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Abstract. Oxidative stress is considered a crucial mediator 
in the pathogenesis of various liver diseases. The flavone 
diosmetin has been reported to exhibit antioxidant activities; 
however, the hepatoprotective effects of diosmetin against 
oxidative stress, and the underlying molecular mechanisms, 
remain unknown. The present study aimed to investigate the 
potential hepatoprotective effects of diosmetin on hydrogen 
peroxide (H2O2)‑induced oxidative damage in L02 cells and 
attempted to evaluate the role of the nuclear factor erythroid 
2‑related factor 2 (Nrf2)/antioxidant response element 
pathway in this process. L02 cells were divided into groups: 
Control (DMSO, diosmetin), H2O2, Trolox or tertiary butyl-
hydroquinone and diosmetin (different doses). Protective 
effects in L02 cells were determined by CCK‑8, cell apoptosis 
and lactate dehydrogenase leakage assays. Flow cytometry 
and inverted fluorescence microscope were used to measure 
the intracellular reactive oxygen species (ROS) and mito-
chondrial membrane potential (MMP). Protein expression 
levels were of Nrf2, heme oxygenase‑1 (HO‑1) and NAD(P)
H quinone oxidoreductase‑1 (NQO1) were determined by 
western blotting and mRNA levels were determined by reverse 
transcription‑quantitative polymerase chain reaction. The 
results revealed that H2O2 induced notable injury to L02 cells, 
as demonstrated by decreased cell viability, increased lactate 
dehydrogenase release, apoptotic rate and intracellular ROS 
production, and by the loss of MMP. Conversely, diosmetin 

(20‑40 µM) significantly reversed the damaging effects of 
H2O2, which indicated that diosmetin may exhibit potent hepa-
toprotective potential against H2O2‑induced oxidative damage. 
Furthermore, pretreatment with diosmetin elevated mRNA 
and protein expression levels of Nrf2, HO‑1 and NQO1. The 
present study is the first, to the best of our knowledge, to 
demonstrate that activation of the Nrf2/NQO1‑HO‑1 signaling 
pathway maybe involved in the cytoprotective effects of dios-
metin against oxidative stress. Therefore, diosmetin may be 
considered a promising therapeutic agent for the treatment of 
various liver diseases associated with oxidative stress.

Introduction

Oxidative stress occurs when redox homeostasis is disrupted, 
which is usually accompanied by damaging effects to cell 
survival. Additionally, oxidative stress has been implicated in 
various pathologies, including liver diseases, neurodegenera-
tive diseases, cardiovascular diseases, cancer and diabetes (1‑3). 
Overproduction of reactive oxygen species (ROS) is considered 
to serve a prominent role in oxidative stress; high concentra-
tions of ROS may result in cell death and damage to cellular 
structures involving DNA, lipids and protein. Generally, the 
cellular antioxidant defense system counterbalances ROS 
production to maintain an appropriate balance between 
oxidants and antioxidants (4). Therefore, antioxidant therapy 
may be one strategy to prevent cells from excessive exposure 
to oxidative stress and correct cellular redox homeostasis (5).

Recent studies have demonstrated that the transcription 
factor nuclear factor erythroid 2‑related factor 2 (Nrf2) tightly 
regulates the cellular antioxidant system (6‑8). Nrf2 binds to 
and mediates the activation of antioxidant response element 
(ARE)‑dependent antioxidant target genes, including heme 
oxygenase‑1 (HO‑1), NAD(P)H quinone oxidoreductase‑1 
(NQO1), superoxide dismutase (SOD1 and 2), catalase, gluta-
thione peroxidase (GPx)1, GPx2, GPx4 and glutathione (6). 
The Nrf2‑ARE signaling pathway is known to be one of the 
important ROS‑induced physiological mechanisms in defense 
against oxidative damage (9). Therefore, the induction of Nrf2 
and further upregulation of antioxidant genes is considered an 
important pathway to prevent diseases induced by oxidative 
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stress, including liver diseases, such as hepatitis, alcoholic and 
non‑alcoholic fatty liver diseases (10).

Previous studies have demonstrated that natural prod-
ucts, including flavonoids, may be used as regulators of the 
Nrf2‑ARE signaling system in Nrf2 activation. Diosmetin 
(3',5,7‑trihydroxy‑4'‑methoxyflavone) is a flavone initially found 
in the legume Acacia farnesiana Wild and Olea europaea L. 
leaves (11,12). Diosmetin occurs naturally in various sources, 
including citrus fruits, oregano and some specific medic-
inal herbs, including Chrysanthemum  morifolium, 
Origanum vulgare, Robiniapseudoacacia, Rosa agrestis and 
Lespedeza davurica (13). Pharmacologically, diosmetin has 
been reported to exhibit antioxidant (14,15), antimicrobial (16), 
anti‑inflammatory (17), anticancer (18) and estrogenic (19) 
activities, and is used in traditional Mongolian medicine to 
treat liver diseases (20). However, to date, very few studies have 
focused on the hepatoprotective effects of diosmetin against 
hydrogen peroxide (H2O2)‑induced liver cell damage, and the 
underlying molecular mechanism involved in the expression of 
antioxidant genes remains to be elucidated.

The present study aimed to demonstrate the protective 
effects of diosmetin against H2O2‑induced oxidative stress 
in the normal human liver cell line L02 and to evaluate its 
role in activation of the Nrf2‑ARE signaling pathway for 
cytoprotection.

Materials and methods

Cell culture and treatment. Human normal hepatocytes 
(L02 cells) obtained from Nanjing Key Gen Biotech Co., 
Ltd. (Nanjing, China) were cultured in RPMI‑1640 medium 
(HyClone; GE Healthcare, Chicago, IL, USA) supplemented 
with 10% fetal bovine serum (HyClone; GE Healthcare) and 
100 U/ml penicillin‑streptomycin at 37˚C in a humidified 
atmosphere containing 5% CO2. Diosmetin (Nanjing Zelang 
Medical Technological Co., Ltd., Nanjing, China) stock solu-
tion was prepared in dimethyl sulfoxide (DMSO) and diluted 
with RPMI‑1640 medium (2.5, 5, 10, 20, 30 and 40 µM) prior 
to experimentation. Cells in the negative control group were 
treated with DMSO alone at a final concentration of <0.1% 
(v/v). The positive control was treated with Trolox (40 µM, 
Sigma‑Aldrich; Merck KGaA, Darmstadt, Germany) or t‑BHQ 
(30 µM, Sigma‑Aldrich; Merck KGaA). In vitro oxidative 
stress cell damage models were induced by 200 µM H2O2 

(Sigma‑Aldrich; Merck KGaA).

Cell viability, cell apoptosis and lactate dehydrogenase (LDH) 
leakage assays. L02 cells were seeded in 96‑well plates at a 
density of 5x103 cells/well and cultured overnight. Subsequently, 
cells were pretreated with various concentrations of diosmetin 
(0‑40 µM), Trolox (40 µM) or t‑BHQ (30 µM) for 24 h at 37˚C 
prior to exposure to 200 µM H2O2 for 6 h at 37˚C. Cell viability 
was estimated using the Cell Counting kit‑8 colorimetric assay 
(Dojindo Molecular Technologies, Inc., Kumamoto, Japan) 
according to the manufacturer's protocol. The release of LDH 
was evaluated using an LDH assay kit (Nanjing Jiancheng 
Bioengineering Institute, Nanjing, China) according to the 
manufacturer's protocol. The proportions of apoptotic cells 
were evaluated using an Annexin V/fluorescein isothiocyanate 
staining kit (Beyotime Institute of Biotechnology, Haimen, 

China) according to manufacturer's protocol. All cells were 
analyzed by flow cytometry (BD Accuri™ C6 1.0.264.21, BD 
Biosciences, San Jose, CA, USA).

Measurement of intracellular ROS and mitochondrial 
membrane potential (MMP). Intracellular ROS production 
was detected using an intracellular ROS assay kit (Beyotime 
Institute of Biotechnology) and MMP was measured using 
rhodamine 123 (Rh123; Sigma‑Aldrich; Merck KGaA). Cells 
(5x105 cells/well) were pretreated with various concentrations 
of diosmetin and t‑BHQ (30 µM) for 24 h at 37˚C, and were 
then incubated with 200 µM H2O2 for 6 h at 37˚C. Following 
staining with 2',7'‑dichlorodihydrofluorescein diacetate 
(DCFH‑DA, in the ROS assay kit; 10 µM) for 20 min or 
Rh123 (1 µM) for 30 min at 37˚C, cells were analyzed by flow 
cytometry (BD Accuri™ C6 1.0.264.21, BD Biosciences, San 
Jose , CA, USA), images of the stained cells were observed 
under an inverted fluorescence microscope (IX71;Olympus 
Corporation, Tokyo, Japan).

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). Total RNA was extracted from L02 cells using 
TRIzol® reagent (Invitrogen; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA) and was reverse transcribed into cDNA 
using a PrimeScript™ RT reagent kit (Takara Bio, Inc., Otsu, 
Japan) according to manufacturer's protocol. RT‑qPCR was 
conducted using SYBR® Premix Ex Taq™ II kit (Takara 
Bio, Inc.) on an Applied Biosystems Quant Studio™ 6 Flex 
thermocycler (Thermo Fisher Scientific, Inc.). The RT‑qPCR 
conditions were as follows: 95˚C for 30 sec, 40 cycles of ampli-
fication (95˚C for 5 sec, 60˚C for 30 sec, and 72˚C for 30 sec), 
and 95˚C for 15 sec, 60˚C for 1 min, 95˚C for 15 sec. The PCR 
primers used were as follows: Nrf2 forward, 5'‑GCG​ACG​GAA​
AGA​GTA​TGA​GC‑3', and reverse, 5'‑ACC​TGG​GAG​TAG​TTG​
GCA​GA‑3';HO‑1 forward, 5'‑CTG​ACC​CAT​GAC​ACC​AAG​
GAC‑3', and reverse, 5'‑AAAGCCCTACAGCAACTGTCG‑3'; 
NQO1 forward, 5'‑GGC​AGA​AGA​GCA​CTG​ATC​GTA‑3', 
and reverse, 5'‑TGA​TGG​GAT​TGA​AGT​TCA​TGG​C‑3'; and 
GAPDH forward, 5'‑ACG​GAT​TTG​GTC​GTA​TTG​GG‑3' and 
reverse, 5'‑TGA​TTT​TGG​AGG​GAT​CTC​GC‑3'. The 2‑ΔΔCq 

method was used for quantitative calculation (21).

Western blot analysis. Following treatments, cells were lysed 
using radioimmunoprecipitation assay lysis buffer (Beyotime 
Institute of Biotechnology). The lysates were centrifuged 
at 12,000 x g for 10 min at 4˚C, and the supernatants were 
collected and stored at ‑80˚C. Protein concentrations were 
determined using a Bicinchoninic Acid assay kit (Beyotime 
Institute of Biotechnology). Equivalent amounts of lysate 
protein (50  µg) were separated by 10% SDS‑PAGE and 
were then transferred to polyvinylidene fluoride membranes 
(EMD Millipore, Billerica, MA, USA). The membranes were 
blocked with 5% skimmed milk powder diluted in TBS with 
Tween 20 at room temperature for 1 h. Then membranes were 
probed with monoclonal anti‑Nrf2 (1:2,000; cat. no. ab62352), 
HO‑1 (1:20,000; cat. no.  ab68477), NQO1 (1:20,000; cat. 
no. ab80588; Abcam, Cambridge, UK) and β‑actin primary 
antibodies (1:5,000; cat. no. T0022; Affinity Biosciences, 
Cincinnati, OH, USA) overnight at 4˚C, and were then incu-
bated with goat anti‑rabbit (1:6,000; cat. no.  33101ES60) 



MOLECULAR MEDICINE REPORTS  17:  7331-7338,  2018 7333

or anti‑mouse (1:6,000; cat. no.  33201ES60) horseradish 
peroxidase‑conjugated secondary antibodies (YEASEN 
Biosciences, Shanghai, China; ww.yeasen.com) for 1 h at room 
temperature. Blots were visualized using an enhanced chemi-
luminescent method (EMD Millipore) and were analyzed 
using a gel image analysis system (Bio‑Rad ChemiDoc XRS; 
Bio‑Rad Laboratories, Inc., Hercules, CA, USA).

Small interfering RNA (siRNA) assays. Nrf2 siRNAs 
(cat. no.  siB140820100848) and a negative control (cat. 
no.  siP01001) were purchased from Guangzhou RiboBio, 
Co., Ltd. (Guangzhou, China). siRNAs (100 nM) were trans-
fected into L02 cells for 24 h at 37˚C using Lipofectamine® 
2000 reagent (Invitrogen; Thermo Fisher Scientific, Inc.) prior 
to H2O2/diosmetin treatment. Subsequently, the expression 
levels of Nrf2, HO‑1 and NQO1 were detected by western 
blotting; β‑actin was used as an internal control.

Statistical analysis. Data are expressed as the mean ± standard 
deviation, and the differences in mean values were analyzed by 
one‑way analysis of variance followed by the least significant 
difference test. P<0.05 was considered to indicate a statisti-
cally significant difference. Data were analyzed using SPSS 
version 16.0 (SPSS, Inc., Chicago, IL, USA).

Results

Diosmetin attenuates H2O2‑induced L02 cell cytotoxicity. 
The viability of cells treated with diosmetin alone was 
similar to that of the control group. However, compared with 
in the control group, cells exposed to 200 µM H2O2 for 6 h 
revealed a significant decrease in cell viability (54.7±6.9%; 
P<0.01). Conversely, the viability of cells pretreated with 
various concentrations of diosmetin (2.5, 5, 10, 20, 30 and 
40 µM) was restored in a dose‑dependent manner; with the 
exception of the 2.5 µM‑treated group, the cell viability of the 
other diosmetin‑treated groups were significantly increased 
compared with in the H2O2‑treated group (P<0.05 and P<0.01). 
The cytoprotective effects of 20, 30 and 40 µM diosmetin were 
similar to those exerted by the positive control 40 µM Trolox, 
and there were no significant differences in cell viability 
among these groups (P>0.05; Fig. 1A).

As presented in Fig. 1B, the cellular LDH release assay 
demonstrated that the LDH levels in the culture medium of 
H2O2‑treated cells were significantly increased compared with 
in the control group (P<0.01). The LDH levels were not mark-
edly different between the control group and the group treated 
with diosmetin alone (P>0.05). Pretreatment with the lowest 
concentration of diosmetin (2.5 µM) for 24 h prior to H2O2 

exposure significantly reduced LDH release (P<0.01), and 
diosmetin reduced LDH release in a dose‑dependent manner 
(2.5‑40 µM). The highest concentration of diosmetin (40 µM) 
exerted a similar effect to the positive control (40 µM Trolox). 
These findings indicated that diosmetin exerted protective 
effects against H2O2‑induced cytotoxicity, as demonstrated by 
LDH release and cell viability assays.

There were also significant differences in the rates of 
cell apoptosis and death among the various groups. In cells 
treated with 200 µM H2O2, the cell apoptotic rate (47.1±5.5%) 
was much greater than in the control group (0.7±0.2%, 

P<0.0001). However, pretreatment with increasing concentra-
tions of diosmetin (5, 15 and 30 µM) significantly reduced 
H2O2‑induced cell apoptosis in a concentration‑dependent 
manner (Fig. 1C and D).

Diosmetin inhibits H2O2‑induced intracellular ROS 
accumulation and MMP loss. To directly determine the 
production of intracellular ROS, DCFH‑DA‑labeled cells 
were measured using an inverted fluorescence microscope 
(Fig. 2A). The results demonstrated that the control group of 
cells exhibited very weak green fluorescence; however, the 
fluorescence intensity of H2O2‑exposed cells was markedly 
enhanced. Conversely, diosmetin pretreatment reduced the 
effects of H2O2 on fluorescence intensity.

As illustrated in Fig. 2B and C, when cells were treated with 
200 µM H2O2 alone, the intracellular ROS level was more than 
three times that of the control group. However, pretreatment 
with increasing concentrations of diosmetin (5, 15 and 30 µM) 
significantly attenuated H2O2‑induced ROS accumulation in a 
concentration‑dependent manner (P<0.01). In addition, 30 µM 
diosmetin inhibited ROS accumulation to a similar level as 
that in the positive control group, which was treated with 
tertiary butylhydroquinone (t‑BHQ, 30 µM).

As presented in Fig. 3A and B, the MMP of L02 cells 
treated with diosmetin alone was similar to that of the control 
group. However, in L02 cells treated with 200 µM H2O2, 
MMP was significantly decreased (68.5±5.3%) compared 
with in the control group (P<0.01). Conversely, pretreatment 
with diosmetin significantly prevented the loss of MMP in 
a dose‑dependent manner (P<0.05 or P<0.01). Furthermore, 
30  µM diosmetin exhibited a similar inhibitory effect to 
30 µM t‑BHQ. These results further supported the conclusion 
reached by observations made under fluorescence micros-
copy (Fig. 3C).

Diosmetin upregulates Nrf2, NQO1 and HO‑1 expression in 
H2O2‑stressed L02 cells. The Nrf2‑ARE signaling pathway 
is known to serve a pivotal role in cellular defense against 
oxidative stress. Since diosmetin may attenuate H2O2‑induced 
oxidative stress in L02 cells, it was hypothesized that treatment 
with diosmetin may activate expression of the transcription 
factor Nrf2 and ARE‑dependent antioxidant target genes, 
including NQO1 and HO‑1. Therefore, activation of Nrf2, 
NQO1 and HO‑1 were investigated in diosmetin‑treated L02 
cells using western blot analysis and RT‑qPCR. As expected, 
pretreatment with diosmetin dose‑dependently increased the 
protein expression levels of Nrf2, NQO1 and HO‑1. Notably, 
30 µM diosmetin induced significant protein accumulation 
of Nrf2, NQO1 and HO‑1 compared with in the H2O2‑treated 
group (P<0.01; Fig. 4A and B).

To assess the functional role of diosmetin and Nrf2 in 
H2O2‑induced oxidative stress and damage, the present study 
investigated whether diosmetin may rescue the expression of 
Nrf2 inhibited by siRNA. The results revealed that transient 
inhibition of Nrf2 by siRNA resulted in significant downregu-
lation of HO‑1 and NQO1 in three groups (control, H2O2 and 
diosmetin; Fig. 4C and D). However, treatment with 30 µM 
diosmetin rescued the inhibitory effects of Nrf2 siRNA to a 
certain extent compared with in the H2O2‑induced group, and 
increased the expression of Nrf2, HO‑1 and NQO1 (P<0.01 or 
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P<0.05). Furthermore, pretreatment with diosmetin and t‑BHQ 
also led to a significant increase in the mRNA expression 
levels of Nrf2, NQO1 and HO‑1 in a dose‑dependent manner 
(Fig. 4E).

Collectively, these data suggested that treatment with 
certain concentrations of diosmetin may activate the expression 
of Nrf2, which may regulate transcription of the antioxidant 
enzymes HO‑1 and NQO1. Furthermore, increased expression 
of HO‑1 and NQO1 may protect L02 cells from H2O2‑induced 
oxidative stress and damage (Fig. 4F).

Discussion

Oxidative stress has been reported to be involved in the 
pathogenesis of numerous human diseases, including hepatitis, 
alcoholic and non‑alcoholic fatty liver diseases (2,22). It is 
widely believed that natural antioxidant products have broad 
protective effects against oxidative stress. Therefore, searching 
for natural antioxidant compounds with effective cytoprotec-
tive potential may provide novel therapeutic strategies for liver 
diseases. H2O2‑induced cell injury is a broadly accepted cell 
model for evaluating the hepatoprotective effects of natural 
antioxidant compounds (23). The present study demonstrated 
that diosmetin may attenuate H2O2‑induced L02 cell injury by 
increasing cell viability, decreasing LDH release and blocking 

the loss of MMP. The protective effects of diosmetin against 
H2O2‑induced L02 cell damage were associated with reduced 
ROS levels, activation of Nrf2 and upregulation of down-
stream phase II detoxifying enzymes, including HO‑1 and 
NQO1. To the best of our knowledge, the present study is the 
first to demonstrate that diosmetin possessed potent hepato-
protective effects and suppressed numerous molecular events, 
which are implicated in oxidative stress, via activation of the 
ROS/Nrf2/NQO1‑HO‑1 signaling axis in human hepatocytes. 
Consequently, the findings of the present study indicated that 
diosmetin, as a natural antioxidant, may be used as a pharma-
cologically effective drug against oxidative liver disorders.

Two previous studies revealed that diosmetin exhibited 
antioxidant effects in other cell types. Ge et al (24) demon-
strated that diosmetin may inhibit transforming growth 
factor‑β1‑induced intracellular ROS generation in human 
bronchial epithelial cells. Liao et al (14) reported that dios-
metin may effectively attenuate 2,2‑azobis(2‑amidinopropane) 
dihydrochloride‑induced erythrocyte hemolysis and 
CuCl2‑induced plasma oxidation via the prevention of intra-
cellular ROS generation. In addition, the antioxidant activity 
of diosmetin was revealed in a 1,1‑diphenyl‑2‑picrylhydrazyl 
model system in vitro (15). However, to the best of our knowl-
edge, there are no studies available to date regarding the effects 
of diosmetin on H2O2‑induced oxidative stress in human 

Figure 1. Protective effects of diosmetin on H2O2‑induced L02 cell damage. (A) Cell viability was measured by Cell Counting kit‑8 assay. (B) LDH levels in 
the culture medium were assessed using an LDH assay kit. (C) Apoptotic rates were detected using Annexin V‑FITC/PI by flow cytometry. (D) Quantitative 
analysis of apoptotic rates. Data are expressed as the mean ± standard deviation of four independent experiments. ##P<0.01 and ####P<0.0001 vs. the control 
group. *P<0.05, **P<0.01 and ***P<0.001 vs. the H2O2 model group. FITC, fluorescein is thiocyanate; H2O2, hydrogen peroxide; LDH, lactate dehydrogenase; 
PI, propidium iodide; t‑BHQ, tertiary butylhydroquinone.
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Figure 2. Detection of intracellular ROS. (A) Representative bright‑field photomicrographs and photomicrographs of DCFH‑DA fluorescence staining, as 
used to detect ROS production under an inverted fluorescence microscope. (B) Intracellular ROS levels were detected using DCFH‑DA by flow cytometry. 
(C) Quantitative analysis of the mean DCF fluorescence intensity. Data are expressed as the means ± standard deviation of three independent experiments. 
##P<0.01 vs. the control group. **P<0.01 vs. the H2O2 model group. DCFH‑DA, 2',7'‑dichlorodihydrofluorescein diacetate; H2O2, hydrogen peroxide; ROS, 
reactive oxygen species; t‑BHQ, tertiary butylhydroquinone.

Figure 3. Effects of diosmetin on H2O2‑induced MMP loss in L02 cells. (A) MMP was determined using rhodamine 123 by flow cytometry. (B) Quantitative 
analysis of mean rhodamine 123 fluorescence intensity. (C) Representative bright‑field photomicrographs and photomicrographs of MMP fluorescence were 
observed under an inverted fluorescence microscope. Data are expressed as the mean ± standard deviation of three independent experiments. ##P<0.01 vs. 
the control group. *P<0.05 and **P<0.01 vs. the H2O2 model group. H2O2, hydrogen peroxide; MMP, mitochondrial membrane potential; t‑BHQ, tertiary 
butylhydroquinone.
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liver cells. The results of the present study revealed that cells 
pretreated with diosmetin exhibited significantly increased 
cell viability and reduced LDH release compared with in cells 
exposed to H2O2 alone, and the effects were similar to those of 
the positive control Trolox. Another property positive control 
t‑BHQ was also used to demonstrate the protective effects 
of diosmetin. These results indicated that diosmetin exhibits 
an excellent antioxidant capacity to attenuate H2O2‑induced 
oxidative stress in human hepatocytes.

Oxidative stress is considered to serve a marked role in the 
development of mitochondrial dysfunction, thus contributing to 
increased mitochondrial membrane permeability and resulting 
in depolarization of the MMP (25). Furthermore, a reduction 
in mitochondrial integrity may increase ROS production and 
decrease adenosine triphosphate production  (26). In addi-
tion, high levels of ROS may in turn damage mitochondrial 
function, resulting in irreversible membrane damage and 
eventually cell death (27). The present study reported that 

Figure 4. Effects of diosmetin on the expression levels of HO‑1, NQO1 and Nrf2 in H2O2‑induced L02 cells. (A) Relative protein expression levels of HO‑1, 
NQO1 and Nrf2 were detected by western blotting. (B) Scanning densitometry was used for semi‑quantitative analysis of western blotting. Data are presented as 
the mean ± standard deviation of three independent experiments. ##P<0.01 vs. the control group. *P<0.05 and **P<0.01 vs. the H2O2 model group. (C) Expression 
levels of HO‑1, NQO1 and Nrf2 following treatment with 100 nM Nrf2 siRNA and 30 µM diosmetin. (D) Scanning densitometry was used to semi‑quantify 
the results of western blotting. Data are presented as the mean ± standard deviation of three independent experiments. ***P<0.01 vs. Nrf2 siRNAs group with 
negative control. #P<0.05 and ##P<0.01 vs. the H2O2+ Nrf2 siRNA group. (E) Relative mRNA expression levels of HO‑1, NQO1 and Nrf2 were analyzed by 
reverse transcription‑quantitative polymerase chain reaction. #P<0.05 vs. the control group. *P<0.05 and **P<0.01 vs. the H2O2 model group. (F) Schematic 
representation of Nrf2‑ARE signaling pathway activation by oxidative stress and diosmetin. In the cytoplasm, Keap1 inhibits the Nrf2 signaling pathway by 
promoting Nrf2 ubiquitination. When oxidative stress occurs in L02 cells, diosmetin facilitates the dissociation of Nrf2‑Keap1, phosphorylation of Nrf2 and 
nuclear translocation. In the nucleus, Nrf2 promotes the expression of HO‑1, NQO1 and SOD antioxidants by binding to the ARE regions. ARE, antioxidant 
response element; H2O2, hydrogen peroxide; HO‑1, heme oxygenase‑1; Keap1, Kelch‑like ECH‑associated protein 1; NQO1, NAD(P)H quinone oxidoreduc-
tase‑1; Nrf2, nuclear factor erythroid 2‑related factor 2; siRNA, small interfering RNA; SOD, superoxide dismutase; t‑BHQ, tertiary butylhydroquinone.
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MMP was significantly decreased in H2O2‑treated L02 cells, 
whereas diosmetin pretreatment reduced the loss of MMP 
in a dose‑dependent manner, and the inhibitory effects of 
30 µM diosmetin were similar to those of the positive control 
(30 µM t‑BHQ). Therefore, the ability of diosmetin to main-
tain mitochondrial membrane integrity may be due to its ROS 
scavenging activity.

As a well‑characterized oxidative stress inducer, H2O2 

may trigger intracellular ROS generation in various human 
cell lines (28). Additionally, H2O2 is able to easily pass through 
the cell membrane via aquaporins or by simple diffusion, 
and evoke lipid peroxidation, and DNA and protein damage, 
which result in significant oxidative damage (29). The present 
study confirmed that cells exposed to H2O2 generated a large 
amount of ROS in L02 cells; however, when L02 cells were 
pretreated with diosmetin, the H2O2‑induced intracellular 
ROS accumulation was significantly attenuated. Therefore, 
the protective effects of diosmetin against H2O2‑induced 
cytotoxicity may be mainly attributed to its ROS scavenging 
capacity.

It has previously been indicated that antioxidants may 
exhibit their antioxidant activity not by directly scavenging 
intracellular oxidants, but by inducing the endogenous anti-
oxidant defense system (30). Activation of the antioxidant 
system is known to serve a significant role in cellular defense 
against oxidative impacts; detoxifying enzymes, including 
HO‑1 and NQO1, which are regulated by Nrf2, are impor-
tant parts of the system (4). Nrf2, which is a member of the 
cap ‘n’ collar family, is a basic leucine zipper transcription 
factor that serves as a critical regulator of antioxidants and 
detoxifying enzymes, in order to protect against oxida-
tive stress‑induced cell damage and apoptosis (31). When 
stimulated by inducers, Nrf2 is released from its cytosolic 
inhibitor, Kelch‑like ECH‑associated protein 1, after which 
translocases into the nucleus and binds to the ARE to promote 
the expression of numerous phase II enzymes, including 
NQO1 and HO‑1  (8,32). Since the Nrf2/ARE signaling 
pathway has been reported to offer protection against oxida-
tive damage, the induction of NQO1 and HO‑1 regulated by 
the Nrf2/ARE signaling pathway may provide a therapeutic 
strategy for liver diseases in cases of oxidative stress (33). 
However, the regulatory mechanisms involved in mediating 
Nrf2 activation are not yet fully understood. The present 
study hypothesized that increased expression of NQO1 and 
HO‑1 may be dependent upon activation of the Nrf2/ARE 
signaling pathway. As expected, the mRNA and protein 
expression levels of Nrf2 were increased in a dose‑dependent 
manner in diosmetin‑pretreated L02 cells, and the mRNA 
and protein expression levels of NQO1 and HO‑1 were also 
dose‑dependently increased. Collectively, the results of the 
present study indicated that diosmetin‑mediated protection 
against H2O2‑induced L02 cell injury may be attributed to 
upregulation ofHO‑1 andNQO1 via the Nrf2/ARE signaling 
pathway; to the best of our knowledge, the present study 
is the first to reveal activation of the Nrf2/ARE signaling 
pathway by diosmetin.

In conclusion, the present study demonstrated that dios-
metin may exert hepatoprotective effects against H2O2‑induced 
L02 cell damage by upregulating the expression of NQO1 
and HO‑1 via Nrf2 activation, which may contribute to the 

suppression of ROS generation and increased MP. Therefore, 
the findings of the present study provided a scientific basis for 
the hepatoprotective effects of diosmetin and suggested that 
it may be used as a promising natural protective agent for the 
treatment of various liver diseases associated with oxidative 
stress.
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