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Abstract. Naringin (Nar) is one of the natural glycosides 
extracted from pomelo and other citrus fruits. It has various 
pharmacological activities, including anti‑inflammatory, 
antioxidant, anti‑proliferative and anti‑cancer. However, the 
underlying mechanisms by which Nar regulates apoptosis and 
autophagy in gastric cancer remain unclear. Thus, the present 
study aimed to assess the therapeutic effect of Nar and the 
underlying mechanisms. SNU‑1 cell proliferation was deter‑
mined using Cell Counting Kit‑8 assay. Cell morphological 
changes were observed under a phase‑contrast microscope. The 
changes in the cell cycle were determined using flow cytometry 
analysis and the changes in cell apoptosis were determined 
using flow cytometry, Hoechst 33258 and TUNEL staining. 
The protein levels pertaining to the PI3K/AKT pathway and 
cell apoptosis and autophagy were monitored using western 
blot analysis. The results demonstrated that Nar significantly 
inhibited SNU‑1 cell growth and induced cell cycle arrest 
in the G0/G1 phase and cell apoptosis. Further mechanistic 
studies demonstrated that Nar blocked the PI3K/AKT pathway, 
activated cell autophagy and stimulated the expression of 
apoptosis‑associated protein cleaved caspase 3 and Bax, but 
decreased the expression of Bcl‑2. Preincubating SNU‑1 cells 
with 3‑methyladenine, a cell‑autophagy inhibitor, significantly 
alleviated the effects of Nar in promoting cell apoptosis 
and cleaved caspase 3 expression. It was concluded that Nar 

promoted SNU‑1 cell apoptosis via blocking the PI3K/AKT 
signaling pathway and activating cell autophagy.

Introduction

Gastric cancer, one of the commonest malignancies, is the 
third leading cause of cancer‑related deaths worldwide (1). The 
incidence and mortality rates of gastric cancer are declining 
every year due to the improved control of related risk factors 
and the development of screening techniques (2). However, 
the incidence rate of gastric cancer remains high due to the 
large population base of the world and the trend of population 
aging (3). The gastric cancer cases and deaths in China account 
for 50% of the total gastric cancer cases in the world. In China, 
the incidence rate of gastric cancer is higher in northwestern 
and eastern coastal areas than in southern regions  (4,5). 
Gastric cancer not only damages the digestive system but 
also affects the liver, kidney and respiratory functions once 
metastasis occurs. In severe cases, gastric cancer may lead to 
cachexia and ultimately become life‑threatening (6). Surgery 
is the main treatment method for gastric cancer. Numerous 
patients with gastric cancer have witnessed an improvement in 
their conditions following surgery combined with chemo‑ or 
radiotherapies. However, a number of patients still suffer from 
recurrences and metastases after initial treatment. The effects 
of treatment and the 5‑year survival rate are unsatisfactory (7). 
Therefore, new drugs and therapies for the clinical treatment 
of gastric cancer need to be urgently developed.

A number of studies have demonstrated that Chinese 
herbal medicines can effectively kill cancer cells and possess 
fewer problems in drug‑resistance and toxic side effects (8). 
Naringin (4',5,7‑trihydroxyflavanone‑7‑rhamnoside, Nar; 
Fig.  1A) is a natural glycoside, also called bioflavonoid, 
found in pomelo and other citrus fruits (9). Previous studies 
have shown that Nar has various pharmacological activities, 
including anti‑inflammatory, antioxidant and cardioprotective 
effects and can regulate glucose and lipid metabolism (10,11). 
Accumulating studies have also confirmed the anti‑cancer 
activities of Nar through eliminating free radicals via its 
antioxidant effects and inhibiting oncogene expression and 
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then inhibiting cancer cell proliferation and inducing cancer 
cell apoptosis (12‑14). Nar can induce apoptosis and inhibit 
cancer cell growth in colorectal cancer, cervical cancer, 
ovarian cancer, liver cancer and other types of cancer (15‑18). 
However, the effect of Nar on gastric cancer SNU‑1 cells and 
its mechanism remain unclear.

The present study demonstrated the anti‑cancer effect 
of Nar and its potential molecular mechanism through 
experimental research on gastric cancer cell line SNU‑1, thus 
providing a new theoretical basis for further research on the 
anti‑cancer effect of Nar and related molecular mechanisms.

Materials and methods

Experimental reagents. Gastric carcinoma cell lines (SNU‑1; 
cat. no. CL ‑0474), normal human gastric epithelial cells 
(GES‑1; cat. no.  CL‑0563) and fetal bovine serum (FBS) 
were purchased from Procell Life Science & Technology 
Co., Ltd. RPMI‑1640 medium was purchased from Gibco 
(Thermo Fisher Scientific, Inc.). The Hoechst 33258 staining 
solution (C1017), TUNEL Apoptosis Assay kit (C1088) 
and BCA Protein Assay Kit (P0012) were procured from 
Beyotime Institute of Biotechnology. The rabbit anti‑human 
cysteinyl aspartate specific proteinase (caspase 3) antibody 
(1:1,000; cat. no. ab179517), rabbit anti‑human Bax (1:1,000; 
cat. no.   ab32503), rabbit anti‑human Bcl‑2 (1:2,000; cat. 
no.  ab182858), rabbit anti‑human microtubule‑associated 
protein 1 light chain 3β (LC3B; 1:3,000; cat. no. ab51520), 
rabbit anti‑human Beclin (1:2,000; cat. no. ab207612), rabbit 
anti‑human p62 (1:500; cat. no. ab155686), rabbit anti‑human 
phosphorylated (p‑)‑PI3K (1:1,000; cat. no. ab138364), rabbit 
anti‑human PI3K (1:1,000; cat. no. ab32089), rabbit anti‑human 
AKT antibody (1:500; cat. no. ab8805), rabbit anti‑human 
p‑AKT antibody (1:500; cat. no. ab38449) and rabbit anti‑human 
GAPDH antibody (1:2,500; cat. no. ab9485) were obtained from 
Abcam. Horseradish peroxidase (HRP)‑labeled goat anti‑rabbit 
immunoglobulin G (IgG) antibody (1:2,000; cat. no. CW0103) 
was purchased from Cwbio. Naringin (cat. no. HY‑N0153) and 
3‑methyladenine (3‑MA; cat. no. HY‑19312) were purchased 
from MedChemExpress. Annexin V‑fluorescein isothiocya‑
nate (FITC) apoptosis detection kits (cat. no. KGA106) and 
cell cycle detection kits (cat. no. KGA511) were purchased 
from Keygentec. Radio‑Immunoprecipitation Assay (RIPA) 
solution (cat. no. P0013) was obtained from Beyotime Institute 
of Biotechnology.

Cell culture. All cells were maintained in the RPMI‑1640 
medium supplemented with 10% FBS and 100 U/ml penicillin 
and 100 µg/ml streptomycin in an incubator at 37˚C with a 
5% CO2 atmosphere. In the present study, SNU‑1 cells without 
costunolide (Cos) treatment (0 µg/ml) group served as the 
control group.

Cell Counting Kit‑8 (CKK‑8) assay. Cell proliferation was 
analyzed using CCK‑8 solution. SNU‑1 and GES‑1 cells 
(100 µl/well, 1.5x105 cells/ml) were seeded in a 96‑well plate 
and incubated in a CO2 incubator for 24 h at 37˚C. After aspi‑
ration, the cells were incubated with different concentrations 
(0, 2.5, 5, 10, 20, 40 and 80 µg/ml) of Nar in FBS‑free RPMI 
1640 for 24 h and then CCK‑8 assay was used according to the 

manufacturer's protocol. Optical density values were measured 
with a microplate reader at 450 nm.

Observation of cell morphology. The SNU‑1 cells were treated 
with different concentrations (0, 5, 10 and 20 µg/ml) of Nar 
in FBS‑free RPMI 1640 for 24 h and observed and images 
captured using an inverted light microscope (magnification, 
x100; Olympus Corporation).

Hoechst 33258 staining. Cell apoptosis was analyzed using 
Hoechst 33258 staining. SNU‑1 cells were seeded into 12‑well 
plates and treated with different concentrations (0, 5, 10 and 
20 µg/ml) of Nar for 24 h. The adherent cells were washed 
twice with phosphate‑buffered saline. The cells were then 
stained with Hoechst 33258 for 5 min at room temperature and 
washed twice. The blue‑stained nuclei was observed under the 
BX41 fluorescence microscope (magnification, x100; Olympus 
Corporation). Images were captured and used to quantitatively 
analyze the apoptosis of cells using Image‑Pro Plus analysis 
software 6.0 (Media Cybernetics, Inc.).

TUNEL staining. Cell apoptosis was analyzed using TUNEL 
staining. SNU‑1 cells were plated onto 12‑well plates for 
24 h and treated with different concentrations (0, 5, 10 and 
20 µg/ml) of Nar for 24 h. Then, apoptosis was evaluated 
using the TUNEL apoptosis assay kit and observed under the 
BX41 fluorescence microscope (magnification, x100; Olympus 
Corporation). Images were captured and used to quantitatively 
analyze the apoptosis of cells using Image‑Pro Plus analysis 
software 6.0 (Media Cybernetics, Inc.).

Flow cytometry. Cell cycle and apoptosis were measured by 
flow cytometry. The cell cycle was analyzed using an Annexin 
V‑FITC/propidium iodide (PI) apoptosis kit. The six‑well plate 
was seeded with SNU‑1 cells (2.0 ml/well, 1.0x106 cells/ml) 
cultured for 24 h. After aspiration, the cells were incubated 
with 2.0 ml of different concentrations (0, 5, 10 and 20 µg/ml) 
of Nar for 24 h, or treated with Nar before pretreatment with 
3‑MA, following which the collected cells were fixed with 
75% ethanol at 4˚C overnight. The cell cycle detection kit was 
used following the manufacturer's protocols. The cell samples 
were mixed with PI for 15 min at 37˚C in the dark and apop‑
totic cells were examined with a BD FACSaria Fusion flow 
cytometer (BD Biosciences) and ModFit software version 3.2 
(BD Biosciences). The apoptotic rate was calculated as the 
percentage of early and late apoptotic cells.

Western blot analysis. The changes in apoptosis‑related 
proteins (caspase 3, Bax and Bcl2), signaling pathway‑related 
proteins (AKT, phosphorylated (p‑)AKT, PI3K and p‑PI3K) 
and autophagy‑related proteins (LC3B, Beclin‑1 and p62) in 
SNU‑1 cells were analyzed using western blot analysis. After 
incubation with Nar, the cells were collected and proteins 
were extracted on ice with RIPA lysis buffer containing 
protease inhibitors. Proteins were quantified with the BCA 
Protein Assay kit. The collected lysate samples (20 µg/well) 
were separated by sodium dodecyl sulfate‑polyacrylamide gel 
electrophoresis (SDS‑PAGE) on 12% gels and transferred to 
nitrocellulose membranes blocked with 50 g/l skimmed milk 
for 2 h at room temperature. Following overnight incubation 
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with the primary antibodies of caspase 3, Bax, Bcl‑2, AKT, 
p‑AKT, PI3K, p‑PI3K, LC3B, Beclin‑1, p62 and GAPDH at 
4˚C, the membranes were incubated with an HRP‑labeled goat 
anti‑rabbit IgG antibody for 2 h at room temperature. In a 
darkroom, the SuperSignal ELISA Femto Substrate was added 
onto the membranes which were subsequently exposed to x‑ray 
films. Protein bands were imaged using an Alpha Innotech 
FluorChem FC2 Imaging System (ProteinSimple). The densi‑
tometric analysis was performed using ImageJ software v1.46 
(National Institutes of Health) and GAPDH expression was 
used to normalize the data.

Wound‑healing assay. SNU‑1 cel ls (2.0  ml /wel l, 
1x106 cells/ml) were seeded to confluence in 6‑well plates; 
when the confluence of the cells reached ~90% wounds were 
made by a 200‑µl pipette tip, then the cells were incubated 
in a serum‑free medium with different concentrations (0, 10, 
20, 40 µg/ml) of Cos for 24 h, observed and images captured 
using an inverted light microscope (magnification, x100; 
Olympus Corporation). Quantitation of wound healing assay 
results were analyzed by Image‑Pro Plus software v 6.0 
(Media Cybernetics, Inc.).

Statistical analysis. All data were shown as mean ± standard 
error of mean. The intergroup deviations were evaluated using 
one‑way analysis of variance (ANOVA) implemented in the 
GraphPad Prism 6.0 software. Comparison between groups 
was performed using one‑way ANOVA followed by Tukey's 
test. P<0.05 was considered to indicate a statistically signifi‑
cant difference.

Results

Effects of Nar on SNU‑1 cell proliferation. The changes in 
cell proliferation were determined using CCK‑8 assay to 

demonstrate the effects of Nar on SNU‑1 cell proliferation. 
As shown in Fig.  1B, Nar could significantly inhibit the 
proliferation of SNU‑1 cells in a dose‑dependent manner, 
but the effect of Nar on normal gastric cells (GES‑1 cells) 
was not as sensitive as that on SNU‑1 cells (Fig. 1B). The 
half‑maximal inhibitory concentration (IC50) for both 24 and 
48 h was ~20 µg/ml. Therefore, the concentrations of 0, 5, 10 
and 20 µg/ml were used for subsequent in vitro assays. The 
results of observing the cell morphology with a phase‑contrast 
microscope showed that Nar induced shrinkage, nuclear lysis 
and rupture of SNU‑1 cells (Fig. 1C).

Nar induces SNU‑1 cell cycle arrest. Based on the results of 
anti‑proliferative assays, SNU‑1 cells were treated with 0, 5, 10 
and 20 µg/ml Nar to reveal the effect of Nar on the cell cycle. 
The flow cytometry results showed that Nar could significantly 
induce cell cycle arrest in the G0/G1 phase in SNU‑1 cells 
dose‑dependently (Fig. 2).

Nar induces the apoptosis of SNU‑1 cells. Hoechst 33258 
and TUNEL staining demonstrated that the rate of apop‑
tosis increased with an increase in Nar concentration 
(Fig. 3A and B). The flow cytometry results showed that Nar 
could dose‑dependently induce the apoptosis of SNU‑1 cells 
(Fig. 4A). Western blot analysis results also demonstrated 
that Nar upregulated the expression of caspase 3 and Bax, but 
downregulated the expression of Bcl‑2 in a dose‑dependent 
manner (Fig. 4B).

Nar induces apoptosis of SNU‑1 cells via inhibiting 
the PI3K/AKT pathway. The changes in PI3K/AKT 
pathway‑related proteins treated with different concentrations 
of Nar were detected using western blot analysis. The results 
showed that the ratios p‑PI3K/PI3K and p‑AKT/AKT were 
downregulated in a dose‑dependent manner (Fig. 5A). After 

Figure 1. Naringin inhibits the proliferation of SNU‑1 cells and induced cell cycle arrest. (A) Chemical structure of naringin; molecular formula: C27H32O14. 
(B) The viability of SNU‑1 cells treated with different concentrations of costunolide for 24 and 48 h, as detected by CCK‑8 assay. *P<0.05, **P<0.01, ***P<0.001 
vs. the control group. (C) The morphology of SNU‑1 cells was observed using an inverted phase contrast microscope (magnification, x200).
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pretreatment with 3‑MA, an inhibitor of PI3K, the ratios of 
p‑PI3K/PI3K and p‑AKT/AKT in cells co‑treated with 3‑MA 
and Nar were markedly downregulated compared with those 
in cells treated with Nar or 3‑MA alone (Fig. 5B).

Nar induces apoptosis via activating autophagy in SNU‑1 cells. 
Transmission electron microscopy results showed the forma‑
tion of autophagic vacuoles in SNU‑1 cells following treatment 
with Nar (Fig. 6A). Western blot analysis results showed that 
Nar could promote the expression of Beclin‑1, increase the 
LC3BⅡ/LC3BⅠ ratio and inhibit the expression of p62 (Fig. 6B). 
SNU‑1 cells were treated with 10 µg/ml Nar for 24 h before 
incubating with 4 mmol/l 3‑MA (an autophagy inhibitor) for 1 h 
and the apoptosis were measured by flow cytometry. The results 

showed that Nar‑induced apoptosis was significantly attenuated 
in the 3‑MA‑ and Nar‑co‑treated group compared with the 
Nar‑treated group (Fig. 7A). Western blot analysis results also 
showed that the Beclin‑1 expression level and the LC3BⅡ/LC3BⅠ 
ratio were markedly downregulated and the expression of p62 
was upregulated in 3‑MA‑treated SNU‑1 cells. However, when 
cells were co‑stimulated with 3‑MA and Nar, Beclin‑1 expres‑
sion level and LC3BⅡ/LC3BⅠ ratio significantly increased and 
the p62 degradation was rescued compared with those in cells 
treated with 3‑MA alone (Fig. 7B).

Nar inhibits migration of SNU‑1 cells. Wound‑healing assay 
results demonstrated that Nar inhibited the migration of 
SNU‑1 cells in a dose‑dependent manner (Fig. 8).

Figure 3. Nar induces apoptosis of SNU‑1 cells. (A) Hoechst 33258 staining (magnification, x100). (B) TUNEL staining (magnification, x100). Nar, naringin.

Figure 2. Effects of Nar on the SNU‑1 cell cycle were determined by flow cytometry. **P<0.01, ***P<0.001 vs. the control group. Nar, naringin.
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Discussion

Gastric cancer is one of the commonest and most malignant 
tumors in the digestive system (19). Although the treatment 

of gastric cancer has improved to a certain level with the 
advancement of medical technology, the survival rate of 
patients with gastric cancer remains poor. Therefore, seeking 
more effective adjuvant treatment to improve the therapeutic 

Figure 4. SNU‑1 cell apoptosis as determined by flow cytometry and western blot analysis. (A) The apoptosis of Nar induced in SNU‑1 cells was analyzed by 
flow cytometry. (B) The apoptosis of Nar induced in SNU‑1 cells was analyzed by western blot analysis. GAPDH expression was used to normalize the data. 
*P<0.05, **P<0.01, ***P<0.001 vs. the control group. Nar, naringin.

Figure 5. Nar induces apoptosis and autophagy of SNU‑1 cells by inhibiting the PI3K/AKT signaling pathway. (A) Changes in cellular PI3K, p‑PI3K, AKT and 
p‑AKT levels were determined by western blot analysis. GAPDH expression was used to normalize the data. (B) Changes in PI3K, p‑PI3K, AKT and p‑AKT 
levels in SNU‑1 cells following Nar (10 µg/ml), 3‑MA and Nar (10 µg/ml) plus 3‑MA treatment. GAPDH expression was used to normalize the data. *P<0.05, 
***P<0.001 vs. Nar (10 µg/ml) group; #P<0.05, ##P<0.01, ###P<0.001 vs. Nar (10 µg/ml) plus 3‑MA group. Nar, naringin; p‑, phosphorylated.

https://www.spandidos-publications.com/10.3892/mmr.2021.12412


XU et al:  NARINGIN INDUCES APOPTOSIS OF AND ACTIVATING PRO-DEATH AUTOPHAGY IN GASTRIC CANCER6

effect on GC is urgently required for patients undergoing 
surgery and chemotherapy. Some studies have shown that 

~60% of cancer patients in the United States take high‑dose 
complex antioxidant nutrients while undergoing conventional 

Figure 7. Changes in SNU‑1 cell apoptosis after inhibiting autophagy with 3‑MA. (A) Changes in the apoptosis of SNU‑1 cells after Nar (10 µg/ml), 3‑MA and 
Nar (10 µg/ml) plus 3‑MA treatment were analyzed by flow cytometry analysis. (B) Changes in autophagy‑related proteins and caspase 3 of SNU‑1 cells after 
Nar (10 µg/ml), 3‑MA and Nar (10 µg/ml) plus 3‑MA treatment were analyzed by western blot analysis. GAPDH expression was used to normalize the data. 
*P<0.05, **P<0.01, ***P<0.001 vs. Nar (10 µg/ml) group; #P<0.05 vs. Nar (10 µg/ml) plus 3‑MA group. Nar, naringin; LC3B, microtubule‑associated protein 1 
light chain 3 β; p‑, phosphorylated.

Figure 6. Nar induces autophagy in SNU‑1 cells. (A) The autophagic microstructures were observed by transmission electron microscopy [red arrow: 
Autophagic vacuole (autophagosome or autophagosome)]. (B) The levels of cell autophagy‑associated proteins were determined by western blot analysis. 
GAPDH expression was used to normalize the data. *P<0.05, **P<0.01, ***P<0.001 vs. the control group. Nar, naringin; LC3B, microtubule‑associated protein 1 
light chain 3 β.
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treatment to improve the effect of conventional anti‑cancer 
treatment and reduce the side effects of radiotherapy and 
chemotherapy (20,21). Oxidative nutrients (antioxidants) refer 
to a class of nutrients that have antioxidant capacity, inhibit 
the generation of free radicals, accelerate the elimination of 
free radicals and inhibit the oxidative damage of biological 
macromolecules caused by free radicals (20). Green vegetables 
such as cauliflower are rich sources of antioxidant nutrients, 
such as vitamin A, vitamin C, vitamin E and their deriva‑
tives, while citrus fruits are rich in flavonoids, isoflavones 
and saponins (9). At present, a large number of cell culture 
experiments, animal experiments and some clinical trials have 
confirmed that compound antioxidant nutrients have positive 
effects in anti‑cancer treatment (20). In addition, studies have 
found that a number of plant‑derived molecules can exert 
their anti‑cancer effects by targeting specific signaling path‑
ways (22,23). Therefore, extracting pure natural drugs from 
plants to develop more effective and nontoxic anti‑cancer 
agents is an ideal and promising avenue. The Nar used in the 
present study is a dihydroflavonoid compound extracted from 
citrus fruits. Its biologically active substances are not only are 
plentiful in content but various, mainly including flavonoids, 
limonoids, carotenoids, coumarins, essential oils, dietary fiber 
and pectin (24). Nar has various biological activities, such 
as anti‑inflammatory, anti‑viral, anti‑cancer, anti‑mutation, 
anti‑allergic, anti‑ulcer, analgesic and antihypertensive. 
Gastric cancer has a number of risk factors, including gastric 
ulcer, atrophic gastritis and Helicobacter pylori infection. 
Nar can suppress these risk factors, which is particularly 
important in the prevention and adjuvant treatment of gastric 
cancer. In recent years, some anti‑cancer active ingredients 
in Nar have become research targets in the food and medical 
fields  (10,25). They can inhibit the growth of cancer cells 

via different molecular mechanisms, such as triggering cell 
cycle arrest, apoptosis, necrosis and autophagy (26). Studies 
have found that Nar initiates the release of TNF by inducing 
lipopolysaccharides, reduces the incidence of liver cancer, 
induces cancer cell apoptosis and inhibits oncogene expression 
through anti‑oxidative and anti‑free radical effects (27,28). 
However, the effect of Nar on gastric cancer SNU‑1 cells and 
the related mechanism have been seldom studied. The present 
study demonstrated that Nar inhibited SNU‑1 cell prolifera‑
tion in a dose‑ and time‑dependent manner. The inhibition of 
cell proliferation is considered to be specific to gastric cancer 
because Nar has no obvious inhibitory effect on normal gastric 
mucosal GES‑1 cells, indicating that it has no cytotoxicity on 
human normal gastric cells. In addition, the present study found 
that Nar had an anti‑proliferative effect on SNU‑1 cells at low 
concentrations, as observed under an inverted microscope. 
This indicated that if Nar is supplemented continuously for a 
period of time, it would be effective even at lower concentra‑
tions. Nar has an anti‑cancer effect on esophageal cancer stem 
cell xenotransplanted tumor mouse models without altering 
the body and liver weight and the combination of Nar and 
doxorubicin can reduce the side effects of doxorubicin (29). 
Nar is both effective and safe as an anti‑cancer drug (30). 
The present study found that Nar arrested SNU‑1 cells in 
the G0/G1 phase, promoting apoptosis in a dose‑dependent 
manner. Further mechanistic studies demonstrated that 
Nar significantly blocked the PI3K/AKT signaling pathway 
and activated autophagy. 3‑MA pretreatment significantly 
attenuated Nar‑induced apoptosis. The results suggested the 
potential relevance of consuming Nar‑rich foods or nutrients 
in reducing the development of gastric cancer.

Tumors are characterized by abnormal cell proliferation. 
Various anti‑tumor drugs induce tumor cell cycle arrest and 

Figure 8. Nar inhibits migration of SNU‑1 cells (magnification, x100). **P<0.01, ***P<0.001 vs. the control group. Nar, naringin.
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apoptosis, thereby inhibiting the abnormal proliferation of 
tumor cells and exerting anti‑cancer activities (31‑33). Nar 
can induce cell cycle arrest and apoptosis in human breast 
cancer (34). In cervical cancer cells, Nar induces G0/G1 phase 
arrest and activated endoplasmic reticulum‑mediated apop‑
tosis (35). It also induces G0/G1 phase arrest and apoptosis in 
human osteosarcoma MG63 and U2OS cells (36). The results 
confirmed that Nar significantly inhibited SNU‑1 cells and 
induced G0/G1 phase arrest and apoptosis in a concentra‑
tion‑dependent manner. In addition, the results confirmed that 
Nar promoted the generation of cleaved caspase 3 in SNU‑1 
cells. The aforementioned results indicated that Nar inhibited 
SNU‑1 cell proliferation by promoting the G0/G1 phase arrest 
and apoptosis. This was consistent with the results of previous 
studies showing that flavonoids, such as apigenin, luteolin and 
myricetin, induced exogenous apoptosis in different cancer 
cell lines (37‑39).

The PI3K/AKT pathway is a classic signaling pathway 
involved in regulating a variety of cellular processes, 
including proliferation, migration, differentiation and apop‑
tosis (40). Previous studies have identified anti‑cancer drugs 
inducing apoptosis by blocking the PI3K/AKT signaling 
pathway (41,42). In colorectal cancer, Nar inhibits cell growth 
and induces apoptosis via blocking the PI3K/AKT signaling 
pathway  (15). By targeting this pathway, Nar inhibits the 
proliferation of thyroid cancer cells and induces apoptosis (43). 
The mechanism may be that activated Akt can promote the 
Ser184 phosphorylation of Bax, which can negatively regulate 
the pro‑apoptotic function and could also inactivate caspase‑9 
Ser196 phosphorylation and inhibit apoptosis  (32,33). The 
results of the present study showed that Nar could significantly 
induce SNU‑1 cell apoptosis by inhibiting the PI3K/AKT 
signaling pathway in SNU‑1 cells.

Autophagy is a lysosomal degradation pathway of the 
cell. It is characterized by an increase in the number of acidic 
vesicle organelles associated with autophagosomes, which is 
often dysregulated in cancer as another important form of 
programmed cell death (44). Autophagy can both promote 
cell death and inhibit cell death. In tumor cells, the effect of 
autophagy often depends on the cell type (45). Previous studies 
have confirmed autophagy as an important signal downstream 
of the PI3K/AKT pathway; it is involved in drug‑induced cancer 
cell apoptosis (46,47). Recent studies have confirmed that Nar 
activates autophagy by inhibiting PI3K/AKT signal, thereby 
inhibiting the growth of gastric cancer cells (48). The results 
of the present study confirmed that Nar significantly activated 
autophagy, featured by the expression of autophagy‑related 
proteins LC3BII and Beclin 1 increased, while the expression 
of p62 decreased in a dose‑dependent manner. This was incon‑
sistent with reports that apigenin (which is a flavonoid) could 
induce autophagy and promote the increase in p62 expression. 
The p62 protein is located on the autophagosome by LC3 
binding and it is degraded by autophagy (49). The overexpres‑
sion of p62 can activate caspase 8 and promote cell apoptosis, 
which is related to the ubiquitin‑associated domain at the C 
terminal (50). This indicates that besides being a marker of 
autophagy activation, p62 protein also served as an important 
regulator of apoptosis. Inhibiting autophagy significantly 
attenuated the generation of caspase 3 spliceosome induced by 
Nar. Based on these results, it was confirmed that PI3K/AKT 

signaling and autophagy were involved in the process of 
Nar‑induced apoptosis in SNU‑1 cells. Finally, the anti‑gastric 
cancer metastatic effect of Nar was investigated using a wound 
healing test. The drug inhibited the migration of SNU‑1 cells, 
further confirming that Nar had an anti‑gastric cancer effect. 
However, its mechanism and whether Nar has the potential 
to overcome drug resistance in gastric cancer in the same 
manner as S‑adenosyl‑1‑methionine needs to be studied in 
follow‑up experiments (50). In addition, the experiments were 
performed only in a specific cancer cell line, SNU‑1. At least 
one key finding should be reproduced in a different cancer cell 
line. Therefore, the use of one cell line as a limitation of the 
present study will be improved in the future studies. These 
future studies intend to use single‑cell sequencing to screen 
out the targets of Nar acting on gastric cancer cells and further 
reveal its mechanism of action. In addition, the combination of 
Nar and other Chinese medicine monomers is being currently 
studied, to find the best combination for the treatment of 
gastric cancer.

In summary, Nar significantly inhibited the growth of 
SNU‑1 cells, inducing G0/G1 phase arrest and apoptosis. 
Moreover, it induced SNU‑1 cell apoptosis by inhibiting the 
PI3K/AKT signaling and activating autophagy. The present 
study was based on the potential application of Nar as a protec‑
tive nutrient and chemopreventive and therapeutic molecule, 
confirming that Nar was a potential drug for the treatment of 
gastric cancer.

Our research group has conducted research on the 
anti‑tumor mechanisms of luteolin, costanolactone and olean‑
drin. The combined effect and mechanism of several drugs 
will be further explored in detail. The findings are expected 
to lay the foundation for the development of anti‑cancer plant 
nutrition sources in food science.
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