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Abstract. The effects of naringin on the expression of 
miR-19b and cell apoptosis were investigated in the human 
hepatocellular carcinoma cell line HepG2. HepG2 cells were 
treated with varied concentrations of naringin. The effects of 
naringin on the proliferation of HepG2 cells were observed by 
an MTT assay, morphological changes of cells were observed 
by an inverted microscope, cell apoptosis was detected by 
DAPI staining, miR-19b mRNA levels were determined with 
RT-PCR, and the expression of Bax and Bcl-2 proteins was 
examined by western blot assay. MTT results showed that 
naringin significantly inhibited the proliferation of HepG2 
cells. Apoptotic HepG2 cells showed obvious changes in 
morphology under inverted microscope. DAPI staining 
suggested that naringin could induce cell shrinkage and 
nuclear chromatin condensation. RT-PCR results showed that 
naringin could upregulate the expression of miR-19b mRNA. 
Finally, western blot suggested that naringin upregulated the 
expression of Bax protein, but downregulated the expression 
of Bcl-2 protein. In conclusion, naringin can upregulate the 
expression of miR-19b mRNA and induce HepG2 cell apop-
tosis. In addition, it can also upregulate the expression of Bax 
protein and downregulate the expression of Bcl-2 protein 
during the process of apoptosis.

Introduction

Liver cancer is the fifth most prevalent type of malignant 
tumor in the world and its incidence has been increasing to 
its current rate of 50 out of 100,000 people. Liver cancer is 
also the third leading cause of cancer-related death among 
malignant tumors (1). By sex, it has become the second and the 
sixth leading cause of cancer-related death in men and women, 

respectively (2). At present, the main clinical treatment of 
liver cancer is surgery, but the early clinical symptoms of liver 
cancer are not obvious and are often overlooked; moreover, 
when patients have clinical symptoms, such as weight loss, 
jaundice, abdominal mass and even liver pain, most of them 
are already in the advanced or terminal stage. Therefore, at 
present, only 10% of patients have a favourable probability 
for complete resection of the liver cancer. Although another 
90% of patients are treated with radiotherapy, chemotherapy, 
radiofrequency ablation, and other intensive treatments, it is 
difficult to achieve expected clinical results due to low efficacy 
and high rates of side effects. Therefore, the treatment of liver 
cancer is still in an abysmal state due to the absence of effec-
tive treatment options (3,4).

Traditional Chinese medicine has many advantages and 
the active ingredients of its herbs often have properties that 
impart high efficacy and low toxicity. Scientists worldwide 
have been giving increasing attention to Chinese herbal 
medicines due to their irreplaceable advantages. In recent 
years, with the study of anti-carcinogenic mechanisms of 
Chinese herbal medicine, more active ingredients have been 
extracted. Naringin belongs to a family of natural flavonoids 
and is derived from Rutaceae Citrus Pomelo. Studies have 
shown that naringin not only has anti-viral effects, but can 
also support cancer prevention (5). In addition, Birt et al (6), 
further demonstrated that flavonoids could induce apoptosis 
and enhance tumor suppressor gene expression, thereby 
inhibiting tumor cells.

MicroRNA (miRNA) is a single-stranded RNA with 
a molecular chain length of ~22 nucleotides and does not 
encode for a protein. miRNA can regulate post-transcriptional 
protein expression via interaction with the 3'UTR region of 
the target gene mRNA (7). miRNA-19b is one of the major 
members of the miRNA-17-92 family (8). It has been found 
that miR-19b is highly expressed in breast, cervical, colon and 
pancreatic carcinomas and participates in the apoptosis of 
tumor cells (9,10).

While the relationship between the mechanisms of action 
of naringin and miRNAs had not yet been reported, the results 
of our previous study suggested that naringin could increase 
the expression of miR-19b in HepG2 cells. Therefore, this 
study aimed to investigate the potential effects of naringin on 
the proliferation of HepG2 cells and to compare the expres-
sion of miR-19b before and after naringin treatment. We also 
sought to explore the possible mechanisms of naringin in the 
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process of apoptosis, thereby laying a scientific foundation for 
the treatment of hepatocellular carcinoma with naringin.

Materials and methods

Materials and reagents. Naringin, MTT assay kit (Sigma, 
St. Louis, MO, USA), human hepatocellular carcinoma cell 
line HepG2  (Cell Bank of Chinese Academy of Sciences, 
Shanghai, China), DMEM (Gibco Life Technologies, 
Carlsbad, CA, USA), RNA extraction kit, reverse transcriptase 
kit, RT-PCR  kit (Invitrogen Life Technologies, Carlsbad, 
CA, USA), BCA protein quantification kit, cell lysis buffer 
(Biyuntian Biotechnology Research Institute, Nantong, China) 
and primer synthesis materials (Takara Bio, Dalian, China) 
were all sourced for this study.

Cell culture. HepG2 cells were cultured at 37˚C in a 5% CO2 
incubator until reaching 85% confluence, then were digested 
with trypsin and the cell suspension was diluted with DMEM 
containing 10% fetal bovine serum until the cell concentration 
was adjusted to 2x108/l. Cells were then counted and seeded in 
culture plates for the following experiments.

Determination of cell proliferation inhibition rate. Cell prolif-
eration was measured by MTT assay after the cells were treated 
with naringin. The cells were seeded into 96-well plates at a 
concentration of 1x105/ml, with each well containing 100 µl. 
After 24 h, naringin was added until final concentrations 
reached 10, 20 and 40 µM, respectively. Each concentration 
was repeated for 5 wells and the experiment was repeated 
6 times, while the control group was not treated with naringin. 
The cells were incubated for 24, 48 and 72 h at 37˚C in a 5% 
CO2 incubator and then the cell culture medium containing 
naringin was changed. A total of 10 µl MTT was added to 
each well until a final concentration of 5 mg/ml was obtained. 
After 4 h, the optical density (OD) at 570 nm was measured 
by a microplate reader. The inhibition rate was calculated 
according to the following formula: inhibition rate (%) = (OD 
value of normal control group - OD value of experimental 
group/OD value of normal control group) x 100%.

Morphological observation. Cells were treated with 10, 20 or 
40 µM naringin for 24 h, respectively, and the morphological 
changes were observed and recorded with an inverted micro-
scope (Nikon, Tokyo, Japan).

DAPI staining. Cells were seeded in 6-well plates at a density 
of 104 cells/well. After 24 h, the supernatant was aspirated and 
cells were cultured in medium containing 10, 20 or 40 µM 
naringin for another 24 h, then washed with precooled PBS 
3 times. DAPI solution (1 µg/ml) was added to each well and 
cells were incubated in a 37 ˚C incubator for 5 min and washed 
again with precooled PBS. Cells were then observed and photo-
graphed using a fluorescence microscope in the dark (Nikon).

RT-PCR detection. Cells were seeded in 6-well plates at a 
density of 104 cells/well. After 24 h, the supernatant was 
aspirated and cells were cultured in medium containing 10, 20 
or 40 µM naringin for another 24 h. The cells were then collected 
and total RNA was extracted according to the instructions of 

the RNA extraction kit. Total RNA concentration and purity 
(A260/A280 >1.8 indicating pure RNA) were determined by 
UV-Vis spectrophotometer (Hitachi, Tokyo, Japan). cDNA was 
obtained via reverse transcription from mRNA according to the 
instructions of the reverse transcription kit. The expression of 
miR-19b mRNA was detected by RT-PCR assay, according to 
the instructions of the RT-PCR kit, and the U6 RNA was used 
as the internal control. The primer sequences of the miR-19b 
and U6 are shown in Table Ⅰ, with the reaction conditions as 
follows: 95˚C for 10 min, 95˚C for 15 sec and 60˚C for 1 min, 
with a total of 40 cycles of amplification. The Cq value was 
calculated by pplied Biosystems 7500 (Applied Biosystems, 
Foster City, CA, USA) and the relative quantification of gene 
expression was calculated by the 2-ΔCq method, according 
to the following formula: ΔCq  (target gene)  =  Cq  (target 
gene) - Cq (control gene).

Western blotting. Cells were seeded in 6-well plates at a 
density of 1x104 cells/well. After 24 h, the supernatant was 
aspirated and cells were cultured in medium containing 10, 
20 or 40 µM naringin for another 24 h. Cells were collected 
and lysed with cell lysis buffer, then centrifuged for 15 min at 
a high speed at 4˚C. After centrifugation, the supernatant was 
collected. The extracted protein concentrations were deter-
mined by a BCA kit. A total of 50 µg of protein was separated 
by SDS-PAGE and the separated protein was transferred to a 
PVDF membrane. The membrane was incubated in blocking 
buffer for 1 h at room temperature and then rabbit monoclonal 
Bcl-2 antibody (dilution, 1:500; cat. no. ab32124) and rabbit 
monoclonal Bax antibody (dilution, 1:500; cat. no. ab32503) 
(both from Abcam, Cambridge, MA, USA) were added and 
the membrane was incubated overnight at 4˚C. After washing 
membrane with TTBS, the goat anti-rabbit secondary antibody 
(dilution, 1:2,000; cat. no. ab6721; Abcam) was added and the 
membrane was incubated at room temperature for 1 h. ECL 
was added to the membrane and the blots were developed in 
the dark, with images recorded using a gel imaging system 
(Bio-Rad Laboratories, Inc., Hercules, CA, USA). GADPH 
was used as the internal reference and the gray-scale values 
were analyzed and compared.

Statistical analysis. Data are presented as means ± standard 
deviations and analyzed with SPSS 17.0 (IBM Corp., Armonk, 
NY, USA), using one-way ANOVA. P<0.05 was considered 
statistically significant.

Results

The effect of naringin on HepG2 cell proliferation inhibition. 
After cells were cultured in the medium containing 10, 20 and 
40 µM naringin for 24 h, the proliferation of HepG2 cells was 
significantly inhibited in all groups. The proliferation inhibition 
rates were significantly increased with the increase of concen-
tration and time (P<0.05), showing an obvious dose‑dependent 
pattern. The inhibitory rate of proliferation was 53.13% when 
20 µM of naringin was used for 24 h (Table Ⅱ).

The effects of naringin on HepG2 cell morphology. To explore 
possible regulatory mechanisms, 10, 20 and 40 µM naringin 
were chosen as the drug concentrations and incubation time 
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was 24  h. After cells were cultured for 24  h with 10, 20 
and 40 µM naringin, compared with the control group, the 
morphology of the cells had obvious changes, such as cell 
shrinkage, decreased cell adherence, reduced cell number and 

increased cell death number. These changes of morphology 
exhibited a notable dose-dependent pattern (Fig. 1).

The effects of naringin on cell apoptosis. After cells were 
cultured for 24 h with 10, 20 and 40 µM naringin, compared 
with the control group, DAPI staining showed cell shrinkage 
and nuclear chromatin condensation, suggesting the occur-
rence of cell apoptosis; moreover, the number of apoptotic 
cells increased accordingly with an increase in the concentra-
tion of naringin (Fig. 2).

The effects of naringin on miR-19b mRNA expression levels. 
As shown in Fig. 3, compared with the control group, the 

Figure 1. The effects of naringin on morphological changes of HepG2 cells as observed under an inverted microscope after treating cells with different 
concentrations of naringin for 24 h.

Figure 2. The effects of naringin on HepG2 cell apoptosis as detected by DAPI staining.

Table Ⅰ. The primer sequences of RT-PCR.

Gene	 Primer sequence

miR-19b	 F:	5'-UGUGCAAAUCCAUGCAAAACUGA-3'
	 R:	5'-GCTCACTGCAACCCTCCTCCTCC-3'
U6	 F:	5'-GCTTCGGCAGCACATATACTAAAAT-3'
	 R:	5'-CGCTTCACGAATTTGCGTGTCAT-3'

Table Ⅱ. The effects of different concentrations of naringin on 
HepG2 cell proliferation inhibition.

	 Cell proliferation inhibition rate (%)
Concentration	 -------------------------------------------------------------------------------------
(µM)	 24 h	 48 h	 72 h

Control	 0	 0	 0
group (0)
10	 30.25±0.12a	 40.32±4.13a	 45.92±5.33a

20	 52.13±0.31a	 62.32±5.31a	 70.25±8.12a

40	 70.67±1.32a	 80.22±7.28a	 86.43±10.21a

Data are presented as mean ± standard deviation among 30 samples. 
aP<0.01 vs. the control group.

Figure 3. The effects of naringin on the expression levels of miR-19b mRNA 
in HepG2 cells. Compared with the control group, the expression levels of 
miR-19b mRNA were significantly increased in naringin treated groups, 
**P<0.01.
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expression of miR-19b mRNA was significantly increased 
(P<0.01) after cells were cultured for 24 h with 10, 20 and 
40 µM naringin.

The effects of naringin on Bax and Bcl-2 protein expression 
levels. After cells were cultured for 24 h with 10, 20 and 40 µM 
naringin, compared with the control group, the expression 
levels of Bax protein were significantly increased (P<0.01). 
The expression levels of Bcl-2 were significantly decreased in 
the treated groups compared to the control group, showing an 
inverse dose-dependent pattern to some extent (Fig. 4).

Discussion

Hepatocellular carcinoma  (HCC) is a common malignant 
tumor and currently has a high mortality rate due to a lack of 
effective early diagnosis and therapy (11). A variety of factors 
can lead to the occurrence of liver carcinoma, including 
chronic liver inflammation caused by excessive drinking, viral 
hepatitis and non-alcoholic liver fatty degeneration (12).

Traditional Chinese medicine and Chinese herbal medi-
cine are conventional forms of medicine that are unique to 
China. Traditional Chinese medicine focuses on the overall 
treatment of the individual and Chinese herbal medicine is 
characterized by treatments with reduced side effects. Chinese 
herbal medicine cannot only inhibit the growth of tumor 
cells, but can also enhance the patient's immune function in 
the treatment of cancer (13). Natural compounds extracted 
from Chinese herbal medicines as a novel method for drug 
discovery, is becoming increasingly accepted and applied in 
clinical research. This method cannot only obtain compounds 
with better activity, but can also better control the quality of 
Chinese herbal medicines. Therefore, the extraction of active 
chemical ingredients from herbs used in traditional Chinese 
medicine has become a widely used and promising avenue in 
antitumor research (14).

Studies have shown that natural products can regulate the 
proliferation and differentiation of tumor cells by regulating 
the expression of related miRNAs in tumor cells, thereby 
inducing tumor cell apoptosis  (15). miRNAs are small 
non‑coding RNA molecules that regulate the expression of 
related genes by specifically binding to the 3' end untranslated 
region of the targeted mRNA chain, leading to degradation 
of the target mRNA or reduction of its stability, thereby regu-
lating the gene transcription and expression (10). Different 
miRNAs have been found to be differentially expressed in 
many tumor cells; moreover, further studies have shown that 
abnormal expressions of miRNAs play key roles in the prolif-
eration, differentiation and apoptosis of tumor cells (16).

It has been found that miR-19b is highly expressed in 
bladder carcinoma, vesicular rhabdomyosarcoma and colon 
cancer, and its high expression is closely related to tumor 
angiogenesis, disease prognosis and survival rate (17-19). 
Another study reported that miR-19b expression in prostate and 
cervical cancers has a role in promoting tumorigenesis (20). 
However, miR-19 could inhibit the proliferation, invasion and 
metastasis of hepatocellular carcinoma (21).

Bcl-2 is an apoptosis inhibitory protein and plays a key role 
in the signaling pathway of apoptosis. It protects cells from 
apoptosis induced by many factors and increases the prolif-
eration and viability of cells. When Bcl-2 protein expression is 
upregulated, the apoptosis rate of tumor cells decreases signifi-
cantly, suggesting that Bcl-2 protein and apoptosis of tumor 
cells have a very close relationship (22). The effects of Bax 
protein on apoptosis are contrary to Bcl-2, as it functions as a 
pro-apoptotic protein. Bax and Bcl-2 genes belong to the same 
gene family and Bax can both antagonize the inhibitory effect 
of Bcl-2 on cell apoptosis as well as act directly on the cells to 
promote tumor cell apoptosis (23). Studies have shown that, 
when Bcl-2 exists as a homodimer, it acts to inhibit apoptosis. In 
contrast, when Bax exists as a homodimer or polymerizes with 
Bcl-2 into a dimer, it plays a role in promoting apoptosis (24).

Figure 4. The effects of naringin on the expression levels of Bax and Bcl-2 proteins in HepG2 cells by western blotting. (A) Bax protein expression. (B) Bcl-2 
protein expression. Compared with the control group, the expression level of Bax protein was significantly increased and the expression level of Bcl-2 protein 
was significantly decreased, **P<0.01.
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In the present study, the hepatocellular carcinoma cell line, 
HepG2, was treated with different concentrations of naringin 
and then observed at progressive time points of 24, 48 and 72 h. 
The results of the MTT assay showed that naringin significantly 
inhibited the proliferation of HepG2 cells compared with the 
control group. Notable morphological changes of apoptotic 
HepG2 cells after treatment with naringin were found under 
inverted microscope. The results of DAPI staining showed cell 
shrinkage and nuclear chromatin condensation. The results of 
RT-PCR showed that naringin could upregulate the expression 
of miR-19b mRNA. Comparable studies have demonstrated 
that the expression of miRNA-19b was significantly increased 
after HepG2 cells were treated with total alkaloid extracts of 
Rhizoma Corydalis, another herb from Chinese herbal medi-
cine. These results support the theory that the expression of 
miRNA-19b may be an important mechanism against tumori-
genesis (25,26).

Western blotting showed an increase in the expression 
of Bax protein and a decrease in the expression of Bcl-2 
protein with an increase in naringin concentration. This 
implies that naringin could upregulate Bax and downregulate 
Bcl-2 protein expression, thereby inducing cell apoptosis. 
Xi et al (27), indicated that carnosol increased Bax expres-
sion and decreased Bcl-2 protein expression by 34-53% in 
leukemic cells. Although carnasol is derived from a different 
botanical source, its mechanism of action is comparable to 
that of naringin. Collectively, the existing evidence supports 
a theoretical framework for the therapeutic effects of naringin 
against liver carcinoma. However, the required therapeutic 
drug concentrations and efficacy in vivo need to be further 
explored with animal experiments and clinical trials.

In conclusion, the results of this study demonstrate that 
naringin can inhibit the proliferation of hepatocellular carci-
noma HepG2 cell lines and induce apoptosis. The induction 
of apoptosis may be achieved by upregulating the expression 
of miRNA-19b mRNA and Bax protein and downregulating 
the expression of Bcl-2 protein. Through these mechanisms, 
naringin has potential as an effective medicinal therapy 
against liver carcinoma in clinical applications.
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