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Abstract

Objectives: Pterygium recurrence after removal surgery is an important problem. Polysaccharides obtained from Cap-
paris species have been shown to possess various biological properties, including anti-tumor activity. This study was an
investigation of the effect of Capparis ovata polysaccharides on cultured pterygium fibroblasts and a comparison with the
effects of mitomycin C (MMC).

Methods: Pterygium tissue samples were obtained during excision surgery from 3 patients with primary pterygium, and
fibroblasts were isolated. Pterygium fibroblast cultures and L929 cell cultures were treated with different concentrations
of MMC and Capparis ovata polysaccharides. Cell proliferation and migration were evaluated.

Results: An MTT assay revealed that cell viability decreased with increasing concentrations of Capparis ovata polysac-
charides in both cell types. MMC also inhibited the proliferation of both cell types. A scratch-wound assay indicated that
both Capparis ovata polysaccharides and MMC molecules reduced proliferation and migration in the pterygium fibroblasts
and L929 cells.

Conclusion: The in vitro Capparis ovata polysaccharide inhibition of proliferation and migration of pterygium fibroblasts
was similar to that of MMC. The results of this study suggested that Capparis ovata polysaccharides may be a valuable

candidate drug to treat pterygium.
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Introduction

Pterygium is an ocular surface disease in which conjunctival
tissue proliferates and extends onto the cornea. The preva-
lence has been reported to be around 10% worldwide, with
geographical variation, and is slightly more prevalent in males
(1,2). The pathogenesis of pterygium has been investigated
in many studies, but the precise underlying mechanism is still

unknown (3-5). Several risk factors are thought to be im-
portant in the pathogenesis of pterygium. Many studies have
suggested that ultraviolet (UV) light may be a major factor in
pterygium development (6-9). UV light is thought to cause
oxidative stress and genetic damage, which triggers activa-
tion of inflammatory pathways and the release of growth
factors that are important in the pathogenesis of pterygium
(5). Pterygium can result in decreased visual acuity and may
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become inflamed, causing irritation and pain. Surgical exci-
sion and a tissue graft with either a conjunctival autograft or
amniotic membrane is frequently used as treatment (10,1 1).
Pterygium recurrence after surgery is an important problem.
It has been proposed that fibroblasts have an important role
in the recurrence of pterygium, particularly in exaggerated
wound healing and uncontrolled fibrosis (12). The use of an-
tifibrotic agents such as mitomycin C (MMC) or fluorouracil
as an adjuvant in pterygium surgery can effectively decrease
the recurrence rate (I3,14). These molecules inhibit the pro-
liferation of fibroblasts and induce apoptosis (15). Despite
the positive effects and success rate, severe complications,
including scleral thinning or necrosis, corneal ulceration, and
conjunctival and scleral defects, can occur following the use
of these drugs (16). The search for other molecules that
could provide an antifibrotic effect without these side ef-
fects continues. Recently, plant polysaccharides with various
biological properties have been studied for potential applica-
tions in medicine. The antioxidant, immunomodulatory, an-
ti-tumor, and anti-inflammatory qualities, as well as activity
promoting wound healing, of polysaccharides derived from
different medicinal plants have been noted in several studies
(17,18). In vivo and in vitro research has examined various
biological characteristics of Capparis species (19,20). The ca-
per bush, which belongs to the family Capparaceae and the
genus Capparis, is one example. This plant grows naturally in
many parts of Turkey as a native species. The purpose of this
study was to evaluate the effect of Capparis ovata polysaccha-
rides on pterygium fibroblasts.

Methods

Cell Culture

This study was approved by the institutional review board
of Nigde Omer Halisdemir University on June 13, 2019 (no:
2019/12) and performed according to the tenets of Decla-
ration of Helsinki. Informed consent was obtained from all
of the participants. The pterygium samples analyzed were
obtained during an excision procedure for 3 patients with
primary pterygium. These samples were placed into sterile
petri dishes and treated as described by Cao et al. (21). The
samples were cultured in Dulbecco's Modified Eagle's medi-
um (DMEM) (01-050-A; Biological Industries, Beit Haemek,
Israel) containing 10% fetal bovine serum (FBS) (SO1 I 3; Bio-
chrom GmbH, Berlin, Germany), L-glutamine (XC-T1715;
Biosera, Nuaille, France), and penicillin (100 units/mL)/strep-
tomycin (PS-B, 100 units/mL; Capricorn Scientific GmbH,
Ebsdorfergrund, Germany) at 37°C in 5% CO, in a humid-
ified atmosphere. The isolated pterygium fibroblasts were
passaged and the cells from the third passage were used in
the study experiments. An L929 fibroblast cell line was also

used for comparison. The L929 cells were cultured in DMEM
media supplemented with FBS, penicillin/streptomycin, and
L-glutamine. The medium was discharged every 2 days. The
cells were examined with an inverted microscope (Axio;
Carl Zeiss AG, Oberkochen, Germany) and images of the
cells were recorded.

Isolation of Polysaccharides

Capparis ovata polysaccharides were isolated from Capparis
ovata fruit in the department of pharmacology according to
the method described by Lv et al. (22). The polysaccharides
were homogeneously dissolved in the cell culture medium
and the stock solution was passed through a microfilter 0.22
pm in diameter for sterilization.

MTT Assay

A 3-(4,5-dimethylthiazol-2-y)-2,5-diphenyltetrazolium bro-
mide (MTT, 20395.02, Serva Electrophoresis GmbH, Heidel-
berg, Germany) test was used to determine the IC50 (half
maximal inhibitory concentration) dose of polysaccharides
and the toxicity of MMC on pterygium fibroblasts cells and
L929 cells. The pterygium fibroblasts cells and L929 cells
were grown in 96-well plates (4.5x 105 cells/well) and seeded
for 24 hours. The cells were then incubated with MMC (0,
2, 5 pum), for 5 minutes, and polysaccharides (0, 10, 25, 50,
100, 200 pg/mL) for 48 hours. The medium was discharged
and fresh medium (100 pL) and 10 yL MTT (5 mg/mL in
distilled water) was added to the wells. The cells were incu-
bated with 10 uL MTT (5 mg/mL in distilled water) at 37°C
for 4 hours. Then, the MTT medium was removed. Dimethyl
sulphoxide (DMSO, A3672; AppliChem GmbH, Darmstadt,
Germany) was used to dissolve the formazan salts for 10
min. The IC50 dose of polysaccharides was defined by mea-
suring absorbance with a UV-visible spectrophotometer
multiplate reader at a wavelength of 570 nm (ELx800UV;
BioTek Instruments Inc., Winooski, VT, USA).

Cell Migration Analysis

The cell migration rate was determined using a scratch-
wound assay. The pterygium fibroblasts and L929 cells were
grown in a 24-well plate (2.5x105 cells/well) until 80% con-
fluency was achieved. The scratch-wound model was cre-
ated using a 200 pL plus-shaped pipette tip (+). The cells
were exposed to the IC50 dose of polysaccharides for 48
hours and MMC (2 um) for 5 minutes. Images of the scratch-
wound areas for each group were recorded and evaluated
using Image].1.47 software (US National Institutes of Health,
Bethesda, MD, USA). The closure percentage of wound ar-
eas was calculated.

Statistical Analysis

Each experiment of this study was performed three times.



Kucuk et al., Capparis Ovata Polysaccharides and Pterygium

The data were analyzed using repeated analysis of variance
with the Tukey-Kramer multiple comparisons test. A p value
of <0.05 was accepted as statistically significant.

Results

MTT Assay

An MTT assay was used to determine the IC50 dose of poly-
saccharides. The findings showed that cell viability was sup-
pressed with increasing doses of polysaccharides (Fig. 1). Since
the toxic effect of MMC was very high, 2 low doses (2 and 5
pum) of MMC were applied to the cells for 5 minutes (Fig. 2).
The IC50 dose of polysaccharides was 82.22 pg/mL for the
pterygium fibroblasts and 100.75 pg/mL for the L929 cells.

Cell Migration

The inhibitory effects of polysaccharides and MMC were ana-
lyzed using a scratch-wound assay. The IC50 dose of polysac-
charides inhibited cell proliferation and delayed in vitro wound
healing in both the pterygium and L929 cells in comparison
with the controls. Similarly, MMC inhibited cell proliferation in
both cell types. The L929 and pterygium fibroblast cells in the
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Figure 2. The survival of L929 and pterygium cells with mitomycin
C at 2-pym and 5-pm doses for 5 minutes was analyzed using an MTT
assay. The cell survival percentage was analyzed using one-way analysis
with the Tukey-Kramer multiple comparisons test (* p<0.05).

control group with no exposure to polysaccharides or MMC
proliferated and migrated, and wound healing occurred after
48 hours (L929: 76.62%, pterygium: 66.24%; *p<0.05) (Figs.
3-5). In the MMC-treated groups (dose of 2 pm), inhibition of
proliferation of both cell types was observed and the wound
site was not closed (Figs. 3, 4). The application of polysaccha-
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Figure 1. The survival of (A) L929 and (B) pterygium cells with in-
creasing doses of Capparis ovata polysaccharides over 48 hours was
analyzed using an MTT assay. The percentage of cell survival was ana-
lyzed using one-way analysis of variance with the Tukey-Kramer multi-
ple comparisons test (*** p<0.001).
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Figure 3. The percentage of wound healing with mitomycin C (2 pm
for 5 minutes) and Capparis ovata polysaccharides at IC50 doses for
48 hours in the scratch-wound test area of L929 and pterygium cells.
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Figure 4. Pterygium fibroblast assay images indicating cell migration.
Arrow heads: Migrating cells; Scale bars: 100 ym.
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Figure 5. L929 cell-line assay images of cell migration. Arrow heads:
Migrating cells; Scale bars: 100 pm.

rides resulted in 30.05% closure in L929 cells and 26.94% in
pterygium cells (p>0.05) (Figs. 3-5). Polysaccharides inhibited
the proliferation of pterygium fibroblasts (***p<0.001) and
suppressed the cell migration in the scratch area in both cell

types.
Discussion

The results of this study indicated that Capparis ovata poly-
saccharides effectively decreased the proliferation and mi-
gration of pterygium fibroblasts. Despite advances in ther-
apeutic approaches, the recurrence rate after pterygium
surgery is still high. Antimetabolites like MMC can decrease
the recurrence rate, but may lead to severe vision-threaten-
ing complications (16,23,24). Other molecules and surgical
techniques continue to be investigated as a means to de-
crease the rate of recurrence while avoiding severe compli-
cations (21,23,25).

An increasing number of studies have investigated bio-
active plant polysaccharides and their biological activities on
various diseases. Plant polysaccharides are reported to have
various biological characteristics, such as immunomodulatory,
antibiotic, antioxidant, antitumor, anticoagulant, and anti-in-
flammatory activity (17,26). These polysaccharides are report-
ed to be relatively nontoxic and have a low risk of significant
side effects (7). They are also less expensive than synthetic
products (26). Capparis ovata is a member of the family Cap-
paraceae and the genus Capparis, which consists of 250 to
400 species. Capparis species have been reported to have
diverse biological properties (27). Various extracts obtained
from Capparis ovata have shown to possess antioxidant, an-
ti-inflammatory, and antibiotic activity (28,29) Polysaccharides
obtained from another member of the Capparaceae family,
Capparis spinosa, have been shown to inhibit the growth of

tumor cells and induce tumor cell apoptosis (20,30).

Previous studies have reported that pterygium fibroblasts
have transformed or preneoplastic cell properties, and fibro-
blast proliferation and invasion of the cornea by fibroblasts
has been suggested as the main mechanism of pterygium
pathogenesis (31,32). Based on the results of previous studies
studying the molecules obtained from Capparis species, we
investigated the effect of polysaccharides obtained from Cap-
paris ovata on pterygium fibroblast and L929 cell cultures. A
dose-dependent decrease in cell viability in both cell types was
seen in an MTT assay and decreased proliferation and migra-
tion of the cells was observed in a scratch-wound assay with
Capparis ovata polysaccharides. MMC is frequently used for 3
to 5 minutes during pterygium surgery (33). Since it is very
toxic, MMC is frequently used for 5 minutes in cell cultures in
experimental settings (21,25). We also used MMC in low con-
centrations and for a short duration (5 minutes) in the current
study. As seen in previous studies using MMC in various cell
cultures, we saw decreased cell viability in the MTT assay and
a significant decrease in cell migration and proliferation in a
scratch-wound assay in both cell types using MMC. The L929
fibroblast cell line is commonly used to evaluate the cytotox-
icity of molecules and other materials (34-36). We used the
L929 fibroblast cell line as a control in our study to evaluate
the effect of Capparis ovata polysaccharides. The Capparis ova-
ta polysaccharides inhibited the proliferation and migration of
L929 cells, however, the IC50 value of Capparis ovata polysac-
charides was higher for the L929 cells in comparison with the
pterygium fibroblasts in our study. This may prove useful in
the management of pterygium since a lower dose of the drug
may be applied with an adequate effect on pterygium fibro-
blasts with less potentially toxic effect on normal cells.

Interpretation of the findings of this study may be lim-
ited by some design elements. First, the results of this in
vitro experimental study cannot be applied directly in clini-
cal practice. In vivo studies using animals could be helpful in
this respect, but a reliable animal model of pterygium is still
lacking. In addition, we used the L929 fibroblast cell line as a
control in this study, rather than human conjunctival fibro-
blasts, but the L929 cell line is frequently used in toxicology
studies and is an acceptable alternative control cell type in
an experimental study.

In conclusion, this research evaluated the antiprolifera-
tive activities of Capparis ovata polysaccharides on pterygium
fibroblasts. The data from this study revealed that Capparis
ovata polysaccharides inhibited the proliferation and migra-
tion of pterygium fibroblasts in vitro. Lower toxicity and
cost suggest that plant polysaccharides could be potentially
valuable therapeutic agents for several diseases. Our results
indicate that Capparis ovata polysaccharides may be a candi-
date for the treatment of pterygium, but further studies are
necessary to clearly define their potential.
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