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ABSTRACT

The experiments reported herein show the effect of porcine follicular fluid (pFF) at concentrations of 2, 4,
20, 40, 200, 400, 500, and 600 pg protein/mL on HeLa cell line viability. We found that 600, 500, and 400 ug
proteins/mL of pFF from small-, medium-, and large-sized ovarian follicles showed the highest viability
(141.65£26.07, 153.14+16.58, and 140.52+11.71%), which was significantly different from the control
group (p<0.05), but lower than the positive control. The cell morphology of those cultured in pFF from the medium-
and large-sized follicles remained normal. Cell morphology tended to be abnormal at high concentrations of pFF
from small-sized ovarian follicles. Thus, we suggest the applicability of pFF from medium- and large-sized ovarian
follicles at concentrations of 40, 200, 400, 500, and 600 pg protein/mL as a substitute for heat-treated fetal bovine
serum (HTFBS), which is more expensive. However, it should be noted that not only did pFF extracted from small-
sized ovarian follicles have no significant effect on the viability of HeLa cell lines; cell morphology tended to be
abnormal at high concentrations of pFF. This study contributes to biotechnology research by discovering

applications of pFF extracted from ovarian follicles of different sizes as supplements in culture media.
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1. INTRODUCTION

This research focused on using porcine follicular
fluid (pFF) in an extensive study on the effect of pFF on
cell viability and growth. An example of an application
of pFF is its use as a supplement in cell culture medium
for cancer and other cell lines in laboratory settings. Our
protein analysis indicated that pFF is composed of several
substances generated by granulosa cells. Particularly, we
used sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) to analyze the molecular
weights of proteins found in ovarian follicles of three
sizes: small (1-3 mm in diameter), medium (4-6 mm in
diameter), and large (7-10 mm in diameter). The molecular
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weights of proteins from small-sized ovarian follicles
are 50, 65, 75, 90, 95, 110, 120, 160, 190, and greater
than 220 kDa. Proteins from medium-sized ovarian
follicles have molecular weights of 50, 65, 75, 90, 110,
120, 160, 180, and greater than 220 kDa. In addition,
proteins with molecular weights of 50, 65, 90, 110, 120,
160, 180, and greater than 220 kDa in large-sized
ovarian follicles were reported (Youngsabanant et al.,
2019). Previous studies suggested that the protein
component of pFF plays an important role in nuclear
envelope breakdown of the oocyte, which compliments
the processes of oocyte maturation and ovulation
(Ducolomb et al., 2013; Youngsabanant-Areekijseree et
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al., 2019; Youngsabanant et al., 2019). An immunological
study suggested that the 27 kDa proteins are
immunoglobulin (Ig), which function in immunity, and
can be categorized into five groups: 1gG, IgA, IgM,
IgD, and IgE, each of which functions differently
(Mettasart, 2009). Another study suggested that keratin,
the 62-65 kDa protein, has effects on nuclear envelope
breakdown and oocyte maturation. They also suggested
that the 70 kDa protein is a coagulation factor which
could potentially delay the transition of the oocyte to
metaphase |. The 80-kDa proteins are porcine inhibitors
of carbonic anhydrase, which also delay the transition of
the oocyte to metaphase I (Ducolomb et al., 2013).
Moreover, follicular fluid is composed of hyaluronic acid
(HA), a complex compound of polysaccharides and
glycosaminoglycans (GAGs). The water absorption
capacity of HA gives cells their gel-like texture and an
abundance of fibrous proteins such as keratin, collagen,
albumin, immunoglobulin, and ceruloplasmin. Along
the same lines, the compounds of human follicular
fluid are categorized into nine groups: 1. follicle
stimulating hormone (FSH), luteinizing hormone
(LH), estrogen, and progesterone hormones; 2. sugars
and hyaluronan; 3. growth factors of the transforming
growth factor-beta (TGF-beta) superfamily; 4. growth
factors and interleukins; 5. reactive oxygen species
(ROS); 6. anti-apoptotic factors; 7. proteins, peptides,
and amino acids; 8. anti-apoptotic factors; and 9.
prostanoids. In another study, the cumulus cell expansion
phase of the oocyte-cumulus cell complex (COCs)
occurred, and FSH was found to be essential for the
development of HA. Particularly, FSH stimulates
granular cells and supports estrogen in the developing
cytoplasm during the oocyte maturation process
(Suchanek et al., 1994). Kimura et al., (2002) studied the
development of HA, a component of the extracellular
matrix of the cumulus-oocyte complex. They studied
the roles of the mRNA of hyaluronan synthase 2 (has2),
hyaluronan synthase 3 (has3), and CD44 during the
mammalian preovulatory phase. The study showed that
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HA is related to electrocardiogram (eCG) and pFF of the
genes in COCs, oocytectomized (OXCs). They also
found that cumulus cells expressed the mMRNA of has2
and CD44. In addition, oocytes expressed the
mMRNA of has3. Together, these studies suggested that
pFF is composed of hyaluronic acid, collagen, hormones,
and growth factors, all of which play an important
role in cell development. This study focused on the effect
of pFF from small-, medium-, and large-sized ovarian
follicles on HelLa cell line viability, growth, and cell
morphology. The results could provide knowledge useful
for selecting the optimal concentration of pFF from
antral follicles of different sizes for future use in cell
culture.

2. MATERIALS AND METHODS
2.1 Materials

Pubertal porcine ovaries from pigs (aged
between 210 and 250 days) were collected from a local
slaughterhouse using the method reported previously
(Areekijseree et al., 2005; Pongsawat and Y oungsabanant.,
2019). HeLa cell lines were obtained from The Korean
Cell Line Bank (Seoul, South Korea).

2.2 Porcine follicular fluid (pFF) collection

Porcine ovaries were removed within 30 minutes
after being slaughtered and then transported to a
laboratory in a thermos container at a temperature of
30-35°C. pFF was collected from pubertal pig ovarian
follicles of three sizes: small (1-3 mm in diameter),
medium (4-6 mm in diameter), and large (more than 7
mm in diameter) by using a syringe connected to an
18-gauge needle. Then, fluid was collected in a
conical tube and centrifuged for 5 minutes at 1500 X g
to remove oocytes and cells. pFF was stored at
—80°C until use. Protein quantification was carried out
using the Lowry method (Lowry et al., 1951) to
calculate the protein concentrations of pFF from three
sizes of ovarian follicles to supplement the culture
medium.
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2.3 HeLa cell line culture

HeLa cell lines were cultured in Dulbecco's
modified Eagle medium (DMEM) with 10% heat-
treated fetal bovine serum (HTFBS), at 37°C, in
high humidity, in a 5% carbon dioxide and 95% air
atmosphere, at 37°C before experiments were performed.
The separated cells were seeded in culture medium at 5
x 10° cells/mL at 37°C, in a 5% carbon dioxide and
95% air atmosphere, in high humidity, for 48 hours.

2.4 Experimental setup

pFF from small-, medium-, and large-sized
ovarian follicles were cultured in vitro with HeLa cell
lines in experiments consisting of three groups. Group
1: control group consisted of HeLa cell lines cultured in
DMEM. Group 2: positive control group comprised
HeLa cell lines cultured in DMEM and 10% HTBFS.
Group 3: treatment group consisted of 2, 4, 20, 40, 200,
400, 500, and 600 pg protein/mL of pFF extracted from
small-, medium-, and large-sized ovarian follicles, all of
which were in vitro cultured in HeLa cell lines for 24
hours before using the MTT assay to determine the
number of viable cells present. For the statistical
analyses, one-way ANOVA and Duncan’s post hoc
analysis were used to examine the similarities and
differences between the three groups.

2.5 MTT assay and cell morphological study

HeLa cell lines were seeded in a 96-well plate
at 20,000 cells/well for 48 hours before treatment
with pFF from three sizes of ovarian follicles at
concentrations of 2, 4, 20, 40, 200, 400, 500, and 600 g
proteins/mL for 24 hours. After incubation, they were
incubated with tetrazolium salt for 4 hours, and cell
viability was quantified by detecting formazan dye
crystal formation with a spectrophotometer at 570 nm.
Meanwhile, cell morphology was observed during the
culture period and after treatment with pFF under an
inverted microscope.
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3. RESULTS AND DISCUSSION
3.1 Morphological study

The morphological characteristics of HeLa cell
lines were examined by using an inverted microscope
and a scanning electron microscope. During the first
culture, HelLa cell lines were oval shaped with
numerous knobs and micro villi (Figures 1A and 1B).
After 24 hours in culture medium, they transformed into
flattened cells and spread out over the surface of the
culture paper (Figures 1C and 1D). After 48 hours in
culture medium, they transformed into spindle-shaped
cells, numerous spine shapes, and doubled in size at
around 80%-90% confluence (Figures 1E and 1F).

3.2 Potential effect of pFF from small-sized ovarian
follicles on HelL a cell line viability

The results indicated that HelLa cell line
viability after 24 hours in cells treated with pFF at 2,
4, and 20 ug protein/mL were 88.80+9.92, 81.53+
15.83, and 99.80+10.58, respectively. Their viability
was less than that of the control group, but the
difference was not statistically significant. The HelLa
cell line viability under treatments with 40, 200, 400, and
500 pg protein/mL was 104.32+14.65, 105.12+4.42 ,
110.22+12.56, and 107.27+14.98, respectively. The
viability of HelLa cell lines in the positive control
group was 181.34+21.22, and at a concentration of
600 g protein/mL, percent viability was 141.65+26.07,
which was the highest, but significantly lower than
that of the positive control group (p<0.05), as
illustrated in Figure 2. HelLa cell lines treated with
200, 400, 500, and 600 ug proteins/mL of pFF from a
small-sized ovarian follicle were transformed into
abnormal morphology with a vacuole in the cytoplasm,
which indicated that cells degenerated, as illustrated
in Figure 3.
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3.3 Effect of pFF from a medium-sized ovarian
follicle on HelL a cell line viability

The viability of groups treated with pFF from a
medium-sized ovarian follicle at 2, 4, and 20 ug
proteins/mL were 110.34+12.01, 101.42+9.11, and
117.04+3.34, respectively. Their viability were higher
than those of the control group, but not statistically
significant difference. The HeLa cell line viability of
40, 200, 400, 500, and 600 pg protein/mL were

134.48+8.43, 128.60::5.79, 140.16+21.58, 153.14+16.58,
and 127.79+12.90, respectively. The viability of HelLa
cell lines under these treatments were higher than those
of the control group (p<0.05). The groups treated with
500 pg protein/mL showed the highest cell viability,
but the level was statistically lower than that of the
positive control group, as illustrated in Figure 4. All
cell cultures in the treatment groups showed normal
morphology, as illustrated in Figure 5.
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Figure 1 Images from inverted microscope (400 x magnification) (left hand side) and from scanning electron
microscope (right hand side) of HeLa cell lines cultured in DMEM with 10% HTFBS showing rounded
cells in the first culture period (A-B), attachment to the substrate after culture for 24 hours (C-D), and
some took on a fibroblast-like shape and spread out over the surface of the culture paper after culture for

48 hours (E-F)
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Figure 2 Effect of pFF from small-sized ovarian follicle groups at concentrations of 2, 4, 20, 40, 200, 400, 500, and
600 pg protein/mL in DMEM for 24 hours on the percent viability of HeLa cell lines, compared with
control group (DMEM) and positive control group (DMEM supplemented with 10% HTFBS)

Figure 3 Images from inverted microscope (200 x magnification) showing HeLa cell line morphology; control
group (A), positive control (B), the treated groups with porcine follicular fluid from a small-sized ovarian
follicle at 2, 4, 20, and 40 g proteins/mL (C-F), groups treated for 24 hours with pFF from a small-sized
ovarian follicle at 200, 400, 500, and 600 g proteins/mL showed abnormal cell shapes (G-J) (scale bar

=20 pm)
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Figure 4 Effect of porcine follicular fluid from medium-sized ovarian follicle groups at concentrations of 2, 4, 20,
40, 200, 400, 500, and 600 pg protein/mL in DMEM for 24 hours on the percent viability of HeLa cell
lines, compared with control group (DMEM) and positive control group (DMEM supplemented with
10% HTFBS)
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Figure 5 Images from inverted microscope (200 x magnification) showing HelLa cell line morphology; control
group (A), positive control (B), and the groups treated for 24 hours with porcine follicular fluid from a
medium-sized ovarian follicle at 2, 4, 20, 40, 200, 400, 500, and 600 pg proteins/mL (C-J) (scale bar =
20 pm)
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3.4 Potential effect of pFF from a large-sized ovarian
follicle on HelLa cell line viability
The effect of pFF from a large-sized follicle on
HeLa cell line viability indicated that the viability of
groups treated with pFF at 2, 4, and 20 ug proteins/mL
were 94.15+12.00, 96.37+6.16, and 98.79+5.95,
respectively. Their viability was insignificantly lower
than that of the control group. The viability of HeLa cell
lines treated with 40 and 200 pg protein/mL was
115.52+25.24 and 110.08+25.50, respectively. The
viability of HeLa cell lines under these treatments was
also insignificantly higher than those of the control
group. The HelLa cell line viability under treatment
with 400, 500, and 600 pg protein/mL was
140.52+11.714, 125.60+35.40, and 123.39+24.76,
respectively. The tested group at 400 pg protein/mL
showed the highest cell viability, but this value was
statistically lower than the positive control group, as
illustrated in Figure 6. All HeLa cell lines in all
treatment groups showed normal morphology, as
illustrated in Figure 7
The cell morphology of in vitro cultured HelLa
cell lines was examined using an inverted microscope.
The results suggested that HeLa cell lines spread over
a cell culture flask and formed an epithelial-like
morphology. These results are similar to the research of
Kniss and Summerfield (2014), who indicated a similar
transformation of cell morphology and monolayer
cultures. The characteristics of cell morphology were
examined by using culture paper rather than a culture
flask. When using a scanning electron microscope,
the morphology of HeLa cell lines differed from those
examined by an inverted microscope. Specifically,
those cultured with culture paper exhibited an epithelial-
like morphology but appeared to have less expansion
than those cultured in a culture flask. The results are
supported by Majumdar et. al. (2001), who found that,
when culturing cells for 48 hours, the cells transform
into an epithelial-like morphology with numerous
micro villi and also lamellipodia (the organ for cell
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movement). Their results indicated that HeLa cell lines
cultured with a cell culture flask are more expanded
(around 40 pg in length) than when cultured on culture
paper (around 30 pg in length).

DMEM was supplemented with 10% HTFBS,
which contained several vital components for cells, such
as hormones, vitamins, minerals, and growth factors
(Brunner et. al., 2010; Youngsabanant et al., 2019). The
experiments on the effect of pFF extracted from small-,
medium-, and large-sized ovarian follicles on Hela
cell lines showed that using pFF as a substitution on
HTFBS vyielded significantly higher viability and
growth than the control group (only DMEM) (p<0.05).
The viability was lower than that of the positive
control group, although the difference was not
statistically significant. These results were similar to
those of Ayoub and Hunter (1993) and Romero-
Arredondo and Seidel (1994), who showed that the
oval cells cultured with pFF from small-, medium-,
and large-sized ovarian follicles had higher viability
and growth than otherwise, but still lower than those
cultured with HTFBS. pFF is composed of proteins
essential for biochemical and physiological processes
such as follicular development, oocyte development,
and ovulation (Ali et al., 2004; Edwards, 1974). In
addition to their nutrients that are essential for cell
viability, pFF also provides and maintains the conditions
necessary for cell development. Ali et al. (2008), and
Ito et al. (2008) studied the effect of pFF collected
from small (3-4 mm in diameter) and large (5-6 mm in
diameter) sized ovarian follicles. They found that pFF
from large-sized ovarian follicles has effects on nuclear
maturation and increased the oocyte maturation
and fertilization rates over those collected from small-
sized ovarian follicles. Similarly, Oberlender et al.
(2013) studied the effect of pFF collected from small-
and large-sized ovarian follicles and found that
the development of cells cultured in pFF from the
large-sized ovarian follicles is more advanced than
that of cells cultured in small-sized ovarian follicles.
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The study also indicated that the 30-100 kDa cell development through nucleus and cumulus
proteins found in pFF play an important role in  maturation (Ito et al., 2008).
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Figure 6 Effect of porcine follicular fluid from large-sized ovarian follicle groups at concentrations of 2, 4, 20, 40,
200, 400, 500, and 600 g protein/mL in DMEM for 24 hours on the percent viability of HeLa cell lines,
compared with control group (DMEM) and positive control group (DMEM supplemented with 10% HTFBS)

Figure 7 Images from inverted microscope (200 x magnification) showing HeLa cell line morphology; control group
(A), positive control (B), and group treated for 24 hours with porcine follicular fluid from a large-sized
ovarian follicle at 2, 4, 20, 40, 200, 400, 500, and 600 pg proteins/mL (C-J) (scale bar = 20 pm)
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In this study, the viability of HeLa cell lines was
higher when cultured with pFF from medium-sized
ovarian follicles than those cultured with pFF from the
small- and large-sized ovarian follicles. Ducolomb et al.
(2013) suggested that pFF is composed of some protein
compounds essential for oval cell development such as
immunoglobulin fragment, cytokeratin, transferrin,
plasminogen precursor, serum albumin, and keratin.
The 90-kDa proteins, known as heat shock proteins,
were also found for stimulating cell development
(Mettasart, 2009). The same occurred in this finding on
pFF from the small follicles. Ledwitz-Rigby et al. (1977)
found that pFF inhibited in vitro oocyte maturation.
Their results showed that supplementation with 50%
pFF inhibits in vitro oocyte maturation more than
supplementation with 20% and that pFF from large-
sized follicles (6-12 mm) has no effect on ovulation.

This study showed that culturing HeLa cell lines
with pFF from three sizes of ovarian follicles yielded
significantly higher viability than the control group, but
lower than the positive control group. The latter
difference was not statistically significant. The analysis
of cell morphology suggested that the cells cultured
with a high concentration of pFF from small-sized
ovarian follicles exshibited abnormal morphology.
Specifically, they transformed into flat-shaped cells and
expanded 1.5 times more than the positive control
group. This cell morphology was abnormal and indicated
cellular dysfunction, which agreed with the study of
Adams et al. (2015), who found that nutrient abundance
could lead to a plasmolytic shape. Specifically, it was
an abnormal morphology that occurred from shrinkage
of protoplasm and numerous vacuoles in the cytoplasm.
The abnormal morphology of a dark color on the rim of
the cytoplasm of HelLa cell lines was also found. This
observation was supported by Adams et al. (2015), who
also found plasmolytic-shaped cells. Hasasna et al. (2015)
studied the effect of Rhus coriaria ethanolic extract
(RCE) on breast cancer cells and found that cells
transform into flat shapes with vacuolization. RCE has
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some effects on the destruction of breast cancer cells. It
should also be noted that the MTT assay is a measure
of succinate dehydrogenase enzyme release from
mitochondria. This enzyme in capable of reducing the
tetrazolium dye, MTT 3-(4, 5-dimethylthiaol- 2-yl)-2,
2-diphenyltetrazolium bromide, to its insoluble formazan
(change in purple color) (Chacon et al., 1997). Thus, the
findings of higher viability and growth could also be
falsely positive, as the mitochondria of abnormal cells
are still functioning.

The experiments also showed that at 40, 200,
400, 500, and 600 pg proteins/mL of pFF extracted
from medium- and large-sized ovarian follicles
yielded higher viability than the control group.
Compared to the control and positive control groups,
cell morphology remained normal when cultured with
pFF from medium- and large-sized follicles at any
concentration. This study, thus, suggested that 40, 200,
400, 500 and 600 pg proteins/mL of pFF extracted from
medium- and large-sized ovarian follicles can be used
as a substitute for HTFBS.

4. CONCLUSION

HeLa cell lines cultured with DMEM and 10%
HTFBS appeared rounded in the first culture period.
After 24 hours in culture, they transformed into
flattened cells and spread out over the surface of the
culture paper. After 48 hours in culture, they
transformed into spindle-shaped cells, numerous spine
shapes, and doubled in size at around 80%-90%
confluence. The 600 pg proteins/mL of pFF from small-
sized ovarian follicles yielded the highest viability when
compared with the control group, but lower than the
positive control group. The 500 pg proteins/mL of
pFF extracted from the medium follicles yielded the
highest viability compared with the control group. The
400 pg proteins/mL of pFF from the large-sized
ovarian follicles yielded the highest viability. When
cultured with 400, 500, and 600 pg proteins/mL of pFF
extracted from the small follicles, HeLa cell lines
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exhibited an abnormal morphology. However, those
cultured with pFF from the medium and large
follicles exhibited similar morphology to the positive
control group. As evidenced by our experiments, pFF has
merit as a supplement in cell culture medium. However,
we note that different cells might respond to pFF
differently, and further studies should be conducted.
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