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Recently, research showed that one of the most common kinds of liver cancer is hepatocellular carcinoma (HCC), which is also the
fourth main cause of cancer deaths. In studies regarding chemicals to better treat the disease, hesperidin shows a novel potential in
performing anticancer activities, particularly in liver cancer. However, the specifc mechanism of hesperidin that causes such
activities remains a mystery. Tus, the purpose of this study is to investigate hesperidin’s efect on cell proliferation and activation
of ROS-mediated signaling pathways in HePG-2 cells. Hesperidin shows a signifcant impact on inhibiting HePG-2 cells’
proliferation through induction of cell apoptosis by Bcl-2, Bax, and p53 pathways. Treating cells with hesperidin in a dose-
dependent manner shows a signifcant increase in the apoptotic cell population (sub-G1). Moreover, Hesperidin’s induction of
apoptotic activities shows dependence on ROS (reactive oxygen species) overproduction, further afecting the p-mTOR pathways
and leading to DNA damage. Hence, the overall data demonstrate that ROS-mediated signaling pathways exhibit mechanisms that
may lead to useful information for interpreting hesperidin-induced hepatocarcinoma cell apoptosis.

1. Introduction

Cancer is typically defned as the association of diseases with
unrestrained cell growth that usually results in metastasis
[1]. One of the most common kinds of liver cancer is he-
patocellular carcinoma (HCC), which also ranks fourth as
the main cause of cancer-related deaths [2, 3]. In the global
incidence of hepatocarcinoma, the incidence of hep-
atocarcinoma is 46.6% and the case fatality rate is 47.1%. Not
only that, the age-standardized 5-year survival rate of
hepatocarcinoma in the world is only 12.1%. Although the
scientifc advancement in cancer diagnosis and treatment
has signifcantly improved recently, the problem still exists
that many cases of liver cancers with no identifed feasible
treatment become diagnosed as advanced cancer [4]. An-
other pessimistic aspect of hepatocarcinoma patients is that

this cancer has a high potential for metastasis, as well as
a particularly low sensitivity when reacted with chemo-
therapeutic agents resulting in resistance to conventional
cancer drugs [5, 6]. Although the primary purpose of
hepatocarcinoma treatment is to kill hepatocarcinoma cells
without destroying normal cells, there are still some adverse
efects on patients during the treatment of hepatocarcinoma,
including anemia, loss of appetite, delirium, and peripheral
neuropathy. Moreover, the prevailing causes that impede the
performance of the chemotherapeutic method are the low
aqueous solubility of many anticancer chemicals and the
limited half-life of the agents when positioned the blood
circulation [7, 8]. It is thus a demanding cause to discover
innovative chemotherapy that can be efcacious for hep-
atocarcinoma’s clinical treatment. Lately, hesperidin has
drawn widespread notice for its specifc physicochemical
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properties, dispersion patterns, stability, size variation, and
distribution, morphological characteristics, temperature
adaptability, and a crystalline structure that demonstrate the
potential of contributing to the chemotherapy feld [9]. Te
expanding application of hesperidin poses optimistic views
for using hesperidin as a new option for anticancer drugs
[10, 11].

Hesperidin, a favonoid compound discovered in citrus
organisms, is found in common fruits including lemons and
oranges. It can also be extracted from Rutaceae and
Rubiaceae, which can reduce capillary brittleness and per-
meability, diuresis, and analgesia [12]. It has received sig-
nifcant attention because of its anticancerous properties,
anti-infammatory properties, antioxidant roles, and car-
dioprotective functions in reports [13]. It is also generally
applied in food processing because of its bacteriostatic
characteristics on certain species [14]. Most importantly,
hesperidin displays low cytotoxicity in regular cells, not to
mention hesperidin’s harmonious efects with many anti-
cancer agents when inhibiting the cell cycle and inducing cell
apoptosis in pancreatic cells [15]. Experiments on hesperidin
confrm its function to arrest the cell cycle at the G1 phase in
prostate and breast cancer cells [16, 17]. Furthermore, recent
research shows that hesperidin serves as a possible pre-
vention for the COVID-19 [18]. Hence, the conjecture of
hesperidin as a promising chemical agent poses hope and
a bright future for advancing chemotherapeutic methods.

Reactive oxygen species (ROS) are oxides that formed
fromO2’s electron receptivity, including hydrogen peroxide,
superoxide, hydroxyl radicals, singlet oxygen, and oxygen
free radicals [19]. Oxidative stress, as the notable imbalance,
is commonly construed as cellular defense mechanisms or
ROS consumption [20]. Tese oxygen species play a crucial
role in numerous physiological processes; thus, the imbal-
ance in a redox reaction can result in various disorders,
including the Leigh syndrome, cancerous carcinoma, di-
abetes, and skin diseases [21]. Tough there is research that
indicates hesperidin’s toxicity to induce oxidative stress,
there is little analysis of hesperidin’s specifc anticancerous
mechanisms, especially those of HCC [22]. Investigating the
chemotherapeutic aspects of hesperidin will serve a great
cause in current hepatocarcinoma clinical treatments. Tis
study aims to examine how hesperidin’s efects on the redox
reaction balance can regulate HePG-2’s mechanism of cell
apoptosis and provide a theoretical basis for the develop-
ment and utilization of therapeutic drugs or adjuvant drugs
for hepatocarcinoma.

2. Materials and Methods

2.1. Materials. HepG-2 cells were provided by American
Type Culture Collection (ATCC, Manassas, Virginia).
Dulbecco’s modifed Eagle’s medium (DMEM) and fetal
bovine serum (FBS) were obtained from Gibco. Te p-
mTOR, Bcl-2, Bax, P53, caspase-9, and cleaved caspase-3
antibodies were provided by Cell Signaling Technology.
Hesperidin was obtained from Sigma. Tiazolyl Blue tet-
razolium bromide (MTT), bicinchoninic acid (BCA), 4′6-
diamidino-2-phenyindole (DAPI), and propidium iodide

(PI) were purchased from Sigma. LysoTracker Deep Red was
obtained from Invitrogen. Te water used in all experiments
was Milli-Q water, purifed by Millipore [23].

2.2. Cell Viability Assay. HePG-2 cells were incubated in the
following conditions: with DMEM supplemented with anti-
biotics penicillin and streptomycin and 10% FBS in the 37°C
humidifed incubator with a 5% CO2 atmosphere. Te cyto-
toxicity of hesperidin was determined by performing the cell
viability test of the CCK-8 assay as in the previous publication
[24]. Briefy, cell viability was calculated bymeasuring the level
of transformation of WST-8 to an orange formazan product
inside the cells. HePG-2 cells were cultivated in 96-well culture
plates at 5×104 cells per well density in a 37°C incubator for
24 h. Tis is followed by treating the cells with hesperidin at
diferent concentrations for 24h. Ten, 20μl/well of CCK-8
solution and 200μl/well of DMEM including 1% FBS were
added and placed inside the incubator for another 4 h [19].
After incubation, the medium was replaced with 150μl/well
DMSO to dissolve the formazan products. Ten, the 96-well
plate was again placed in the 37°C humidifed incubator with
a 5% CO2 atmosphere for 2 h. Te color intensity of the
formazan solution refects the cell viability, so it was measured
at 450nm using the microplate spectrophotometer (Versa-
Max). Te test was repeated 3 times [25].

2.3. Flow Cytometric Analysis. Flow cytometric analysis was
implemented to test the efect of hesperidin on cell cycle’s
distribution as previously stated [26, 27]. In short, after the
incubation of hesperidin in HePG-2 cells for 24 h, the cells
underwent centrifugation for 5min at 1500 rpm. Te cells
were harvested and incubated with precooled 70% ethanol at
−20°C for 24 h.Te experiment followed 30min PI staining in
the dark.Te apoptotic activity of cells and hypodiploid DNA
content were assessed by using Multicycle software [28].

2.4. Annexin-V/PI Double-Staining Assay. Te cells in the
logarithmic growth phase were inoculated into a 6-well plate.
When collecting the cells, the culturemediumwas sucked into
the centrifuge tube and the cells were washed with PBS. Te
cells were digested with trypsin without EDTA and collected
in the centrifuge tube [29]. Ten, the collected medium and
cells weremixed well and centrifuged at 4°C for 5min, and the
supernatant was discarded. Te cells were washed with
precooled PBS 2 times and centrifuged at 4°C for 5min each
time, and the cells were adjusted to the same concentration by
adding 1× binding bufer. 1× 105 cell suspensions were taken
into the fow tube, and the appropriate amount of Annexin-V
labeled with a fuorescent dye and the appropriate amount of
PI were added; they were mixed gently and incubated for
15–20min at room temperature without light. Finally, 300 μL
PBS resuspension cells were added and detected by fow
cytometry within 1 hour [30].

2.5. Cell-Cycle Analysis. After the cells were stimulated by
hesperidin, the culture medium was gently removed, PBS
was added to shake gently, and then PBS was removed. 1mL
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trypsin was added, shaken well, and put into the incubator to
digest. After digestion, the cells were removed from the
incubator and added to a 3mL medium containing serum to
terminate trypsin digestion. Te cells were resuspended and
transferred to the centrifuge tube using a pipette [31]. Ten,
the supernatant was removed by 1000 rpm room tempera-
ture centrifugation for 5min, the 3mL PBS resuspension
cells were added, and the supernatant was removed by
1000 rpm normal temperature centrifugation for 5min. 75%
alcohol was added to resuscitate the cells and the cells were
placed in a refrigerator at 4°C for the night. 1000 rpm
centrifuged 5min at room temperature, removed the su-
pernatant, added PBS to wash for 3 times, added PI staining
solution, stained 30min at 37°C, and then detected the cell
cycle by fow cytometry [32].

2.6. TUNEL-DAPI Co-Staining Assay. Te TUNEL apo-
ptosis kit detected the efect of hesperidin on DNA frag-
mentation. PBS was used to wash the cell climbing tablets
once, the cells were fxed with 4% paraformaldehyde for
30–60 minutes, and then they were washed again with PBS.
Ten, PBS containing 0.1% TritionX-100 was added, and it
was incubated in the ice bath for 2 minutes and washed with
PBS 2 times. Ten, 50 μL TUNEL detection solution was
added and incubated at 37°C for 60 minutes. Finally, the flm
was sealed with an antifuorescence quenching solution and
observed under the fuorescence microscope [33].

2.7.Caspase-3Activity. After HepG-2 cells were treated with
hesperidin, the cell culture medium was absorbed and set
aside. Te adherent cells were digested with trypsin and
collected into a spare cell culture medium. Ten, the cells
were collected with 600 g 4°C centrifugation for 5 minutes,
the supernatant was carefully removed, while ensuring that
no cells are absorbed as far as possible, and it was washed
again with PBS [34]. After absorbing the supernatant as
before, the lysate was added according to the proportion of
100 microliter lysate for every 2 million cells, resuspended,
and cracked in the ice bath for 15 minutes. Ten, Ac-
DEVD-pNA (2mM) was added and mixed well and in-
cubated at 37°C for 120 minutes. A405 can be determined by
enzyme labeling instruments when the color change is
obvious [35].

2.8. Determination of Reactive Oxygen Species (ROS)
Generation. Te hesperidin-induced intracellular ROS
generation of treated cells was assessed by DCF fuorescence
cell staining as previously reported [36, 37]. In short, har-
vested cells undergo suspension in PBS with DCFH-DA.
10mM was the fnal concentration of DCFH-DA, and the
cells were suspended at 37°C for 30min. After staining, the
collected cells were resuspended in PBS. Te fuorescence
microscope and microplate reader were used to detect the
intensity of fuorescence to determine the ROS level. Te
emission wavelength was excited at 500 nm and 529 nm,
respectively. Te test was performed 3 times [38].

2.9. Western Blot Analysis. Western blot was performed to
test the efects of hesperidin on a variety of cellular protein
expressions in HePG-2 cells as previously reported [39, 40].
To determine the total cellular proteins, lysis bufer was
added to hesperidin-treated HePG-2 cells. BCA assay was
performed to determine the protein concentration in cells.
10 μg of protein was added to each well. Primary antibodies
and secondary antibodies at 1 :1000 dilution inside 5%
nonfat milk were added to the membranes. ECL, the en-
hanced chemiluminescence detection reagent, was used to
visualize the protein bands after the incubation.

2.10. Statistical Analysis. All tests and experiments were
repeated at least 3 times. All data were expressed as
mean± SD. Te two-tailed Student’s t-test was performed to
analyze the diferences between the experimental group and
the control group. Data with diferences of P< 0.05(∗) or
P< 0.01(∗∗) were considered statistically signifcant. For
multiple group comparisons, the one-way analysis of the
variance method was performed. SPSS 13.0 for Windows
was used as the software for performing these analyses.

3. Results and Discussion

3.1. Hesperidin’s In Vitro Anticancer Activity. Te cytotoxic
activity of hesperidin on HePG-2 cells was determined by
a CCK-8 assay. In addition, the concentration gradients of
hesperidin determined in this study were derived from
preexperiments prior to the formal experiments. In the
preexperiment, the investigators used a large number of
CCK-8 experiments to fnd out the optimal concentration
range for the efect of hesperidin on HePG-2 cells and LO2
cells. As shown in Figure 1(a), the growth of HePG-2 cells
was signifcantly inhibited by hesperidin in a concentration-
dependent manner. HePG-2 cells treated with 160 μg/mL
hesperidin for 24 h have reduced cell viability at 69.53%.Te
cell viability was reduced to 67.01% and 62.01% as the
concentration of hesperidin was increased to 320 μg/mL and
640 μg/mL, respectively. In Figure 1(b), hesperidin’s anti-
cancer ability becomes further validated. As shown in
Figure 1(b), the cytoplasm shrinkage activity emerges in cells
treated with hesperidin, as well as loss of intercellular
contact. Hence, these results show hesperidin’s ability to
inhibit cancer cell growth with a dose-dependent treatment.

3.2. Hesperidin Induction of Cell Apoptosis. Apoptosis is
a critical factor for a wide range of diferent biological cycles
and systems, including the immune system, the embryo
development process, the cell cycle, morphological alter-
ations, and chemical-stimulated cell deaths [30]. Te de-
crease of cell membrane potential can be easily detected by
the transition of JC-1 from red to green fuorescence. At the
same time, JC-1 is an ideal fuorescent probe widely used to
detect mitochondrial membrane potential ∆Ψm. When the
mitochondrial membrane potential is high, JC-1 aggregates
in the mitochondrial matrix to form a polymer (J-aggre-
gates), which can produce red fuorescence; when the
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mitochondrial membrane potential is low, JC-1 cannot
aggregate in the mitochondrial matrix; then JC-1 is
a monomer, which can produce green fuorescence. In
Figure 2, the results of JC-1 testing of HePG-2 cells in-
cubated with hesperidin for 24 hours are shown. Mito-
chondrial polarization is indicated by the decreasing ratio of
the red/green intensity. Mitochondrial polarization indicates
the early stage of cell apoptotic activities.

3.3. Translocation of Phosphatidylserine Induced by
Hesperidin. Annexin-V/PI double staining fow cytometry
is one of the most commonly used methods to detect ap-
optosis. At the beginning of early apoptosis, phosphati-
dylserine turns out to the cell surface, that is, the outside of
the cell membrane. Annexin-V labeled with green fuores-
cent probe YF488 can bind to inverted phosphatidylserine to
detect the important characteristics of apoptosis. Propidium
iodide (PI) is a DNA-binding dye that can stain the nuclei of
necrotic cells or cells that lose membrane integrity in the late
stage of apoptosis. PI can be excited by a 488, 532, or 546 nm
laser, showing red fuorescence. Te combination of
Annexin-V with phosphatidylserine extroverted to the cell
surface can block phosphatidylserine’s procoagulant and
proinfammatory activity. Annexin-V labeled with green
fuorescence probe FITC, namely, Annexin-V-FITC, can be
used to detect the extroversion of phosphatidylserine, an
essential feature of apoptosis, simply and directly by fow
cytometry or using a fuorescencemicroscope.Terefore, the
transfer of phosphatidylserine to the adventitia is critical to
the apoptosis of HepG-2 cells.Te apoptotic cells induced by
hesperidin were detected by Annexin-V/PI double staining.
As shown in Figure 3, the dot pattern of the HepG-2 cell
treatment group showed that both early apoptotic cells and

late apoptotic cells were present. Te results showed that
hesperidin inhibited the proliferation of HepG-2 cells
mainly through apoptosis.

3.4. Hesperidin-Induced HepG-2 Cell Apoptosis.
Propidium (PI) is a fuorescent dye of double-stranded
DNA. Te PI method is a classical periodic detection
method. Pl is an inserted nucleic acid fuorescent dye, which
can selectively bind nucleic acid DNA and RNA double-
stranded helix. Te amount of binding is proportional to the
content of DNA. Te distribution of DNA in each stage of
the cell cycle can be obtained by fow cytometry, and the
percentage content of each stage can be calculated. In ap-
optotic cells, DNA breaks between nucleosomes to form
DNA fragments. Terefore, DNA fragmentation is an im-
portant index to judge apoptosis. Tis study used PI-fow
cytometry to analyze whether hesperidin-induced cell death
was related to apoptosis. As shown in Figure 4(a), the
number of apoptotic cells below G1 in the hesperidin DNA
histogram was signifcantly higher than that in the control
group. For example, in HepG-2 cells treated with diferent
concentrations of hesperidin, the number of apoptotic cells
increased sharply from 35.7% to 51.7%. Tere was no sig-
nifcant change in G0/G1, S, and G2/M phases.

When apoptosis occurs, cells activate some DNA en-
donucleases, which can cause double- or single-strand
breaks of chromosome DNA to produce a large number
of sticky 3′-OH ends. Under the action of de-
oxyribonucleotide terminal transferase (TdT), de-
oxyribonucleotides and derivatives formed by fuorescein,
peroxidase, alkaline phosphatase, or biotin can be labeled to
the 3′ end of DNA. Terefore, TUNEL staining is a terminal
transferase marker, accurately refecting apoptotic cells’
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Figure 1: Efects of diferent concentrations of hesperidin on the growth of HepG-2 and LO2. (a) Cell viability was evaluated after being treated
with diferent concentrations of hesperidin for 24 h by the cell counting kit-8 assay, which was measured at 450 nm using the microplate
spectrophotometer (VersaMax). (b) Fluorescence microscope was used to observe morphological changes in HepG-2 cells with diferent
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4 Journal of Food Biochemistry



biochemical and morphological characteristics. As shown in
Figure 4(b), HepG-2 cells showed the features of apoptosis,
DNA fragmentation, and nuclear condensation under the
action of hesperidin. It can be seen from Figure 4(b) that
hesperidin induces apoptosis in HepG-2 cells.

3.5. Detection of Caspase-3Activity. Te caspase family plays
a very important role in mediating apoptosis, in which
caspase-3 is a key executive molecule, which plays a role in
many pathways of apoptosis signal transduction. Caspase-3
normally exists in the cytoplasm in the form of zymogen (32
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Figure 2: Depletion of mitochondrial membrane potential induced by diferent concentrations of hesperidin. (a) Te percentage of
mitochondrial membrane potential, which was measured at 485 nm and 530 nm using the microplate spectrophotometer (VersaMax). Te
red bar represents JC-1 aggregates, and the green bar represents JC-1 monomers. (b) JC-1 aggregates and monomers of HepG-2 were
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KD). In the early stage of apoptosis, it is activated. Te
activated caspase-3 consists of two large subunits (17 KD)
and two small subunits (12 KD), with cleavage of the cor-
responding cytoplasmic nuclear substrate, and eventually
leads to apoptosis. Caspase-3 can cleave procaspase 2, 6, 7,

and 9 and can directly and specifcally cleave many caspase
substrates, including PARP (poly (ADP-ribose) polymer-
ase), ICAD (Inhibitor of caspase-activated de-
oxyribonuclease), gelsolin, and fodrin. Tis caspase-3-
mediated protein splicing is an important part of the
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in the lower left quadrant, late apoptotic cells are depicted in the upper right quadrant, and early apoptotic cells are depicted in the lower
right quadrant. Te upper right quadrant indicated cells in the early stage of apoptosis, and the lower right quadrant shows cells in the late
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(b) Representative photomicrographs of DNA fragmentation and nuclear condensation as detected by the TUNEL-DAPI co-staining assay
under the fuorescence microscope. Te length of the scale plate in the footnote is 75 μm. Diferent concentration gradients of hesperidin
include 40 μM, 80 μM, 160 μM, 320 μM, and 640 μM.
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molecular mechanism of apoptosis. However, in the late
stage of apoptosis and dead cells, the activity of caspase-3
decreased signifcantly. PARP is one of the main cleavage
targets of caspase-3 and is located downstream of caspase
family proteins in the apoptosis pathway. Apoptosis was
detected by inhibiting the activation of caspase-3. In this
study, HepG-2 cells were treated with diferent concentra-
tions of hesperidin. An enzyme labeling instrument detected
the activity of caspase-3. As shown in Figure 5(a), the
caspase-3 activity of the control group of uninfected cells
was 100%. Compared with the control group, the hesperidin
treatment group increased signifcantly, being 105.7%
(40 μM), 122.9% (80 μM), 145.2% (160 μM), 186.2%
(320 μM), and 268.1% (640 μM), respectively. Caspase-3 and
subsequent PARP cleavage were detected by western blotting
to evaluate its participation and contribution to apoptosis.
As shown in Figures 5(b) and 5(c), the expression levels of
caspase-3 and PARP were downregulated after hesperidin
treatment. Not only that, but hesperidin also upregulated the
expression level of caspase-3 and PARP. Te results showed
that hesperidin signifcantly enhanced the activation of
caspase-3 and the cleavage of downstream PARP. Tese
results suggest that hesperidin may induce apoptosis
through caspase-3.

3.6. Hesperidin Induction of ROS Generation. ROS is
a ubiquitous metabolite in organisms, which mainly comes
from the respiratory system of mitochondria. In the middle
of the respiratory chain of mitochondria, oxygen is reduced
to ROS. In addition, NADPH oxidase on the plasma
membrane and cytochrome P450 oxidoreductase in the
cytoplasm can also convert oxygen into reactive oxygen
species. Moderate ROS plays an important role in main-
taining the normal physiological function of the body.When
the body is afected by disease and oxidative stress, the
production of ROS will increase, and these excess ROS will
attack biological macromolecules, such as DNA, lipids, and
proteins, resulting in damage to their structure and function.
As a kind of intracellular signal molecule, ROS participates
in the key link of cell signal transduction. A large number of
studies have shown that too much ROS will cause oxidative
damage to macromolecules in cells, thus inhibiting the role
of proteins and then accelerating cell apoptosis and auto-
phagy [41]. Hence, in this experiment, a DCF fuorescence
assay was performed to measure the ROS generation to
reveal hesperidin’s role and action mechanisms in cell ap-
optosis. As shown in Figure 6, intracellular ROS generation
is increased by the addition of hesperidin in HePG-2 cells.
Te level of intracellular ROS generation is raised to 103% at
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HepG-2 cells treated with hesperidin and caspase-3 activity, which was measured at 405 nm using the microplate spectrophotometer
(VersaMax). (b) Te expression of PARP, C-PARP, Caspase-3, and C-Caspase-3 by western blot; β-actin was used as the loading control.
(c) Bands were quantifed by Image J and results are expressed as a percentage of control. Diferent concentration gradients of hesperidin
include 40 μM, 80 μM, 160 μM, 320 μM, and 640 μM. Bars with diferent characters are statistically diferent at ∗P< 0.05, ∗∗P< 0.01, and
∗∗∗P< 0.001.
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Figure 6: ROS overproduction induced by hesperidin of HepG-2 cells. (a) Changes in intracellular ROS generation detected by measuring
DCF fuorescence intensity, which was measured at 500 nm using the microplate spectrophotometer (VersaMax). (b) HepG-2 cells were
incubated with ten μM DCF-DA in PBS for 30min and then treated with diferent concentrations of hesperidin under a phase-contrast
microscope. Te length of the scale plate in the footnote is 75 μm. Diferent concentration gradients of hesperidin include 40 μM, 80 μM,
160 μM, 320 μM, and 640 μM. Bars with diferent characters are statistically diferent at ∗P< 0.05 and ∗∗P< 0.01.
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Figure 7: Activation of intracellular apoptotic signaling pathways by hesperidin in HepG-2 cells. (a) Te expression level of p-mTOR, P53,
Caspase-9, Bcl-2, and Bax in hesperidin treated HePG-2 cells. Trough densitometry analysis, the number above the bands is determined to
present the protein expression levels. (b) Bands were quantifed by Image J and results are expressed as a percentage of control; β-actin was
used as the loading control. Bars with diferent characters are statistically diferent at ∗P< 0.05, ∗∗P< 0.01, and ∗∗∗P< 0.001.

Figure 8: Apoptotic signaling pathways regulated by hesperidin in HepG-2 cells. Te main signaling pathway of ROS-mediated p53, p-
mTOR, Bcl-2, and Bax signaling pathways. Directional arrows represent agitation.
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a hesperidin concentration of 320 μg/mL. Tese data con-
frm that the involvement of ROS generation would have an
important impact on the anticancer activity of Hesperidin.

3.7. Activation of ROS-Mediated Signaling Pathways by
Hesperidin. Te activation of p-mTOR, p53, Bcl-2, and Bax
signaling pathways caused by intracellular ROS overfow can
trigger apoptotic activities. Western blot was performed to
characterize the efects triggered by hesperidin on the ROS-
mediated downstream passage. As shown in Figure 7,
hesperidin-treated HePG-2 cells increased p53 expression
levels signifcantly. Furthermore, there are diferential ac-
tivities triggered by hesperidin on p-mTOR and caspase-9.
While hesperidin signifcantly increased the Bax, HePG-2
cells receiving treatment with hesperidin have displayed
decreased expression levels of the protein Bcl-2. As a result,
these data establish that hesperidin regulates ROS-mediated
p-mTOR, p53, Bcl-2, and Bax signaling pathways to induce
apoptotic activities in HePG-2 cells. In summary, hesperidin
induces apoptosis in HepG-2 cells by regulating ROS-
mediated p53, p-mTOR, Bcl-2, and Bax signaling path-
ways (Figure 8).

4. Conclusions

To summarize the study, it describes a preparation of hes-
peridin that triggers a simple chemical method under a re-
dox system. Hesperidin exhibits a great potential to inhibit
HePG-2 cell proliferation with anticancer activity. Te main
conclusions are as follows: Hesperidin can inhibit the
proliferation of HePG-2 hepatoma cells by inducing apo-
ptosis. After hesperidin treatment, the cells became round,
the cell membrane permeability increased, the nucleus
showed pyknosis, the DNA showed fragmentation, and the
cells showed typical characteristics of apoptosis. Hesperidin
induces intracellular ROS production by reducing the mi-
tochondrial membrane potential. Te molecular mecha-
nisms confrm hesperidin’s activation of STAT-3-mediated
apoptosis by triggering intracellular ROS overproduction.
Further examinations show hesperidin triggers p-AKT and
p38 apoptotic signaling pathways in HePG-2 cells. Hence,
the study fnds that hesperidin exhibits potential anticancer
properties.
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