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Abstract

Background: Hydrogen peroxide is continuously generated in living cells through metabolic pathways and serves
as a source of reactive oxygen species. Beyond the threshold level, it damages cells and causes several human

disorders, including cancer.

Methods: Effect of isolated 3-O-methyl quercetin and kaempferol on H,0O, induced cytotoxicity, ROS formation,
plasma membrane damage, loss of mitochondrial membrane potential, DNA damage was evaluated in normal liver
and lung cells. The RT-PCR analysis used to determine Nrf 2 gene expression. Calorimetric ELISA was used to determine
Nrf2 and p-38 levels. Expression of SOD and catalase was analyzed by Western blot analysis.

Results: The present study isolated 3-O-methyl quercetin and kaempferol from the stem bark. They protected normal
lung and liver cells from H,0, induced cytotoxicity, ROS formation, membrane damage and DNA damage.
Pre-treatment with 3-O-methyl quercetin and kaempferol caused translocation of Nrf2 from cytosol to nucleus.
It also increased expression of p-p38, Nrf2, SOD and catalase in H,O, treated lung and liver cells.

Conclusion: The flavonoids isolated from S. anacardium significantly reduced H,O, induced stress and increased
expression of Nrf2, catalase and superoxide dismutase-2 indicating cytoprotective nature of 3-O-methylquercetin and

kaempferol.
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Background

Hydrogen peroxide is a physiological constituent of liv-
ing cells. It is generated by inflammatory and vascular
cells and is reported to induce oxidative stress leading to
vascular disease and endothelial cell dysfunction. H,O,
is continuously produced via diverse cellular pathways
and serves as a precursor of a wide range of reactive
oxygen species. H,O, is relatively unreactive oxygen
species and causes deleterious effects by inducing lipid
peroxidation and DNA damage. H,O, is believed to
transduce signalling at intracellular steady-state concen-
tration below 1 pM and above cause oxidative stress in-
duced growth arrest and cell death [1].
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Antioxidants from natural sources are known to
neutralize the H,O, and prevent the incidence of disor-
ders. Therefore, the use of antioxidant compounds pos-
sibly will help to alleviate oxidative stress mediated
diseases [2]. Schwingel et al. [3] highlighted the thera-
peutic potentials of methylquercetin and kaempferol.

Various parts of Semecarpus anacardium are tradition-
ally used for the treatment of rheumatism, cancer and
psoriasis [4]. Stem bark, especially used for the treatment
of inflammation and cancer in folk medicine. Ethyl acetate
extract of the stem bark reported to show strong inhibi-
tory activity on pro-inflammatory enzymes, cyclooxygen-
ase and acetyl cholinesterase [5]. Recently, anti-diabetic
and antioxidant activity of ethanolic extract of stem bark
was reported [6]. The acetyl cholinesterase (AChE) activity
along with antiinflammatory and analgesic effects of stem
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bark was investigated [7, 8]. Butein, a main chemical con-
stituent of stem bark was isolated [9]. Previously, we re-
ported protective activity of stem bark extract against
Fenton reaction induced lipid peroxidation and heat in-
duced hemolysis [10].

The present study was aimed to isolate and characterize
antioxidant compounds isolated from methanolic extract
of stem bark and to determine their cytoprotective activity
against H,O, induced cytotoxicity in human normal lung
(L132) and liver (L02) cell lines in vitro.

Methods

Chemicals and other reagents

FBS, DMEM, Trypsin solution (0.1 %), MTT, DCFH2DA,
Rhodamine-123 were purchased from Sigma, USA. Silica
gel (mesh size 230-400), Thin layer chromatography
plates (Silica gel 60F254), H,O,, DMSO along with other
chemicals and solvents were purchased from Merck
(Bangalore, India).

Source of plant material

The stem bark of S. anacardium was collected from the
Eastern Ghats of Vizianagaram region, Andhra Pradesh,
India. The samples were identified and Authenticated by
the faculty of the Department of Botany, Andhra Univer-
sity, Visakhapatnam. The collected specimen was depos-
ited in their herbarium section of the Botany department
(DBH), Andhra University, with a voucher specimen num-
ber: 21,922.

Cell lines

The epithelial cells, which line the lungs are the primary
targets for reactive oxygen species. The increased oxida-
tive stress in the liver contributes to both onset and pro-
gression of hepatic disorders. Hence, human normal lung
epithelial (L132) and liver (L02) cell lines were chosen as
models for this study. The cell lines were obtained from
the National Center for Cell Science (NCCS), Pune, India.
The cells were grown to 70 % confluence in DMEM sup-
plemented with 10 % FBS, L-glutamine (2 mM) and peni-
cillin—streptomycin (100 pg/ml) (Sigma, USA) in a humid
atmosphere of 5 % CO, at 37 °C.

Activity guided isolation of antioxidant compounds

Methanolic stem bark extract of S. anacardium (35 g)
was subjected to silica gel column chromatography. The
column was eluted successively with solvents (300 ml) of
increasing polarity, i.e. n-hexane, ethyl acetate and metha-
nol in a gradient manner. The fractions with same Rf
value and similar color were pooled for each solvent sys-
tem. The antioxidant activity of each pooled fraction was
determined using the DPPH radical scavenging method
[10]. The homogeneity of each fraction was examined by
thin layer chromatography with solvent systems such as
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n-hexane, ethyl acetate and methanol and the spots were
visualized with ceric sulfate. Further, the purity of pooled
fractions were analyzed by RP-HPLC (Waters) equipped
with EZ-Chrom, Elite software and C;gcolumn (Inertsil
ODS 3v-150 mm x 4.6 mm, 5 ) using methanol, water
and acetonitrile solvent systems (10:31:59) at a flow rate of
1 ml/min.

Structural elucidation of isolated antioxidant compounds
The isolated antioxidant compound(s) was analyzed by
Agilent 1100 series LC-MSD with electrospray ionization
(ESI) and quadrupole mass analyzer using ammonium hy-
droxide (0.75 M) as buffering reagent. The analysis was
done in negative ion mode under the following conditions:
flow rate 0.5 ml/min, nebulizer pressure-25 psi, capillary
voltage-3 KV, fragmentor voltage-75 V and drying gas
temperature- 350 °C. The spectra were scanned over a
mass range of m/z (0-1000) and the functional groups
were analyzed using Bruker alpha FT-IR instrument (Soft-
ware opus 6.5). Isolated antioxidant compound (1 g) was
mixed with potassium bromide and analyzed using FT-IR
spectrophotometer at room temperature in the range of
4000-500 cm ™. The number and position of carbon and
hydrogen atoms were determined using 'H and '*C NMR
spectra, recorded on Brukers 500 MHz spectrometer
using deuterated chloroform (CDCI3). Trimethyl silane
(TMS) was used as an internal standard. Chemical shifts
were expressed in parts per million (ppm) and coupling
constants were indicated in hertz (Hz).

MTT assay

MTT assay was performed to study the protective effect
of the compound against H,O, induced cytotoxicity in
L132 and LO2 cells. Briefly, overnight grown cells (1 x
10*/well) were pretreated with isolated 3-O-methyl quer-
cetin and kaempferol (10-500 pg/ml) followed by freshly
prepared H,O, (100 pM) for 24 h. After treatment, 20 pl
of MTT solution (5 mg/ml) was added to each well and
incubated for 2 h. Then 100 ul of DMSO was added.
H,0O, treated wells were used as controls. The absorb-
ance was measured at 570 nm using ELISA reader. The
cytotoxicity (%) was calculated as follows: O.D of treated
wells - O.D of blank wells/O.D of control wells - O.D of
blank wells X 100. The percent of cytotoxicity was used
to express the viability.

Estimation of intracellular ROS using DCFH-DA

Estimation of ROS using DCFH-DA is a rapid and sensi-
tive method [11]. After 24 h treatment, the oxidation-
sensitive dye DCFH-DA (5 mg/ml) was added to L132
and L02 cells (4.0 x 10°cells/well) and incubated for
30 min. The cells were then collected and the intensity
of the fluorescence was measured at an excitation wave-
length of 485 nm and an emission wavelength of 535 nm
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using Hidex plate chameleon TM V (Finland). ROS
levels were calculated based on the intensity of fluores-
cence and expressed as percent control. For imaging,
overnight grown cells on poly-L-lysine coated chambers
were treated as described above. After treatment, cells
were stained with DCFH-DA and images were taken
using a fluorescence microscope (Olympus, Japan).

Measurement of mitochondrial membrane potential (VMP)
The protective effect of isolated 3-O-methyl quercetin
and kaempferol on H,O, induced mitochondrial mem-
brane integrity was determined by measuring the MMP
using the fluorescent dye rhodamine 123 [12]. After the
treatment, rhodamine 123 (10 pg/ml) was added and
incubated at 37 °C for 1 h. Then cells were collected
and the fluorescence was determined using a fluorim-
eter (Hidex plate chameleon™ V, Finland) at an excita-
tion wavelength of 485 nm and an emission wavelength
of 535 nm.

Lactate dehydrogenase (LDH) release assay

The protective effect of 3-O-methyl quercetin and
kaempferol on H,O, induced cell membrane damage
was determined by using LDH-assay (Agappe-11407002)
as per the manufacturer’s instructions. After treatment,
cells were spun down by centrifugation at 2500 g for
5 min at 4 °C. The supernatant (100 pl) was mixed with
a solution containing pyruvate, NADH, Tris buffer and
NaCl and total LDH activity was measured as per
protocol.

Alkaline comet assay

Alkaline comet assay [13] was performed to evaluate the
protective effect of 3-O-methyl quercetin and kaemp-
ferol against HyO, induced DNA fragmentation. After
treatment, harvested cells (1 x 10°) were layered on slide
pre-coated with 0.75 % low melting agarose followed by
a third layer of 0.75 % low melting agarose. Subse-
quently, the slide was exposed to lysing solution for 1 h
at 4 °C and electrophoresed at 20 V for 20 min. The
slide was dipped in neutralization buffer and treated
with ethanol for 5 min before staining with 40 pl of
ethidium bromide. The images were taken with a fluor-
escence microscope (Olympus, Japan) and olive tail
movement (OTM) was calculated using Image Pro®
plus software. The % OTM was calculated as: (head
mean) x tail % DNA/100.

DNA laddering assay

After treatment, cells were centrifuged at 2000 rpm for
5 min at 4 °C and the supernatant was removed. To the
pellet, 20 pl of lysis buffer and 10 pl of RNase cocktail
was added and incubated for 30 min at 37 °C. Then
10 pl of proteinase K was added and incubated at 50 °C
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for 90 min. The sample was mixed with 5 ul of 6X DNA
loading buffer and loaded into 1.5 % agarose gel contain-
ing 0.5 pg/ml ethidium bromide. The sample was elec-
trophoresed at 35 V. DNA ladders were finally visualized
by gel doc system and images were documented.

In silico docking

The crystal structure of human ERK1, JNK1 and p38a
proteins were obtained from a protein data bank (http://
www.rcsb.org/pdb/home/home.do) and their ID’s were
retrieved as 2Z0Q, 3017 and 4E5B. 2D structures of 3-
O-methyl quercetin and kaempferol were designed using
cheminformatic software (ACD/Chemsketch, version 12,
Advanced Chemistry Development, Inc., Toronto, ON,
Canada, www.acdlabs.com, 2015), saved as.mol format
and converted to 3D structures by hyperchem (.pdb
format). Energy minimization of ligand was done using
Discovery Studio (DS). Docking studies were performed
using genetic algorithm GOLD [14] (v. 3.1; CCDC,
Cambridge, UK).

Caspase 3 activity assay

The activity of caspase-3 was determined using calorimet-
ric assay according to manufacturer’s instructions (Chemi-
con International Inc., Temecula, CA). The lysates from
H,O, treated and isolated compound treated cells were
transferred to a 96-well plate and treated with the respect-
ive peptide substrate and conjugated with p-nitroaniline
(Ac-DEVD-pNA). After overnight incubation, caspase 3
activity was measured using a microplate reader at
405 nm [15].

Determination of Nrf2 levels

Calorimetric ELISA in 96-well plate was performed for
assaying Nrf2 levels in untreated and treated cell lysates
as per manufacturer’s instructions (Cayman chemicals,
USA). Cytoplasmic and nuclear fractions were ex-
tracted from cell lysate as per manufacturer’s instruc-
tions (Thermo Fisher, USA). The samples were added
to microplate pre-coated with Nrf2 specific monoclonal
antibody and incubated for 2 h. Excess sample was
washed out of the plate, Nrf2 detection antibody was
added and incubated for 1 h. Then secondary conjugate
was added and incubated for 30 min. Excess conjugate
was washed out and TMB substrate was added. After
incubation at room temperature for 15 min, the enzyme
reaction was stopped and absorbance was read at 450 nm.

Determination of phospho-p38 levels

Calorimetric ELISA in 96 well plate was used for assaying
phospho-p38 levels in untreated and treated cell lysates as
per manufacturer’s instructions (Thermo Scientific, USA).
Cell lysates were added to microplate pre-coated with
phospho-p38 specific monoclonal antibody and incubated
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for 2 h. Excess of sample washed out of the plate and
phospho p38 detection antibody was added and incubated
for 1 h. Then secondary conjugate was added and incu-
bated for 30 min. Excess conjugate was washed out and
TMB substrate was added. After incubation at room
temperature for 15 min the enzyme reaction was stopped
and absorbance was read at 450 nm.

Real time-PCR analysis

After treatment of L-132 and L02 cells (1 x 107) total
cellular RNA was isolated by Trizol method according
to the manufacturer’s instructions (Sigma, USA). Equal
amounts of RNA (2 pg) were primed with oligo (dT)
primers and reverse-transcribed using a HS-RT PCR kit
(Sigma, USA). Amplification of complementary DNA
(cDNA) was performed in a total volume of 20 pl of
SYBR Green I Master mix (Roche, Germany) contain-
ing the following primers. Nrf2: 5'CACGGATGAT
GCCAGCCAG3’, 3'GCCCGCCCAGAAGTTCAS5" and
Myoglobin: 5'GTCTGAGGACTTAAAGAAG3'3'CTC
ATGATGCCCCTTCTS5', After an initial denaturation
at 95 °C for 10 min, 40 PCR cycles were performed
using the following conditions: 95 °C, 15 s; 60 °C, 15 s;
and 72 °C, 20s. At the end of PCR reactions, samples
were subjected to a temperature ramp from 70 °C to
95 °C, (2 °C/s) with continuous fluorescence monitoring.
For each PCR product, a single narrow peak was obtained
by melting curve analysis of the specific temperature. Each
sample for targeted genes (Nrf2) expression was assayed
in the duplicates and the ACT method was used to quan-
tify expression levels based on normalization to p-2 myo-
globin as a reference standard.

Western-blot analysis

The protein (25 pg) was resolved in 12 % SDS-PAGE and
electro-blotted onto polyvinylidene fluoride (PVDF) mem-
brane. The membranes were blocked overnight at 4 °C
with 5 % (v/) non-fat dry milk in Phosphate-buffered
saline (PBS) and incubated with specific primary anti-
bodies at 1:10,000 dilutions for 1 h, followed by horse-
radish peroxidase (HRP) conjugated species specific
secondary antibodies (Sigma, USA) (1:5000 dilutions)
and immune reactivity of the membranes was detected
using the enhanced chemi-luminescence peroxidase
substrate (Sigma, USA).

Statistical analysis

Each experiment was carried out at least three times sep-
arately and the data were expressed as mean + SE. Statis-
tical differences between control and target groups for all
experiments were determined using Student’s -test. The
statistical significance was determined at 5 (p < 0.05) level.
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Results and discussion

Our previous study demonstrated the antioxidant activity
of methanolic stem bark extracts of S. anacardium [10].
Further, the methanolic extract was subjected to silica gel
chromatographic separation which resulted in the isola-
tion of four compounds (Additional file 1: Table S1). The
main compounds isolated are 3-O-methyl quercetin (S3)
(5.77 %) and kaempferol (S4) (3.75 %).

The antioxidant compound, S3 was isolated as yellow
color semisolid with ethyl acetate and methanol systems
(25:75). The bright yellow color in TLC analysis with ce-
ric sulfate staining indicates the flavonol nature of the
compounds [16] (Data not shown). The absorption max-
ima at 267 and 342.5 nm confirmed the flavonol nature
of S3 antioxidant compound [17]. Bright yellow color
semisolid antioxidant compound, S4 isolated with the
methanol solvent system (100 %). The presence of a fla-
vonoid skeleton in the antioxidant compound S4 was
supported by UV maxima at 255.8 and 368 nm [18]
(Additional file 2: Figure S1). HPLC profile of S3 and S4
antioxidant compounds showed homogeneity by having
a single peak with retention time of 9.45 and 7.05 min
compared to S1 and S2 (Data not shown).

IR absorption data on isolated antioxidant compound,
S3 was indicative of the hydroxyl group (3425.75 cm™"),
aromatic functionalities (1463.37 cm™"), carbonyl group
(1631.81 cm™) and hetero atom bonds (1260 cm™) [19].
The peaks at 3397.50, 2923 and 1712 cm™" of S4 com-
pound refers to presence of aromatic, hydroxyl (-OH)
and carbonyl (C = O) groups, respectively [20]. The ESI-
MS of S3 compound showed a major molecular ion peak
at m/z 315 [M-H"] indicated the molecular mass of 316
and theS4 compound showed a major molecular ion
peak at m/z 285 [M-H"] indicated the molecular mass of
286 [21].

The 'H NMR spectra of S3 compound showed the sig-
nals of singlet and doublet hydrogen atoms at respective
positions : 3.73 (3H, s, OCH3-3), 12.72 (1H, s, OH-5), 6.30
(1H, d, ] = 1.85 Hz, H-6), 10.68 (1H, s, OH-7), 6.39 (1H, d,
J=2.01 Hz, H-8), 7.59 (1H, d, J=2.0 Hz, H-2"), 10.74
(1H, s, OH-3"), 10.78 (1H, s, OH-4"), 6.88 (1H, d, J =
8.0 'Hz, H-5"), 7.41 (1H, dd, J=1.99, 8.25 Hz, H-6").
From the *C NMR spectra, the § values of carbon atoms
were 1522 (C-2), 1374 (C-3), 175.20 (C-4), 159.9 (C-5),
91.5 (C-6), 161.7 (C-7), 96.8 (C-8), 154.3 (C-9), 105.3 (C-
10), 123.0 (C-1'), 116.1 (C-2"), 142.9 (C-3"), 58.6 (OCH3-
3'), 149.0 (C4"), 1161 (C-5'), 1195 (C-6'). 'H and ** C
NMR data of these results were consistent with the litera-
ture [22]. Thus, based on the above results, we propose the
structure of S3 compound proposed as 2-(3,4-dihydroxy-
phenyl)-5,7-dihydroxy-3-methoxy-4H-chromen-4-one [(3-
O-methyl quercetin) (C;6H;,0)] (Fig. 1a).

The "H NMR spectra of isolated antioxidant com-
pound S4 showed specific signals for singlet and doublet
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Fig. 1 Protective effect of 3-O-methyl quercetin and kaempferol isolated from S. anacardium against H,0, induced cytotoxicity. Proposed structures of
isolated 3-O-methyl quercetin (a) and kaempferol (b). The Cytotoxic effect of H,O, on the viability of the lung (L132) and liver (L02) cells at
concentrations ranging from 20 to 200 uM for 24 h and results expressed as percent control (c). The Protective effect of isolated 3-O-methyl
quercetin (53) and kaempferol (S4) on H,0, induced cytotoxicity in lung (d) and liver (e) cells. Cells were pretreated with isolated 3-O-methyl

experiments (n = 3). The values were significant at p < 0.05

quercetin and kaempferol at concentrations ranging from 10 to 500 ug followed by 100 uM H,O,. The cytotoxic effect was determined by
MTT assay and the results were expressed in-terms of viability as percent control. Each value represents mean + SE of three independent

hydrogen atoms at positions: 6.15 (1H, d, J=1.4 Hz,
H-6), 6.34 (1H, s, H-8), 8.09 (1H, d, ] =8.7 Hz, H-2),
6.81 (1H, d, ] = 8.7 Hz, H-3), 6.81 (1H, d, ] = 8.7 Hz, H-5),
8.02 (1H, d, ] = 8.7 Hz, H-6), 7.89 (2H, d, ] = 8.8, H-2", 6"),
691 (2H, d, J=8.8, H-3", 5’). The presence of signals in
the >*C NMR spectra of isolated antioxidant S4 revealed
the positions of carbon atoms at: 123.4 (C-1) 150.6 (C-2),
136.8 (C-3), 172.8 (C-4), 157.9 (C-5), 90.5 (C-6), 1565 (C-
7), 964 (C-8), 1664 (C-9), 104.5 (C-10), 1285 (C-1'),
129.7 (C-2', 67), 1135 (C-3", 5"), 149.8 (C-4"). The struc-
ture was determined by the analysis of '"H and *C-NMR
data as well as by comparison with previously reported
values [23] as [3,5,7-trihroxy-2- (4-hroxyphenyl)-4H-chro-
men-4-one (kaempferol) (C;5H;0Og) (Fig. 1b).

As a preliminary study, the cytotoxic effect of H,O, at
a concentration ranging from 20 to 200 uM was evalu-
ated. The results indicate that HyO, decreased the cell
viability of both lung and liver cells. The decreased cell
viability at 24 h treatment may due to H,O, induced
cytotoxicity. However, 50 % survival of both lung and
liver cells was observed with 100 pM H,O, Hence,
100 pM H,O, used to evaluate the antioxidant activity

of isolated compounds (Fig. 1c). Further, the results on
the protective effect showed that pre-treatment with
both isolated 3-O-methyl quercetin and kaempferol de-
creased the H,O, induced cytotoxicity and a significant
protection was observed in both lung and liver cells. The
survival rate of lung cells was increased by 10, 20, 25,
30, 32 and 33 % and 15, 22, 30, 40, 42 and 42 % with 10,
25, 50, 100, 250 and 500 pg/ml of isolated 3-O-methyl
quercetin and kaempferol, respectively compared to
H,0, (100 uM) treated cells (Fig. 1d). Similarly, the cell
survival rate of HyO, treated liver cells increased from
by 8, 15, 20, 30, 32 and 32 % and 5, 15, 22, 35, 36 and
37 % with isolated 3-O-methyl quercetin and kaemp-
ferol, respectively at a a concentration of 10, 25, 50, 100,
250 and 500 pg/ml compared H,O, treated cells (Fig. 1e).
The ICsy value 3-O-methyl quercetin and kaempferol
against lung cells were 25 and 37.5 pg/ml, respectively
and liver cells were 30 and 40 pg/ml, respectively. The
cytoprotective effect of antioxidants has been partially
ascribed in the current research [2]. The protective ef-
fect of isolated 3-O-methyl quercetin and kaempferol on
H,0, induced morphological changes evaluated in both
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lung and liver cells. Treatment of lung and liver cells
with H,O, (100 puM) for 24 h caused detachment and
shrinkage, which are early symptoms of anchorage
dependent cell death. However, pretreatment of cells
with isolated 3-O-methyl quercetin and kaempferol pre-
vented detachment and cell shrinkage (Data not shown).
Previously, Valko et al., demonstrated the protective ef-
fect of natural antioxidants against H,O, in cells [24].
To determine the antioxidant propensity of 3-O-methyl
quercetin and kaempferol, total ROS levels estimated
using dye DCFH-DA. In the presence of ROS, DCFH
oxidized to highly fluorescent dichlorofluorescein. The
resulting fluorescence used as an index to quantify the
ROS levels [25]. The emitted fluorescence was directly
proportional to the ROS generated by H,O,. Treatment
of L132 and LO02 cells with 100 uM H,O, elicited ROS
levels, but attenuated significantly with both 3-O-methyl
quercetin and kaempferol (Fig. 2a).

The densitometric analysis of DCFH-DA stained cells
indicates that pre-treatment of lung (L132) cells with 3-O-
methyl quercetin and kaempferol at 100 pg/ml reduced
intensity of fluorescence to 50.5 and 45 % respectively,
compared to controls. Whereas, treatment of liver (L02)
cells with 3-O-methyl quercetin and kaempferol (100 pg/
ml) reduced the intensity of fluorescence to 55 and 40 %,
respectively (Fig. 2b). The fluorescence intensity decreased
by both 3-O-methyl quercetin and kaempferol indicating
their potent antioxidant activity.

Free radical generation causes damage and increases
permeability of the mitochondrial membrane. This de-
crease in mitochondrial membrane potential is a bio-
marker of stress induced apoptotic cell damage [26]. To
examine the protective nature of 3-O-methyl quercetin
and kaempferol against H,O, induced apoptosis, mito-
chondrial membrane potential (MMP) was measured
using rhodamine 123 [27]. The MMP was decreased
after treatment with 100 pM H,O, compared to un-
treated control which may be due to the depolarization
of mitochondrial membrane. However, treatment of both
lung (L132) and liver (LO2) cells with 3-O-methyl quer-
cetin and kaempferol at 100 pg/ml prior to treatment with
H,0,, showed a significant recovery of fluorescence inten-
sity indicating the mitochondrial protective nature of iso-
lated antioxidant compounds (Fig. 2c). The densitometric
analysis showed that pre-treatment with 3-O-methyl quer-
cetin and kaempferol restored the fluorescence intensity
by 50 and 45 %, respectively, in L132 cells and 45 and
40 %, respectively, in LO2 cells compared to untreated
controls (Fig. 2d). Previously, Eissa et al., reported protect-
ive effect of phenolic compounds by attenuating ROS in-
duced damage [28].

LDH is a stable cytoplasmic enzyme present in all cells
and is rapidly released into the extracellular environ-
ment upon plasma membrane damage [29]. The results
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of protective effect of 3-O-methyl quercetin and kaemp-
ferol showed that H,O, induced release of LDH was de-
creased with 3-O-methyl quercetin and Kaempferol (10
to 250 pg/ml) treatment. The analysis of the results indi-
cates that pre-treatment with 3-O-methyl quercetin de-
creased the release of LDH by 56.1, 49.2, 27.2, 13.3, and
13 % at 10, 25, 50, 100 and 250 pg/ml, respectively,
whereas kaempferol by 52.3, 46.1, 25.0, 12.1 and 12.2 %
respectively, in lung cells compared to H,O, treated
control (Fig. 2e). Further, treatment of liver cells with
isolated 3-O-methyl quercetin at 10, 25, 50, 100 and
250 pg/ml decreased the release of LDH by 60.3, 52.0,
26.5, 15.5 and 15.1 %, respectively, whereas kaempferol
treatment at the same concentration reduced the LDH
by 58.6, 50.4, 26.4, 14.8 and 14.4 % respectively (Fig. 2f).
These results signify the dose dependent protective ef-
fect of isolated antioxidant compound(s) against H,O,
induced membrane damage. Similar observations were
reported by earlier studies [30].

In recent years, an increased attention is being paid on
health and nutritional benefits of medicinal plants.
Phenolic compounds are well-known as radical scaven-
gers or radical-chain breakers and they strongly elimin-
ate oxidative free radicals [31]. In biological systems,
superoxide radicals converted into hydrogen peroxide in
the presence of the superoxide dismutase enzyme. H,O,
generates hydroxyl radicals in the presence of transition
metal ions such as iron and copper leads to DNA strand
scission and genomic instability [32].

The comet assay is a relatively simple, but sensitive
and well validated method for detecting DNA fragmen-
tation in apoptotic cells [13]. Olive tail moment (OTM)
was used as parameter to reflect DNA damage. When
lung (L132) and liver (L02) cells were treated with
100 uM H,O, alone, caused DNA fragmentation. When
lung (L132) cells pretreated with isolated 3-O-methyl
quercetin at 100 pg/ml prevented the DNA damage by
87 % and kaempferol by 76 % (Fig. 3a and c). Pre-
treatment of Liver cells (L02) with 3-O-methyl quercetin
decreased the DNA damage by 75 % and kaempferol by
76 %, compared to H,O, treated cells (Fig. 3b and d).
The above results clearly demonstrated DNA damage
protective role of isolated 3-O-methyl quercetin and
kaempferol. Previously, the protective role of flavonols
against hydrogen peroxide on DNA damage was re-
ported [33].

This study analyzed the protective role of isolated 3-O-
methyl quercetin and kaempferol against both UV and
H,0, induced damage on genomic DNA of both lungs
(L123) and liver (L0O2) cells. The single band in lane 1 indi-
cates no shearing of DNA during isolation. However, mul-
tiple bands in lane 2 and 3 indicated fragmentation of
DNA by UV irradiation and 100 pM H,O, respectively.
Lane 4 showed the shearing of DNA indicated the
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Fig. 2 Protective effect of 3-O-methyl quercetin and kaempferol on H,0, induced mitochondria and plasma membrane damage in L132 and L02
cells. a Cells were pretreated with 3-O-methyl quercetin and kaempferol followed by H,O, for 24 h. Cell incubated with 2',7-DCFH-DA for 30 min
and images were taken using a fluorescence microscope. The intensity of the fluorescence was measured at an excitation wavelength of 485 nm
and an emission wavelength of 535 nm and results were expressed in terms of ROS levels as percent control (b). Protective effect of 3-O-methyl
quercetin and kaempferol on H,O, induced mitochondrial membrane potential. After treatment, cells were incubated with Rhodamine 123 (10 pg/ml)
for 1 h at 37 °C and change in fluorescence was measured using a fluorimeter (c). Densitometric analysis of MMP change in lung and liver cells (d).
After treatment, total LDH activity in lung (e) and liver (f) cells was determined as described in materials and methods and results were expressed as
percent control. Each value represents mean + SE of three independent experiments. The values were significant at p < 0.05

formation of DNA laddering mediated by both UV irradi-
ation and 100 uM H,O, However, absence of fragmenta-
tion of DNA in cells pre-treated with isolated 3-O-methyl
quercetin and kaempferol (100 pg/ml) in both lanes 5 and
6 indicated a protective effect of isolate 3-O-methyl quer-
cetin and kaempferol. Lane7 and 8 showed an absence of
DNA fragments with isolated 3-O-methyl quercetin and

kaempferol alone indicated absence of cytotoxicity nature
of 3-O-methyl quercetin and kaempferol, respectively
(Fig. 3e and f).

A vast number of studies have demonstrated that
H,O, treatment induces apoptosis through activation of
caspase 3 [34]. In order to assess the protective effect of
3-O-methyl quercetin and kaempferol against H,O,
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induced apoptosis in lung and liver cells, caspase-3 ac-
tivity was determined. The results show that H,O, in-
duced activation of caspase 3 reduced by 3-O-methyl
quercetin and kaempferol to 48 and 42 % respectively, in
lung cells compared to control. Similarly, H,O, medi-
ated activation of caspase 3 reduced by 3-O-methyl
quercetin and kaempferol to 48 and 40 % respectively, in
liver cells (Fig. 3g). The results suggest that apoptosis
caused by H,O, prevented by 3-O-Methyl quercetin and
kaempferol.

Flavonoids exert therapeutic effects through induction
of cytoprotective response, prevention of procarcinogen
activation, detoxifying activated carcinogens by enhan-
cing conjugation and excretion [35]. Previous reports
have demonstrated that flavonoids interact with proteins
of various cellular systems and participate in various
signalling cascade events of cancer and ROS mediated
disorders [36].

The mitogen-activated protein kinases (MAPKs) are a
family of highly related kinases consisting of the extra-
cellular signal-regulated protein kinases (ERKs), the c-
jun N-terminal kinases (JNKs), the p38 kinases and
other kinases. Studies have reported that, p38 MAPK
has been positively related to cell survival [37] and stress
induced apoptosis [38]. Further studies have reported
that function of p38a depends on the cell type and the
stimuli [39].

In the present study, GOLD suite used to determine
the binding interaction between the binding sites of tar-
get proteins ERK1, JNK1 and p38a with 3-O-methyl
quercetin and kaempferol (Fig. 4a—f). The Gold scores
of ERK1 with 3-O-methyl quercetin and kaempferol
were 32.96 and 36.56, respectively, JNK1 was 33.90 and
29.02, respectively and p38a was 45.70 and 43.75, re-
spectively. These results indicate that both 3-O-methyl
quercetin and kaempferol had highest docking scores to-
wards p38a, which refers to the high interacting ability
of these antioxidant compounds with p38a.

Further, the effect of 3-O-methyl quercetin and kaemp-
ferol on H,O, induced phosphorylation of p38, ERK and
JNK were tested. The results indicated that phospho-p38
levels were significantly increased in H,O, treated lung
and liver cells by 2.3 and 2.45 folds compared to untreated
control. However, 3-O-methyl quercetin and kaempferol
at concentration of 100 pg/ml attenuated the expressions
by 50.3 and 48.5 %, respectively in lung cells and 45.7 and
42.6 %, respectively in liver cells (Fig. 4g). Activated
p38 controls cell proliferation, differentiation and apop-
tosis [40]. 3-O-methyl quercetin and kaempferol treat-
ment did not show any change in pERK and pJNK
levels (Data not shown).

In mammals, intracellular redox homeostasis main-
tained mainly through the transcriptional control of an
array of antioxidative genes. Naidu et al.,, reported that
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Nrf2 activation could be attenuated by the over expres-
sion of p38-MAPKs [41]. It has also been described that
induction of the antioxidant responsive element (ARE)
through Nrf2 [42].

NF-E2-related factor 2 (Nrf2) is a CNC-bZIP transcrip-
tion factor, which regulates the basal and inducible expres-
sion of a wide array of antioxidant genes. Following
dissociation from the cytosolic protein Keapl, Nrf2 rapidly
translocate and accumulates in the nucleus and transacti-
vate the antioxidant response element in the promoter
region of many antioxidant genes. The MAPK signalling
system responds to diverse stimuli, including oxidative
stress and is implicated in the Nrf2 induction [43]. Nrf2
seems to play an important role in the protection against
H,0, induced liver injury [44]. Thus, Nrf2 regulates the
response to cellular stress and cell survival [45].

The results of gene expression studies shows that pre-
treatment of lung and liver cells with 3-O-methyl quer-
cetin and kaempferol (100 pg/ml), increased Nrf2 mRNA
expression in H,O, treated lung and liver cells (Fig. 5a).
This study also observed that Nrf2 levels were more in the
cytosolic fraction of H,O, treated cells compared to nu-
clear fraction. However Nrf2 levels were more in nuclear
fraction compared to the cytosolic fraction of lung and
liver cells treated with 3-O-methyl quercetin and kaemp-
ferol prior to treatment with H,O, (Fig. 5b). These results
indicate that pre-treatment causes translocation of Nrf2
from cytosol to nucleus. Previous study [46] demonstrated
that expression of Nrf2 increased by polyphenols. In line
with our results, quercetin and kaempferol derivatives
have reported to up regulate Nrf2 expression [47]. The ap-
parent correlation between p38 and Nrf2 suggests that
Nrf2 could be a downstream target of p38a during the
exposure of lung and liver cells to HyO, (100 uM). Jang
and Surh [48] reported that treatment of PC12 cells with
Resveratrol protected against H,O, induced cell death,
through MAP kinase mediated Nrf2 activation. Thus, this
study demonstrated that p38-MAP Kinase regulated path-
way might be involved in cellular defense through modu-
lation of Nrf2 and antioxidant enzyme levels.

For further study, the cytoprotective effect of 3-O-
methyl quercetin and kaempferol on H,O, treated lung
and liver cells, expression of antioxidant enzymes such as
glutathione peroxidase, superoxide dismutase 2 (SOD2)
and catalase (CAT) were determined by western blot
analysis. Treatment with 100 pg/ml of isolated antioxidant
compounds did not exhibit any significant change in
SOD2 and CAT expression compared with untreated cells.
Cells treated with 100 uM H,O, alone resulted in the
decreased expression of CAT and SOD2 in both cells.
However, no change in glutathione peroxidase expres-
sion with pre-treatment in H,O, treated lung and liver
cells (Additional file 3: Figure S2). However, pre-
treatment with 100 pug/ml of 3-O-methyl quercetin and
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Fig. 4 a—f Docking of isolated 3-O-methyl quercetin and kaempferol with ERK1, JNK1 and p38a. Interactions of 3-O-methyl quercetin with ERK1
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kaempferol resulted in a significant increase in CAT
and SOD2 expression in both cells (Fig. 5¢ and d).
Densitometric analysis of western blot bands of lung
cells reveals that H,O, treatment decreased SOD2 and
CAT levels by 60 and 40 %, respectively, compared to
untreated control, whereas in liver cells by 45 and 42 %,
respectively. However, pre-treatment of lung cells with
3-O-methyl quercetin increased SOD2 and CAT levels

by 50 and 30 %, respectively, and kaempferol by 25 and
18 %, respectively (Fig. 5e and f). Further, pre-treatment
of liver cells with 3-O-methyl quercetin increased the
SOD2 and CAT levels by 25 and 28 %, respectively,
and kaempferol by 19.5 and 30.5 %, respectively (Fig. 5g
and h). Recently, Emamgholipour et al. (2016) [49] re-
ported that peripheral blood mononuclear cells
(PBMNCS) showed decreased expression of SOD levels
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with H,O, treatment compared to untreated cells both
mRNA expression and activity. Pre-treatment of
PBMCS with melatonin, a known antioxidant prior to
exposure to H,O, caused a significant increase in SOD
levels in comparison with PBMNCS treated only with
H,0, [49]. Interestingly, cells pretreated with 100 pg of
isolated antioxidant compounds following exposure to
H,0, (100 pM) showed a significant increase in levels
of CAT and SOD2 compared to H,O, treated cells,
suggesting cytoprotective nature of isolated antioxidant
compounds, 3-O-methyl quercetin and kaempferol in
mediating the cell survival.

Conclusion

The present study isolated 3-O-methyl quercetin and
kaempferol from the stem bark. They protected normal
lung and liver cells from H,O, induced cytotoxicity,
ROS formation, membrane damage and DNA damage.
Pre-treatment with 3-O-methyl quercetin and kaemp-
ferol caused translocation of Nrf2 from cytosol to nu-
cleus. It also increased expression of p-p38, Nrf2, SOD
and catalase in H,O, treated lung and liver cells. The fla-
vonoids isolated from S. anacardium significantly reduced
H,0, induced stress and increased expression of Nrf2,
catalase and superoxide dismutase-2 indicating cytopro-
tective nature of 3-O-methylquercetin and kaempferol.
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Additional file 2: Figure S1. UV-vis spectrophotometric analysis of
isolated antioxidant compounds. (DOCX 66 kb)

Additional file 3: Figure S2. Effect of 3-O-methyl quercetin (a) and
kaempferol (b) on expression of Glutathione peroxidase. (JPG 218 kb)

Abbreviations

CAT: Catalase; DCFH2DA: 2', 7'-dicholoro-dihydro-fluorescein diacetate;
DMEM: Dulbecco’s modified eagle medium; DMSO: Dimethy! sulfoxide;
DPPH: 2,2-diphenyl-1-picrylhydrazyl; ERK1: Extracellular signal-regulated
kinase 1; FBS: Fetal bovine serum; H,O,: Hydrogen peroxide; JNK1: c-Jun
N-terminal kinase 1; L02: Human normal liver cells; L132: Human normal lung
cells; MTT: 3-(4,5-dimethylthiazol-2-yl) -2,5-diphenyltetrazolium bromide;

Nrf2: NF-E2-related factor 2; SOD2: Superoxide dismutase 2

Acknowledgement

The authors would like to thank the DST, New Delhi, India and DST-FIST,
New Delhi, India. Special thanks to authorities of GITAM University. The
authors also thank management of the Maharajah’s post graduate college,
Vizianagaram and Defense Food Research Laboratory (DFRL), Mysore for
providing facility to conduct this work.

Funding
The present work doesn't supported by any funding agency.

Availability of data and materials
All the data are presented within the main manuscript.

Page 12 of 13

Authors’ contributions

Conception and design the experiments: ADN, RRM. Performed the
Experiments: ADN, GBB, RRM. Acquisition and analysis and interpretation of
the data: ADN, RRM, AB. Wrote the first draft of the manuscript: ADN, RRM.
Contributed to the writing of the manuscript: RRM, AB, KLK. Agree with the
manuscript results and conclusions: ADN, RRM, AB. jointly developed the
structure and arguments for the paper: ADN, RRM, AB. Made critical revisions
and approved final version: RRM, ADN, AB. All authors reviewed and
approved of the manuscript.

Competing interests
The authors declare that they have no competing interests.

Consent for publication
This study did not involve human participants. Hence, this information is not
applicable.

Ethics approval and consent to participate
This study did not involve human subjects, human material, human data and
animal samples hence, this information is not applicable.

Received: 16 November 2015 Accepted: 15 September 2016
Published online: 29 September 2016

References

1. Gulden M, Jess A, Kammann J, Maser E, Seibert H. Cytotoxic potency of
H202 in cell cultures: Impact of cell concentration and exposure time. Free
Radic Biol Med. 2010;49:1298-305. Available from: http://dx.doi.org/10.1016/
jfreeradbiomed.2010.07.015.

2. Yeh (T, Yen GC. Involvement of p38 MAPK and Nrf2 in phenolic acid-
induced P-form phenol sulfotransferase expression in human hepatoma
HepG2 cells. Carcinogenesis. 2006;27:1008-17.

3. Schwingel LC, Schwingel GO, Storch N, Barreto F, Bassani VL. 3-O-
Methylquercetin from organic Nicotiana tabacum L. trichomes: Influence
of the variety, cultivation and extraction parameters. Ind Crop Prod.
2014,55:56-62.

. Khare CP. Encyclopedia of Indian medicinal plants. 1982:419-21.

5. Vinutha B, Prashanth D, Salma K, Sreeja SL, Pratiti D, Padmaja R, et al.
Screening of selected Indian medicinal plants for acetylcholinesterase
inhibitory activity. J Ethnopharmacol. 2007;109:359-63.

6. Ali MA, Wahed MII, Khatune NA, Rahman BM, Barman RK, Islam MR.
Antidiabetic and antioxidant activities of ethanolic extract of Semecarpus
anacardium (Linn.) bark. BMC Complement Altern Med. 2015;15:10. Available
from: <Go to ISI>://W0S:000354851200001.

7 Selvam C, Jachak SM, Bhutani KK. Cyclooxygenase inhibitory flavonoids from
the stem bark of Semecarpus anacardium Linn. Phytother Res. 2004;18:582-4.

8  Lingaraju GM, Hoskeri HJ, Krishna V, Babu PS. Analgesic activity and acute
toxicity study of Semecarpus anacardium stem bark extracts using mice.
Pharmacognosy Res. 2011,3:57-61. Available from: http://www.pubmedcentral.
nih.gov/articlerenderfcgi?artid=3119273&tool=pmcentrez&rendertype=abstract.

9 Sahoo AK, Narayanan N, Sahana S, Rajan SS, Mukherjee PK. In vitro
antioxidant potential of Semecarpus anacardium L. Pharmacologyonline.
2008;3:327-35.

10 Naveen Kumar AD, Bevara GB, Laxmikoteswramma K, Malla RR. Antioxidant,
cytoprotective and antiinflammatory activities of stem bark extract of
Semecarpus anacardium. Asian J Pharm Clin Res. 2013,6:213-9.

11 Tammariello SP, Quinn MT, Estus S. NADPH Oxidase Contributes Directly to
Oxidative Stress and Apoptosis in Nerve Growth Factor-Deprived
Sympathetic Neurons. J Neurosci. 2000;20:1-5.

12 Baracca A, Sgarbi G, Solaini G, Lenaz G. Rhodamine 123 as a probe of
mitochondrial membrane potential: evaluation of proton flux through F(0)
during ATP synthesis. Biochim Biophys Acta. 2003;1606:137-46. Available
from: http://www.ncbi.nim.nih.gov/pubmed/14507434.

13 Wong VWG, Szeto YT, Collins AR, Benzie IFF. The Comet Assay: a biomonitoring
tool for nutraceutical research. Curr Top Nutraceutical Res. 2005,3:1-14.

14 Jones G, Willett P, Glen RC, Leach AR, Taylor R. Development and validation
of a genetic algorithm for flexible docking. J Mol Biol. 1997,267:727-48.

15 Malla R, Gopinath S, Alapati K, Gondi CS, Gujrati M, Dinh DH, et al.
Downregulation of uPAR and cathepsin B induces apoptosis via regulation
of Bcl-2 and Bax and inhibition of the PI3K/Akt pathway in gliomas. PLoS
One. 2010,5:¢13731.


dx.doi.org/10.1186/s12906-016-1354-z
dx.doi.org/10.1186/s12906-016-1354-z
dx.doi.org/10.1186/s12906-016-1354-z
http://dx.doi.org/10.1016/j.freeradbiomed.2010.07.015
http://dx.doi.org/10.1016/j.freeradbiomed.2010.07.015
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3119273&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3119273&tool=pmcentrez&rendertype=abstract
http://www.ncbi.nlm.nih.gov/pubmed/14507434

Kumar et al. BMC Complementary and Alternative Medicine (2016) 16:376

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

Jork H. Thin-layer Chromatography: Reagents and Detection Methods.
Physical and chemical detection methods: activation reactions, reagent
sequences, reagents Il. Vol. 1b [Internet]. VCH; 1994 [cited 2015 Apr 22].
Available from: http://books.google.co.in/books/about/Thin_layer_
Chromatography.html?id=GWRtMwWEACAAJ&pgis=1

Dai J, Mumper RJ. Plant phenolics: Extraction, analysis and their antioxidant
and anticancer properties. Molecules. 2010;15:7313-52.

Kajdzanoska M, Petreska J, Stefova M. Comparison of different extraction
solvent mixtures for characterization of phenolic compounds in
strawberries. J Agric Food Chem. 2011,59:5272-8. Available from: http://
www.ncbi.nlm.nih.gov/pubmed/21495681.

Heneczkowski M, Kopacz M, Nowak D, Kuzniar A. Infrared spectrum analysis
of some flavonoids. Acta Pol Pharm. 2001;58:415-20.

Graf E. The Systematic Identification of Flavonoids. Von T. J. Mabry, K. R.
Markham und M. B. Thomas. 354 S. mit 325 Abb,, Springer-Verlag Berlin —
Heidelberg — New York 1970, Preis: DM 98, — (US $ 27.00). Arch Pharm
(Weinheim). 1971;304:715. Available from: http://doiwiley.com/10.1002/ardp.
19713040918.

Prasain JK, Wang CC, Barnes S. Mass spectrometric methods for the
determination of flavonoids in biological samples. Free Radic Biol Med.
2004;37:1324-50.

Wang J, Lou J, Luo C, Zhou L, Wang M, Wang L. Phenolic compounds from
Halimodendron halodendron (Pall) voss and their antimicrobial and
antioxidant activities. Int J Mol Sci. 2012;13:11349-64.

Li L, Henry GE, Seeram NP. Identification and bioactivities of resveratrol
oligomers and flavonoids from carex folliculata Seeds. J Agric Food Chem.
2009;,57:7282-7.

Valko M, Morris H, Mazir M, Rapta P, Bilton RF. Oxygen free radical
generating mechanisms in the colon: do the semiquinones of vitamin K
play a role in the aetiology of colon cancer? Biochim Biophys Acta. 2001;
1527:161-6. Available from: http://www.ncbi.nlm.nih.gov/pubmed/11479033.
Bonini MG, Rota C, Tomasi A, Mason RP. The oxidation of 2',7'-
dichlorofluorescin to reactive oxygen species: A self-fulfilling prophesy? Free
Radic Biol Med. 2006;40:968-75.

Ly JD, Grubb DR, Lawen A. The mitochondrial membrane potential (5ym)
in apoptosis; an update. Apoptosis. 2003;8:115-28.

Ubl JJ, Chatton JY, Chen S, Stucki JW. A critical evaluation of in situ
measurement of mitochondrial electrical potentials in single hepatocytes.
Biochim Biophys Acta Bioenerg. 1996;1276:124-32.

Eissa TF, Gonzalez-Burgos E, Carretero ME, Gomez-Serranillos MP. Phenolic
Composition and Evaluation of Antioxidant and Cytoprotective Activity of
Chiliadenus montanus. Rec Nat Prod. 2013;7:184-91.

Smith SM, Wunder MB, Norris DA, Shellman YG. A simple protocol for using
a LDH-based cytotoxicity assay to assess the effects of death and growth
inhibition at the same time. PLoS One. 2011;6:226908. Available from:
http://www.pubmedcentral.nih.gov/articlerender fcgi?artid=3219643&tool=
pmcentrez&rendertype=abstract.

Zou YP, Lu YH, Wei DZ. Protective effects of a flavonoid-rich extract of
Hypericum perforatum L. against hydrogen peroxide-induced apoptosis in
PC12 cells. Phytother Res. 2010;24:56-10.

Lin K-H, Yang Y-Y, Yang C-M, Huang M-Y, Lo H-F, Liu K-C, et al. Antioxidant
activity of herbaceous plant extracts protect against hydrogen peroxide-
induced DNA damage in human lymphocytes. BMC Res Notes. 2013,6:490.
Available from: http://www.pubmedcentral.nih.gov/articlerender fcgi?artid=
42220918&tool=pmcentrez&rendertype=abstract.

Halliwell B, John Gutteridge. Free Radicals in Biology and Medicine: Barry
Halliwell - Oxford University Press [Internet]. Oxford Clarendon Press. 1999
[cited 2015 Apr 22]. Available from: https://books.google.co.in/books?id=
HABICgAAQBAJ

Anderson D, Dobrzyriska MM, Basaran N, Basaran A, Yu TW. Flavonoids
modulate Comet assay responses to food mutagens in human lymphocytes
and sperm. Mutat Res. 1998,402:269-77.

DiPietrantonio AM, Hsieh T, Wu JM. Activation of caspase 3 in HL-60 cells exposed
to hydrogen peroxide. Biochem Biophys Res Commun. 1999,255:477-82.
Moon YJ, Wang X, Morris ME. Dietary flavonoids: Effects on xenobiotic and
carcinogen metabolism. Toxicol In Vitro. 2006;20:187-210.

Lu WS, Yan-Hua. Molecular docking of citrus flavonoids with some targets
related to diabetes. Bangladesh J Pharmacol. 2013;8:156-70.

Nebreda AR, Porras A. p38 MAP kinases: beyond the stress response. Trends
Biochem Sci. 2000;25:257-60. Available from: http://www.ncbi.nlm.nih.gov/
pubmed/10838561.

38

39

40

42

43

44

45

46

47

48

49

Page 13 of 13

Porras A, Zuluaga S, Black E, Valladares A, Alvarez AM, Ambrosino C, et al.
P38 alpha mitogen-activated protein kinase sensitizes cells to apoptosis
induced by different stimuli. Mol Biol Cell. 2004;15:922-33. Available from:
http.//www.pubmedcentral.nih.gov/articlerender.fcgi?artid=329404&tool=
pmcentrez&rendertype=abstract.

Koul HK; Pal M, Koul S. Role of p38 MAP Kinase Signal Transduction in Solid
Tumors. Genes Cancer. 2013;4:342-59. Available from: http://www.
pubmedcentral.nih.gov/articlerender fcgi?artid=3863344&tool=
pmcentrez&rendertype=abstract.

Liu M, Xu'Y, Han X, Liang C, Yin L, Xu L, et al. Potent effects of flavonoid-
rich extract from Rosa laevigata Michx fruit against hydrogen peroxide-
induced damage in PC12 cells via attenuation of oxidative stress,
inflammation and apoptosis. Molecules. 2014;19:11816-32.

Naidu S, Vijayan V, Santoso S, Kietzmann T, Immenschuh S. Inhibition and
genetic deficiency of p38 MAPK up-regulates heme oxygenase-1 gene
expression via Nrf2. J Immunol. 2009;182:7048-57.

Alam J, Wicks C, Stewart D, Gong P, Touchard C, Otterbein S, et al.
Mechanism of heme oxygenase-1 gene activation by cadmium in MCF-7
mammary epithelial cells. Role of p38 kinase and Nrf2 transcription factor.
J Biol Chem. 2000,275:27694-702.

Chuang JY, Chang WC, Hung JJ. Hydrogen peroxide induces Sp1
methylation and thereby suppresses cyclin B1 via recruitment of Suv39H1
and HDACT in cancer cells. Free Radic Biol Med. 2011;51:2309-18.

Eggler AL, Gay KA, Mesecar AD. Molecular mechanisms of natural products
in chemoprevention: Induction of cytoprotective enzymes by Nrf2. Mol Nutr
Food Res. 2008,52:584-94.

Leiser SF, Miller RA. Nrf2 signaling, a mechanism for cellular stress resistance
in long-lived mice. Mol Cell Biol. 2010;30:871-84.

Scapagnini G, Sonya V, Nader AG, Calogero C, Zella D, Fabio G. Modulation
of Nrf2/ARE pathway by food polyphenols: A nutritional neuroprotective
strategy for cognitive and neurodegenerative disorders. Mol Neurobiol.
2011;44:192-201.

Tanigawa S, Fujii M, Hou DX. Action of Nrf2 and Keap1 in ARE-mediated
NQO1 expression by quercetin. Free Radic Biol Med. 2007;42:1690-703.
Jang JH, Surh YJ. Protective effects of resveratrol on hydrogen peroxide-
induced apoptosis in rat pheochromocytoma (PC12) cells. Mutat Res. 2001;
496:181-90.

Emamgholipour S, Hossein-nezhad A, Ansari M. Can Melatonin Act as an
Antioxidant in Hydrogen Peroxide-Induced Oxidative Stress Model in Human
Peripheral Blood Mononuclear Cells? Biochem Res Int. 2016,2016:1-8.

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BiolMed Central



http://books.google.co.in/books/about/Thin_layer_Chromatography.html?id=GWRtMwEACAAJ&pgis=1
http://books.google.co.in/books/about/Thin_layer_Chromatography.html?id=GWRtMwEACAAJ&pgis=1
http://www.ncbi.nlm.nih.gov/pubmed/21495681
http://www.ncbi.nlm.nih.gov/pubmed/21495681
http://doi.wiley.com/10.1002/ardp.19713040918
http://doi.wiley.com/10.1002/ardp.19713040918
http://www.ncbi.nlm.nih.gov/pubmed/11479033
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3219643&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3219643&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=4222091&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=4222091&tool=pmcentrez&rendertype=abstract
https://books.google.co.in/books?id=HABlCgAAQBAJ
https://books.google.co.in/books?id=HABlCgAAQBAJ
http://www.ncbi.nlm.nih.gov/pubmed/10838561
http://www.ncbi.nlm.nih.gov/pubmed/10838561
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=329404&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=329404&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3863344&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3863344&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3863344&tool=pmcentrez&rendertype=abstract

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Chemicals and other reagents
	Source of plant material
	Cell lines
	Activity guided isolation of antioxidant compounds
	Structural elucidation of isolated antioxidant compounds
	MTT assay
	Estimation of intracellular ROS using DCFH-DA
	Measurement of mitochondrial membrane potential (MMP)
	Lactate dehydrogenase (LDH) release assay
	Alkaline comet assay
	DNA laddering assay
	In silico docking
	Caspase 3 activity assay
	Determination of Nrf2 levels
	Determination of phospho-p38 levels
	Real time-PCR analysis
	Western-blot analysis
	Statistical analysis

	Results and discussion
	Conclusion
	Additional files
	show [a]
	Acknowledgement
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	References

