Research Paper

Anti-cancer Effects of Hesperidin by Induction of Apoptosis

Mina Abroudi!“ €%  Ghazaleh Dadashizadeh*2 “® ¥ Saeide Sadat Shobeiri 3”@ @  Azar
Hosseini4“®%  Omid Gholami® @ @, Reza Ataee Disfani®™ ¥ Amir Raoofi”“ €% Davood
Mahdian® ™ “@ ¥ Maryam Khosrojerdi®“ @

1. Master of Medical Biology, Cell and Molecular Research Center, Sabzevar University of Medical Sciences, Sabzevar,
Iran

2. Master of Hematology, Cell and Molecular Research Center, Sabzevar University of Medical Sciences, Sabzevar,
Iran

3. PhD in Immunology, Cellular and Molecular Research Center, Sabzevar University of Medical Sciences, Sabzevar,
Iran

4. Associate Professor, Department of Pharmacology, Pharmacology Research Center of Medicinal Plants, Mashhad
University of Medical Sciences, Mashhad, Iran

5. Associate Professor, Department of Pharmacology, Faculty of Medicine, Sabzevar University of Medical Sciences,
Sabzevar, Iran

6. medical students, student research committee, Sabzevar University of Medical Sciences

7. Assistant Professor, Department of Anatomical Sciences, Cell and Molecular Research Center, Sabzevar University
of Medical Sciences, Sabzevar, Iran

8. Assistant Professor, Department of Pharmacology, Faculty of Medicine, Sabzevar University of Medical Sciences,
Sabzevar, Iran

9. Master of Nursing, Vice President of Research and Technology, Sabzevar University of Medical Sciences, Sabzevar,

Iran
Received: 2024/02/06 Accepted: 2024/05/26
*Corresponding Author: Amir Reofi,
Abstract Dawood Mahdian

: Hesperidin, a flavonoid found in the citrus family, has been evaluated
for its anti-cancer effects on various cell lines, including KYSE30, PC12, SW48,
and DU14.

: The cells were treated with various concentrations of
hesperidin (0.75-100 uM) for 24, 48, or 72 hours, and cell viability was assessed
using the MTT assay. The expression of genes, including Bax, Bcl-2, and Caspase-
3, was measured by gRT-PCR. Apoptosis was determined using propidium iodide
staining followed by flow cytometry.

: The results demonstrated that hesperidin inhibited the proliferation of cells
with varying potencies. Propidium iodide staining revealed that hesperidin increased
the number of apoptotic cells, which was confirmed by the measurement of gene
expression. Hesperidin decreased the expression of Bcl-2 while increasing the
expression of Bax and Caspase-3.

- We conclude that hesperidin, as a natural product, may be used in the
treatment of various human cancers in combination with chemical drugs.
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Introduction

Cancer is identified as a significant global
health problem, affecting more than 12.7 million
people worldwide. In cancer, cells grow
invasively. Statistics show that the most common

cancers include lung, prostate, colorectal,
cervical, and breast cancer. Therapeutic strategies
for cancer involve radiation therapy,

chemotherapy, and surgery. Chemotherapeutic
agents include DNA-interactive drugs, antitubulin
drugs, antimetabolites, as well as hormonal and
molecular-targeting drugs. However, these
chemotherapeutic drugs can lead to adverse
effects such as bone marrow suppression, hair
loss, gastrointestinal lesions, drug resistance,
neurologic dysfunction, and cardiac toxicity.
Recent studies have highlighted the potential of
medicinal herbs and their active ingredients in the
treatment of various diseases. Flavonoids, which
are important bioactive compounds found in many
herbs, have shown beneficial effects in different
cancerous tissues. Epidemiological studies have
demonstrated an inverse relationship between
flavonoid consumption and the risk of cancer.
Hesperidin, a flavanone widely found in citrus
fruits such as oranges, exhibits various
pharmacological properties. In vitro and in vivo
studies have reported its anti-carcinogenic,
antioxidant, and anti-inflammatory effects.
Furthermore, the anti-cancer effects of hesperidin
and its aglycone, hesperetin, have been
documented. Given the properties of hesperidin,
this research evaluates its anti-cancer effects on
various cell lines and explores its possible
mechanisms of action.

Methodology

Cell Treatment:The cells were treated with
various concentrations of hesperidin (0.75-100
uM) for 24, 48, or 72 hours, and cell viability was
assessed using the MTT assay. The expression of
genes including Bax, Bcl-2, and Caspase-3 was
measured by qRT-PCR. Apoptosis was determined
by propidium iodide (PI) staining followed by flow
cytometry.

Cell Viability Assay:Cell viability was determined
using a modified 3-(4, 5-dimethylthiazol-2-yl)-2, 5-
diphenyl tetrazolium (MTT) assay. Briefly, the
cells (PC12, KYSE30, DU145, and SW48) were
seeded at 5 x 103 cells per well in flat-bottom 96-
well culture plates and exposed to different
concentrations of hesperidin for 24, 48, and 72
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hours. After the incubation periods, the cells were
treated with MTT solution (5 mg/ml in PBS) for 4
hours. The medium was then removed, and
formazan was solubilized with DMSO (100 pl).
Absorbance was measured at 570 nm (with 620 nm
as a reference) using an ELISA reader. All
treatments were performed in triplicate.

Cell Apoptosis Assay:Apoptotic cells  were
detected using PI staining for small DNA fragments
followed by flow cytometry. It has been reported
that a sub-G1 peak reflects DNA fragmentation,
which can be observed following the incubation of
cells with a hypotonic phosphate-citrate buffer
containing a quantitative DNA-binding dye, such as
Pl. Briefly, the cells were seeded in a 24-well plate
and treated with hesperidin at a concentration of
79.18 uM for 48 hours. Floating and adherent cells
were then harvested and incubated with 750 ul of
hypotonic buffer (50 mg/ml Pl in 0.1% sodium
citrate with 0.1% Triton X-100) at 4 °C overnight
in the dark. Flow cytometry was conducted using a
FACScan flow cytometer (Becton Dickinson). A
total of 1 x 10* events were acquired with FACS,
and data were analyzed using FlowJo V10 software.
All treatments were conducted in triplicate.

Gene Expression  Analysis:gRT-PCR  was
performed using the CFX96 Touch™ Real-Time
PCR Detection System (Bio-Rad, Philadelphia, PA,
USA) in triplicate using SYBR Green PCR master
mix (2x, Ampligon, Denmark). The sequences of
primers for Bax, Bcl-2, and Caspase-3 are listed in
Table 1. Thermal cycling conditions were as
follows: initial denaturation at 95 °C for 10
minutes, followed by 40 cycles of denaturation at
95 °C for 30 seconds, annealing at 60 °C for 30
seconds, and extension at 72 °C for 45 seconds. A
final extension was performed at 72 °C for 10
minutes. Real-time data were normalized to B-actin
as the internal control. The AACT method was
employed to calculate fold changes.

Statistical Analysis:One-way analysis of variance
(ANOVA) followed by the Bonferroni post-hoc test
was used for data analysis. All results are expressed
as the mean + SEM, and p-values below 0.05 were
considered statistically significant.

Results

Our results demonstrated that hesperidin is an
anti-proliferative compound against different
cancer cells. Also, we found that hesperidin was
more effective on the KYSE3O0 cells. The effect of
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hesperidin on cell viability was in a dose-
dependent manner. KYSE30 cells were incubated
with hesperidin (0.75-100uM) for 24, 48 and 72h.
As shown in figures la-c, hesperidin reduced cell
viability at doses of 50 and 100 uM (24h, 50 uM
p<0.01 100 uM p < 0.001; 48h p < 0.001; 72h 50
UM p <0.01 100 uM p < 0.001). The PC12 cells
were incubated with various concentrations of
hesperidin (0.75-100uM) for 24, 48, and 72 h. The
cell viability was determined by MTT assay. As
shown in figure2a, hesperidin reduced cell
viability at doses of 0.75, 1.5, 3.125, 25, 50, 100
uM after 24h (p <0.05,p <0.01 p<0.001, p <0.05
, p <0.05, p < 0.001 respectively). After 48h,
hesperidin increased cell death at doses of 12.5,
50 and 100 pM (p <0.05, p < 0.001, p <0.05
respectively). Also, hesperidin reduced cell
viability at concentrations of 0.75 uM and 3.125
uM (p < 0.001). SW48 cells were incubated at
various concentrations of hesperidin (0.75-100
puM) for 24, 48 and 72 h. The viability was
measured by MTT assay .The findings revealed
hesperidin had no significant effect on the
viability of SW48 cells after 24h, 48h and 72h,
The DU145 cells were treated by various doses of
hesperidin (0.75-100 uM) for 24, 48 and 72 h.
MTT assay was applied to evaluate the viability
of the cells. Hesperidin reduced cell viability at
doses of 0.75 uM and 25 pM (p < 0.01, p < 0.001
respectively) (figureda) while hesperidin had not
effect on cell viability after 48h (figuredb). As
shown in figuredc, hesperidin significantly
increased cell death at dose of 1.5 uM (p <0.05 ).
After exposure time of 48 h, hesperidin's toxic
effects were observed against KYSE30 cells at a
dose of 79.18. The percentage of the apoptotic cell
was evaluated using Pl staining. The cells
incubated in hesperidin with concentration of
79.18 uM for 48 h. According to Error!
Reference source not found., the sub-G1 peak
analysis indicated apoptosis induction in the
hesperidin-treated KYSE30 cells. Results showed
that hesperidin induced apoptosis on KYSE30
cells. Caspase-3 had significantly increased near
about 5-fold at a concentration of 100uM (p <
0.001) hesperidin compared to control group.
Also, hesperidin at dose 75uM caused
overexpression of Caspase-3 about 4-fold (p <
0.001). However, the expression of Bax was
remarkably upregulated by hesperidin in a dose-
dependent manner with the highest change at dose
100uM (p < 0.001) and 3.5-fold overexpression at
dose 75uM (p < 0.001). It is while the Bcl-2
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expression was downregulated significantly with
the lowest expression at dose 50uM (p < 0.001)
and slight downregulation was observed at dose
75uM  (p <0.05). Furthermore, the highest
Bax/Bcl-2 ratio was seen by hesperidin at 1C50
concentration (75uM) (p < 0.001) which indicates
the finest concentration to initiate apoptosis
cascade.

Discussion

Hesperidin as a subgroup of flavonoids is
abundantly found in Citrus species. To date, these
natural chemical compounds have shown various
effects in human and animals cancers not only for
the treatment also for prevention. It has been
reported that administration of hesperidin associated
with recovering enzymes related to antioxidant
activities such as glutathione, catalase, and
superoxide dismutase indicated its antioxidant
properties in renal tissue. Furthermore, hesperidin
found to inhibit the COX-2/PGE pathway to prevent
renal carcinoma progression. In breast cancer
model, hesperidin treatment resulted in a reduction
in ERa expression and also the suppression of
EGFR/ERK pathway arresting cell cycle at GO/G1
transition phase in MCF7 and T47D cells.
Previously, hesperidin inhibited cellular pathways
in relation to cell growth by anti-estrogenic function
in endometrial carcinoma (EC) and hence inhibited
the proliferation of cancer cells. It was proposed
hesperidin initiated apoptosis in EC.

Conclusion

Precise regulation and function of cellular
pathways are responsible for cancer prevention but
in the setting of cancer abnormalities in these
pathways has been observed. Alteration in the
PI3K-AKT has been frequently reported in various
cancers especially in esophageal cancer. Growth
factors transiently activate this pathway but in
cancers due to genetic aberrations, even in the
absence of stimulating signals are continuously
transmitted to the nucleus. Thus, activation of this
pathway results in uncontrolled cell growth and
proliferation. Increased phosphorylation of AKT
has been reported in KYSE30 cell lines. Hesperidin
by suppressing the expression of AKT prevents
both initiation and progression of colorectal cancer.
As a pro-apoptotic drug, hesperidin by disrupting
the integrity of the mitochondria membrane leads
to apoptosis. Also, AKT pathway by
phosphorylating Bad protein prevents the initiation
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of apoptosis. Hence, it can be concluded that at
molecular resolution, hesperidin by inhibiting
AKT and mitochondria damage plays an important
role in the induction of apoptosis. Our gene
expression analysis also confirmed overexpression
of Caspase-3 and Bax alongside downregulation of
Bcl-2.
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