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Introduction
Gastrointestinal cancers account for about 20% of all 
existing cancers,1 and among them, stomach cancer is 
one of the deadliest cancers,2 which is the fourth most 
common cancer in the world and has a high mortality 
rate. Approximately 700 000 people die of cancer per year, 
and stomach cancer is the second leading cause of death 
after lung cancer.3-6 On the other hand, colon or colorectal 
cancer, which is also known as intestinal cancer, is caused 
by the uncontrolled growth of cells in the colon, rectum, 
or appendix. This cancer is known as one of the most 
important diseases of the digestive system. Every year, 
about 40 000 people in the world die due to this disease.7 
In recent years, scientists have used plants or some 
compounds derived from plants to treat diseases because 
these compounds, in addition to being effective in treating 
the disease and affecting the rate of cell death,8 have fewer 
side effects than chemical drugs. Chemical analyses 
have shown that there are a wide variety of biologically 
active compounds, such as tannins, polysaccharides, and 
flavonoids, in plants. In addition, one of the most serious 
problems with the drugs used in the fight against cancer 

is that healthy cells are heavily affected by chemical drugs 
and get damaged.9-12 On the other hand, several genes 
are involved in the process of apoptosis or programmed 
cell death, and the stimulation of the expression of pro-
apoptotic genes or inhibition of anti-apoptotic genes 
depends on the type of cell and the stimulus.13 The two 
main pathways of apoptosis are the extrinsic pathway, 
or are dependent on death receptors, and the intrinsic 
pathway, or the mitochondrial pathway.14-17 On the other 
hand, tumor cells use different strategies to limit the 
process of apoptosis. Tumors can inhibit apoptosis by 
increasing the expression of anti-apoptotic regulators 
(BCL2 and Bcl-XL) or reducing apoptotic factors (BIM, 
BAX, and PUMA).18-20 Further, in recent years, the use of 
medicinal plants has become popular.18

Hesperidin is a flavanone glycoside found in citrus 
fruits. Its aglycone is Hesperetin. Its name is derived from 
the word “hesperidium”, for fruit produced by citrus trees. 
Hesperidin was first isolated in 1828 by French chemist 
M. Lebreton from the white inner layer of citrus peels.19 
This study aimed to evaluate the effects of the flavonoid 
family (Hesperidin) on cancer cell lines.
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Abstract
Background: Cancer is one of the leading causes of death worldwide. In recent years, the need 
to pay attention to medicinal plants has increased due to the side effects of drugs and drug 
treatment. Hesperidin has medicinal uses in traditional medicine and is used as an antidote for 
therapeutic diseases. This study was conducted to investigate the toxicity effect of Hesperidin 
on gastric cancer cell lines (AGS) and normal fibroblast cell lines (SKM).
Methods: Hesperidin plant extract with different types (100, 50, 10, and 50 μg/mL) was released 
on AGS and SKM cell lines for 24 hours by MTT test. The amount of apoptosis induction 
was evaluated by flow cytometry with Annexin V/PI staining and changes in the expression 
of genes (BAX and BCL-2) by real-time polymerase chain reaction. The effect of the drug on 
phosphoinositide 3-kinases (PI3K) was determined by the Western blot technique. The data were 
analyzed by SPSS statistical software using a one-way variance test and Tukey’s test (P < 005).
Results: Hesperidin had a cytotoxic effect on SKM and AGS cell lines and induced apoptosis. 
In the treatment with Hesperidin (100 μg/mL) for 24 hours, gene expression decreased in AGS 
and SKM and increased in BCL2 and BAX, (P < 005). The growth rate of PI3K was decreased by 
the effect of the drug.
Conclusion: Hesperidin, with a specific effect on SKM and AGS cancer cells, has the ability to 
grow these cells at a dose of 100 micrograms per milliliter.
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Materials and Methods
Hesperidin Preparation and Extraction
Hesperidin powder was dissolved in 300 cc of 70% ethanol 
(hydroalcoholic extract) and 300 cc of distilled water and 
placed on a shaker at medium speed for 72 hours at room 
temperature. Next, the extracts were filtered with the help 
of filter paper. To separate the solvent, a rotary device 
was used at a temperature of 45 °C. Then, to completely 
separate the solvent from the extract, the samples were 
placed inside it for 48 hours at a temperature of 45 °C. 
Finally, the obtained extracts were dried and kept at -20 
°C until use in the laboratory process.

Cell Culture and 3-[4,5-dimethylthiazol-2-yl]-2,5 
Diphenyl Tetrazolium Bromide (MTT) Test
Gastric cancer cells (AGS) and fibroblast cells (SKM) 
cultured in a flask were purchased from Shanghai 
Institutes for Biological Sciences (SHnaghai, China). AGS 
cancer cells were cultured in the medium, and normal 
fibroblast cells were cultured in minimum essential 
culture medium containing 10% fetal bovine serum 
(FBS), penicillin (100 U/mL), streptomycin (100 μg/mL), 
and incubated in a humid incubator (BINDER, Germany) 
at a temperature of 37 degrees Celsius and with 5% CO2. 
To perform the MTT test, 1 × 106 cells were cultured in 
each well of a 96-well plate. The cells were divided into 
different treatment and control groups. Three wells were 
allocated to each group, and the experiment was repeated 
three times. In the treatment groups, 5 concentrations of 
each of the aqueous and hydroalcoholic extracts (100, 50, 
and 10 μg/mL) were added to the cells. After incubation 
for 24 hours, 20 microliters of MTT manufactured by 
Abcam Company with a concentration of 5 mg/mL were 
added to each well and incubated for another 4 hours in 
the dark. Then, the medium on the cells was carefully 
removed, and 100 μL of dimethyl sulphoxide were added 
to the house plate. After about 20 minutes, the optical 
absorbance of each well was read using an enzyme-linked 
immunosorbent assay reader at a wavelength of 570 nm. 
The concentration of the extract that inhibits cell growth 
by 50% was considered the half-maximal inhibitory 
concentration, and the survival rate of cells was calculated.

Real-Time Quantitative Polymerase Chain Reaction
Based on the results of the MTT test, to measure the change 
in gene expression of BAX and BCL-2, gastric cancer cells 
(AGS) and fibroblast cells (SKM) were treated with the 
Hesperidin extract at a concentration of 100 μg/mL for 24 
hours. RNA extraction was performed from cell samples. 
After RNA extraction, spectrometry and electrophoresis 
on a 1% agarose gel were used to determine its quantity 
and quality. The prepared cDNA was kept at -20 °C. RT-
qPCR in 45 cycles and a volume of 15 µL with the presence 
of 1 µL of cDNA, 1 µL of each of the primers (Table 1), 5.7 
µL of SYBR-Green single test kit solution, and 5.4 µL of 
water sterile deionization were used in the device (3000 
Corbett-Real time ROTOR GENE), and the beta-actin 

gene was utilized as an internal control gene. The primers 
are provided in Table 1.

Determination of the Amount of Programmed Cell Death
According to the results of the MTT test to estimate the 
amount of apoptosis, gastric cancer cell lines (AGS) and 
fibroblast cells (SKM) were treated with the extract at a 
concentration of 100 micrograms for 24 hours. They were 
placed per milliliter. The category of treated and untreated 
cells (control) was checked using the Annexin/PI method 
with a detection kit (BD Kit I PharmingenTM, USA) 
and with the help of a flow cytometry device (CYFlow, 
Partec GmbH, Germany). After incubation, the cells were 
separated by trypsin and neutralized with FBS, and then 
the cells were centrifuged at 1000 rpm for 5 minutes at a 
temperature of 4 °C. Next, 200 μL of 10% binding buffer 
solution were added to the cells, and they were centrifuged 
at 1000 rpm for 5 minutes. Subsequently, 5 microliters 
of Annexin V dye were added, and the solution was 
incubated for 15 minutes at room temperature. The cells 
were washed with the binding solution, and in the next 
step, 10 μL of the PI dye were added to the cells. At the end 
of the analysis, the amount of cell death was measured by 
the flow cytometry device.

Western Blot
To measure the amount of PI3K protein, the Western 
blot technique was evaluated on cells treated with sodium 
dodecyl-sulfate gel according to the protocol using the 
ANTI-PI3K antibody. Glyceraldehyde-3-phosphate 
dehydrogenase was used as an internal control.

Statically Analysis
Data were analyzed using SPSS Statistics software (version 
19) and presented as the mean ± standard deviation (SD) 
for at least three independently performed experiments, 
unless otherwise stated. A P value < 0.005 was considered 
to be statistically significant.

Results
The results obtained from this study showed that 
Hesperidin (P < 0.005), at a concentration of 100 μg/mL, 
could significantly induce apoptosis in gastric cancer cells 
and fibroblasts (Figure 1). The results of gene expression 
analysis using the RT-qPCR technique demonstrated that 
the expression of the BCL-2 gene in AGS and SKM cell 
lines with treatment with a concentration of 100 μg/mL of 
Hesperidin in 24 hours significantly decreased compared 

Table 1. The Information of Primers

Primers Sequence

BAX
Forward 3’AAGGGACTTACCCATTGGGATAC5’
Revise 3’CTTAAAGGGAATTGGATACCCCG5’

BCL-2 
Forward 3’GACTGGGATATACCCAAGGATTC5’
Revise 3’AACTTACCAGGGGCATTCATAGG5’

B-actin 
Forward 3’ATTGAAGGGACTTGGATACACCC5’
Revise 3’CTTAAAGGATTGGACGATACCCG5’
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to the beta-actin control gene (Figure 2, P < 0.001), and 
BAX gene expression was significantly increased in 
comparison to the beta-actin control gene (P < 0.001); 
thus, the ratio of BAX/BCL-2 was also increased in cancer 
samples (SKM-AGS). Data are shown as the mean ± SD. 
Hesperidin decreased the survival rate of AGS and SKM 
cells by more than 50% in 24 hours. The results presented 
in flow cytometry include the percentage of living cells, 
necrosis, and apoptosis (primary and secondary apoptosis) 
for cells treated with Hesperidin at a concentration of 5 μg/
mL for 24 hours (Table 2). Western blot results revealed 
that the amount of PI3K protein decreased in both cells at 
a concentration of 100 μg/mL Hesperidin (Figure 3).

Discussion 
The high prevalence of cancer in the world has drawn 
the attention of researchers to the need for drugs with 
fewer side effects and better therapeutic effects,19 so that 
today, many anti-cancer compounds for the treatment 
of cancer patients are obtained from plant, marine, and 
micro-organism sources. Many herbal plants also have 
extensive therapeutic properties, such as preventing 
cancer, preventing tumor formation, and treating 
wounds and infections. In the current research, due to 
the importance of Hesperidin, attention has been paid to 
investigating the anti-cancer effects of this plant. Research 
has shown that the phenolic compounds in plants have 
anticancer properties,20 and the Hesperidin used in this 
study also caused a decrease in the population of cancer 
cells, which could be due to its phenolic compounds. 
Many studies have been performed on Hesperidin 
and flavonoids.21 In a study that was conducted, it was 
determined that Hesperidin is an anti-inflammatory 
agent for the treatment of K562 human blood myeloid 
cell cancer, although it does not affect cell proliferation 
or apoptosis in K562 cells.22 The amount of phenol in 
Hesperidin is one of the most important compounds 
that can have anti-cancer properties. In addition, many 
studies have been conducted on the effect of various 
plant compounds on gastrointestinal cancers. One study 
evaluated the effects of Hesperidin on proliferation and 
apoptosis in human gastric cancer (AGS) cells, and it 
was found that the survival and migration of AGS cells 
decreased significantly in a dose-dependent manner after 
the administration of hesperidin.23

The amount of death observed in cancer cells at high 
concentrations of Hesperidin used in this research 
can be justified because phenolic compounds at high 
concentrations cause damage to body cells and tissues, 
although it is possible that the same substance at high 

concentrations has less adverse effects on the cellular 
structure. According to the obtained results, the effect of 
Hesperidin on healthy cells was extremely less than on 
cancer cells, and this compound can be used alone or in 
combination with anticancer drugs, so that at the same 
time as the destruction of cancer cells, healthy cells will 
experience less damage. In this study, it was shown that 
Hesperidin could induce programmed death in gastric 
cancer cells by changing the expression levels of BAX and 
BCL-2 genes. Based on the results, Hesperidin had more 
cytotoxic effects on AGS cell lines. In general, this effect 
can be related to the phenolic compounds present in this 
plant; hence, this plant can be used in its entirety or the 
compounds derived from it (e.g., phenolic compounds 
and flavonoids) to reduce the number of gastric cancer 
cells.

Conclusion
Hesperidin, with a specific effect on SKM and AGS cancer 
cells, has the ability to grow these cells at a dose of 100 
micrograms per milliliter.

Figure 1. Cell Live Evaluation

Figure 2. BCL-2 and BAX Gene Expression

Figure 3. Western Blot Analysis of PI3K. Note. PI3K: Phosphoinositide 
3-kinases

Table 2. Flow Cytometry Results for SKM and AGS Cells

Live Cells Necrosis Apoptosis

SKM 93.10 1.09 2.7

AGS 91.18 1.10 2.6

Note. AGS: Gastric cancer cell line; SKM: Normal fibroblast cell line.
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