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ABSTRACT - Objective: Gastric cancer is one of the gastrointestinal tract tumors associated with a poor
prognosis. Ficus carica L. is one of the most outstanding species among many traditional medicines. The aim of
our study is to determine the antioxidant content of Ficus carica L., and its therapeutic effects on gastric cancer.

Patients and Methods: Ficus carica L. was extracted in a different solvent. The antioxidant parameters of the

different concentrations of extracts were measured photometrically. The human gastric adenocarcinoma cells (AGS)

were incubated with different concentrations of Ficus carica L. extract for 24 hours; cell viability by the ATP test, and

intracellular reactive oxygen species levels were determined by H2DCF-DA fluorescent dye. Intracellular glutathione

levels luminometrically, and mitochondrial membrane potential fluorometrically were detected. The apoptotic ef-
fect was analyzed with acridine orange/ ethidium bromide, and the genotoxic effect by the comet assay.

Results: It was found that methanol extract has higher antioxidant content compared to ethanol extract (p<0.001). In
addition, it has been revealed that methanol extract has cytotoxic, genotoxic, and apoptotic effects on gastric cancer cells
statistically significantly (p<0.001).

Conclusions: As a result of our study, it is thought that Ficus carica L., which has an anticancer effect, can be used
together with routine treatments in gastric cancer.
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INTRODUCTION

Gastric cancer is a heterogeneous disease with a variable combination in the sense of etiology
such as chronic Helicobacter pylori infection, Epstein-Barr virus (EBV) coinfection involvement, en-
vironmental, and genetic factors®. The cancer grades sixth among the most common cancer types
and fourth among cancers that result in death worldwide. While the mean age is 68 at diagnosis,
gastric cancer is more common in middle-aged and elderly populations, besides having an inci-
dence and mortality of approximately 1.8 higher in male than female?. Although not specific to the

This work s licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License




2 TREATMENT OF GASTRIC CANCER

disease, symptoms include nausea, vomiting, weight loss, anorexia, early satiety, epigastric pain,
and dyspepsia. However, these symptoms may not appear as much as in the later stages of gastric
adenocarcinoma3. Given the elevated metastatic propensity observed in advanced stages of gastric
cancer, the overall prognosis of the disease is notably unfavorable®. Endoscopic resections, surgical
resections, preoperative chemo radiotherapy, neoadjuvant chemotherapy, radiotherapy, immuno-
therapy and targeted molecular therapies have become effective methods by courtesy of research
that has been done to improve the prognosis of the disease and treatment recently>. Despite all
these types of treatment, the prognosis of gastric cancer cannot be improved, and there is current-
ly no established standard treatment®. Natural product compounds have demonstrated potential in
preventing the onset of diverse diseases and disorders, particularly gastrointestinal cancers, owing
to their favorable impact on overall health. This assertion is supported by a plethora of preclinical,
clinical, and epidemiological studies’.

Integrative medicine is defined as the combination between standard medicine and complemen-
tary treatments that have been represented to be safe and beneficial®°. Although there are de-
velopments in cancer treatment today, complementary treatment methods are utilized in addition
to medical treatments as welll. The rationale behind this intervention is to ameliorate symptoms
arising from the adverse effects of medical treatments administered to individuals with cancer
and concurrently enhance their immune systems. These administrations contain natural nutrients,
herbs and plants, vitamins, minerals, and probiotics'?!3, Natural nutrients can provide cancer pa-
tients to limit many side effects during therapy and allow the drug benefits to increase depending
on the use of these products. However, these natural nutrients used during treatment can change
the amount of drug reaching the target area and the therapeutic perspective of the drug used
in the treatment that causes toxicity'®. Drug-nutraceutical interactions may cause changes in the
pharmacodynamics and/or pharmacokinetics of the active ingredients in the drug, thus affecting
the positive outcome of the treatment process. The underlying mechanisms of the effects of phar-
maceutically active substances in nutraceuticals which are difficult to understand, can improve
health and reduce the risk of pathological conditions. Therefore, studies are required to evaluate
them as therapeutically effective tools &%,

Ficus carica L. is the most outstanding species among many traditional medicines with therapeutic
effects as a well-known Ficus (Moraceae) species'®. Besides being rich in vitamins, minerals and fiber,
it also contains sugar, phytochemicals, polyphenols, and organic acids!’. Phenolic acids and flavo-
noids such as gallic acid, chlorogenic acid, epicatechin, and quercetin-3-O-rutinoside, are the main
types of phytochemical compounds found in Ficus carica L. especially’®. Due to these components,
it substantiates many biological effects such as antioxidant, anticancer, hepatoprotective, regulating
blood glucose, antibacterial and antifungal, antispasmodic, and antiplatelet®®. In this study, we aimed
to substantiate the antioxidant content of Ficus carica L. extracts and its therapeutic effect in gastric
adenocarcinoma where the prognosis cannot be improved yet, for which a specific treatment has not
been provided.

MATERIALS AND METHODS

Preparation of Extracts

Ficus carica L. was obtained from Aydin Provincial Directorate of Agriculture and Forestry (Aydin, Tur-
key). The materials cut into small pieces were mixed in 80% ethanol and 80% methanol for 24 hours in
a closed amber beaker with a magnetic stirrer. The samples were filtered, then the organic phase was
evaporated in the rotary evaporator, and the water phase was extracted by lyophilization.

Antioxidant Parameters

Total Antioxidant Status

The total antioxidant status of Ficus carica L. extracts was measured photometrically according to Erel
et al?®method. Several concentrations of the extract (1 -100 mg/mL) were measured in three times. One

mM Trolox was used as the standard, and the results of the extracts were expressed as mmol Trolox
equivalents/L.
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Total Phenolic Content

The total phenolic content of Ficus carica L. extracts was determined using the Folin-Ciocalteu meth-
od?!. Extract samples prepared in different concentrations are mixed with Folin-Ciocalteu reagent (Sig-
ma-Aldrich, St Louis, MO, USA) and then 7.5% Na,COs; (Sigma-Aldrich) and incubated for 2 hours at room
temperature. The absorbance of the reaction mixture was measured at 760 nm with a multiplaque
reader (Varioskan Flash Multimode Reader, Thermo Fisher Scientific, Waltham, MA, USA). Gallic acid
(0-0.5 mg/mL) was used as the standard, and the total phenolic content was expressed in pug/mL gallic
acid equivalents.

Total Flavonoid Content

The total flavonoid content of Ficus carica L. extract was determined photometrically. After the extract
samples prepared at different concentrations were mixed with 5 % NaNO; (Sigma-Aldrich) solution, 10%
AICl; (Sigma-Aldrich) solution was added to the samples. After the reaction mixture was thoroughly
mixed, it was incubated in the dark at room temperature for 40 minutes. The absorbance of the flavo-
noid-aluminum complex formed was measured at 510 nm using a Varioskan Flash Multimode reader
(Thermo Fisher Scientific). Quercetin (0 — 0.05 mg/mL) was used for the calibration curve. Total flavo-
noid content is expressed as pg/mL quercetin equivalent.

Copper lon Reducing Capacities

The copper ion-reducing effect of Ficus carica L. extracts were determined by the copper ion-reducing
antioxidant capacity (CUPRAC) method?®. Different concentrations of the extracts were added to 10 mM
CuCl; (Sigma-Aldrich) solution, 7.5 mM neocuproin reagent (Sigma-Aldrich), and 1 M NHAc pH:7 buffer,
mixed well and incubated for 30 minutes at room temperature. 1 mM Trolox was used as standard. After
incubation, the absorbance of the samples was measured at 450 nm with a multi-plate reader (Varioskan
Flash Multimode Reader, Thermo Scientific). Results were expressed as mmol Trolox equivalents/L.

Free Radical Scavenging Capacity

The free radical scavenging capacity of different concentrations of Ficus carica L. extracts was deter-
mined according to the Blois method?. One mM 2,2-diphenyl-1-picrylhydrazyl (DPPH) (Sigma-Aldrich)
solution as free radical, and trolox and gallic acid as standard antioxidants, were used. The color change
in the DPPH radical was determined by measuring the decrease in absorbance at 517 nm against pure
methanol as blank. Results were expressed as percent inhibition (%) using percent inhibitions and calcu-
lated according to the formula below.

Inhibition (%) = [(A, .. = Asampie)/Apiand X 100

Prooxidant Activity

The prooxidant activities of methanol and ethanol extract of Ficus carica L. at different concentrations
(10 - 100 mg/mL) were determined using total antioxidant status and free radical scavenging activ-
ities. Gallic acid was used as a standard for prooxidant activity, and results were expressed as mM
gallic acid.

Maintenance of Cell

Human gastric adenocarcinoma cell line AGS (American Type Culture Collection, Manassas, VA, USA;
CRL-1739™) was cultured with a complete medium containing F-12K Medium 89 % (Gibco Invitrogen
Corporation, Carlsbad, CA, USA), fetal bovine serum 10% (Sigma-Aldrich), and 100 pg/mL penicillin/
streptomycin (Sigma Aldrich). Cells were incubated at 5 % CO,, and 37°C temperature.
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Cell Viability

The cytotoxic activity of Ficus carica L. extracts were determined by the luminometric ATP method. Af-
ter seeding, 1.5x10*cells/well were incubated overnight in 5% CO, at 37°C, and the cells were exposed
to different concentrations of the extracts (1-100 mg/mL) for 24 hours. A total of 0.1% DMSO was given
to the cells as a control. After 24 hours, the medium was aspirated, and the ATP assay kit (Cell-Titer-Glo
Luminescent Cell Viability Assay, Promega, Madison, WI, USA) was applied according to the kit protocol.
The light emitted in the presence of ATP was read luminometric by a Varioskan Flash Multimode Reader
(Thermo-Fisher Scientific). Half maximal growth inhibitory concentration (ICso) values were calculated
from the concentration-response curves.

Intracellular Reactive Oxygen Species

Reactive oxygen species (ROS) production activity of Ficus carica L. extracts was determined using the
2,7-dichloride-hydrofluorescein-diacetate (H,DCF-DA; Sigma, Saint Louis, MO, USA) fluorometric dye?*. Ac-
cording to the method, 1.6x10* cells/well were seeded in 96-well black opaque plates. Then the cells were
incubated at 37°C, 5 % CO; in darkness, with various concentrations of Ficus carica L. extracts for 24 hours.
After incubation, the medium was withdrawn from the wells, and the cells were washed with 1x dPBS.
After washing, the cells were incubated with H,DCF-DA dye (100 mM) for 30 minutes at room temperature
and read at Ex/Em: 488/495 nm with a fluorometric by Varioskan Flash Multimode Reader (Thermo Scien-
tific, Waltham, MA, USA). Results are expressed as % relative fluorescence (RFU) to control.

Intracellular Glutathione

Changes in intracellular glutathione levels associated with the Ficus carica L. extracts were measured
luminometrically using GSH/GSSG-Glo™ Assay (Promega, Madison, WI, USA). AGS cells were seeded in
white opaque 96-well plates as 1.6x10*cells/well. Then the cells were incubated at 37°C in 5% CO, for
24 hours with the different extract doses below the ICso. After the treatment, the cells were incubated
with the Glutathione Reagent included in the kit for 5 minutes; Luciferin Detection Reagent was added,
and the occurring luminescence emit was measured by a multimode reader (Varioskan Flash Multimode
Reader, Thermo Fisher Scientific). Results were expressed as % relative luminescence (RLU) compared to
control and were expressed as uM.

Mitochondrial Membrane Potential

The effect of the extract on the mitochondrial membrane potential (MMP) in AGS cells was measured with
the fluorometric 3,3’-dihexyloxacarbocyanine iodide (DiOC¢(3)) dye® (Sigma-Aldrich). Cells were seeded in
96-well black opaque plates at 5.10° cells/well, and extracts were applied to the cells at doses below the
ICso. After 24 hours of treatment, cells were incubated with DiOCs(3) dye (40 nM) for 15 minutes at 37°C and
washed with 1x dPBS after incubation. Measurement was taken with a fluorescence plate reader (Varioskan
Flash Multimode Reader, Thermo-Fisher Scientific) at a wavelength of Ex/Em: 484/500 nm.

Apoptosis

Acridine orange-ethidium bromide (AO/EB; Sigma-Aldrich) dual staining method?® was used for the
microscopic determination of apoptotic cell ratios after different concentrations of the extracts were
applied to 6-well plates on AGS cells seeded with 1x10°cells/ well for 24 hours. Cell examination was
performed under a fluorescent microscope (Leica DM 1000, Solms, Germany).

DNA Damage

DNA damage related to the extracts on AGS cells was determined by the alkaline single cell gel electro-
phoresis assay (comet assay) method?’. 2 x 10° cells/well were seeded in six-well plates for 24 hours. Af-
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ter the incubation, the extracts at doses under ICso were added to the cells and incubated again at 37°C,
5% CO; for 24 hours. Then the media of the cells were aspirated, and the cells were washed once with
ice-cold 1x dPBS. Cells removed with 0.025% trypsin/EDTA were centrifuged at 500 x g for 5 minutes to
obtain pellets. Cells were mixed with 0.6% low melting agarose (Sigma-Aldrich) and placed on slides cov-
ered with 1% normal melting agarose (Sigma-Aldrich). The slides were then electrophoresed at 72 V/cm
(26 V, 300 mA) for 0.25 min at 4°C. After electrophoresis, the slides were neutralized by holding in 0.4 M
Tris (pH:7.5) for 5 minutes and fixed with ethanol. After all these procedures, the slides were stained with
ethidium bromide dye and analyzed with the Comet Assay IV program (Perceptive Instruments, Suffolk,
UK) with a fluorescent microscope (Leica DM 1000, Solms, Germany). Images were captured from ran-
domly selected areas, and a minimum of 100 cells were counted. Results were expressed as % tails.

Statistical Analysis

Statistical Package for the Social Sciences version 25.0 (SPSS Inc., Armonk, NY, USA) was used for the
analysis of all data obtained. Parametric data are expressed as mean + standard deviation. A nonlinear
regression analysis was performed to calculate the ICso value for the cell. Differences between Ficus car-
ica L. extracts were analyzed for statistical significance with one-way ANOVA, Student’s t-test or Mann
Whitney-U test. Pearson, correlation coefficient test was used to evaluate the relationships between
parameters. A value of p <0.05 was considered statistically significant, and all experiments in the study
were performed in quadruplicate.

RESULTS

Antioxidant profile of Ficus carica L. methanol
and ethanol extracts

The antioxidant status of Ficus carina L. methanol and ethanol extract concentrations 1 mg/mL -100 mg/
mL were determined by 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid (ABTS). The extracts were
expressed as mmol in terms of Trolox equivalent. As the dose increased, the total antioxidant levels
increased significantly (p<0.001; Figure 1).

Total Antioxidant Status
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W Ficus carica methanol extract
Ficus carica ethanol extract

Figure 1. Total antioxidant status (TAS) levels of Ficus carina L. methanol and ethanol extracts. The data
is expressed as mmol Trolox equivalent per liter. Differences for Ficus carica L. ethanol extract *p <0.05,
**p <0.01, ***p <0.001 values were considered statistically significant.
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The total antioxidant levels of all parameters are presented in Figure 2. It was observed that the
methanol extract of Ficus carica L. had higher phenolic and flavonoid content than the ethanol extract,
and the total antioxidant capacity increased significantly (p<0.001) as the dose increased. Radical scav-
enging activity and copper reducing activity were also found to be strong.
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Figure 2. A) Total Phenolic content, B) Total Flavonoid content, C) 2,2-diphenyl-1-picrylhydrazyl (DPPH)
activity, and D) Cupric Reducing Antioxidant Capacity (CUPRAC) of Ficus carica L. ethanol and methanol
extracts in concentrations between 1 mg/mL, 10 mg/mL and 100 mg/mL. Differences for Ficus carica L.
ethanol extract *p <0.05, **p <0.01, **p <0.001 and for methanol extract "p <0.05, *“p <0.01, *"p <0.001
values were considered statistically significant.

In the methanol and ethanol extract of Ficus carica L., a specific dose of antioxidant showed a pro-ox-
idant effect after a certain concentration (20 mg/mL; Figure 3). Doses after this critical dose will be the
concentrations to be determined for cancer treatment.

Pro-oxidant Activity
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Figure 3. Pro-oxidant activity of Ficus carica L. methanol and ethanol extract with concentrations be-
tween 10 mg/mL and 100 mg/mL. The extracts were calculated and expressed as mM GAE equivalent.
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Cell viability and intracellular ROS (iROS) levels
of Ficus carica L. methanol extract on cells

The results of the cytotoxicity and iROS assays can be observed in Figure 4. The methanol extract of
Ficus carica L. inhibited the proliferation and significantly reduced iROS production of the AGS cells
(p<0.001). The level of ATP viability increases up to 2 mg/mL in the cell and then decreases dose-depen-
dent manner. When the cytotoxicity results were examined, the ROS levels in cancer cells decreased at
low doses, while ROS increased as the dose increased. Since the metabolic activity of the cancer cell is
high, the increased ROS originating from the fruit extract showed a synergistic effect.
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Figure 4. Effect of treatment by Ficus carica L. methanol extract on A) cell viability and B) intracellular reactive
oxygen species (iROS) production after 24 hours in gastric adenocarcinoma cells (AGS). Differences for Ficus

carica L. methanol extract *p <0.05, “*p <0.01, *"p <0.001 values were considered statistically significant.

Glutathione and MMP levels of Ficus carica L. methanol extract on cells

The reduced glutathione (GSH) levels and the induction of apoptosis in cell line investigated via mi-
tochondrial pathways are shown in Figure 5. The results show that intracellular glutathione level and
mitochondrial membrane potential decreased with increasing Ficus carica L. doses. This caused the cells
to be taken to apoptosis.

Apoptosis of Ficus carica, L. methanol extract on cells
When apoptosis, one of the cell death mechanisms, was examined, there was a significant and concen-

tration-dependent increase in the apoptotic cell population of gastric cancer cells upon treatment with
Ficus carica L. methanol extract compared to control (Figure 6).
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Figure 5. A) Glutathione (GSH) and B) mitochondrial membrane potential (MMP) levels of Ficus carica L.
methanol extract concentrations 20 mg/mL, 40 mg/mL, 60 mg/mL, 80 mg/mL and 100 mg/mL in gastric
adenocarcinoma cells (AGS). "p <0.05, “*p <0.01, **p <0.001 values were considered statistically significant.
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Figure 6. Apoptotic effect of Ficus carica L. methanol extract. The cells were treated with concentrations
20 pg/mL, 40 pg/mL, 60 pug/mL, 80 pg/mL 100 pg/mL in AGS cells. Results are given as % apoptosis and
expressed as mean * SD. By representative immunofluorescence images, apoptotic cells have shown in
orange with fragmented apoptotic bodies and chromatin. The green color is the normal morphology of
living cells. Yellow early apoptotic cells indicate nuclear restriction and chromatin thickening. Differenc-
es for Ficus carica L. "p <0.05, **p <0.01, *p <0.001 values were considered statistically significant.

DNA damage of Ficus carica L. methanol extract on cells

The parameters related to the tail length and the percentage of DNA in the tail were determined quanti-
tatively by Comet assay. This assay is based on the principle of releasing damaged DNA from the nucleus
by electrophoresis. If the DNA contains breaks, the damaged DNA migrates towards the nucleus, and
when stained with a fluorescent binding dye such as ethidium bromide, these damaged cells take on
a comet-like appearance (Figure 7). At 24 hours treatment time, DNA damage levels were significantly
increased at all Ficus carica L. methanol concentrations compared to the control treatment in a dose-de-
pendent manner (p<0.001).

DISCUSSION

Gastric cancer is one of the gastrointestinal tract tumors characterized by epidemiological and his-
topathological differences and associated with poor prognosis®. Although the chemotherapy appli-
cation used in current treatment methods in advanced stage gastric cancer affects the course of the
disease in a good way, the development of resistance of cancer cells to chemotherapy drugs and the
formation of cytotoxic side effects affect the treatment negatively. Therefore, in addition to existing
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Figure 7. The effect of Ficus carica L. methanol extract concentrations 20 pg/mL, 40 pug/mL, 60 pg/mL,
80 pg/mL 100 pg/mL on DNA damage in AGS cells. Results are given as % tail density and expressed as
mean + SD. By representative immunofluorescence images, damaged DNAs have been shown in bright
nuclei and comet-like nuclei. The undamaged DNAs were round. Differences for Ficus carica L. methanol
extract “p <0.05, “p <0.01, ***p <0.001 values were considered statistically significant.

treatment methods, there is a need to develop new therapeutic targets with higher therapeutic effi-
cacy and less cytotoxic side effects. This study investigated the antioxidant profile and the cytotoxic,
genotoxic, and apoptotic effects of Ficus carica L. extracts in different organic solvents on AGS gastric
cancer cells.

The fruits of Ficus carica L. contain plenty of vitamins, sugars, carbohydrates, minerals, phenolic
compounds and organic acids. Its fruits, leaves, roots, shoots, and parts, such as latex, are used to
treat several human diseases?®. Some studies have determined the antioxidant and high phenolic
contents of different parts of the Ficus carica L. plant, showing that it can be used as one of the
medicinal plants in treatment support®. In this study, the results are supported by previous studies
showing the antioxidant effects of Ficus carica L. extracts. When the antioxidant profiles of Ficus
carica L. methanol and ethanol extracts were examined, it was found that the methanol extract
showed more antioxidant effects. Radical scavenging activity and copper reducing activity were
also found to be strong.

Prooxidants are toxic substances that cause oxidative damage to diseases. Oxidative stress may oc-
cur due to an imbalance of antioxidants and prooxidants in the organism which leads to the formation
of reactive species such as ROS. Reactive nitrogen and phenoxy radicals can damage cellular macromol-
ecules and cause mutations by affecting DNA and rapidly dividing cells, resulting in the emergence of
cancer 3132, As a result of these mutations, cancer development becomes more accessible. The antiox-
idant system cleans damaged molecules, prevents mutations, repairs oxidative damage, and further-
more prevents radical formation before damage®. In the methanol and ethanol extract of Ficus carica
L., a specific dose of antioxidant showed a prooxidant effect after a certain dose. In the evaluation of
biological activity, it was revealed that Ficus carica L. methanol extracts increased cytotoxicity and iROS
levels with increasing doses on gastric cancer cell line AGS.

In a study by Khodarahmi et al**, the cytotoxic effects of ethanolic fruit and leaf extracts on the Hela
cell line were examined. Another study reported that seed, fruit and leaf extracts of Ficus carica L. were
cytotoxic against A549, BT549 and MCF-7 cell lines®. The level of ATP viability increases up to 2 mg/mL
in the cell and then decreases dose-dependent manner in our study. This suggests that the extract has
a cytotoxic effect against also AGS cells.

As a result of changes in the antioxidant system, an increase in the basal iROS level occurs. This high
ROS can cause dysfunction of the mitochondrial pathway and induce cellular apoptosis®*. Glutathione
is necessary to maintain the antioxidant defense system and scavenge ROS. It also plays a role in DNA
and protein synthesis, enzyme activity, and gene expression. The imbalance of the glutathione system
has a vital role in cancer and its progression®’. Besides, disruption of mitochondrial membrane integrity
causes depolarization of MMP and plays an important role in programmed cell death3*32, Intracellular
glutathione reduction is closely associated with apoptotic cell death triggered by a wide variety of stim-
uli, including activation of death receptors, cytotoxic drugs, stress, and environmental agents®®. This
study observed that Ficus carica L. methanol extract treatment caused apoptosis in dose dependent
manner. In addition, Ficus carica L. methanol extract caused apoptosis in AGS cells by reducing MMP
and glutathione in a dose-dependent manner.
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CONCLUSIONS

In the genotoxic activity of Ficus carica L. methanol extract evaluated by alkaline single-cell electropho-
resis, after incubating the doses below ICsq in cancer cells for 24 hours, the comet assay method was
applied to evaluate the DNA damage percentage. This study showed that Ficus carica L. methanol ex-
tract induced DNA damage dose-dependently. Significant decreases were observed in the absorbance
values of all concentrations compared to the control. In other studies, genotoxic activity was evaluated
by gastric cancer cells®, and it was found to be compatible with our results. As a result of our study, it
is thought that Ficus carica L., which has an anti-cancer effect, can be used together with routine treat-
ments in the treatment of gastric cancer.
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