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Background: Diabetic retinopathy (DR) is one of the most common microvascular com
plications of diabetes mellitus, which leads to neuronal and vascular dysfunction in the retina 
with a final outcome of complete loss of vision. The aim of the present study was to 
investigate the effects of dihydromyricetin (DHM), a natural flavanol compound, on diabetic 
retinopathy (DR) and identify its potential mechanisms.
Methods: Retinal pigment epithelial cell line (ARPE-19) treated with high glucose (HG) 
was used to simulate the DR model in vitro. After treatment with different concentrations of 
DHM, the cell viability, production of reactive oxygen species (ROS) and the levels of 
oxidative stress-related markers in the in vitro model were detected using corresponding kits. 
Cell apoptosis was determined using terminal-deoxynucleotidyl transferase mediated nick 
end labeling (TUNEL) staining, and the expression of apoptotic proteins was examined using 
Western blot analysis. Subsequently, microRNA (miR)-34a expression was measured by 
reverse transcription-quantitative PCR (RT-qPCR). The levels of oxidative stress and apop
tosis were evaluated after miR-34a overexpression.
Results: Results indicated that DHM dose-dependently elevated the decreased cell viability 
induced by HG. Moreover, the content of ROS was significantly reduced in HG-stimulated 
ARPE-19 cells, accompanied by enhanced activities of superoxide dismutase (SOD) and 
catalase (CAT) antioxidases, as well as concentration of glutathione (GSH). Furthermore, 
remarkably decreased apoptosis of ARPE-19 cells induced by HG was observed following 
DHM intervention. Importantly, HG stimulation notably upregulated miR-34a expression, 
which was reversed by DHM treatment. Importantly, the inhibitory effects of DHM on HG- 
induced oxidative stress and apoptosis of ARPE-19 cells were restored following miR-34a 
overexpression.
Conclusion: Taken together, this work demonstrated that DHM exerts protective effects on 
HG-induced oxidative stress and apoptotic damage in ARPE-19 cells via inhibition of miR- 
34a expression, providing a promising therapeutic agent for the treatment of DR.
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Introduction
Diabetic retinopathy (DR), a chronic and progressive microvascular complication 
of diabetes mellitus, is a leading cause of preventable blindness worldwide that 
seriously degrades the life quality of human beings.1 At present, the prevalence of 
diabetes in China is approximately 5.6%.2 The morbidity of DR increases during 
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the progression of diabetes, and it has been reported that 
half of the diabetic patients with a course of 10–20 years 
will develop DR complications, and that DR can definitely 
complicate the symptoms of diabetic patients with a course 
of more than 20 years.3 With the in-depth study and 
clinical applications of medicine, treatment methods of 
DR have constantly improved. So far, however, there has 
been no effective treatment for this disease yet.4 

Therefore, it is of utmost importance for us to understand 
the underlying mechanisms and identify therapeutic agents 
associated with DR.

In the past decades, research on the pathophysiology 
and management of DR have revolutionized the under
standing of this disease. The retinal pigment epithelium 
(RPE), a highly specialized pigmented layer, is 
a gatekeeper of the outer retina, which not only provides 
mechanical support, but also regulates the metabolism of 
the photoreceptors through controlling the selective mole
cular transport between outer retina and the choroidal 
blood.5,6 In addition to imparting a physical barrier, RPE 
is also essential for the development and maintenance of 
adjacent photoreceptors in the retina.7 RPE cells are one of 
the most vulnerable cellular populations of blood-retinal 
barrier. A growing body of literature has shown that the 
glucose-stimulated RPE cells have been widely used as 
in vitro models for DR research.8,9 Increasing evidence 
shows that prolonged elevation of glucose added in RPE 
cells can trigger oxidative stress by inducing the produc
tion of intracellular reactive oxygen species (ROS).10,11 

The accumulation of intracellular ROS activates 
a cascade of biochemical and molecular events and results 
in the apoptosis of RPE cells, further leading to the 
destruction of the retinal environment and the occurrence 
of retinopathy damage.12,13 Thus, the suppression of oxi
dative stress and apoptosis has been suggested to be 
a potentially promising strategy for the treatment of DR.

Dihydromyricetin (DHM) is a natural flavanol com
pound isolated from Ampelopsis grossedentata, which 
has been shown to possess a variety of pharmacological 
properties such as anti-oxidative, anti-inflammatory and 
anti-tumor effects.14–17 A report demonstrated previously 
that DHM ameliorated oxidative stress and apoptotic 
damage of human umbilical vein endothelial cells induced 
by sodium nitroprusside.18 Jiang et al found that DHM 
protected PC12 cells against oxidative stress response 
induced by methylglyoxal through regulating the AMPK/ 
GLUT4 pathway.19 Importantly, DHM enhanced glucose 
uptake in 3T3-L1 cells, and prevented the development of 

diabetic cardiomyopathy and diabetic nephropathy.20–22 

Therefore, we speculated that DHM might exert protective 
effects in DR by a certain mechanism.

MicroRNAs (MiRNAs), a class of small non-coding 
RNAs with 19–24 nucleotides in length, exert crucial 
regulatory effects in the progression of DR.23,24 Existing 
study has shown that microRNA (miR)-34a expression 
was markedly upregulated in retinal endothelial cells cul
tured with high glucose (HG), and P53/miR-34a inhibition 
improved diabetic endothelial dysfunction by activating 
SIRT1.25,26 Moreover, DHM was reported to suppress 
diabetic cardiomyopathy via miR-34a inhibition through 
the autophagy activation.21 Therefore, whether DHM 
could alleviate HG-induced oxidative stress and apoptosis 
of RPE cells by regulation miR-34aexpression aroused our 
research interest.

Based on the above literature, this study aimed to 
investigate the effects and potential mechanism of DHM 
on HG-induced oxidative stress and apoptosis in human 
retinal epithelial cell line ARPE-19 cells. Our findings 
may identify a novel pharmaceutical approach for the 
treatment of DR.

Materials and Methods
Cell Culture and Treatment
ARPE-19 cells were obtained from American Type 
Culture Collection (ATCC, Manassas, VA). The cells 
were maintained in Dulbecco’s Modified Eagle Medium 
(DMEM; Gibco; Thermo Fisher Scientific, Inc.) contain
ing 10% fetal bovine serum (FBS; Gibco; Thermo Fisher 
Scientific, Inc.) in a humidified incubator at 37°C with 5% 
CO2. ARPE-19 cells were exposed to medium supplemen
ted with normal glucose (5.5 mmol/L glucose, NG group), 
5.5 mmol/L glucose + 22.5 mmol/L mannitol (MA group) 
or high glucose (25 mmol/L glucose, HG group) at 37°C 
for 48 h. In the DHM-treated group, ARPE-19 cells were 
pretreated with 30, 100 and 300 μmol/L of DHM (Lyphar 
Biotech Co., Ltd, Xi’an, China) for 3 h prior to high- 
glucose treatment and DHM was washed out after 
pretreatment.

Cell Transfection
For cell transfection, ARPE-19 cells (1x106 cells/well) 
were seeded into a 6-well plate, and transfection was 
conducted when cells in the logarithmic growth phase 
reached 80% confluence. MiR-34a mimic and its nega
tive control (mimic-NC) were designed and synthesized 
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by GenePharma (Shanghai, China). Transfection experi
ments were performed using Lipofectamine® 2000 
(Invitrogen; Thermo Fisher Scientific, Inc.) according 
to the standard protocol. Cells were harvested 48 
h following transfection and the transfection efficiency 
was determined using reverse transcription-quantitative 
PCR (RT-qPCR).

Cell Viability Assay
ARPE-19 cells (5000 cells/well) in the logarithmic growth 
phase were seeded into a 96-well microplate and cultured 
overnight to allow cells to attach before further treatment. 
Cell viability was evaluated using a Cell Counting Kit-8 
(CCK-8) kit obtained from Shanghai Yi Sheng 
Biotechnology Co., Ltd (Shanghai, China). Briefly, after 
treatment, 10 μL of CCK-8 was added to each well and 
incubated at 37°C for 2 h. The optical density was deter
mined at 450 nm using a microplate reader (Bio-Rad 
Laboratories, Inc.).

Detection of Intracellular ROS
An ROS assay kit (Beyotime Biotechnology, Shanghai, 
China) with cell-permeable 2ʹ, 7ʹ-dichlorodihydrofluorescein 
diacetate (DCFH-DA) was used to detect the production of 
intracellular ROS in ARPE-19 cells. In brief, cells were 
plated in a 6-well plate. DCFH-DA (10 µmol/L) and e 4ʹ- 
6-diamidino-2-phenylindole (DAPI; 1 µg/L) were added to 
the well and incubated for 15 min at 37°C. The images were 
captured using a confocal microscope (Olympus 
Corporation, Tokyo, Japan).

Test for the Oxidative Stress-Related 
Factors
To evaluate the levels of oxidative stress, oxidative stress 
biomarkers including glutathione (GSH), superoxide dis
mutase (SOD) and catalase (CAT) were evaluated using 
commercial kits in accordance with the specification pro
vided by the supplier. Above kits were obtained from 
Nanjing Jiancheng Bioengineering Institute (Nanjing, 
China).

Terminal-Deoxynucleoitidyl Transferase 
Mediated Nick End Labeling (TUNEL) 
Staining
Apoptosis of ARPE-19 cells was determined using the 
TUNEL assay kit purchased from Beyotime 
Biotechnology (Shanghai, China) according to the 

standard protocol. In brief, cells were collected and 
fixed with 4% paraformaldehyde at room temperature 
for 25 min. Subsequently, cell membranes were per
meabilized with the phosphate buffer solution (PBS) 
containing 0.3% Triton X-100 for 5 min at room tem
perature. The fluorescein-dUTP was then added to cells 
to stain the nuclei in the apoptotic cells, and DAPI 
(5 mg/mL) was utilized for staining the cell nuclei. 
The TUNEL-positive cells were visualized using 
a fluorescence microscope (Olympus Corporation, 
Tokyo, Japan). Five random separate fields were 
employed to calculate the number of TUNEL-positive 
cells.

RT-qPCR Analysis
Total RNA was extracted from cells using TRIzol® 

(Thermo Fisher Scientific, Inc) and processed as recom
mended by the manufacturer’s specifications. 
Subsequently, complementary DNA (cDNA) was synthe
sized using the obtained total RNA with a reverse tran
scription kit (Beijing Transgen Biotech Co., Ltd., China). 
qPCR was performed using SYBR Green Supermix (Bio- 
Rad Laboratories, Inc.) on the ABI 7500 system (Applied 
Biosystems; Thermo Fisher Scientific, Inc.). Comparative 
mRNA levels of target genes were calculated by the 
2−ΔΔCq method. U6 and GADPH were used as internal 
standards.

Western Blot Analysis
For the isolation of proteins, cells were lysed in ice-cold 
cell extraction buffer (Beyotime Institute of 
Biotechnology). Then, the concentration of protein was 
quantified by the bicinchoninic acid (BCA) protein 
assay (Beyotime Institute of Biotechnology). A total of 
40 µg protein was subjected to 10% sodium dodecyl 
sulfate polyacrylamide gel electrophoresis (SDS-PAGE) 
and transferred to a nitrocellulose blotting membrane 
(GE Healthcare Life Science, Germany). Then, the 
membrane was blocked with 5% skim milk at room 
temperature for 1.5 h. Subsequently, the transferred 
membranes were incubated with the primary antibodies 
at 4°C overnight. After being washed three times with 
TBST, these blots were incubated with HRP-conjugated 
secondary antibody at room temperature for 1 h. The 
immunoreactive protein bands on the membranes were 
visualized using the Odyssey Infrared Imaging System 
(LI-COR Biosciences). GAPDH was used for normal
ization. Anti-Bcl-2 (cat. no 4223T), anti-Bax (cat. no 
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5023T), anti-cleaved caspase-3 (cat. no 9664S), anti- 
cleaved caspase-9 (cat. no 20750S) and anti- 
glyceraldehyde 3-phosphate dehydrogenase (GAPDH; 
cat. no 5174S) antibodies were the products of Cell 
Signaling Technology, Inc. (Boston, MA, USA).

Statistical Analysis
Three biological replicates were included in each experi
ment. Data were presented as the mean ± standard devia
tion. One-way analysis of variance was used to assess 
multiple differences, followed by a Tukey’s post hoc test 
with SPSS 19.0 software (IBM Corp., Armonk, NY, USA). 

P < 0.05 was considered to indicate a statistically signifi
cant difference.

Results
DHM Alleviates Oxidative Stress in 
HG-Induced ARPE 19 Cells
To study the effects of DHM on DR in vitro, cell 
viability was firstly determined using a CCK-8 kit to 
evaluate the cytotoxicity of DHM on ARPE 19 cells. 
Results displayed in Figure 1A indicated that there was 
no significant difference in DHM-treated ARPE 19 
cells compared with the untreated group. Then, HG 

Figure 1 DHM attenuates HG-induced oxidative stress in ARPE 19 cells. (A) Cell viability was examined using a CCK-8 kit when ARPE 19 cells were treated with different 
dose of DHM. (B) Cell viability was detected using a CCK-8 kit when ARPE 19 cells were stimulated with HG in the presence or absence of DHM. (C) The production of 
intracellular ROS was measured using DCFH-DA as a fluorescence probe. (D–F) The levels of oxidative stress-related markers including SOD, CAT and GSH were evaluated 
using the commercially available kits. ***P<0.001 vs MA; #P<0.05, ##P<0.01, ###P<0.001 vs HG. 
Abbreviations: DHM, Dihydromyricetin; HG, high glucose; NG, normal glucose; MA, mannitol; CCK-8, Cell Counting Kit-8; ROS, reactive oxygen species; DCFH-DA, 2ʹ, 
7ʹ-dichlorodihydrofluorescein diacetate; SOD, superoxide dismutase; CAT, catalase; GSH, glutathione.
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was employed to stimulate cells to simulate the DR 
model in vitro. As shown in Figure 1B, cell viability 
was notably decreased after HG challenge relative to 
the MA group and the osmotic pressure control group. 
By contrast, significant elevation of cell viability was 
observed following DHM intervention. Subsequently, 
the production of intracellular ROS was detected. It 
was observable from Figure 1C that HG stimulation 
triggered the marked increase of intracellular ROS 
compared with the MA group, while DHM dose- 
dependently decreased it in ARPE 19 cells. 
Consistently, the activities of SOD, CAT antioxidases, 
and the content of GSH were apparently reduced after 
HG challenge. However, these changes in oxidative 
stress-related markers were dose-dependently reversed 
in DHM-treated group (Figure 1D–F). These results 
suggest that DHM attenuates HG-induced oxidative 
stress in ARPE 19 cells.

DHM Inhibits Apoptosis in 
HG-Stimulated ARPE 19 Cells
To clarify the role of DHM in apoptosis of HG-induced ARPE 
19 cells, cell apoptosis was determined using TUNEL stain
ing. As exhibited in Figure 2A and B, HG exposure led to 
significant elevation in apoptotic ARPE 19 cells compared 
with the MA group. It was worth noting that DHM abated the 
impacts of HG induction on cell apoptosis in a concentration- 
dependent way. Additionally, results obtained from Western 
blot analysis presented that the expression of anti-apoptotic 
protein Bcl-2 was notably downregulated in the HG model 
group relative to the osmotic pressure control group, accom
panied by upregulated expression of pro-apoptotic proteins 
including Bax, cleaved caspase-3 and cleaved caspase-9 
(Figure 3). On the contrary, DHM pretreatment reversed the 
expression of above mentioned apoptosis-related proteins 
compared with the HG group. These observations reveal 
that DHM inhibits HG-induced apoptosis in ARPE 19 cells.

Figure 2 DHM suppresses apoptosis in HG-stimulated ARPE 19 cells. (A) Apoptosis of HG-induced ARPE 19 cells in the presence or absence of DHM was measured using 
TUNEL staining. (B) The quantification of apoptotic cells. ***P<0.001 vs MA; ###P<0.001 vs HG. 
Abbreviations: DHM, Dihydromyricetin; HG, high glucose; NG, normal glucose; MA, mannitol; TUNEL, terminal-deoxynucleoitidyl transferase mediated nick end labeling 
(TUNEL) staining.
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MiR-34a Overexpression Restores the 
Inhibitory Effects of DHM on Oxidative 
Stress in ARPE 19 Cells Exposed to HG
To explore the underlying regulatory mechanisms of 
DHM in HG-stimulated ARPE 19 cells, the expression 
of miR-34a was detected using RT-qPCR. Significantly 
enhanced miR-34a expression in ARPE 19 cells was 
found after HG challenge as compared to the MS group, 
while DHM downregulated the level of miR-34a relative 
to the HG group (Figure 4A). To further investigate 
whether DHM could work in HG-exposed ARPE 19 
cells through regulation miR-34a expression, miR-34a 
was overexpressed by transfection with miR-34a mimic, 
and notably enhanced miR-34a expression was observed 
after transfection (Figure 4B). Afterwards, the levels of 
oxidative stress-associated markers were tested. As 
exhibited in Figure 4C–F, the elevated content of ROS 
and reduced levels of SOD, CAT and GSH induced by 
HG stimulation were remarkably restored following 
DHM intervention. These data provide evidence that 

DHM attenuates HG-induced oxidative stress in ARPE 
19 cells via inhibiting miR-34a expression.

MiR-34a Overexpression Abrogates the 
Impact of DHM on Apoptosis in 
HG-Induced ARPE 19 Cells
Subsequently, cell apoptosis was assessed after miR-34a 
overexpression in ARPE 19 cells exposed to HG in the 
presence or absence of DHM. As shown in Figure 5A and 
B, there was no significant difference on cell apoptosis 
between DHM group and DHM plus mimic-NC group in 
ARPE 19 cells with HG challenge, while cell apoptosis 
was apparently increased after miR-34a overexpression 
relative to the mimic-NC group. Concurrently, overexpres
sion of miR-34a dramatically decreased the expression 
level of Bcl-2 while increased those of Bax, cleaved cas
pase-3 and cleaved caspase-9 compared with the mimic 
control group (Figure 6). Through the above findings, we 
proved that DHM mitigates HG-induced apoptosis of 
ARPE 19 cells via inhibiting miR-34a expression.

Figure 3 DHM affects the expression of apoptosis-related proteins in ARPE 19 cells exposed to HG. The expression of Bcl-2, Bax, cleaved caspase-3 and cleaved caspase-9 
was evaluated using Western blot analysis. ***P<0.001 vs MA; #P<0.05, ##P<0.01, ###P<0.001 vs HG. 
Abbreviations: DHM, Dihydromyricetin; HG, high glucose; NG, normal glucose; MA, mannitol.

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                           

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2021:14 392

Li and Xiao                                                                                                                                                           Dovepress

http://www.dovepress.com
http://www.dovepress.com


Discussion
DR seriously endangers the health of human beings, which 
can lead to visual impairment and even legal blindness.27 

RPE cells play particularly significant roles in the main
tenance and survival of photoreceptors, and the apoptosis 
of the RPE related to oxidative stress.28 RPE cells were 
widely used as in vitro models for DR research, and HG- 
triggered oxidative stress and apoptosis of RPE cells con
tributed to the occurrence and progression of DR.9 The 
present study demonstrated that DHM, a natural flavanol 

compound isolated from Ampelopsis grossedentata, could 
protect ARPE 19 cells from oxidative stress and apoptosis 
by downregulating miR-34a expression in high-glucose 
environments.

Mounting evidence has supported that diabetes- 
associated hyperglycaemia can result in a rise in ROS 
production within the retina, which is considered as 
a major causative factor for DR development.29,30 ROS 
increases the chronological age of cells and reduces the 
mitochondrial function in RPE cells, causing cell damage. 

Figure 4 MiR-34a expression alleviates the inhibitory effects of DHM on oxidative stress in ARPE 19 cells exposed to HG. (A) The expression of miR-34a was determined 
using RT-qPCR in HG-stimulated ARPE 19 cells in the presence or absence of DHM. ***P<0.001 vs MA; ##P<0.01 vs HG. (B) MiR-34a expression was detected by RT-qPCR 
after transfection with miR-34a mimic. ***P<0.001 vs mimic-NC. (C) Representative microscopic picture of cells emitting fluorescence of DCFH-DA. (D–F) The activities of 
SOD and CAT as well as the content of GSH were evaluated using the commercially available kits. ***P<0.001 vs HG; #P<0.05, ##P<0.01, ###P<0.001 vs HG+DHM+mimic- 
NC. 
Abbreviations: DHM, Dihydromyricetin; HG, high glucose; NC, negative control; ROS, reactive oxygen species; DCFH-DA, 2ʹ, 7ʹ-dichlorodihydrofluorescein diacetate; 
SOD, superoxide dismutase; CAT, catalase; GSH, glutathione.
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Repeated cell exposure to oxidative stress leads to the 
insufficient activity of cellular antioxidant enzymes 
responding to ROS, contributing to the inability of RPE 
cells to prevent the consequent damages.31 Excess intracel
lular ROS brings about the damage of macromolecules and 
acts as cellular messengers to activate a cascade of bio
chemical and molecular events and disrupt the normal 
mechanisms of cellular signaling, which leads to the dis
ruption of normal retinal cellular physiology and 
apoptosis.12,13 Therefore, anti-oxidation and anti-apoptosis 
may represent a promising therapy for the treatment of DR. 
DHM, also known as ampelopsin, is a dihydroflavonol fla
vonoid that is found in ampelopsis. A previous study has 
proven that DHM prevents fatty liver via inhibiting oxida
tive stress and apoptosis in a fatty liver rat model.32 DHM 
alleviates oleic acid-induced lipid accumulation in LO2 and 
HepG2 cells by suppressing lipogenesis and oxidative 
stress.33 DHM ameliorates oxidative stress and apoptotic 
damage of human umbilical vein endothelial cells induced 
by sodium nitroprusside.18 It is noteworthy that DHM pro
tects against diabetic cardiomyopathy and diabetic 
nephropathy.21,22 In this study, the significant inhibitory 
effects of DHM on HG-induced oxidative stress and apop
tosis in ARPE 19 cells was observed, suggesting the pro
tective effects of DHM on DR.

Aberrant expressions of multiple miRNAs are closely 
related to oxidative stress and DR development.34,35 It is 

worthy of note that miR-34a was over-expressed in Type 2 
diabetes mellitus and diabetes mellitus patients, and 
sequence variation in miR-34a is associated with diabetes 
mellitus susceptibility in a southwest Chinese Han 
population.36 A growing body of literature has shown 
that miR-34a is involved in the occurrence and progression 
of diabetes complications, such as diabetic cardiomyopa
thy, diabetes mellitus-induced vascular endothelial dys
function and diabetic nephropathy.37–39 Emerging 
evidence supports that miR-34a was high expression in 
HG-induced retina epithelial cells, and miR-34a knock
down could suppress HG-induced apoptosis and secretion 
of inflammation cytokines.40 Of note, DHM was reported 
to prevent diabetic cardiomyopathy via miR-34a suppres
sion by activating autophagy.21 Therefore, whether the 
functions of DHM works in HG-exposed ARPE 19 cells 
through regulation of miR-34a expression was investigated 
in this study, and the findings demonstrated that miR-34a 
blocks the inhibitory effects of DHM on oxidative stress 
and apoptosis in ARPE 19 cells after HG exposure.

Conclusion
Taken together, these investigations for the first time deli
neated that DHM protects RPE cells from HG-induced 
oxidative stress and apoptosis. The protective effects are 
mediated by the downregulation of miR-34a expression. 
These findings corroborated that DHM could possess 

Figure 5 MiR-34a overexpression blocks the impact of DHM on apoptosis in HG-induced ARPE 19 cells. (A) Representative images of cell apoptosis. (B) The quantification 
of apoptotic cells. ***P<0.001 vs HG; ##P<0.01 vs HG+DHM+mimic-NC. 
Abbreviations: DHM, Dihydromyricetin; HG, high glucose; NG, normal glucose; NC, negative control.
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a therapeutic significance in the treatment and prevention 
of DR, offering experimental and scientific evidence for 
the potential of using DHM as a therapeutic agent in 
clinical DR patients. However, the lack of study in vivo 
is a limitation of the present research. Therefore, further 
experiments will be performed in the future investigations.
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