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Abstract. Natural phytochemicals of plant origin, including 
flavonoids, have been found to be potent antioxidants providing 
beneficial effects against oxidative stress‑related diseases. The 
present study was carried out to investigate the antioxidant 
properties of morin, a flavonoid originally isolated from the 
flowering plants of the Moraceae family. Superoxide dismutase 
(SOD)‑like activity and 2,2'‑azino‑bis‑(3‑ethylbenzothiazo-
line‑6‑sulfonic acid) (ABTS•+) radical scavenging activity were 
determined. We also investigated the cytoprotective effects of 
morin against hydrogen peroxide (H2O2)‑induced DNA damage 
and apoptosis in V79‑4 Chinese hamster lung fibroblasts. Our 

results demonstrated that morin had strong scavenging effects 
against ABTS•+ radicals with enhanced SOD activity, which 
varied in a dose‑dependent manner. Morin was found to reduce 
H2O2‑induced intracellular reactive oxygen species generation 
and nuclear DNA damage, and it recovered cell viability damaged 
by H2O2 via inhibition of mitochondrial dysfunction‑mediated 
apoptosis. Notably, the treatment of V79‑4 cells with morin 
markedly enhanced the expression of heme oxygenase‑1 
(HO‑1) but not quinone oxidoreductase‑1, which was associated 
with the increased expression and phosphorylation of nuclear 
factor‑erythroid 2‑related factor 2 (Nrf2) and the downregulation 
of Kelch‑like ECH‑associated protein 1 expression. Based on our 
findings, we conclude that morin effectively ameliorated oxida-
tive stress‑induced DNA damage through intrinsic free radical 
scavenging activity and activation of the Nrf2/HO‑1 pathway.

Introduction

Oxidative stress reflects an imbalance between the production 
of reactive oxygen species (ROS) and the biological system's 
ability to remove them (1,2). Although some ROS act as cellular 
messengers in redox signaling, excessive ROS can arbitrarily 
react with all components of the cell, including proteins, lipids 
and DNA, thereby causing oxidative stress and damage in these 
macromolecules (3,4). This damage is a crucial etiological 
factor that is implicated in various human diseases, including 
aging and cancer, as well as neurodegenerative and chronic 
diseases (5,6). Therefore, the development of safe and effective 
antioxidants continues to be an important research target (7,8).

Antioxidant and cytoprotective effects of morin against 
hydrogen peroxide‑induced oxidative stress are associated 

with the induction of Nrf‑2‑mediated HO‑1 expression 
in V79‑4 Chinese hamster lung fibroblasts
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The antioxidant activity of natural compounds isolated 
from plants has been reported to counteract free radicals (9,10). 
Among such compounds, flavonoids, a family of well‑known 
polyphenols, are bioactive compounds, which are widespread 
in plants and have long received attention in the development 
of antioxidants (8,11,12). Morin (2',3,4',5,7‑pentahydroxyfla-
vone), a member of the flavonoid family, is a yellow‑colored 
compound that can be isolated from members of the Moraceae 
family, which are used as herbal medicines (13‑15). Morin 
exhibits certain biological activities, which include anti-
oxidant (16‑18), cytoprotection (19,20), antidiabetic (21,22), 
anti‑inflammatory (23‑25) and anticancer properties (26‑29). 
Moreover, morin has been reported to possess cellular protec-
tive effects against oxidative stress‑induced damage through 
activation of the nuclear factor‑erythroid 2‑related factor 2 
(Nrf2) signaling pathway (30‑32). However, the mechanism 
underlying the action of morin against oxidative stress has not 
been fully studied to date.

In the present study, the antioxidant activities of morin 
were examined through a series of in vitro tests that were 
conducted to examine its superoxide dismutase (SOD)‑like 
and 2,2'‑azino‑bis‑(3‑ethylbenzothiazoline‑6‑sulfonic acid) 
(ABTS•+) free radical scavenging activities. We also investi-
gated the ameliorative effects of morin on cell damage induced 
by hydrogen peroxide (H2O2) in V79‑4 Chinese hamster lung 
fibroblasts and the possible mechanism underlying this cyto-
protective effect.

Materials and methods

Reagents and antibodies. Dulbecco's modified Eagle's 
medium (DMEM), fetal calf serum (FCS), streptomycin, 
and penicillin were purchased from WelGENE Inc. 
(Daegu, Republic of Korea). Morin, 3‑(4,5‑dimethyl-
thiazol‑2‑yl]‑2,5‑diphenyltetrazolium bromide (MTT), 
4',6-diamidino-2-phenylindole (DAPI), N‑acetyl‑L‑cysteine 
(NAC), 6,6'‑tetrachloro‑1,1',3,3'‑tetraethyl‑imidacarbocyanine 
iodide (JC‑1) and zinc protoporphyrin IX (ZnPP), a specific 
inhibitor of heme oxygenase‑1 (HO‑1), were obtained from 
Sigma‑Aldrich Chemical Co. (St. Louis, MO, USA). A SOD 
assay kit was obtained from Dojindo Molecular Technologies 
(Tokyo, Japan). 2',7'‑Dichlorodihydrofluorescein diace-
tate (DCF‑DA) and a fluorescein‑conjugated Annexin  V 
(Annexin V‑FITC) staining assay kit were purchased from 
Molecular Probes (Eugene, OR, USA) and BD Biosciences 
(San Jose, CA, USA), respectively. An enhanced chemilumines-
cence (ECL) detection system was purchased from Amersham 
Co. (Arlington Heights, IL, USA). Primary antibodies (Table I) 
were purchased from Santa Cruz Biotechnology, Inc. (Dallas, 
TX, USA), Cell Signaling Technology, Inc. (Danvers, MA, 
USA) and Abcam, Inc. (Cambridge, MA, USA). Horseradish 
(HRP)-conjugated secondary antibodies were obtained from 
Amersham Co. Morin was dissolved in dimethyl sulphoxide 
(DMSO; Sigma‑Aldrich Chemical Co.) and then diluted with 
medium to the desired concentration prior to use. The final 
DMSO concentration was <0.1% in all experiments. All other 
chemicals were purchased from Sigma‑Aldrich Chemical Co.

Measurement of SOD‑like activity. The SOD‑like activity of 
morin was measured using a SOD assay kit according to the 

manufacturer's instructions. Briefly, 20 µl of morin stock solu-
tion was added to 200 µl of the working solution in the SOD 
assay kit. The mixture was incubated at 37˚C for 20 min after 
gentle shaking and then 20 µl of the kit enzyme working solution 
was added. The absorbance of the mixtures was measured at 
450 nm using an enzyme‑linked immunosorbent assay (ELISA) 
reader (Molecular Devices, Sunnyvale, CA, USA), and the SOD 
activity was calculated according to the manufacturer's instruc-
tions (33). Vitamin C was used as a positive control.

Measurement of ABTS radical scavenging activity. The ABTS 
assay was based on a previously described method (34) with 
slight modifications. ABTS radical cation (ABTS•+) was 
produced by the reaction of a 7 mM ABTS solution with 
potassium persulphate (2.45 mM). The ABTS•+ solution was 
diluted with ethanol to an absorbance of 0.70±0.05 at 734 nm. 
The mixture was stored in the dark at room temperature for 
12 h before use. After the addition of 25 µl of morin solution or 
vitamin C as a positive control to 2 ml of diluted ABTS•+ solu-
tion, absorbance was measured at 734 nm after exactly 6 min. 
Inhibition of the ABTS radical by morin was calculated using 
the formula: ABTS scavenging activity (%) = [1 ‑ (absorbance 
of the sample/absorbance of the control)] x 100.

Cell culture. The Chinese hamster lung fibroblast V79‑4 cell 
line was obtained from the American Type Culture Collection 
(ATCC; Manassas, MD, USA) and cultured in DMEM 
containing 10% heat‑inactivated FCS, streptomycin (100 µg/ml) 
and penicillin (100 Units/ml). The cells were maintained at 
37˚C in an incubator with a humidified atmosphere of 5% CO2.

MTT assay. For the cell viability assay, V79‑4 cells were 
seeded at 1x105 cells/ml in a 96‑well plate and cultured for 
24 h before being treated with the indicated concentrations of 
morin for 24 h in the presence or absence of 1 mM H2O2 with 
or without 1 h pretreatment of morin or NAC. After the treat-
ments, the MTT solution (0.5 mg/ml) was added, followed by a 
2-h incubation at 37˚C in the dark, after which the medium was 
removed. The formazan precipitate was dissolved in DMSO. 
The absorbance of the formazan product was measured at 
540 nm using an ELISA reader (35).

Nuclear staining with DAPI. The cells were harvested, washed 
with PBS, and fixed with 3.7% paraformaldehyde for 30 min 
at room temperature. After washing twice with PBS, the 
cells were attached on glass slides using cytospin (Shandon, 
Pittsburgh, PA, USA) and stained with 2.5 µg/ml DAPI solu-
tion for 20 min at room temperature. The stained cells were 
washed twice with PBS and then analyzed using a fluorescence 
microscope (Carl Zeiss, Deisenhofen, Germany).

Determination of apoptotic cells by flow cytometry. To assess 
the induced cell apoptosis rate quantitatively, the cells were 
washed with PBS and stained with 5 µl of Annexin V‑FITC 
and 5 µl of propidium iodide (PI) in each sample according 
to the manufacturer's protocols. After a 15-min incubation 
at room temperature in the dark, the degree of apoptosis was 
quantified as a percentage of the Annexin V‑positive and 
PI‑negative (Annexin V+/PI‑cells) cells using a flow cytometer 
(BD Biosciences).
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Measurement of intracellular ROS. The oxidation‑sensitive 
dye DCF‑DA was used to determine the formation of intra-
cellular ROS. Briefly, the cells from each treatment were 
harvested, washed twice with PBS, and then re‑suspended in 
10 µM DCF‑DA for 30 min at 37˚C in the dark. The produc-
tion of ROS in the cells was monitored immediately using a 
flow cytometer (36).

Measurement of mitochondrial membrane potential 
(MMP, Δψm). The MMP values were determined using the 
dual‑emission potential‑sensitive probe JC‑1. Briefly, the cells 
were collected and incubated with 10 µM of JC‑1 for 20 min at 
37˚C in the dark. After the JC‑1 was removed, the cells were 
washed with PBS to remove the unbound dye, and the amount 
of JC‑1 retained by 10,000 cells per sample was measured by 
using a flow cytometer (37).

Determination of DNA damage by comet assay. After each 
treatment, the cells were washed with PBS, and the cell suspen-
sion was mixed with 0.5%  low melting agarose (LMA) at 
37˚C before adding it to the slides precoated with 1.0% normal 
melting agarose. After the agarose was solidified, the slides were 
covered with another 0.5% LMA and then immersed in lysis 
buffer [2.5 M NaCl, 500 mM Na‑ethylenediaminetetraacetic 
acid (EDTA), 1 M Tris buffer, 1% sodium lauroyl sarcosinate 
and 1% Triton X‑100] for 1 h at 4˚C. The slides were later trans-
ferred into an unwinding buffer for another 20 min for DNA 
unwinding. The slides were then placed in an electrophoresis 
tank containing 300 mM NaOH and 1 mM Na‑EDTA (pH 13.0). 
An electrical field was then applied (300 mA, 25 V) for 20 min at 
25˚C to draw the negatively charged DNA toward the anode. The 
slides were washed three times for 5 min at 25˚C in a neutral-
izing buffer (0.4 M Tris, pH 7.5), and then stained with 20 µg/ml 
PI. The slides were examined under a fluorescence microscope.

Protein extraction and western blot analysis. All cell lysates 
were lysed in an extraction buffer [25 mM Tris‑Cl (pH 7.5), 
250  mM NaCl, 5  mM EDTA, 1% Nonidet P‑40, 0.1 mM 
sodium orthovanadate, 2  µg/ml leupeptin, and 100  µg/ml 
phenylmethylsulfonyl fluoride]. The protein concentration in the 
cell lysate was determined using a detergent‑compatible protein 
assay from Bio‑Rad (Hercules, CA, USA). In the Western blot 

analysis, equal amounts of protein (30‑50 µg) were separated 
by 8‑10% sodium dodecyl sulfate‑polyacrylamide gel elec-
trophoresis (SDS‑PAGE) and then were electro‑transferred 
to polyvinylidene fluoride (PVDF) membranes (Schleicher & 
Schuell, Keene, NH, USA). The membranes were blocked with 
5% skim milk for 1 h and then subjected to immunoblot analysis 
with the appropriate antibodies. Using an ECL detection system, 
immunoreactive bands were detected and exposed to X‑ray film.

HO‑1 activity assay. HO‑1 enzyme activity was measured as 
previously described (38). In brief, lysates of the cells were 
prepared, and homogenates containing biliverdin reductase 
were obtained from rat liver. After quantifying the protein 
concentration, the cell lysates and homogenates were incubated 
with nicotinamide adenine dinucleotide phosphate (NADPH) 
and hemin for 1 h, whereas the blank samples were incubated 
with hemin only. The concentration of bilirubin, which was 
the product of degradation by HO‑1, was determined as the 
difference in absorbance at 464 and 530 nm using an ELISA 
plate reader. HO‑1 activity was expressed as picomoles of 
bilirubin per milligram of protein.

Statistical analysis. All experiments were conducted in trip-
licate (n=3), and a one‑way ANOVA (SPSS 11.5 statistical 
software; SPSS, Inc., Chicago, IL, USA) was used to compare 
the mean values of each treatment. Significant differences 
were determined using Duncan's test. P<0.05 was considered 
to indicate a statistically significant difference.

Results

Antioxidant activity of morin. To determine the antioxidant 
activity of morin, the SOD‑like enzyme and ABTS radical 
scavenging activities were evaluated. As shown in Fig. 1A, the 
SOD‑like enzyme activity of morin was highly increased in a 
concentration‑dependent manner to the given concentration. 
For example, the percentage of SOD‑like enzyme activity 
was ~72% at a concentration of 100 µM morin, which was 
very similar after treatment with the same concentration of 
vitamin C used as a positive control. Similar to SOD‑like 
enzyme activity, at different concentrations (10‑1,000 µM), 
morin was also found to effectively scavenge ABTS•+  (Fig. 1B).

Table I. Antibodies used in the present study.

Antibody	 Origin	 Company	 Cat. no.

Actin	 Mouse monoclonal	 Santa Cruz Biotechnology, Inc. 	 SC-47778
Caspase-3	 Mouse monoclonal	 Santa Cruz Biotechnology, Inc. 	 SC-7272
PARP	 Rabbit polyclonal	 Santa Cruz Biotechnology, Inc.	 SC-7150
p-γH2AX	 Rabbit monoclonal	 Cell Signaling Technology, Inc.	 9718
γH2AX	 Rabbit monoclonal	 Cell Signaling Technology, Inc.	 7631
p-Nrf2	 Rabbit monoclonal	 Abcam, Inc.	 ab76026
Nrf2	 Rabbit polyclonal	 Santa Cruz Biotechnology, Inc.	 SC-13032
Keap1	 Goat polyclonal	 Santa Cruz Biotechnology, Inc.	 SC-15246
HO-1	 Rabbit polyclonal	 Santa Cruz Biotechnology, Inc.	 SC-10789
NQO1	 Goat polyclonal	 Santa Cruz Biotechnology, Inc.	 SC-16464
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Morin protects against H2O2‑induced inhibition of cell 
viability in V79‑4 fibroblasts. To exclude the cytotoxicity 

caused by morin treatment in V79‑4 fibroblasts, the cells were 
treated with different concentrations (100‑1,000 µM) of morin 
for 24 h. The MTT assay indicated that the treatments did not 
result in any cytotoxic effect at the concentration of 500 µM, 
and cell viability was significantly decreased at concentrations 
higher than 1,000 µM (Fig. 2A). Therefore, 500 µM morin was 
selected for use in the subsequent examination of the protective 
effect of morin on H2O2‑induced cytotoxicity. A further MTT 
assay revealed that treatment with 1 mM H2O2 significantly 
reduced cell viability. However, the H2O2‑induced reduction 
in cell viability was effectively protected by pretreatment with 
both 500 µM morin and 10 mM NAC (Fig. 2B).

Morin attenuates H2O2‑induced apoptosis in V79‑4 fibroblasts. 
To elucidate the cytoprotective effect of morin against the 
H2O2‑induced reduction in V79‑4 cell viability, we investigated 
the effects of morin on H2O2‑mediated apoptosis. The results 
of the DAPI staining showed that treatment with H2O2 alone 
significantly increased the number of cells with condensed or 
blebbing nuclei. In contrast, when these cells were pretreated 
with morin or NAC, these phenomena were markedly reduced 
(Fig.  3A). The results of the flow cytometry consistently 
indicated that the H2O2 treatment enhanced the population of 
Annexin V+/PI‑ apoptotic cells. However, the pretreatment of 
cells with morin or NAC prior to exposure to H2O2 effectively 
protected the V79‑4 cells against apoptosis (Fig. 3B).

Figure 2. Effects of morin on the cell viability and H2O2‑induced growth 
inhibition of V79‑4 lung fibroblasts. The cells were treated with (A) various 
concentrations of morin for 24 h or (B) pretreated with 500 µM morin or 
10 mM NAC for 1 h and then incubated with or without 1 mM H2O2 for 
24 h. Cell viability was assessed using an MTT reduction assay. The results 
are presented as the mean ± standard deviation values obtained from three 
independent experiments (*P<0.05 compared with the control group; #P<0.05 
compared with the H2O‑treated group).

Figure 3. Protection against H2O2‑induced apoptosis by treatment of V79‑4 
lung fibroblasts with morin. Cells were pretreated with 500 µM morin or 
10 mM NAC for 1 h and then incubated with or without 1 mM H2O2 for 24 h. 
(A) The cells were fixed and stained with DAPI solution. The stained nuclei 
were observed under a fluorescence microscope (x400, original magnifica-
tion). (B) To quantify the degree of apoptosis, the cells were stained with 
Annexin V‑FITC and PI, and the percentages of apoptotic cells (Annexin 
V+/PI‑ cells) were then analyzed using flow cytometric analysis. The data 
shown represent the mean values found in two different experiments. NAC, 
N‑acetyl‑L‑cysteine; PI, propidium iodide.

Figure 1. (A) Superoxide dismutase SOD‑like and (B) ABTS radical scav-
enging activities of morin in comparison with vitamin C (Vit. C). Values are 
expressed as the mean ± standard deviation of three replicates.
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Morin suppresses H2O2‑induced ROS generation in V79‑4 
fibroblasts. In a further experiment to study the mechanisms 
underlying the protective effect of morin, the intracellular ROS 
levels were determined. The results of the flow cytometric 
analysis using DCF‑DA as a fluorescence probe demonstrated 
that the intensity of the DCF‑liberated fluorescent signal from 
the H2O2‑treated cells was markedly increased. However, the 
signal was effectively attenuated in the presence of morin 
as well as NAC (Fig. 4A).

Morin inhibits H2O2‑induced mitochondrial dysfunction and 
activation of caspase‑3 in V79‑4 fibroblasts. The mitochon-
drial‑mediated intrinsic apoptosis pathway is initiated by the 
loss of mitochondrial membrane potential (MMP, Δψm) and 
the subsequent release of pro‑apoptotic proteins, which leads to 
the activation of caspase‑9 and ‑3 (39,40). We therefore inves-
tigated the effects of morin on the H2O2‑induced loss of MMP 
and the activation of caspase‑3. The results indicated that the 

loss of MMP in H2O2‑treated V79‑4 cells increased 6.4‑fold 
relative to the untreated control; however, the reduction in 
MMP was significantly inhibited by pretreatment with morin 
(Fig. 4B). The immunoblotting results indicated a marked 
increase in the level of activated caspase‑3 expression in the 
H2O2‑treated cells compared with the control. A subsequent 
increase in cleaved poly(ADP‑ribose) polymerase (PARP), a 
well‑known substrate of caspase‑3 (41), was also observed. 
However, the results clearly showed that H2O2‑induced 
caspase‑3 activation and PARP degradation were completely 
abrogated by pretreatment with morin (Fig. 4C).

Morin protects against H2O2‑induced DNA damage in V79‑4 
fibroblasts. We then assessed the protective effects of morin 
against H2O2‑induced DNA damage by applying the alkaline 
comet assay and Western blot analysis. The comet assay 
measures single- and double-strand breaks that are caused 
either directly by the DNA‑damaging system or indirectly by 

Figure 4. Inhibition of H2O2‑induced generation of ROS, loss of MMP and activation of caspase‑3 by morin in V79‑4 lung fibroblasts. The cells were pretreated 
with 500 µM morin for 1 h and then incubated with or without 1 mM H2O2 for (A) 1 h or (B and C) 24 h. (A) To monitor ROS production, the cells were incu-
bated at 37˚C in the dark for 20 min with a new culture medium containing 10 µM DCF‑DA. ROS accumulation was measured using a flow cytometer. (B) To 
assess the effects of morin on the H2O2‑induced loss of MMP, the cells were collected and incubated with 10 µM JC‑1 for 20 min at 37˚C in the dark. The cells 
were then washed once with PBS and analyzed using a flow cytometer. The data shown represent the mean values from two different experiments. (C) To assess 
caspase-3 and PARP levels, the cells were lysed, and then equal amounts of cell lysates were separated using sodium dodecyl sulphate‑polyacrylamide gel elec-
trophoresis and transferred to PVDF membranes. The membranes were probed with anti‑caspase‑3 and anti‑PARP antibodies, and the proteins were visualized 
using an ECL detection system. The relative ratios of expression as determined by the western blotting are presented at the bottom of each lane as relative 
values of actin expression. MMP, mitochondrial membrane potential; NAC, N‑acetyl‑L‑cysteine; PVDF; polyvinylidene fluoride; PARP, poly(ADP‑ribose) 
polymerase; ECL, enhanced chemiluminescence.

https://www.spandidos-publications.com/10.3892/ijmm.2017.2871
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the repair mechanism (42). As shown in Fig. 5A, the expo-
sure of cells to H2O2 increased DNA breaks, resulting in an 
increase in fluorescence intensity in the tails of the comet‑like 
structures. However, pretreatment with morin led to a marked 
decrease in damage to DNA (Fig. 5A). Furthermore, as 
expected, H2O2 enhanced the phosphorylation of histone 
λH2AX on serine 139, which was rapidly increased after the 
induction of DNA double-strand breaks (43), whereas pretreat-
ment with morin prevented the increase in the phosphorylation 
of histone λH2AX (Fig. 5B).

Morin enhances the expression Nrf2 and HO‑1 in V79‑4 fibro‑
blasts. The transcription factor Nrf2 regulates the expression of 
antioxidant responsive element (ARE)‑driven antioxidant and 
cytoprotective genes, including HO‑1 and quinone oxidoreduc-
tase‑1 (NQO‑1), to control the cellular defense against oxidative 
stress (44,45). Thus, we examined the effects of morin on the 
levels of Nrf2, HO‑1 and NQO‑1 expression, and found that 
treatment with morin gradually increased Nrf2 expression and 
its phosphorylation, but not NQO‑1 expression, in a time‑depen-
dent manner. It concomitantly decreased the level of Kelch‑like 
ECH‑associated protein 1 (Keap1), which is a negative regu-
lator of Nrf2 (Fig. 6A). Morin also enhanced HO‑1 expression 
as well as HO‑1 activity in a time‑dependent manner (Fig. 6B).

The Nrf2/HO‑1 pathway is involved in the protective effects 
of morin in H2O2‑treated V79‑4 fibroblasts. To determine 
whether the morin‑induced antioxidant and cytoprotective 
activities against oxidative stress were mediated through 
the activation of the Nrf2/HO‑1 pathway, V79‑4 cells were 
pretreated with or without a specific inhibitor of HO‑1, ZnPP, 
and the levels of ROS and cell viability were assessed. As 
shown in Fig. 7, ZnPP abrogated the protective effect of morin 
on the H2O2‑induced production of ROS and the reduction in 
cell viability.

Discussion

Oxidative stress, represented as the increase in ROS, is an 
abnormal phenomenon when the production of free radicals 
exceeds the antioxidant capacity. Extreme increases in ROS 
can destroy the cytoprotective defense mechanism by the 
emasculation of antioxidant systems, leading to the develop-

Figure 6. Effects of morin on the expression of Nrf2 signaling‑related 
proteins and activity of HO‑1 in V79‑4 lung fibroblasts. (A) The cells were 
incubated with 500 µM morin for the indicated time period. Cellular proteins 
were separated using sodium dodecyl sulphate-polyacrylamide gel elec-
trophoresis and then transferred onto PVDF membranes. The membranes 
were probed with specific antibodies against Nrf2, p‑Nrf2, HO‑1, NQO‑1 
and Keap1. Proteins were visualized using an ECL detection system. Actin 
was used as an internal control. The relative ratios of expression as deter-
mine by western blotting are presented at the bottom of each lane as relative 
values of actin expression. (B) The HO activities of cells grown under the 
same conditions as (A) were determined based on bilirubin formation. Data 
represent the mean values from three independent experiments (*P<0.05 
compared with the control group). HO‑1, heme oxygenase‑1; Nrf2, nuclear 
factor‑erythroid 2‑related factor 2; ECL, enhanced chemiluminescence; 
PVDF, polyvinylidene fluoride.

Figure 5. Inhibition of H2O2‑induced DNA damage by morin in V79‑4 lung 
fibroblasts. Cells were pretreated with 500 µM morin or 10 mM NAC for 1 h 
and then incubated with or without 1 mM H2O2 for 24 h. (A) To detect cellular 
DNA damage, the comet assay was performed and representative images of 
the comets were captured using a fluorescence microscope (x200, original 
magnification). (B) The cells were lysed and then equal amounts of cell lysates 
were separated on sodium dodecyl sulphate-polyacrylamide gel electropho-
resis and transferred to PVDF membranes. The membranes were probed with 
specific antibodies against p‑γH2AX, γH2AX and actin (internal control), and 
the proteins were visualized using an ECL detection system. The relative ratios 
of expression as determined by western blotting are presented at the bottom 
of each lane as relative values of actin expression. NAC, N‑acetyl‑L‑cysteine; 
PVDF, polyvinylidene fluoride; ECL, enhanced chemiluminescence.
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ment of several human diseases  (5,6). The accumulation 
of ROS directly causes base modification and DNA strand 
breaks, resulting in DNA damage  (3,4). Accumulation of 
ROS also induces mitochondrial dysfunction, resulting in a 
decrease in MMP, and activation of caspase‑9 and ‑3 through 
the release of mitochondrial apoptotic factors into the cyto-
plasm. These factors are known to be strong stimulators of the 
mitochondrial‑mediated intrinsic apoptosis pathway (46,47). 
In the present study, the results showed that morin had a strong 
antioxidant capacity as determined by SOD‑like activity 
and ABTS scavenging ability assays, which are widely used 
to analyze the antioxidant potential of candidate materials. 
Additional data from the MTT assay and flow cytometry 
demonstrated that morin significantly rescued cell viability 
and reduced the apoptosis caused by H2O2‑induced oxida-
tive stress in V79‑4 lung fibroblasts. We also found that the 
protective effects were associated with the suppression of ROS 
accumulation and DNA damage, which indicates that morin 
may enhance the antioxidant and DNA repair systems. In 
addition, the results of the JC‑1 staining and immunoblotting 
showed that morin significantly restored the H2O2‑induced 
loss of MMP at the basal level, the activation of caspase‑3, and 
the cleavage of PARP, which is a substrate protein of activated 
caspase‑3 (41) in V79‑4 cells. These results indicate that the 
ability of morin to attenuate oxidative stress was partly depen-
dent on inhibition of mitochondrial‑related apoptosis.

Previous evidence strongly suggests that the Nrf2‑mediated 
signaling pathway is essential in protecting cells against 

oxidative stress. Nrf2, a basic leucine zipper transcription 
factor, plays an important role in the transcriptional regula-
tion of phase II enzymes by binding to AREs (44,45). Under 
basal conditions, Nrf2‑dependent transcription is suppressed 
by Keap1, a negative regulator of Nrf2, which facilitates the 
degradation of Nrf2 through ubiquitin‑mediated proteasomal 
degradation (45,48). Upon the modification of specific thiols 
by insult, Keap1 triggers the dissociation of Nrf2 from the 
Nrf2‑Keap1 complex in the cytoplasm and allows Nrf2 to 
translocate into the nucleus, where it subsequently activates 
the AREs present in the promoter regions of an array of 
genes (44,48). Moreover, several previous studies have found 
that the phosphorylation of Nrf2 (Try568) led to the nuclear 
export of Nrf2 (49,50). Therefore, we investigated the Nrf2 
pathway to determine whether it contributes to the protective 
effects of morin against H2O2‑induced oxidative stress. In the 
present study, our results strongly support the ability of morin 
to stimulate the Nrf2 pathway; morin treatment increased 
Nrf2 accumulation and phosphorylation and decreased 
Keap1 expression in a time‑dependent manner. Following 
the treatment of V79‑4 cells with morin, we also observed 
significant increases in HO‑1 expression and activity, while 
NQO1 was unaffected by the morin treatment. HO‑1 is an 
Nrf2 downstream target and a powerful indirect antioxidant 
enzyme, which is a rate‑limiting enzyme in heme catabolism. 
This enzyme converts heme to beneficial byproducts such as 
carbon monoxide and bilirubin, which can directly scavenge 
free radicals and repair DNA damage caused by oxidative 

Figure 7. Effects of an HO‑1 inhibitor on morin‑mediated attenuation of MMP loss and growth inhibition by H2O2 in V79‑4 lung fibroblasts. The cells were 
pretreated for 1 h with 500 µM morin and then stimulated with or without 1 mM H2O2 for a further 6 h in the absence or presence of 10 µM of ZnPP, an HO‑1 
inhibitor. (A and B) MMP was then determined. (C) Cell viability was then assessed. The results are expressed  the mean ± standard deviation of values 
obtained in three independent experiments (*P<0.05 compared with the control group; #P<0.05 compared with the H2O2‑treated group; $P<0.05 compared with 
the H2O2 and morin‑treated group). MMP, mitochondrial membrane potential; HO‑1, heme oxygenase‑1.
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stress  (48). However, pretreatment with ZnPP, an inhibitor 
of HO‑1, markedly abrogated the protective effects of morin 
against H2O2‑induced MMP loss and inhibition of the growth 
of the V79‑4 cells (Fig. 7). Therefore, our results support the 
supposition that the cytoprotective effect of morin against 
oxidative stress in V79‑4 cells is mediated through activation 
of the Nrf2/HO‑1 signaling pathway.

In conclusion, the present study provides evidence that 
morin protects lung fibroblast V79‑4 cells from oxidative 
stress‑induced DNA damage and cell death via the suppres-
sion of ROS generation and mitochondrial dysfunction. This 
process is also associated with the involvement of Nrf2 activa-
tion and the upregulation of the expression of its downstream 
antioxidant gene HO‑1 in order to protect cells from oxidative 
stress. Therefore, morin may be of therapeutic value in the 
prevention and treatment of various human diseases associ-
ated with oxidative stress.
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