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Abstract
Hesperidin is a flavanone present in citrus fruits, such as oranges and lemons. It exerts nontoxic activities in normal cells; however, it has been reported to suppress cell proliferation
in several cancer types. Moreover, it was shown that dietary hesperidin acts as an anticarcinogenic agent for some tumors. In the present study, we investigated the effect
of hesperidin on breast cancer cell line MCF7 and also its effects on the expression of
apoptosis-related genes in this cell line.
MCF7 cells were divided into 4 groups, including 3 study groups and 1 control group. Each
study group was treated with 50, 75, or 100 μg/mL hesperidin, while the control group was
left untreated. The samples underwent real-time PCR using the primers specific for BCL-2
and BAX, as the study genes, while GAPDH was used as the control.
According to our findings, hesperidin caused a significant decrease in BCL-2 mRNA
levels at all the doses used in the study groups compared to the control group (p < 0.002).
The observed decrease was dose-dependent. Also, hesperidin induced a significant
overexpression of BAX when used in doses of 75 and 100 µg/mL in comparison to the
control group.
The present study proved the significant apoptosis-inducing effect of hesperidin on the
breast cancer cell line MCF7.

Hesperidin is a flavanone present in citrus
fruits, such as oranges and lemons. It was first
discovered in 1827 but had been studied as a
combination product complex until 1986 (1). In
nature, it is found in the glycoside form, which is
a beta-7-rutinoside of hespetidin; however, dietary
hesperidin is hydrolyzed to hesperitin. Hesperidin
has non-toxic activities in normal cells, although
it has been reported to suppress cell proliferation
in several cancer types (2). Moreover, dietary
hesperidin acts as an anti-carcinogenic agent for
some tumors. Similar to flavonoids, hesperidin
is known to have anti-inflammatory, anti-viral,
UV-protecting, anti-oxidant, pro-apoptotic, antiproliferative, and anti-tumor properties. Also, it has
protective effects against cerebrovascular diseases
and diabetes mellitus (3). As a radioprotective and
chemoprotective therapeutic agent, it is expected to
prevent invasion or metastasis of human cancers (4).
Anti-cancer effects of hesperidin have been studied
in tumor-implanted animal models or culture cell

lines of several cancer types, including colon cancer,
bladder cancer, hepatocarcinoma, and breast cancer.
However, the action mechanism of this compound is
not fully understood (5). Also, it was reported that
hesperidin triggered apoptosis through the extrinsic
pathway and induced cell cycle arrest via the
endoplasmic reticulum stress pathway in HeLa cells.
Saiprasad et al. observed that hesperidin initiated
apoptosis and autophagy through mediating AuroraA-coupled pro-survival phosphoinositide 3-kinase/
Akt/mammalian target of rapamycin signaling
cascades and glycogen synthase kinase-3β activity
to antagonize the effect of azoxymethane on colon
carcinogenesis in a mouse model (6). In the present
study, we investigated the effect of hesperidin on
breast cancer cell line MCF7 and also its effects on
the expression of apoptosis-related genes in this cell
line.

Methods and materials

The National Cell Bank (Pasteur Institute, Iran)
supplied the human MCF-7 breast cancer cells. The
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cells were then cultured in RPMI 1640 media (Sigma,
St Louis, MO, USA) containing 10% fetal bovine
serum (FBS; Invitrogen), streptomycin (100 mg/
mL), and penicillin (100 units/mL) (Sigma, St Louis,
MO, USA). Next, the cells were incubated (37 °C)
in a humidified ambiance with 5% CO2. Hesperidin
was dissolved in DMSO to produce a 25 mg/mL
stock solution and stored as aliquots in tightly sealed
vials at -20° C. Working solutions were prepared by
serial dilutions of stock solution with whole culture
medium. Thereafter, the cells were divided into 4
groups:
• Group 1: non-treated group as the control group
• Group 2: 50 µg/mL hesperidin
• Group 3: 75 µg/mL hesperidin
• Group 4: 100 µg/mL hesperidin
Total RNA was isolated from the cells using the
RiboEX total RNA solution (GeneAll, Korea). 2
mg of RNA was used to synthesize cDNA using the
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ExcelRT™ Reverse Transcription Kit II (SMOBIO,
Taiwan). Real-time PCR was performed using the
specific primers for BCL-2 and BAX, as the study
genes, and GAPDH, as the control gene (Table 1).
Data were analyzed using the 2^-ΔΔct method.

RESULTS

According to our findings, the control group
showed no significant increase. Figure 1 presents the
effect of hesperidin at doses 50, 75, and 100 µg/mL
on the expression levels of BCL-2 and BAX in the
MCF7 cell line. As illustrated, hesperidin caused a
significant decrease in BCL-2 mRNA levels at all
the doses used in the study groups compared to the
control group (p < 0.002). The observed decrease
was dose-dependent. Also, hesperidin induced a
significant overexpression of BAX when used in
doses of 75 and 100 µg/mL in comparison to the
control group.

Table 1. Primer sequences

Primer name
GAPDH
BAX
BclBCL-2

Primer sequence
F:5'- CTGGGCTACACTGAGCACC -3'
R:5'- AAGTGGTCGTTGAGGGCAATG -3'
F:5'- CCCGAGAGGTCTTTTTCCGAG -3'
R:5'- CCAGCCCATGATGGTTCTGAT -3'
F:5'- CCTATCTGGGCCACAAGTGAA -3'
R:5'- ACAGCCTGCAGCTTTGTTTC -3'

Fig 1. BAX and BCL-2 mRNA expressions by group

Discussion

The present study proved the significant apoptosisinducing effect of hesperidin on the breast cancer
cell line MCF7. Tumor occurrence and development
are associated not only with dedifferentiation and
excessive multiplication of tumor cells, but are also
with the suppression of apoptosis (10). To investigate
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the mechanisms underlying the effect of hesperidin on
apoptosis, apoptosis-associated signaling molecules in
MCF7 cells were detected. Then, it was demonstrated
that cell apoptosis was increased after treatment with
hesperidin (11). Apoptosis is Apoptosis is regulated
by multiple apoptosis-promoting proteins, such as
BAX, BAD, and BID and is up-regulated by a family
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of apoptosis-inhibiting proteins, including BCL-2
and BCL-xL (12). The balance between apoptosispromoting and apoptosis-inhibiting proteins is
crucial for the process of apoptosis (13). The present
study results showed that treating the MCF7 cells
with hesperidin could up-regulate the relative levels
of BAX mRNA while down-regulating the relative
expression levels of BCL-2 mRNA. These findings
proved that MCF7 cell apoptosis was induced by
hesperidin via activation of the apoptotic pathway
(14). Flavonoids are studied as anti-cancer agents for
chemotherapy in cancer treatment because of their
advantages, such as being non-toxic and natural.
Representative flavonoids, such as resveratrol,
quercetin, curcumin, and EGCG, have been studied
for this purpose in clinical trials (15-17). However,
they have not yet been developed for clinical
treatments in cancer therapy. Hesperidin and related
metabolites have significant potential as therapeutic
agents for a wide range of diseases and disorders.
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