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Abstract. Chrysin is a major active ingredient of flavonoids, 
known to exhibit protective effects against various types of 
cancer. However, the anticancer role of chrysin against hepa-
tocellular carcinoma (HCC) and the underlying molecular 
mechanisms remain unclear. In order to evaluate the effects of 
chrysin on cell viability and apoptosis in human HCC, HepG2 
and QGY7701 cells were used in the present study. Cell viability 
was monitored using an MTT assay. In addition, an Annexin 
V-fluorescein isothiocyanate/propidium iodide kit was used for 
the labeling of the apoptotic cells, which were then measured 
using flow cytometry. Western blotting was used to examine 
the protein expression of p53, B-cell lymphoma-2 (Bcl-2), 
Bcl-2-associated X (Bax), Bcl-2-associated death promoter 
(Bad), Bcl-2 homologous antagonist/killer (Bak), caspases-3 
and -9, and cleaved-caspases-3 and -9. The results of the present 
study revealed that chrysin suppressed the cell viability of HepG2 
and QGY7701 cells in a concentration-dependent manner. In 
addition, chrysin induced significant apoptosis in HepG2 and 
QGY7701 cells. Furthermore, it was demonstrated that chrysin 
treatment increased the expression of proapoptotic proteins, 
including p53, Bax, Bad and Bak, while it decreased the protein 
level of antiapoptotic protein Bcl-2. It was also demonstrated 
that chrysin induced apoptosis in the HCC cells by regulating 
the p53/Bcl-2/caspase-9 signaling pathway. In conclusion, the 
results of the present study suggested that chrysin may be a 
potential candidate agent for the induction of cell apoptosis in 
human HCC.

Introduction

Hepatocellular carcinoma (HCC) has become a global 
health problem, as it is the third most common cause of 
cancer-associated mortalities worldwide, with >800,000 
mortalities per year (1,2); however, systemic treatment options 
for HCC are limited. Surgery remains the most efficacious 
and mainstream solution for the eradication of cancer nodules; 
however, relapse and distant organ invasion are common 
following tumor dissection (3). Anti-tumor agents have 
demonstrated strong cytotoxicity against cancer cells and 
oral administration of chemotherapeutics is recommended for 
the clearance of tumor cells that survive tumor dissection (4). 
Therefore, choosing appropriate anti-tumor agents and plan-
ning their administration is an indispensable part of systemic 
treatment HCC.

Natural products have been widely used in the development 
of various anticancer drugs. Paclitaxel, which is extracted 
from bark of the Pacific yew (Taxus brevifolia), has been 
successfully used to treat breast, lung and ovarian cancer (5). 
Chrysin, a natural flavonoid that is commonly found in honey 
and bee propolis (Fig. 1), is known for its various biological 
activities (6,7). Previous studies have suggested that chrysin 
possesses antioxidant (8), antihypertensive (9), antidiabeto-
genic (10) and anxiolytic properties (11). In addition, chrysin 
exerts a strong anticancer effect in multiple types of human 
cancer, since it induces cell cycle arrest and cell apoptosis (12); 
however, whether chrysin may be used as a novel antitumor 
drug against HCC has not been extensively investigated. 

Therefore, the aim of the present study was to examine the 
anticancer effect of chrysin on HCC cells, and determine the 
underlying mechanism of chrysin-induced apoptosis in HepG2 
and QGY7701 human HCC cells.

Materials and methods

Cell culture. HepG2 and QGY7701 cells were provided by The 
Cell Bank of Type Culture Collection of Chinese Academy of 
Sciences (Shanghai, China). Cells were cultured in RPMI 1640 
supplemented with 10% heat-inactivated fetal bovine serum 
plus 100 U/ml penicillin and 100 µg/ml streptomycin (all 
Thermo Fisher Scientific, Inc., Waltham, MA, USA) at 37˚C, 
in a humidified atmosphere of 5% CO2. Chrysin was diluted 
to various concentrations with cell culture media. After the 
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cells had reached 60% confluence, various concentrations of 
chrysin were added (0, 10, 15, 20, 25, 30, 40 and 50 µg/ml).

MTT assay. Cells were seeded in 96-well plates at a density 
of 5,000-10,000 cells/well. Different concentrations of 
chrysin (0, 10, 15, 20, 25, 30, 40 and 50 µg/ml; 5 replicates 
per concentration group) were added to the cell cultures for 
24 h, followed by 20 µl MTT solution (5 mg/ml; Beyotime 
Institute of Biotechnology, Shanghai, China). After incubation 
for 4 h at 37˚C in an atmosphere of 5% CO2, supernatants were 
removed and 150 µl dimethyl sulfoxide (Beyotime Institute 
of Biotechnology) was added. The plates were then placed on 
an orbital shaker for 10 min. Subsequently, the absorbance at 
490 nm was measured using a spectrophotometer (EnSpire 
2300 Multilabel reader; PerkinElmer Inc., Waltham, MA, USA). 
The inhibitory rate was calculated according to the following 
formula: (A490control-A490treated)/(A490control-A490blank) x100%.

Apoptosis assay. Apoptotic cells were detected using an 
Annexin V-FITC/PI kit (BioVision Inc., Milpitas, CA, USA). 
HepG2 and QGY7701 cells were seeded in 6-well plates at 
a density of 1x105 cells/well. According to the results of the 
MTT assay, the half maximal inhibitory concentration (IC50) 
concentration of chrysin was acquired for each cell line 
using GraFit-Erithacus IC50 software (Erithacus Software 
Ltd., Horley, UK). Lower (20 µg/ml) and higher dosages 
(40 µg/ml) were selected for the cell apoptosis assay. Cells 
were incubated in different concentrations of chrysin (0, 20 
and 40 µg/ml) for 24 h. The samples were then washed twice 
with cold D-Hank's buffer solution and resuspended in binding 
buffer (1x106 cells/ml). Subsequently, 100 µl cell supernatants 
were transferred to a tube with 5 µl Annexin V-FITC (BD 
Biosciences, Franklin Lakes, NJ, USA) and 5 µl PI (Beyotime 
Institute of Biotechnology). Following incubation for 15 min at 
room temperature in the dark, the apoptotic cells were detected 
using flow cytometry (FACS Canto II; BD Biosciences), 
and analyzed using Modfit and CellQuest 5.1 software (BD 
Biosciences). Cells located in the Q4 zone were deemed to be 
in the early apoptosis stage, whereas cells in the Q2 zone were 
in the late apoptosis stage.

Western blot analysis. Drug-induced cell apoptosis is 
due to mitochondrial dysfunction and apoptotic signaling 
pathway activation (13). p53, B-cell lymphoma (Bcl)-2, 
Bcl-2-associated death promoter (Bad), Bcl-2-associated X 
(Bax), Bcl-2 homologous antagonist/killer (Bak), caspase-9 
and caspase-3 are associated with apoptosis-induced mito-
chondrial damage (14); therefore the expression levels of these 
proteins were investigated. Cultured cells were collected and 
total protein was extracted using radioimmunoprecipitation 
assay lysis buffer [50 mmol/l Tris (pH 7.4), 150 mmol/l NaCl, 
1% Triton X-100, 1% sodium deoxycholate, 0.1% sodium 
dodecyl sulfate, 1 mM sodium orthovanadate, 1 mM sodium 
fluoride, 1 mM EDTA and 40 µg.ml leupeptin], containing 
1 mM phenylmethylsulfonyl fluoride (both Beyotime Institute 
of Biotechnology). After laying the extraction on ice for 30 min, 
cell lysate was centrifuged for 12,000 x g for 10 min at 4˚C and 
the supernatants were collected. The total protein concentra-
tion in each supernatant sample was measured using a BCA 
protein assay kit (P0012; Beyotime Institute of Biotechnology). 

Subsequently, proteins (20 µg/lane) were separated by 8% 
SDS-PAGE and transferred to a polyvinylidene difluoride 
membrane. Following blocking with 5% non-fat milk, the 
membrane was incubated with specific primary antibodies at a 
dilution of 1:1,000 for 2 h at room temperature. The following 
primary antibodies were used: p53 (2527), Bcl-2 (2870), Bax 
(5023), Bak (6947), Bad (9239), caspase-3 (9665), caspase-9 
(9505) and GAPDH (2118; all Cell Signaling Technology, 
Beverly, CA, USA). The membrane was then washed three 
times in Tris-buffered saline-Tween 20 (TBST) for 5 min, and 
incubated with a goat anti-rabbit horseradish peroxidase-labeled 
secondary antibody (E030120‑01; EarthOx Life Sciences, 
Millbrae, CA, USA) at a dilution of 1:5,000 for 1 h at room 
temperature. Following three washes in TBST (10 min each), the 
membranes were exposed to an enhanced chemiluminescence 
buffer (EMD Millipore, Billerica, MA, USA) and measured on 
an Sally Sue western blot imaging system (ProteinSimple, San 
Jose, CA, USA). Gel images were then analyzed using ImageJ 
(National Institutes of Health, Bethesda, MA, USA) to calcu-
late the gray value of each band.

Statistical analysis. Experiments were repeated ≥3 times and 
all data were analyzed using Graphpad Prism 5.0 software. 
Between-group differences were analyzed using Student's 
t-test. Data are presented as the mean ± standard deviation. 
P<0.05 was considered to indicate a statistically significant 
difference (*P<0.05; **P<0.01; ***P<0.001).

Results

Chrysin inhibits the viability of HCC cells. Following treatment 
of the QGY7701 and HepG2 cells with chrysin, the cells were 
found to slow growing, distorted, round in shape and detached 
from the bottom of the plate. Furthermore, the numbers of 
detached cells increased with increasing drug concentration 
(Figs. 2A and B). MTT assay was used to evaluate the viability 
of QGY7701 and HepG2 cells treated with chrysin. The 
present results revealed that, after 24 h of treatment, chrysin 
significantly inhibited cell viability in the HCC cell lines in a 
dose-dependent manner (P<0.001; Figs. 2C and D). IC50 is an 
index for the evaluation of drug sensitivity. The IC50 values of 
chrysin in QGY7701 and HepG2 cells were measured using 
GraFit-Erithacus IC50 software and were found to be 18 and 
25 µg/ml, respectively. 

Chrysin promotes HCC cell apoptosis. The apoptosis 
of the QGY7701 and HepG2 cells was detected using 

Figure 1. Molecular structure of chrysin.
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Annexin V/PI double staining and flow cytometric analysis. 
The results indicated that chrysin induced HCC cell apoptosis. 
Chrysin induced-apoptosis in HepG2 and QGY7701 cells was 
found to significantly increase in a concentration‑dependent 
manner (P<0.001; Fig. 3). QGY7701 cells were found to be 
more sensitive to chrysin treatment, with higher levels of apop-
tosis observed compared with the HepG2 cells.

p53/Bcl‑2/caspase‑9 signaling pathway activation following 
treatment with chrysin in HCC cells. HCC cells were treated 
with various concentrations of chrysin for 24 h. Apoptosis 
protein expression levels of cleaved caspase-3 and caspase-9 
were found to significantly increase in a concentration‑depen-
dent manner following chrysin treatment in the QGY7701 and 
HepG2 cell lines (P<0.001; Fig. 4). These results indicated that 
the caspase-9/caspase-3-associated apoptosis pathway was 
activated. In addition, the possible activation of the p53/Bcl-2 
signaling pathway was also investigated based on the protein 
expression levels of p53, Bcl-2, Bax, Bad and Bak. The results 
demonstrated that this intrinsic apoptosis pathway was also 
activated following chrysin treatment in the two HCC cell 
lines (P<0.001; Fig. 4).

Discussion

HCC is a highly malignant tumor that affects individuals 
worldwide. Efficacious chemotherapeutic is critical for the 
eradication of tumors that cannot be completely removed 
by surgery. Although there are several therapeutic agents 

for the management of HCC, drug resistance and adverse 
effects remain pivotal issues (3). Natural products are a large 
source of novel therapeutic agents and natural products have 
been widely investigated as anti-cancer drugs, however the 
exact mechanism of their anti-cancer action requires further 
elucidation. In the present study, chrysin was demonstrated 
to significantly inhibit the viability of two HCC cell lines, 
suggesting that chrysin may comprise a novel candidate agent 
for the treatment of HCC. 

Cell apoptosis is a complicated biological process that is 
associated with complex signaling pathway responses. The 
activation of cysteine proteases, in particular caspases, is a 
key intracellular regulator of cell apoptosis (15,16). Caspase-3 
is an important mediator of apoptosis (17) that is activated 
by a variety of activators classified into two main signaling 
pathways: The death receptor-mediated pathway, involving 
caspase-8 and caspase-10, and the mitochondria-mediated 
pathway, involving caspase-9 (18,19). Caspase-3 is an 
executioner caspase that is activated by death ligands and 
mitochondrial dysfunction-induced cell apoptosis (20). In 
the present study, chrysin treatment was not found to have a 
significant effect on the expression of caspase‑8, but promoted 
the accumulation of cleaved caspase-9, suggesting that 
chrysin selectively induces apoptosis in HCC cells via the 
mitochondria-mediated apoptosis pathway. Due to the role 
of caspase-3 as an executioner of cell apoptosis, caspase-3 
expression levels were also detected to confirm cell apoptosis. 
The results demonstrated that caspase‑3 was cleaved signifi-
cantly, indicating that the cells were undergoing apoptosis. 
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Figure 2. Various concentrations of 24-h chrysin treatment inhibited HepG2 and QGY7701 cell viability. Microscopic analysis of (A) QGY7701 and (B) HepG2 
cells (magnification, x100). Quantification of MTT assay data for (C) QGY7701 and (D) HepG2 cells. Data are presented as the mean ± standard deviation 
(n=5). *P<0.05 and ***P<0.001 vs. 0 µg/ml chrysin.
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The tumor suppressor protein, p53, is a positive regulator of 
the Bax, Bad and Bak proapoptotic proteins to prevent Bcl-2 
capture. Free Bax, Bad and Bak subsequently bind to the mito-
chondrial membrane to induce mitochondrial damage and cell 
apoptosis (21-23). Previous studies have demonstrated that p53 
promotes the transcription of Bax and Bak, which regulate 
the release of cytochrome c from the mitochondria, and result 
in cell apoptosis by activating the cleaving of caspase-3 and 
caspase-9 (22,24). In the present study, p53, Bax, Bad and Bak 
were found to be significantly upregulated, whereas Bcl-2 
was found to be downregulated in the HepG2 and QGY7701 
cells following chrysin treatment. These results suggested that 
chrysin upregulates p53 and activates its downstream target 
gene, which induces mitochondrial dysfunction by releasing 
cytochrome c and inducing the apoptosis of cancer cells. 
Cell apoptosis is a process of programmed cell death which 
includes early membrane extroversion in the early stage and 
cell membrane disruption and cell death during late apoptosis. 
In the present study, it was demonstrated that the early and late 
stages of apoptosis were increased in QGY7701 cells; whereas 
only late apoptosis was increased in HepG2 cells. Notably, 
significantly more HepG2 cells were killed, as compared 

with QGY7701 cells, which suggests that chrysin may have 
a stronger effect on HepG2 cells by promptly inducing late 
cell apoptosis. These results demonstrated that the anti-cancer 
effect of chrysin anticancer effect is associated with the 
genetic background of the cancer cells rather than a general 
cytotoxic effect. 

In conclusion, the results of the present study suggested 
that chrysin effectively inhibits cell viability and induces cell 
apoptosis in HCC cells. It was confirmed that chrysin promoted 
HCC cell apoptosis via the activation of the p53/Bcl2/caspase-9 
apoptotic signaling pathway. Based on the aforementioned 
findings, the present study suggests that chrysin may be a 
candidate agent for the treatment of human HCC.
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Figure 3. Chrysin promotes cell apoptosis in HepG2 and QGY7701 cells. Apoptotic rate in (A) HepG2 and (B) QGY7701 cells following treatment with 
various concentrations of chrysin for 24 h. Apoptotic cells were detected using flow cytometry. Quantification of the flow cytometry data for (C) QGY7701 
and (D) HepG2 cells identified the rates of early and late chrysin‑induced apoptosis. Data are presented as the mean ± standard deviation (n=3). ***P<0.001 
vs. 0 µg/ml chrysin.
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Figure 4. Chrysin regulates the p53/Bcl-2/caspase-9 signaling pathway. Chrysin regulates the content of apoptotic-related proteins in HepG2 and QGY7701 
cells following various concentrations of chrysin treatment for 24 h. (A) Western blotting was performed in order to analyze the protein content of p53, 
Bcl‑2, Bax, Bak, Bad, caspases‑3 and ‑9, and cleaved‑caspases‑3 and ‑9 (B) and this data was subsequently quantified. *P<0.05, **P<0.01 and ***P<0.001 
vs. 0 µg/ml chrysin.  Bcl-2, B-cell lymphoma-2; Bax, Bcl-2-associated X; Bad, Bcl-2-associated death promoter; Bak, Bcl-2 homologous antagonist/killer.
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