
mesenchymal cells was beneficial for the development of and survivability of buffalo preantral follicles in vitro .
buffalo large preantral follicles in vitro, which suggests Compared to previous studies of survivability of
that the these somatic cells might have secreted certain
factors to promote in vitro growth of the developing
follicles. The observations made in this study supports
the findings of Wu et al. [2], wherein they obtained
significantly higher growth rate in preantral follicles and
growth rate (%) and survival rate (%) in preantral follicular
oocyte when co-cultured with cumulus cells taken from
large antral follicles (>3 mm). In vitro cultured cumulus
cells from antral follicles (>3 mm) might secrete beneficial
factors to promote in vitro growth and survival of the
developing oocytes [2]. Porcine cumulus and mural
granulosa cells produce Cumulus Expansion Enabling
Factor (CEEF) in vitro [9]. FSH induces cumulus cells to
produce a diffusible heat stable meiosis activating
substance helps in oocyte maturation [10].

Granulosa cell products like Activin [11], inhibin [12],
thecal differentiation factor [13], fibronectin [14] might
enhance growth and survivability of preantral follicles.
Granulosa cell expressed Kit Ligand (KL) gene and
secreted protein (KL) regulated thecal cell function cell
proliferation, growth [15] had shown positive effect on
oocytes, thecal cells and ovarian stromal cells [15-19].

Mesenchymal cells may contribute to the growth and
survival  of  preantral follicles by providing factors such
as extracellular matrix proteins [1], basement membrane
components [20], high molecular mass proteins [6],
transforming growth factor-  (TGF- ) [21], Keratinocyte
Growth Factor (KGF) and Hepatocyte Growth Factor
(HGF) [22]. Actions of gonadotropins on follicular
development  were  indirectly  regulated  by HGF, KGF
and KL expression [23]. Fibroblast growth factor-7 (FGF-7)
also called as keratinocyte growth factor [24] causes
suppression of granulosa cell apoptosis and stimulation
of growth of cultured rat preantral follicles. 

Co-culture of preantral follicles with OEC resulted in
lower growth and survivability compared to other somatic
cells, this might be due to the reason that secretion OEC
in oviduct is essential only for embryo development
rather than  preantral   follicle   development.  Co-culture
of oocytes or embryos with OEC was beneficial to
blastocyst  formation  [25]. Satoh et al. [26] suggested
that the tissue inhibitor of metalloproteinase-1 produced
by bovine oviductal cells possesses embryogenesis-
stimulating activity. So, co-culture of preantral follicles
with  OEC  is not beneficial for their development. From
the  experiments  conducted  in the present study, it can
be concluded that co-culture with cumulus cells,

preantral follicles, maximum they cultured up to 30 days
with  lower  survivability  of preantral follicles. However
in our studies, even after 80 days of culture,>80% live
follicles were present in case of OMC, cumulus cell
groups and >50% in case of granulosa cell group. This is
the first report of long day culture of preantral follicle for
>80 days. When buffalo small preantral follicles cultured
for 40 days, the live follicles were  17% [5]. However, in
our studies large preantral follicles were maintained for
>80 days in  culture  medium with higher percentage of
live follicles. From  this  study  it  is  clear that buffalo
large preantral follicles will survive for longer days with
increase  in growth compared to small preantral follicles.
In vitro culture of mouse small preantral follicles and
porcine large preantral follicles may grow to ovulatory
structures with in 2-2.5wks and for growth of bovine large
preantral follicles up to preovulatory size will take many
weeks [27]. However in our results, buffalo large preantral
follicles were successfully maintained in culture medium
for >80 days when co-cultured with OMC, cumulus and
granulosa cell groups. From the experiments conducted in
the present study, it can be concluded that co-culture
with cumulus cells, granulosa cells and OMC was
beneficial for the growth and survivability of buffalo
preantral follicles in vitro.
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