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ABSTRACT

Current developments in IVF and animal cloning have resulted in increasing demand for large quantities of oocy-
tes and ovarian follicles at specific stages of development. These medical and scientific needs may be met by deve-
loping an optimal culture system for preantral follicles. In this study, we investigated the growth of porcine prean-
tral follicle cultures in different media and in the presence and absence of serum. Follicles were manually dissected
from ovaries obtained from prepubertal gilts at a local slaughterhouse, and cultured for 3 days in M199 or NCSU23
medium supplemented with porcine FSH, transferrin, L-ascorbic acid and insulin. Follicle diameters were measured
on day 1 and 3 of culture. In Experiment 1, the effect of supplementing culture medium with fetal calf serum (FCS)
on porcine preantral follicle growth was examined. In the group of cultures supplemented with FCS, follicle
diameter after 3 days of culture, survival rate and antrum formation rate in the FCS group were significantly higher
than those of the control group. In Experiment 2, the effects of culture medium (M199 and NCSU23) on follicle
growth were compared. Follicle diameters were increased in the M199 group, compared with these in NCSU23
{p<0.05), but we observed no significant differences in survival and antrum formation rates between cultures grown
in the two media. In conclusion, supplementation of the culture medium with serum enhances preantral follicle
growth and antrum formation, and M199 is superior to NUSU23 for porcine preantral follicle culture in vitro.
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INTRODUCTION effective in vitro culture system for preantral follicles is
important to ensure the provision of large quantities of

oocytes for embryo production. Furthermore, in witro fo-

Harvesting oocytes is crucial for in vitro embryo pro-
duction procedures, including in vitro fertilization, nu-
clear transfer, intracytoplasmic sperm injection, and tr-
ansgenic technology, among other processes. Currently,
the recovery rate of oocytes from antral follicles is po-
or, owing to the small number of large antral follicles
in the ovary. In mammalian ovaries, the majority of
follicles are present in the cortex as preantral follicles.
Ovaries of human, sheep and rat at birth contain 1x10°,
1x10° and 2x10* follicles, respectively, which predomi-
nantly exist as primordial and primary follicles. The ave-
rage preantral follicle number in goat ovaries is 37,646.
In cattle, the ovary contains more than 100,000 pre-
antral follicles. However, during oocyte growth and de-
velopment, less than 1% of follicles continue normal
growth, with most of the rest undergoing atresia (For-
tune, 1994; Evans, 2003). Hence, the development of an

llicle culture is an essential tool to elucidate the under-
lying mechanisms of oocyte growth and differentiation,
and may also be used for preservation and long-term
storage of female germ cells.

Several recent studies have focused on improving the
preantral follicular culture system. Various culture sys-
tems for follicles have been developed in several spe-
cies, including mouse (Eppig and Schroeder, 1989; Go-
ng et al, 2009), rat (Cain et al,, 1995), hamster (Roy and
Greenwald, 1985), pig (Hirao et al.,, 1994), bovine (Wan-
dji et al., 1996; Lim et al., 2009), and human (Abir et 4l
1997). However, limited information is currently avai-
lable on the in vitro mechanisms of folliculogenesis and
oocyte growth and differentiation. Moreover, the effi-
dency of preantral follicle culture in vitro is still low,
and optimal culture conditions for preantral follicle grow-
th are yet to be established in domestic animals.
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The objective of this study was to investigate the eff-
ects of different culture media (M199 and NCSU23) and
fetal calf serum (FCS) on the growth of porcine prean-
tral follicles in vitro, with a view to establishing an op-
timal culture system to support follicle development in
vitro.

MATERIALS AND METHODS

Reagents

All chemicals were obtained from Sigma, unless oth-
erwise indicated.

Animals

Ovaries from prepubertal gilts were collected at a
local abattoir, and rinsed in PBS supplemented with 100
IU/ml penicillin and 50 pg/ml streptomycin. Ovaries
were maintained at 37C during 1 to 2 h of transpor-
tation from the slaughterhouse to the laboratory.

Preantral Follicle Dissection and Collection

QOvaries were washed with PBS, and transferred into
PBS containing 3 mg/ml BSA (A 8022, Sigma). Ovarian
cortical tissue was sliced (<1 mm thickness) from the
ovarian surface with a blade. Preantral follicles were vi-
sualized under a dissecting microscope, and manually
isolated with two 28-gauge needles in PBS with 3 mg/
ml BSA. Follicles with diameters of 270 to 320 pum, in
which oocyte and granulosa cells were completely su-
rrounded by the basement membrane, thecal cells, and
some stromal tissue, were collected into 4-well multi-
dishes that contained collecting medium consisting of
Medium199 (M4530, Sigma) supplemented with 3 mg/
ml BSA.

Preantral Follicle Culture In Vitro

Follicles were collected and transferred into culture
medium (M199 or NCSU23) supplemented with 3.5 ug
fml insulin (15523, Sigma), 10 1g/ml transferrin (T5391,
Sigma), 100 pg/ml L-ascorbic acid (A4544, Sigma), and
2 mlU FSH (F2293, Sigma). Depending on the experi-
ment, two culture media, M199 and NCSU23, were su-
pplemented with 7.5% FCS (26010-074, Gibco) or left
untreated. Follicles were randomly distributed to diffe-
rent experimental groups, and cultured for 3 days in
24-well cell culture cluster plates, with four follicles per
well in 280 pl medium. The culture was performed at
385T in 5% CO; and air. Half of the culture medium
was replaced every day with freshly prepared medium.
Follicle diameters were measured under a stereomicro-
scope with an ocular scale at a magnification of x50 at
days 0 and 3 of culture. Follicle survival rates were de-
termined using trypan blue staining (15250-061, Gibco).

Experimental Design

Experiment 1 was conducted to assess the effects of
FCS on porcine preantral follicular survival, growth and
antrum formation following in vitro culture. Based on
the culture system described by Wu et al. (2001), 7.5%
FCS was added to the medium. Preantral follicles of
the control group were cultured without FCS, while the
treatment group was cultured in M199 medium su-
pplemented with 7.5% FCS.

Experiment 2 was performed to evaluate the effects
of two different culture media, M199 and NCSU23, on
survival, growth and antrum formation of porcine pre-
antral follicles. .

Statistical Analysis

Experiments were repeated at least four times. Statis-
tical analysis was performed using the SPSS statistical
software with Student f-test. Data were presented as

~ mean valuestSEM.

RESULTS

Effects of FCS on Porcine Preantral Follicular Sur-
vival, Growth and Antrum Formation

All follicles used for the experiment were manually
isolated. Follicle growth and antrum formation are pre-
sented in Fig. 1. The survival rates of preantral follicles
in cultures in vitro were determined (Fig. 2). Notably,
the survival of preantral follicles in medium supple-
mented with 7.5% FCS was significantly higher than
that of the control group (75.1% vs 54.6%). The initial
follicular diameter (Day O of culture), shown in Table
1, was similar between groups (2999 um in the FCS
group vs 2984 pm in the control group). After 3 days
of culture, the mean diameter of follicles cultured in
medium containing 7.5% FCS was significantly larger
than that of the control group (3824 pm vs 3358
m). Moreover, the antral formation rate of the FCS-su-
pplemented group was higher, compared to the control
group (74.9% vs 41.3%). These results clearly indicate
that 7.5% FCS promotes the growth of porcine prean-
tral follicles in culture medium in vitro.

Fig. 1. Growth of porcine preantral follicle cultures in vitro. (A)
Preantral follicle on Day 0 of culture, (B) Preantral follicle on Day
1 of culture, (C) Antral follicle on Day 3 of culture. (Bar=100 pm).
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Table 1. Effect of FCS on growth of porcine preantral follicle cultures in vitro

209

Follicle diameter (um)

FCS No. of follicles Repeats Antrum ,Jf/o rmation
Day 0 (mean+SEM)" Day 3 (mean+SEM) %)
0 29 4 299.9+1.37 335.8+11.49° 12 (41.3+3.69)"
7.5% 29 4 298.4+1.20 382.448.78" 22 (74.9+5.31)°
® Within a column, different superscripts imply significant differences (p<0.05).
! Follicle diameters at Day 0 display no significant differences (p>0.05).
Table 2. Effects of M199 and NCSU23 on growth of porcine preantral follicle cultures in vitro
. No. of Follicle diameter (um) Antrum formation
Medium follicl Repeats (%)
ollicles Day 0 (mean+SEM)’ Day 3 (meantSEM) °
M199 31 4 295.244.13 399.6+4.26" 21 (69.1+4.83)
NCSU23 31 4 297.3+1.48 376.4+6.07° 21 (68.5+6.88)

® Within a column, different superscripts imply significant differences (p<0.05).
! Follicle diameters at Day 0 have no significant differences (p>0.05).
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Fig. 2. Effect of FCS on the survival rates of porcine preantral
follicle cultures in witro. Control: Preantral follicle culture in the
absence of FCS, FCS: Preantral follicle culture in medium supple-
mented with 7.5% FCS. *Significant difference between the two
groups (p<0.05).

Effects of Different Culture Media (M199 and NC-
SU23) on Survival, Growth and Antrum Formation of
Porcine Preantral Follicles

The survival rates of preantral follicles cultured in
vitro in different media were analyzed (Fig. 3). We
observed no marked differences in the survival rates of
preantral follicle cultures between the two medium
groups (75.1% with M199 vs 74.2% with NCSU23). Fo-
licular diameters on day 0 of culture were similar bet-
ween the two groups (295.2 ym in M199 vs 297.3 pum
in NCSU), as shown in Table 2. However, after 3 days
of culture, the diameters of follicles cultured in M199
were significantly larger than those in the NCSU23
group (399.6 um vs 3764 pm). We observed no diffe-
rences in antrum formation rates between the two cul-

M199 NCSU

Fig. 3. Effects of different culture media (M199 and NCSU23) on
the survival rates of porcine preantral follicle cultures in vitro.

ture medium groups (69.1% with M199 vs 68.5% with
NCSU23). Our results suggest that M199 is superior to
NCSU23 for culture of porcine preantral follicles in
vitro.

DISCUSSION

Porcine folliculogenesis from the primordial to pre-
ovulatory follicle is a lengthy process regulated by in-
teractions among endocrine, paracrine and autocrine fac-
tors in the ovary (Morbeck et al., 1992; Mao et al., 2002).
Many researchers have used serum as a component of
culture media, as it provides growth factors and impro-
ves preantral follicular growth (Wu et al., 2001; Hovatta
et al., 1999). Fetal calf serum is often used in bovine
preantral follicle culture (Saha et al., 2000; Katska and
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Rynska, 1998). Serum contains proteins, amino acids, car-
bohydrates, trace elements, hormones and growth fac-
tors, as well as extracellular matrix components that pro-
mote cell adhesion and proliferation (Picton et al., 2008).
Extracellular matrix moderates follicle survival in organ
culture. Serum provides a source of albumin, and can
balance osmolarity and scavenge harmful molecules and
metal ions. Serum additionally acts as a source of pre-
cursors for steroid biosynthesis.

In our experiments, supplementation of the culture
medium with FCS improved preantral follicle growth,
The diameters of preantral follicles after 3 days of cul-
ture were significantly enhanced following supplemen-
tation with FCS. Serum contains growth factors and
other unknown components that may promote the pro-
liferation of granulosa cells in follicles, leading to in-
creased follicular diameters. The antrum formation rate
in the FCS supplementation group was also significan-
tly higher than that in control cultures, indicating that
FCS promotes antrum formation of porcine preantral
follicle culture in vitro.

Various base media have been employed for in vitro
culture of follicles in different species, induding mini-
mum essential medium (Jewgenow, 1998, Newton et al.,
1999), Waymouth medium (Eppig and OBrien, 1996;
Muruvi et al,, 2005), and McCoy's 5a medium (Telfer et
al., 2008). M199 and NCSU23 media are frequently used
for porcine follicle culture. In this study, we observed
no differences between the survival rates and antrum
formation of preantral follicles cultured in the two me-
dia (M199 and NCSU23). However, the diameters of fo-
Hlicles after 3 days of culture in MI99 were signifi-
cantly increased, compared to those cultured in NCSU-
23, consistent with the finding of Mao et al. (2002). Our
results indicate that M199 medium promotes faster
growth of porcine preantral follicles than NCSU23. In
the murine species, the oocyte is almost fully deve-
loped in the preantral follicle, but the porcine oocyte
needs to continue growing after antrum formation. The
oocyte is characterized by higher proliferation of gra-
nulosa cells and enhanced RNA and protein synthesis,
In relation to NCSU23, M199 contains more amino acids,
vitamins, ribonucleosides, and deoxyribonucleosides. The-
refore, porcine preantral follicles appear to require mo-
re nutrient components to support their development.
NCSU23 is a simple medium, and may not satisfy the
demands for porcine preantral follicle development in
vitro, which would account for the slower growth of
follicles. Our findings clearly suggest that M199 is the
superior medium for porcine preantral follicle culture
in vitro.

In conclusion, supplementation of culture medium
with serum enhances preantral follicle growth and an-
trum formation, and M199 is more suitable than NU-
SU23 for in vitro culture of porcine preantral follicles.
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