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Abstract. In the pathogenesis of diabetic cataract, high glucose 
levels induce oxidative damage in human lens epithelial cells 
(HLECs). Resveratrol has been demonstrated to be a potent 
antioxidant in various disease conditions; however, limited 
information is available on its effects on oxidative damage 
associated with the pathogenesis of diabetic cataract in HLECs. 
The present study aimed to determine whether resveratrol 
prevents high glucose‑induced oxidative damage to human lens 
epithelial cells by activating autophagy. In the present study, 
HLECs treated with high glucose were used as a cellular model 
of diabetic cataract and treated with resveratrol for 24 h. Flow 
cytometry was performed to detect the cellular reactive oxygen 
species (ROS) content. Autophagy marker protein levels were 
determined by western blotting. Immunofluorescence assay was 
performed to analyze in vitro microtubule‑associated protein 1 
light chain 3 β (LC3B) protein expression. Autophagosome 
formation in HLECs was observed using transmission elec‑
tron microscopy. The results demonstrated that high glucose 
suppressed HLEC viability and proliferation rate compared 
with normal glucose levels (5 mM), which were significantly 
reversed by resveratrol treatment. High glucose also increased 
the ROS content compared with ROS content in normal HLECs, 
which was reduced following resveratrol treatment. Further 
experiments demonstrated that resveratrol significantly reversed 
the high glucose‑decreased protein levels of LC3II and beclin‑1 
proteins and the high glucose‑increased protein levels of LC3I 
and p62 in HLECs. In conclusion, resveratrol inhibited the high 

glucose‑induced oxidative damage in HLECs by promoting 
autophagy through the activation of the p38 mitogen‑activated 
protein kinase signaling pathway. These results provide a theo‑
retical basis for the application of resveratrol in diabetic cataract 
prevention and treatment.

Introduction

Diabetic cataract is a debilitating ophthalmic disease and a major 
cause of visual impairment and blindness in both developed and 
developing countries with increased incidence and progression 
compared with other diabetes complications in patients with 
diabetes mellitus (1‑3).In the UK, incidence rates of cataract 
were 20.4 (95% CI, 19.8‑20.9) per 1,000 person‑years (py) in 
patients with diabetes and 10.8 (95% CI, 10.5‑11.2) per 1,000 py 
in the general population (1). Due to the increasing numbers of 
cases of diabetes mellitus worldwide, the incidence of diabetic 
cataract has steadily increased, especially in developing 
countries, due to limited accesses to cataract surgery (3,4). A 
recent epidemiological study reported that diabetic cataract 
was also an early ocular complication in child and adolescent 
patients with diabetes mellitus (5). Although chataract surgery 
is widely applied for diabetic cataract treatment, the pathogenic 
mechanisms underlying cataract development in diabetes is 
still poorly understood, which makes it challenging to prevent 
diabetic cataract at its initial stages (4). In addition, a high 
possibility of complications from cataract surgery has also 
been observed in patients with diabetes mellitus, presenting a 
challenging medical issue (4). Thus, a complete understanding 
of the molecular pathogenic mechanisms of diabetic cataract 
may facilitate the development of novel modules for its preven‑
tion and treatment.

Previous studies have demonstrated that the pathogenic 
development of diabetic cataract is associated with abnormal 
metabolic regulation (4,6,7). For instance, accumulation of 
sorbitol produced as a result of enzymatic reduction of glucose 
by aldose reductase, has been established as an initiating 
factor for diabetic cataract pathogenesis (7,8). Specifically, the 
intracellular deposition of the polyol sorbitol causes significant 
osmotic changes in lens tissues, resulting in lens fiber degen‑
eration and liquefaction, eventually inducing sugar cataract 
formation, lens swelling and opacities (4,9). In addition, the 
apoptosis of lens epithelial cells (LECs) is also enhanced by 
the osmotic stress induced by abnormal sorbitol accumulation 
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in the lens, which is also involved in diabetic cataract forma‑
tion (10,11). Normally, the mitochondrial oxygen consumption 
by human LECs (HLECs) performs crucial roles in lens 
metabolism and maintenance of a hypoxic environment around 
the lens, which is important for lens transparency (12). Under 
pathogenic conditions, high glucose effectively suppresses the 
proliferation and induces apoptosis and oxidative stress of 
HLECs, which is associated with lens opacities and cataract 
formation in diabetes (12‑14). Therefore, the inhibition of LEC 
apoptosis and oxidative stress under high glucose conditions 
is regarded as a potential strategy for the prevention and treat‑
ment of diabetic cataract.

Autophagy refers to the cellular lysosomal degradation 
processes responsible for the degradation and recycling of 
abnormal proteins and damaged organelles, which is essen‑
tial for cell survival and development, and is associated with 
various human diseases including diabetes mellitus (3,15). The 
activation of the autophagy processes has been demonstrated 
to potentially suppress cell apoptosis and oxidative stress 
under specific conditions (16,17). For instance, the activation 
of the autophagy process by eupatorine was demonstrated to 
suppress arachidonic acid and iron‑induced oxidative stress 
in human liver cancer cells by alleviating mitochondrial 
dysfunction and inhibiting reactive oxygen species (ROS) 
production (16). Notably, autophagy has also been reported as 
a protective mechanism against oxidative stress in pancreatic 
β cells and other insulin target tissues, including the skeletal 
muscles, adipose tissue and liver (15). In another recent report, 
a novel autophagy enhancer screened from a chemical library 
was effective in suppressing the metabolic syndrome and 
diabetes mellitus in a mouse model (18). Alterations of the 
autophagy process in HLECs have also been implicated in 
diabetic cataract progression (19); however, an effective regu‑
lator of autophagy in HLECs associated with the pathogenesis 
of diabetic cataract has not been established.

Resveratrol is a non‑flavonoid polyphenol previously 
isolated from the grape seed (Vitis vinifera L.), which natu‑
rally occurrs as phytoalexin and is recommended for diabetic 
patients as a dietary supplement to control blood sugar levels in 
the body (20,21). It has been documented in the past 10 years 
that resveratrol is beneficial in the prevention and treatment 
of various human disorders such as cancer, cardiovascular, 
Alzheimer's, inflammatory bowel and fatty liver diseases, as 
well as diabetes mellitus (20‑22). In addition, resveratrol can 
also regulate cellular oxidative injury and autophagy processes 
under certain conditions; for instance, resveratrol suppressed 
the oxidative injury in human umbilical endothelial vein cells 
induced by oxidized low density lipoprotein by activating the 
silencing information regulator 1 (SIRT1) and modulating the 
AMP‑activated protein kinase α1 signaling pathway (23). In 
addition, resveratrol has been recently demonstrated to induce 
autophagy in non‑small‑cell lung cancer cells by activating the 
p38 mitogen‑activated protein kinase (MAPK) and inhibiting 
the Akt/mTOR signaling pathway (24). However, the effects of 
resveratrol on the autophagy and oxidative damage in HLECs 
associated with diabetic cataract pathogenesis are currently 
unknown.

The present study aimed to verify the hypothesis that 
resveratrol protects HLECs against high glucose‑induced 
oxidative injury by enhancing the cellular autophagy process.

Materials and methods

Cell culture. HLECs were purchased from Procell Life 
Science & Technology Co., Ltd. (cat. no. CP‑H127) and 
cultured in Dulbecco's minimal essential medium (DMEM; 
cat. no. SH30022.01B; HyClone; Cytiva) supplemented with 
10% fetal bovine serum (FBS; cat. no. 10099‑141; Gibco; 
Thermo Fisher Scientific, Inc.) and 5% penicillin/streptomycin 
(Sigma‑Aldrich; Merck KGaA) at 37˚C in a humidified atmo‑
sphere with 5% CO2.

Cell treatment. To establish the cellular model of oxidative 
stress, HLECs (1x105 cells/well) were plated into 6‑well plates 
and cultured at 37˚C for 8 h. The HLECs were then treated 
with 0, 5, 15, 20, 25 or 30 mM glucose (Sigma‑Aldrich; 
Merck KGaA) for 24 h under normal culture conditions. 
Then, the glucose‑treated (25 mM) HLECs were treated with 
0, 1, 2 or 2.5 µM resveratrol (cat. no. R5010; Sigma‑Aldrich; 
Merck KGaA) for 24 h at 37˚C prior to subsequent experi‑
ments.

For MAPK inhibition, glucose‑treated (25 mM) and 
resveratrol‑treated (2 µM) HLECs were treated with 10 µM 
BIRB 796 (cat. no. S1574; Selleck Chemicals) for 24 h at 37˚C 
prior to subsequent experiments.

Cell viability. The viability of cultured HLECs was detected 
using the MTT Cell Proliferation and Cytotoxicity Assay kit 
(cat. no. C0009; Beyotime Institute of Biotechnology) according 
to the manufacturer's instructions. Briefly, the cultured HLECs 
were seeded into 96‑well plates (2,000 cells/well) and cultured 
in DMEM with 10% FBS containing the specified glucose 
concentrations for 24 h. Subsequently, cells in each well 
were incubated with 20 µl MTT solution (cat. no. M‑2128; 
Sigma‑Aldrich; Merck KGaA) for 4 h under normal culture 
conditions, followed by incubation with 100 µl DMSO for 4 h 
under normal culture conditions until the formazan crystals 
were completely dissolved. Finally, cell viability was deter‑
mined by measuring the absorbance at 570 nm using a plate 
reader. At least three biological replicates were performed.

ROS content detection. The contents of ROS in the cultured 
HLECs were measured by flow cytometry using the Cell‑based 
ROS/Superoxide Detection Assay kit (cat. no. ab139476; 
Abcam) according to the manufacturer's instructions. Briefly, 
HLECs after specified treatments were collected into 5 ml 
round‑bottom polystyrene tubes, washed with 1X Wash 
Buffer, resuspended in 500 µl ROS/Superoxide Detection 
Solution and incubated for 30 min at 37˚C in the dark. The 
ROS contents were determined using a flow cytometer 
(BD‑C6, CFLOW plus 1.0, Becton, Dickinson and Company) 
equipped with a blue laser (488 nm). The ROS measurements 
were biologically repeated for at least three times.

Western blot assay. For the detection of protein levels in 
cultured HLECs, total proteins were extracted from cells after 
designated treatments using a RIPA lysis buffer (cat. no. 89900; 
Thermo Fisher Scientific, Inc.) according to the manufacturer's 
instructions. The total protein contents were determined by 
a bicinchoninic acid assay (cat. no. 23227; Thermo Fishier 
Scientific, Inc.). Subsequently, 20 mg protein from each group 
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was boiled at 100˚C for 5 min, separated by 10% SDS‑PAGE 
and blotted onto PVDF membranes (EMD Millipore). The 
membranes were blocked with a 5% fat‑free milk solu‑
tion for 2 h at room temperature, incubated for 2 h at room 
temperature with primary antibodies appropriately diluted 
in TBS‑1% Tween‑20, and incubated with diluted secondary 
antibodies (1:10,000) for 2 h at room temperature. The 
blots were visualized by developing with the ECL Western 
Blotting Substrate (cat. no. 32106; Thermo Fishier Scientific, 
Inc.). GAPDH protein levels were detected as the internal 
standard. The antibodies used were as follows: Anti‑LC3‑I/II 
(cat. no. ABC929; Sigma‑Aldrich; Merck KGaA), anti‑beclin‑1 
(cat. no. ab62557; Abcam), anti‑P62 (cat. no. ab56416; 
Abcam), anti‑p38 MAPK (cat. no. 8690; Cell Signaling 
Technology, Inc.), anti‑phosphor‑p38 MAPK (cat. no. 4511; Cell 
Signaling Technology, Inc.), anti‑GAPDH (ab9485; Abcam) 
and HRP‑conjugated goat anti‑rabbit IgG (cat. no. ab205718; 
Abcam). At least three biological replicates were performed 
for protein level determination.

Immunofluorescence (IF) assay. The expression of LC3B 
protein in cultured HLECs was analyzed by IF for the evalua‑
tion of autophagy following the designated treatments. Briefly, 
cell slides were fixed with 4% paraformaldehyde for 15 min at 
room temperature and washed three times with PBS for 5 min, 
followed by blocking with 3% BSA (cat. no. ST025; Beyotime 
Institute of Biotechnology) for 1 h at room temperature, 
overnight incubation with primary antibodies against LC3B 
(1:200; cat. no. 2775; Cell Signaling Technology, Inc.) at 4˚C, 
three washes with PBS for 5 min and incubation with fluoro‑
phore‑conjugated secondary antibodies (Alexa Fluor® 488; 

1:200; cat. no. ab150081; Abcam) for 2 h in the dark. The slides 
were finally mounted with the Prolong® Gold Antifade reagent 
(cat. no. 9071; Cell Signaling Technology, Inc.) and observed 
under a Leica DMI6000B fluorescence microscope (Leica 
Microsystems, Inc.). Three biological replicates were performed 
for analysis of LC3B expression by immunofluorescence.

Transmission electron microscopy. The formation of autopha‑
gosomes in HLECs was observed by transmission electron 
microscopy (TEM) as previously described (23). Briefly, 
HLECs grown on slides were fixed for 1 h with 2.5% glutar‑
aldehyde (cat. no. G7776; Sigma‑Aldrich; Merck KGaA) 
dissolved in 0.1 mol/l PBS at room temperature, incubated 
with 1% osmium tetroxide (cat. no. O5500; Sigma‑Aldrich; 
Merck KGaA) for 30 min at room temperature and observed 
using a TecnaiG2 Spirit Bio TWIN transmission electron 
microscope (120 kV; FEI; Thermo Fisher Scientific, Inc.). The 
TEM experiments were performed at least three times.

Statistical analysis. Data are presented as the mean ± SD of 
at least three biological replicates. The differences among 
groups were analyzed using the SPSS 20.0 software package 
(IBM Corp.) by one‑way ANOVA followed by Tukey's 
post hoc test. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Resveratrol reverses the high glucose‑induced suppression of 
HLEC viability. To determine the potential regulatory func‑
tions of resveratrol (Fig. 1A) on HLEC viability associated with 

Figure 1. Resveratrol reverses high glucose‑induced HLEC viability suppression. (A) Chemical structure of resveratrol. (B) The viability of HLECs treated 
with 0, 5, 15, 20 25 or 30 mM glucose for 24 h was measured by MTT assay. (C) HLEC viability following treatment with 25 mM glucose and 0, 1, 2 or 
2.5 µM resveratrol. (D) Morphological features of HLECs treated with 25 mM glucose, 2 µM resveratrol or the combination of 25 mM glucose and 2 µM 
resveratrol observed under an inverted microscope. *P<0.5, **P<0.01 and ***P<0.001 vs. untreated control; ##P<0.01 vs. 25 mM glucose alone. HLECs, human 
lens epithelial cells; Res, resveratrol. 
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diabetic cataract formation, the present study established the 
cellular model of HLEC oxidative stress by treating cultured 
HLECs with 0, 5, 15, 20, 25 or 30 mM glucose (Fig. 1B). 
Treatment with glucose concentrations ≥15 mM resulted in 
a significant concentration‑dependent decrease of HLEC cell 
viability (Fig. 1B). Subsequently, HLECs treated with 25 mM 
glucose were treated with 0, 1, 2 or 2.5 µM resveratrol for 24 h. 
The results demonstrated that the decreases in HLEC viability 
induced by high glucose were reversed by resveratrol treatment 
in a concentration‑dependent manner (Fig. 1C). Treatment 
with 2.5 µM resveratrol for 24 h increased the 25 mM 
glucose‑treated HLEC viability by ~60% compared with that 
of HLECs treated with glucose alone (Fig. 1C). Microscopy 
revealed that 25 mM glucose‑treated HLECs lost their normal 
cell morphological features (the normal crystal epithelial cells 
are evenly distributed, with equal cell size and full shape and 
the cells are oval or polygonal), which were recovered by 
simultaneous treatment with 2 µM resveratrol (Fig. 1D). These 
results demonstrated that resveratrol treatment effectively 

reversed the suppression of HLEC viability induced by high 
glucose.

Resveratrol mitigates the high glucose‑induced oxidative 
damage in HLECs. High glucose‑induced oxidative injury in 
HLECs mediates diabetic cataract pathogenesis (25). In the 
present study, the ROS contents in HLECs under combined 
treatment with high glucose and resveratrol were detected, and 
the results demonstrated that treatment with 25 mM glucose 
induced a significant increase of ROS contents in HLECs 
compared with those in the blank group (Fig. 2A). However, 
treatment with 1 or 2 µM resveratrol reduced the ROS contents 
in HLECs under high glucose treatment (Fig. 2A). In addi‑
tion, the proliferation of HLECs under above conditions was 
detected; compared with that of untreated cells, the prolifera‑
tion rate of HLECs was repressed by treatment with 25 mM 
glucose, which was recovered by treatment with 1 or 2 µM 
resveratrol (Fig. 2B). The alterations of the ROS contents and 
proliferation rates of HLECs suggested that resveratrol may 

Figure 2. Resveratrol inhibits high glucose‑induced HLEC oxidative damage. (A and B) ROS contents in HLECs treated with 25 mM glucose or the combi‑
nation of 25 mM glucose with 1 or 2 µM resveratrol for 24 h were determined by flow cytometry. Untreated cells were used as the blank group. (C) The 
proliferation rates of HLECs treated with 25 mM glucose or the combination of 25 mM glucose with 1 or 2 µM resveratrol were evaluated by the MTT assay 
after the designated treatments for 1, 2 or 3 days. *P<0.05 and **P<0.01 vs. untreated control; #P<0.05 and ##P<0.01 vs. 25 mM glucose alone. HLECs, human 
lens epithelial cells; ROS, reactive oxygen species. 
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act as an inhibitor of high glucose‑induced oxidative damage 
in HLECs.

Resveratrol promotes autophagy in HLECs under high 
glucose. To explore the cellular processes underlying the 
suppression of high glucose‑induced HLEC oxidative damage 
by resveratrol, the autophagy marker expression in HLECs 
treated with high glucose and resveratrol was subsequently 
determined. The protein expression of four autophagy markers 
was first detected by western blotting, which demonstrated 
that LC3I and P62 protein levels in cultured HLECs under 
high glucose treatment were reduced by 1 or 2 µM resveratrol 
in a concentration‑dependent manner (Figs. 3A and S1). By 
contrast, the protein expression levels of LC3II and beclin‑1 
in HLECs under high glucose conditions were elevated by 1 
or 2 µM resveratrol treatment (Fig. 3A). The IF assay demon‑
strated that the levels of LC3B protein in HLECs under high 
glucose were increased by treatment with 1 or 2 µM resve‑
ratrol compared with those in untreated cells or cells treated 
with high glucose alone (Fig. 3B). In addition, the formation 
of autophagosomes in HLECs were analyzed by TEM. The 
results demonstrated that a limited number of autophagosomes 
were formed in untreated HLECs or those treated with high 
glucose alone; however, a large number of autophagosomes 

was observed in HLEC cells treated with high glucose and 
1 or 2 µM resveratrol (Fig. 3C). These results suggested that 
resveratrol treatment effectively activated autophagy in HLEC 
cells under high glucose treatment.

Resveratrol activates the p38 MAPK pathway to induce 
autophagy in HLECs under high glucose. The p38 MAPK 
signaling pathway is involved in autophagy development (26). 
The results of the present study demonstrated that the total 
p38 protein levels in HLECs treated with high glucose and 
2 µM resveratrol were decreased compared with those in 
untreated cells or cells treated with glucose alone (Fig. 4A). 
By contrast, the phosphorylated p38 protein levels HLEC cells 
under high glucose treatment were elevated by treatment with 
2 µM resveratrol for 24 h (Fig. 4A). These alterations of p38 
expression and phosphorylation induced by resveratrol were 
reversed by the co‑treatment with 10 µM MAPK inhibitor 
BIRB796 (Fig. 4A). Notably, IF results also confirmed that the 
MAPK inhibitor BIRB796 suppressed the expression of the 
autophagy marker LC3B in HLECs under high glucose and 
resveratrol treatment (Fig. 4B). These results demonstrated 
the role of resveratrol in promoting the autophagy process in 
HLECs under high glucose conditions, which was mediated by 
the activation of the p38 MAPK signaling pathway.

Figure 3. Resveratrol activates autophagy in HLECs under high glucose conditions. (A) Protein levels of autophagy markers LC3I, P62, LC3II and beclin‑1 
in HLECs treated with 25 mM glucose and 1 or 2 µM resveratrol for 24 h were determined by western blotting; GAPDH was used as the internal control. 
(B) Immunofluorescence detection of the expression of LC3B in HLECs treated with 25 mM glucose and 1 or 2 µM resveratrol for 24 h. Cell nuclei were 
visualized by staining with DAPI. (C) Autophagosome formation in HLECs treated with 25 mM glucose and 1 or 2 µM resveratrol for 24 h was observed 
by transmission electron microscopy. Red arrows indicate autophagosomes. HLEC, human lens epithelial cell; LC3, microtubule‑associated protein 1 light 
chain 3. 
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Discussion

Due to the crucial role of high glucose‑induced oxidative 
damage in the pathogenesis of diabetic cataract, effective 
reagents capable of inhibiting HLEC oxidative damage have 
been considered to be potential candidates for diabetic cata‑
ract prevention and treatment (12‑14). Resveratrol, which is 
derived from grape seeds, has been established as a potent 
antioxidant in various contexts, such as inflammation and 
diabetes mellitus (20‑22); however, its effects on diabetic cata‑
ract remain unclear. In the present study, it was hypothesized 
that resveratrol suppressed diabetic cataract pathogenesis by 
regulating HLEC autophagy, which was tested using high 
glucose‑treated HLECs as an in vitro model. The results of 
the present study demonstrated that resveratrol effectively 
reversed the high glucose‑induced suppression of HLEC 
viability. In addition, the high‑glucose‑induced oxidative 
stress and proliferation inhibition in HLECs were significantly 
repressed by resveratrol. Using multiple experimental assays, 
the present study demonstrated that resveratrol treatment 
promoted autophagy in HLECs under high glucose conditions, 
which was mediated by the resveratrol‑induced activation of 
the p38 MAPK signaling pathway. The molecular mechanisms 
of the effects pf resveratrol in HLECs were finally confirmed 
using the MAPK inhibitor BIRB796. Taken together, the 
results of the present study characterized resveratrol as a new 
drug candidate for diabetic cataract prevention and treatment, 
which effectively suppressed high glucose‑induced oxidative 
damage by activating the p38 MAPK signaling to promote 
autophagy in HLECs.

Natural chemical products have been established as a valu‑
able resource of novel therapeutic drugs for human disorders. 
For instance, artemisinin, isolated from Artemisia annua L., 
has been explored as a life‑saving anti‑malaria drug (27) 
and has also been reported to possess clinical values for 
other human pathogenic conditions such as obesity and 
acute myeloid leukemia (28,29). A number of such natural 
products have exhibited such multi‑faceted roles in human 
disease therapy, which has also been observed to apply to 

resveratrol. Resveratrol was first identified as an antioxida‑
tive reagent, which possessed additional biological functions 
such as atherosclerosis prevention, hepatic apolipoprotein and 
lipid synthesis modulation (28). In addition, resveratrol has 
been reported to exert therapeutic effects on various human 
disorders such as cancer, vascular disease, neurodegenerative 
and metabolic diseases (30). The present study demonstrated 
for the first time that resveratrol effectively suppressed the 
inhibition of HLEC viability and oxidative stress induced by 
high glucose treatment, indicating its application potential 
as a new therapeutic drug for diabetic cataract treatment. A 
previous study has reported that resveratrol represses diabetes 
progression by modulating insulin action and pancreatic β 
cell function (20). The results of the present study further 
highlighted the value of resveratrol as an inhibitor for diabetes 
mellitus and its complications.

The association of autophagy with human pathogenic 
conditions including diabetes mellitus have been a research 
focus during the past two decades, identifying autophagy as 
promising target for drug development (31). Autophagy in 
pancreatic β cells is also associated with diabetes mellitus 
development and progression (32). For instance, the knockout 
of autophagy‑related protein (ATG) 7 gene specifically in 
β cells causes reduced β‑cell mass and decreased pancre‑
atic insulin synthesis and secretion, impaired response to 
obesity‑induced ER stress, as well as hypoinsulinemia and 
hyperglycemia symptoms in a mouse model (33). However, the 
association between autophagy in LECs and diabetic cataract 
formation remains unclear. In the present study, resveratrol 
promoted autophagy in HLECs under high glucose condi‑
tions, which mediated its anti‑diabetic cataract functions. 
LC3II protein is produced by the binding of soluble LC3I 
with lipid components during autophagosome formation (34). 
Beclin‑1 is a component of the class III phosphoinositide 
3‑kinase complex and performs key roles in the induction of 
the autophagy process as a cytoprotective mechanism (35). In 
addition, p62 protein has been characterized as a ubiquitin‑ 
and LC3‑binding protein that undergoes selective degradation 
in response to autophagy (36). The results of the present study 

Figure 4. Resveratrol activates the p38 MAPK pathway to induce autophagy in HLECs under high glucose conditions. (A) The levels of total and phosphory‑
lated p38 protein in HLECs treated with 25 mM glucose, 2 µM resveratrol and 10 µM MAPK inhibitor BIRB796 for 24 h were detected by western blotting. 
GAPDH was used as the internal control. (B) Immunofluorescence of the expression of LC3B in HLECs treated with 25 mM glucose, 2 µM resveratrol and 
10 µM MAPK inhibitor BIRB796 for 24 h. Cell nuclei were stained with DAPI. HLEC, human lens epithelial cell; LC3B, microtubule‑associated protein 1 
light chain 3 β; MAPK, mitogen‑activated protein kinase; p‑, phosphorylated. 
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demonstrated that the protein levels of LC3II and beclin‑1 
were increased during resveratrol‑induced autophagy in 
HLECs compared with normal glucose levels, accompanied 
by a significant decrease in the levels of LC3I and p62. These 
results suggested an autophagy‑promoting role for resveratrol 
in HLECs during diabetic cataract development, and thus 
revealed HLEC autophagy as a promising target for new 
anti‑diabetic cataract drug screening.

The signaling pathway responsible for modulating 
autophagy under high glucose conditions in HLECs was also 
explored in the present study. A previous study has demon‑
strated that autophagy formation is regulated by the p38 MAPK 
signaling pathway, which is activated by phosphorylation and 
binds with the p38‑interacting protein to modulate ATG9 
protein activity during autophagosome formation (37). In the 
present study, the phosphorylation of p38 protein was promoted 
by resveratrol in HLECs under high glucose conditions, 
which indicated that resveratrol‑induced HLEC autophagy 
was mediated by the p38 MAPK and its associated signaling 
pathways. Notably, a previous study has also demonstrated that 
a number of biological roles of resveratrol were mediated by 
the activation of the NAD+‑dependent deacetylase SIRT1 (38). 
In addition, a recent study has reported that SIRT1 was associ‑
ated with LEC proliferation and apoptosis in a mouse model 
of diabetic cataract (39). The involvement of SIRT1 and other 
signaling pathways in the HLEC oxidative damage‑inhibiting 
roles of resveratrol require further investigation.

In summary, the results of the present study demonstrated 
that the plant‑derived chemical resveratrol inhibited high 
glucose‑induced oxidative damage in HLECs, which was 
mediated by the activation of autophagy through modulating 
the p38 MAPK signaling pathway. These results suggested 
that resveratrol may be a promising candidate anti‑diabetic 
cataract drug and provided a basis for its application in diabetic 
cataract prevention and treatment.
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