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The current research explores in vitro antioxidant characteristics, radiation-induced DNA damage protec-
tion and quenching effects of the oxidative stress by the ethanolic leaf extract of Abutilon indicum (EEAI)
on human peripheral blood lymphocytes (PBLs). PBLs were incubated with various concentrations of EEAI
accompanied by pre- and post-treatment with hydrogen peroxide. Cell viability was investigated by MTT
assay. In addition, quenching of free radicals were measured in vitro using DPPH, superoxide anion,
hydrogen peroxide, reducing power and nitric oxide radical scavenging assays. These activities were com-
pared with ascorbic acid as standard antioxidants. Furthermore, inhibition of UV radiation-induced
strand break formation in plasmid pBR322 DNA and anti-Fenton reactions in calf thymus DNA was eval-
uated. Cytotoxic effects of hydrogen peroxide on PBLs were significantly reduced with EEAI pre-
treatment compared to post-treatment in a dose-dependent manner comparable with similar cytoprotec-
tive effects of ascorbic acid (p > 0.05). EEAI has shown strong antioxidant effects in the scavenging of
DPPH, superoxide anion, hydrogen peroxide, and nitric oxide. EEAI also has a strong protective effect
of UV-induced plasmid pBR322 DNA cleavage and Fenton-induced DNA damage. Overall, the results
revealed that Abutilon indicum has a cytoprotective, potent antioxidant and DNA protective effect that
provide pharmacological credence to justify its overall biological activity. Furthermore, future studies
to identifying bioactive molecules and its molecular mechanisms responsible for promising therapeutic
applications in the rescue of disease-induced cellular oxidative damage.
© 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

including peripheral mononuclear cells, liver, retina, neurons,
oocytes, and testes (Zagmutt et al., 2016; Jurica et al., 2018). Under

The alterations in DNA, protein, and bio-membranes of human
peripheral blood lymphocytes (PBLs) generate oxidative stress that
may lead to the fate of cell injury and death. It causes the progres-
sion of various disorders and diseases such as cancer, diabetes, Alz-
heimer’s, atherosclerosis, aging, cataracts, and cirrhosis (Weng,
2020; Aslam et al., 2015). Early reports indicated that hydrogen
peroxide (H,0,) generates oxidative stress in multiple organs
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the cytotoxic effects, free radicals act mainly by mobilizing arachi-
donic acid from cell membrane phospholipids. The consequences
lead to enhancement of the intracellular malondialdehyde (MDA)
formation, arachidonic acid concentration, and modification in glu-
tathione levels, and intracellular calcium concentration resulting in
oxidative damage (Singh et al., 2016; Xie et al., 2013). Phytochem-
icals are capable of reducing the effects of free radicals or protect-
ing the integrity of cell membranes as being the major focus in
combating cellular damage induced by oxidative stress (Tabolacci
et al., 2019; Zhang et al., 2016). So, natural bioactive phytochemi-
cals such as flavonoids, polyphenols, micronutrients, anthocyanins,
and vitamins may exert several biological effects on cells providing
possible therapeutic molecules against various diseases (Zhang
et al., 2016; Gismondi et al., 2017). Bioactive polyphenols might
modify the cell membrane permeability, reduce the effects of free
radicals and chelate the free metals thereby protecting from free
radical-mediated oxidative stress and cellular damage (Trigo
et al.,, 2019; Zhang et al., 2016).
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Abutilon indicum (L.) Sweet (Malvaceae) is widely recognized to
have medicinal properties used in traditional medicine (Mahalik
et al., 2019). The plant has been found useful in the treatment of
urinary disease, rheumatism, leprosy, ulcer, high fever, jaundice,
pulmonary tuberculosis, gonorrhea, aphrodisiac, bronchitis,
mumps, lack of urination and some nervous and ear problems have
been reported (Abdul Rahuman et al., 2008; Lim, 2014). In addition,
early reports on leaf extracts indicated antibacterial, hepato-
protective, larvicidal, carminative, hypoglycemic, antipyretic,
hyper-lipidemic, laxative, blood tonic, diuretic, anti-cough, anti-
inflammatory  properties (Lim, 2014; Rajeshwari and
Sevarkodiyone, 2018; Porchezhian and Ansari, 2005; Tian et al.,
2018). Phytochemical screening of Abutilon indicum revealed that
it contained polyphenols, flavonoids (gallic acid, B-sitosterol,
geraniol caryophylline, and two sesquiterpene lactones)
(Radhakrishnan et al., 2017; Thakor et al., 2016). Also, alkaloids,
saponins, tannins, and glycosides (Abdul Rahuman et al., 2008;
Krisanapun et al., 2009) were well characterized. Adding to the
increasing information on the significant health benefits of natural
antioxidants, a variety of research groups have investigated plants
as novel major sources of potential antioxidants. Bioactivity of A.
indicum described in this investigation has a strong therapeutic
effect on animal and human health due to its wide-ranging antiox-
idant efficacy. This plant is native to the area where the research
was conducted and is also a part of natural diet in the community.
So, this study investigates the antioxidant and anticarcinogenic
properties of this plant.

The present study aimed to investigate the antioxidant and
cytoprotective effects of ethanolic leaf extract of Abutilon indicum
against (EEAI) oxidative stress induced by H,0, in human periph-
eral lymphocytes (PBLs). The experimental model was selected as
lymphocytes that are primary cells from a healthy genome, widely
used for cytotoxicity research in many contemporary studies. Fur-
ther, we also evaluated the toxicity effects in PBLs to confirm the
safety of this plant extract and investigate the inhibition of UV
induced mutation and Fenton reaction in DNA. We are reporting
here for the first time its cytoprotective and anticarcinogenic prop-
erties of this plant. Furthermore, future investigations need to
focus on identifying bioactive molecules present in these extracts
and its in vivo molecular mechanisms underlying the cytotoxic
and antioxidant functions.

2. Materials and methods
2.1. Plant material collection and extraction

The fresh leaves of Abutilon indicum were collected in Tamil
Nadu, in January 2016. The specimens were identified and charac-
terized at the Madras Herbarium (MH) (Herbarium accession num-
ber 41215/2016), Botanical Survey of India, Coimbatore, India. The
fresh leaves were clearly washed and dried at room temperature
(shades) (25 °C) and powdered. To minimize the degradation of
thermolabile compounds, extraction of 25 g of leaf powder was
marshaled by maceration in ethanol over 24 h under 25 °C with
constant stirring according to Rouamba et al. (2018). The ethanolic
leaf extract was filtered and dried in a vacuum evaporator and
stored at 4 °C until further investigation.

2.2. Chemicals and reagents

2,  2-diphenyl-1-picrylhydrazyl (DPPH), 3 (4, 5-
dimethylthiazol-2-yl) 2, 5-diphenyl-tetrazolium bromide (MTT),
Trypan blue and calf thymus DNA were purchased from Sigma
Aldrich Co. (St. Louis, USA). Lymphoprep from Stemcell Technolo-
gies (USA), pBR322 plasmid DNA was obtained from Genei,

Bangalore, India. RPMI-1640 containing L-glutamine, and
streptomycin/penicillin were purchased from GIBCO BRL Life
Technologies (Grand Island, NY, USA). Hydrogen peroxide, ascorbic
acid, ethanol, and other analytical reagents were obtained from the
Sisco research laboratory, India. Nanopure water was obtained
from a Millipore Elix/A-10 water purification system. Freshly
prepared solutions were used for each experiment.

2.3. Phytochemical analysis

The ethanolic leaf extracts of Abutilon indicum (EEAI) was sub-
jected to phytochemical analysis according to Kumar et al.
(2013). The total phenolic compound in ethanolic leaf extract of
A. indicum was estimated by Singleton and Rossi (1965) using a cal-
ibration curve of gallic acid. The results were expressed as mil-
ligram gallic acid equivalents (GAE)/g of dry plant extract. The
total flavonoid content was determined by Dewanto et al. (2002)
using a standard curve with quercetin and the results are
expressed as milligram of quercetin equivalents (QE/g of dry plant
extract). The total alkaloid content was estimated (Shamsa et al.,
2008) using a standard curve with caffeine. The results were
expressed as milligram caffeine equivalents (CE)/g of dry plant
extract.

2.4. In vitro free radical scavenging activity

Different concentrations increasing from 50 to 300 pg/mL of
EEAI were assessed in various in vitro model systems for their
antioxidants activity. The DPPH assay was done for EEAI with dif-
ferent concentration according to Naik et al. (2004). The kinetics of
DPPH reaction with the EEAI was analyzed by a stopped-flow
kinetic spectrometer (model SX 18 MV UK) according to Naik
et al. (2004) in single mixing mode. The examination of the kinetic
runs was carried out with an exponential function by in-built soft-
ware. Ascorbic acid was used as a positive control reference com-
pound for all the in vitro antioxidant system. DPPH was used as a
blank and the reaction mixture without the plant extract was the
negative control. Three independent runs were used to analyze
the constant rate and concentration.

Superoxide radical was investigated based on the capacity of
EEAI to inhibit formazan formation by scavenging the superoxide
radicals generated in riboflavin-light-NBT system according to
Winterbourn et al. (1975). The ability of EEAI to scavenge hydrogen
peroxide was determined using the method of Ruch et al. (1989).
The ability of the EEAI to quench nitric oxide radicals was deter-
mined as described by Parul et al. (2012). The capacity of the EEAI
to reduce Fe** to Fe?* was determined according to the method of
Oyaizu (1986). Using a nonlinear regression algorithm, the concen-
tration of EEAI need to quenching free radicals was estimated by
ICso. Ascorbic acid was used as a positive control reference com-
pound for all the in vitro antioxidant system. All the in vitro antiox-
idant assays were performed in triplicate in three different
experiments.

2.5. Cytoprotective activity

2.5.1. Isolation and culture of peripheral blood lymphocytes (PBLs)

Peripheral blood lymphocytes (PBLs) were isolated from normal
healthy volunteers with questionnaire based proper informed con-
sent about the research and use. The study was approved by the
Institutional Ethics Committee under the reference agreement no.
2014-440/DS/BIO.

Peripheral blood lymphocytes (PBLs) were isolated under sterile
conditions by using a lymphoprep density gradient method
according to manufacturer’s instructions. Briefly, whole blood
was collected, layered over lymphoprep gradient and centrifuged
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for 30 min at 800g, after which the supernatant’s top two-thirds
was collected and washed with RPMI-1640 and viability assessed
by the trypan blue exclusion test. PBLs were cultured in RPMI
1640 supplemented with 1 mM gentamycin and 10% of fetal
bovine serum (FBS). PBLs cells were maintained at 37 °C in a
humidified 5% CO, atmosphere. Cell viability of about 95% was
accepted for further experiments.

2.5.2. Cell treatment and MTT assay

To assess the effect of EEAI to protect peripheral blood lympho-
cytes from cytoprotective (oxidative damage) effects, PBLs cells
were seeded 2 x 10 cells/well in 96 well plates for 24 h then,
the cells were treated with vehicle (culture medium RPMI 1640)
or with different concentrations of EEAI (50-300 pg/mL) in culture
medium RPMI 1640 for 3 h at 37 °C in 5% CO, incubator before
exposure to hydrogen peroxide (induce oxidative stress). After
incubation the cells were washed with PBS, pH 7.4, and then
exposed an effective dose of hydrogen peroxide (25 uM, 60 min,
37 °C) according to Boligon et al. (2012). A PBLs cell cultured alone
in medium was used as negative control group, while treatment
with ascorbic acid (standard control) was compared with EEAI
treated cells. The medium culture added 25 uM hydrogen peroxide
alone was used as positive control group. Ascorbic acid was used as
the standard and the experiment was performed in triplicate. After
treatment, the cells were removed and washed with PBS used for
MTT assay was performed as described previously for evaluating
the cytotoxicity and the cytoprotective effects of the extract
(Mosmann, 1983).

2.6. Antimutagenic property in DNA

2.6.1. Protective effects of genotoxicity

Assay for protective effects of pBR322 DNA cleavage was per-
formed according to Russo et al. (2003) with slight modification.
Briefly, in a total volume of 20 pl reaction mixture, 33 uM of
pBR322 DNA in 5 mM phosphate saline buffer (PBS) (pH 7.4) was
treated with 80 pg of EEAI in a polyethylene microcentrifuge tube
and incubated for 10 min at room temperature. Then, H,O, was
added to a final concentration of 2.5 mM and the reaction tube
was placed directly on the surface of a transilluminator
(8000 pW cm™1) at 300 nm for 5 min at room temperature.
pBR322 DNA alone was used as a control. pBR322 DNA and
80 ng of EEAI without H,0, treatment was used as a test control.
After treatment, the samples were analyzed by electrophoresis
and photographs were taken under UV (312 nm) transillumination
to visualize DNA mobility.

2.6.2. Fenton-induced DNA protection

A Fenton-induced DNA protection study of EEAI was carried out
according to Shih and Hu (1996) with slight modification. Briefly,
in a total volume of 20 ul reaction mixture, 600 ng calf thymus
DNA, 20 mM PBS was treated with 80 ug of EEAI in a polyethylene
microcentrifuge tubes and incubated for 10 min at room tempera-
ture. Then the Fenton-reaction mixture (15 mM EDTA, 15 mM
H,0,, and 8 mM FeSO,4) was added and incubated for 30 min. Calf
thymus DNA alone was used as a control. Calf thymus DNA with
80 ng of EEAI was used as a test control. After treatment, the sam-
ples were analyzed by electrophoresis and photographs were taken
under UV (312 nm) transillumination to visualize DNA mobility.

2.7. Statistical analysis

The experiments were conducted in triplicate in three indepen-
dent experiments and data presented as mean values with stan-
dard deviation. Statistical analysis was performed using SPSS

version 2.0. The IC50 values of the extract were compared with
one-way ANOVA, followed by Dunnet’s -test (p < 0.05).

3. Results
3.1. Phytochemical analysis

The EEAI extract was subjected for phytochemical analysis and
identified the presence of flavonoids, glycosides, tannins, pheno-
lics, triterpenoids, saponins and glycosides containing components
(Table 1a). The EEAI extracts also investigate which shows, a great
quantity of total phenolics content (9.351 mg GAE/g extract), total
flavonoids content (6.234 mg QE/g extract), and total alkaloids
content (4.624 mg CE/g extract) as summarized in Table 1b.

3.2. In vitro antioxidant activity

The antioxidant property of the EEAI was examined for its abil-
ity to quench free radicals in vitro as represented in Table 2 and
Figs. 1 and 2 as mentioned below. The reference compound ascor-
bic acid showed the highest antioxidant activity. These findings
revealed that the EEAI is an effective scavenger of free radicals.

3.2.1. DPPH radical scavenging activity

The scavenging percentage of DPPH radical by EEAI at different
concentrations is shown in Fig. 1a. The quenching of DPPH by EEAI
was in a dose-dependent manner. EEAI was found to have strong
DPPH scavenging capacity, with ICsq values of 89.49 + 1.23 pg/m
L. The ICsq of the extract was found to be similar to the standard,
ascorbic acid (ICsg 99.36 + 1.89 ng/mL). The absorption of DPPH
radical decayed in the presence of EEAI shown in Fig. 1b. The time
plot of absorption was fitted with a single exponential function to
obtain a constant rate, which was noticed to increase linearly from
50 to 300 pg/ml with increased EEAI concentration.

3.2.2. Superoxide radical (O3 ) scavenging assay

The scavenging of superoxide radicals by EEAI is shown in
Table 2. EEAI was observed to have powerful dose-dependent
effect on the scavenging of superoxide radicals, with ICsq values

Table 1a
Qualitative estimation of the phytochemicals present in the ethanolic leaf extract
of Abutilon indicum.

Test EEAI

Flavonoids
Alkaloids
Phenolics compounds
Tannins
Terpenoids
Carbohydrates
Steroids
Saponins
Glycosides
Amino acids
Fatty acids

+ + + + +

+ + + o+ 4

Table 1b
Quantitative estimation of the phytochemicals present in the ethanolic leaf extract
of Abutilon indicum.

Test (mg/g dry plant extract) EEAI

Total flavonoid content 6.234
Total alkaloids content 4.624
Total phenolics content 9.351
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Table 2

Antioxidant activity of ethanolic leaf extract of Abutilon indicum (EEAI) and standard compound (Ascorbic Acid).

Concentration Superoxide Radical Scavenging

Activity (%)

NO Radical Scavenging Activity (%)

H,0; Radical Scavenging Activity (%)

(ng/mL) EEAI Ascorbic Acid EEAI Ascorbic Acid EEAI Ascorbic Acid
5 18.25 £1.12 11.35 £ 0.32* 18.56 + 1.62 2035+ 2.12 19.56 + 1.62 27.35 +2.12*
10 20.22 +1.92 17.82 + 1.3* 23.85 + 1.49 28.5 + 0.82 23.51 + 0.98 38.54 + 2.82*
25 3743 +2.43 28.21 + 2.22* 34.5 + 0.61 39.65 +2.18 26.75 + 1.28 43.66 + 1.98*
50 46.75 £ 2.53 36.35 + 2.62* 45.76 + 3.54 47.75 +2.33 31.87 £ 2.21 46.41 + 3.10*
75 51.42 + 3.61 48.45 +3.12 53.63 + 2.32 56.13 + 2.65 38.51+0.78 48.34 + 0.97*
100 60.16 + 3.21 56.25 + 4.23 60.32 + 3.9 65.49 + 2.54* 51.85 + 1.87 56.57 + 2.18

150 68.77 + 1.42 61.54 + 2.62* 64.71 + 4.23 70.83 + 1.87* 60.25 + 2.32 66.35 + 1.07*
200 75.73 £2.78 69.85 + 3.92* 69.85 + 1.67 80.43 + 1.82* 65.87 + 2.42 69.67 + 2.62

250 84.56 + 3.28 78.55 + 2.72 71.57 + 2.65 85.51 + 2.32* 72.76 £ 3.23 7791 + 3.82*
300 93.39 + 2.18 88.65 + 5.42 78.52 +2.72 89.64 + 1.23* 79.43 + 2.08 85.18 + 2.14*
ICs0 (pg/mL) 72.96 + 2.58 77.39 +2.18* 69.92 + 2.59 66.80 + 2.54 96.43 + 2.56 88.38 + 2.45*

Values are mean + SEM, statistical significant test for comparison was done by ANOVA, followed by Dunnet’s t-test (n = 3 independent experiments). ICso value: inhibitor

concentration giving 50% reduction of radicals.

@ EEAI

N Ascorbic Acid
100 -
90 4
80 -
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60 -
50 -
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30 -

20 -

10—%

0 - T
5

Fig. 1a. DPPH radical scavenging assay. DPPH radical scavenging activity of
ethanolic leaf extract of Abutilon indicum and standard compound (Ascorbic acid).
Effect of DPPH radical scavenging activity in percentage was plotted against the
concentration of sample. Values are mean * SEM, statistical significant test for
comparison was done by ANOVA, followed by Dunnet’s t-test for three sets of
independent experiments. The ICsovalue of the EEAI and standard were
89.49 + 1.23 pg/mL, and 89.49 + 1.23 ug/mL respectively.
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Fig. 1b. Kinetics of DPPH scavenging activity by ethanolic extract of Abutilon
indicum (EEAI) on Stopped-flow spectrophotometer.

of for 72.96 + 2.58 pg/mL. The ICsq of the extract was found to be
similar to the standard, ascorbic acid (ICso 77.39 + 2.1 pg/ml).
The quenching of superoxide radicals was observed by inhibiting

the formation of blue formazan and the percentage of inhibition
is directly proportional to the EEAI concentration.

3.2.3. Nitric oxide scavenging assay

The scavenging of nitric oxide by EEAI increased in a dose-
dependent manner as illustrated in Table 2. It was found that the
EEAI exhibited high nitric oxide radicals scavenging ability when
compared with standard compound ascorbic acid, with ICsq values
of 69.92 + 2.59 ug/mL and 66.80 + 2.54 ug/mL respectively.

3.2.4. Scavenging of hydrogen peroxide

The percentage of hydrogen peroxide scavenging by EEAI was
observed in a concentration-dependent manner with, ICsg values
of 96.43 + 2.56 ug/mL (Table 2). The ICsq of the extract was found
to be similar to that of ascorbic acid (ICsg 88.38 + 2.45 pg/ml). The
results reveal that EEAI has similar scavenging potency as ascorbic
acid.

3.2.5. Reducing power

Transformation of Fe>* into Fe?" in the presence of EEAI was a
dose-dependent activity as shown in Fig. 2. The ICsq value of the
EEAI and standard were 72.08 + 2.18 ug/mL, and 74. + 2.14 pg/m
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Sample Concentration pg/mL

Fig. 2. Reducing power assay. The reductive abilities of ethanolic extract of Abutilon
indicum (EEAI) and standard compound (Ascorbic acid). The data represent reducing
power ability in percentage was plotted against the concentration of sample. Values
are mean * SEM, statistical significant test for comparison was done by ANOVA,
followed by Dunnet’s t-test for three sets of independent experiments. The ICsg -
value of the EEAI and standard were 72.08 + 2.18 pg/mL and 74. + 2.14 pg/mL
respectively.
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L respectively. EEAI could reduce the most Fe** ions but had a les-
ser reductive activity than the standard ascorbic acid.

3.3. Cytoprotective activity

EEAI did not have a major impact on the integrity of peripheral
blood lymphocytes which revealed non-toxicity to normal lym-
phocytes (Fig. 3). Cytotoxicity was observed in cells treated with
300 pg/mL of H,0, was shown in Fig. 4 which depicts a strong
cytotoxicity. However, with increasing concentrations of the EEAI,
the cytotoxicity of hydrogen peroxide gradually reduced in a dose-
dependent manner similar results were observed with the stan-
dard, ascorbic acid. Interestingly, the extract and ascorbic acid
exhibited similar cytoprotective action (p < 0.05). Moreover, the
extract at 150 pg/mL reduced more than 50% of the cytotoxicity
of hydrogen peroxide.
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Fig. 3. MTT assay. Cytotoxic effects of ethanolic leaf extract of Abutilon indicum

(EEAI) and Ascorbic acid on peripheral blood lymphocytes. Values are expressed as
mean values + standards for three sets of independent experiments.
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Fig. 4. Cytoprotective effects of ethanolic leaf extract of Abutilon indicum (EEAI) and
Ascorbic acid against hydrogen peroxide-induced peripheral blood lymphocyte
oxidative damage. Values are expressed as mean values + standards deviation for
three sets of independent experiments. "% Denotes control cells compared with 50-
300 pg/ml of extract and ascorbic acid concentration. " Denotes control cells
compared with H,0, treated peripheral lymphocytes. Statistical differences are
expressed as p < 0.05.

3.4. Antimutagenic property of DNA

3.4.1. Protection from genotoxicity

Fig. 5 shows the protection imparted by EEAI to exposure to UV
irradiation in the presence of H,0,. Control pBR322 plasmid shows
two bands (Lane 1). The faster-moving band corresponded to the
native form of supercoiled circular DNA (scDNA) and the slower
moving band was the open circular form (ocDNA). Exposure to
UV irradiation in the presence of H,0, results in the cleavage of
scDNA to ocDNA and linear form DNA (linDNA) in Lane 2, indicat-
ing that -‘OH radical generated from UV photolysis of H,O, pro-
duced DNA strand scission. Treatment with EEAI suppressed the
formation of linear DNA and shows similar morphology as the
PBR322 control plasmid when irradiated with UV in the presence
of H,0, (Lane 3). Treatment with EEAI without UV exposure did
not change the migration pattern of plasmid DNA indicating that
EEAI does not react with DNA molecule (Lane 4).

3.4.2. Fenton-induced DNA protection

Fig. 6 shows the protection imparted by EEAI to Fenton (hy-
droxyl radical) induced damage to calf thymus DNA. Control calf
thymus DNA (Lane 1) and also evident is that the DNA integrity
is not compromised when treated only with EEAI in Lane 2. Fenton
(hydroxyl radical) induced damage to calf thymus DNA (Lane 3)
and also protection imparted by EEAI to Fenton induced calf thy-
mus DNA damage correlates well with the hydroxyl radical scav-
enging properties of EEAI (Lane 4).

4. Discussion

Dietary natural plant products have sparked interest in research
due to the presence of medically significant bioactive constituents.
The presence of these phyto-bioactive compounds emphasizes the
importance of using natural plant products as nutrients for health
care in the human diet (Mousavi et al., 2018). The use of natural
plant products as nutritional supplements could be a better strat-
egy for preventing chronic inflammation associated with oxidative
cellular damage (Dhanasekaran, 2019; Dhanasekaran and

- oc DNA
- sc DNA

lin DNA >

Fig. 5. Agarose electrophoretic pattern of pBR322 plasmid DNA with and without
the treatment of ethanolic leaf extract of Abutilon indicum (EEAI). Reaction mixture
containing EEAI and H,0, exposed to UV (8000 uW cm™!) at 300 nm for 5 min at RT.
Lane 1: pPR322 plasmid DNA; Lane 2: pPR322 plasmid DNA exposed to UV; Lane 3:
pPR322 plasmid DNA exposed to UV in the presence of EEAI and Lane 4: pPR322
plasmid DNA + EEAI without UV exposure. The position of open circular DNA (oc
DNA), linear (lin DNA) and supercoiled (sc DNA) are indicated.
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1 2 3 4

Fig. 6. Agarose electrophoretic pattern of calf thymus DNA pattern with and
without the treatment of ethanolic leaf extract of Abutilon indicum (EEAI). Reaction
mixture containing EEAI and 15 mM H,0, and 8 mM FeSO,4 was incubated for
30 min. Lane 1: Calf thymus DNA; Lane 2: Calf thymus DNA + EEAI without reaction
mixture; Lane 3: Calf thymus DNA + 15 mM H,0, and 8 mM FeSO,4 and Lane 4: Calf
thymus DNA + 15 mM H,0, and 8 mM FeSO,4 + EEAL

Jaganathan, 2018). Natural extracts with strong antioxidant prop-
erties generally contain compounds with a phenolic moiety,
includes flavonoids, cathechins tocopherols, ascorbic acid and cou-
marins. Taninns, carotenoids, protein hydrolysates, and organic
acids have a synergistic effect with phenolic compounds and act
as antioxidants (Kaurinovic and Vastag, 2019). Present study
revealed on analyses that the phytochemicals such as flavonoids,
alkaloids, phenolic compounds, tannins, saponins, steroids, glyco-
sides, and terpenoids were present in EEAI extracts, which pos-
sesses strong antioxidant activity. The extract also had a great
quantity of total phenolics (9.351 mg GAE/g extract) and flavonoids
(6.234 mg QE/g extract), as summarized in Tables 1a and 1b. These
research findings illustrate that the ethanol extract of Abutilon indi-
cum leaf is an effective free radical quencher, a powerful DNA pro-
tector and a potent cytoprotective agent. The extracts of Abutilon
indicum is an effective scavenger of in vitro free radicals (DPPH,
nitric oxide, superoxide, and hydrogen peroxide) as mentioned in
Table 2. Several mechanisms could be associated with the cytopro-
tection of EEAL, such as the thorough quenching of free radicals
(DPPH, nitric oxide, superoxide, and hydrogen peroxide), protec-
tion from the oxidative DNA strand breaks induced by Fenton reac-
tion (Fig. 6), protection from the hydrogen peroxide generated
oxidative stress by enhancing intracellular levels of glutathione
and antioxidant enzymes which reduces the hydrogen to water
molecules. Hydroxyl radicals produced by the Fenton reaction
and UV exposure induces oxidative DNA strand breaks, resulting
in relaxed forms or open circular DNA (Fig. 5). Therefore, these rad-
icals react with DNA bases generating sugar and base radicals caus-
ing the breakdown of sugar-phosphate backbone resulting in
strand breaks (Collin, 2019). The ethanolic leaf extract of Abutilon
indicum protects the pBR322 plasmid DNA by combating against
impairment caused by hydroxyl (*OH) radicals.

Natural bio-resources enriched with antioxidants have the reli-
ability to prevent DNA from harmful radiation effects and Fenton
reagent (Aryal et al., 2019). Bioactive phytoconstituents and their
derivatives are involved in slowing the impact of carcinogenic
agents. The free radical quenching of Abutilon indicum validated
in this study was consistent with earlier studies (Kushwaha
et al.,, 2017; Gomaa et al., 2018). The cytoprotective an effect of fla-
vonoids in hydrogen peroxide treated peripheral blood lympho-
cytes has been previously established (Boligon et al., 2012). The
present investigation validates that Abutilon indicum extract has

Ethanolic leaf extract of
Abutilon indicum

™~

Free radical UV induced mutation Induction of oxidative

production & Fenton reaction stress in normal cells

Protect DNA

Inhibit cancer cells Protect normal cells

Antimutagenic,
antioxidant and non-
toxic to human cells

Fig. 7.

been recorded to have a high flavonoid content that could make
a significant contribution towards its cytoprotective effects
(Thakor et al., 2016; Oibiokpa et al., 2014). Abutilon indicum extract
enhances the cell survival by eliminating ROS which helps the cells
to maintain resistance and combat against oxidative stress and
increases cell survival (Mata et al., 2016). Recent studies have
revealed the cytoprotective efficacy of bioactive compounds from
traditional medicinal plant extracts (Song et al, 2019;
Dhanasekaran et al., 2012). The phenolic compounds found in Abu-
tilon indicum are known as powerful chain-breaking antioxidants
(Das et al., 2019). Polyphenols are the major phytochemical con-
stituents reported in Abutilon indicum that scavenge free radicals
due to its hydroxyl group and may directly contribute to its antiox-
idative functions (Tlili and Sarikurkcu, 2020; Abcha et al., 2019;
Bendary et al., 2013). Furthermore, it suggests that polyphenols
possess inhibitory effects on carcinogenesis and mutagenesis in
humans (Rybkova et al., 2016; Vitaglione and Fogliano, 2004). Phy-
tochemical screening of Abutilon indicum may facilitate the devel-
opment of future traditional medicine as dietary supplements for
the betterment of consumer health (Ezzat et al., 2019).

Thus, Abutilon indicum extracts can be used as an alternative
and perhaps as a more cost and risk-effective source of natural
antioxidants. The stronger antioxidant ability of ethanolic extracts
from this plant seen in the present study suggests that much of the
bioactive molecules of EEAI are polar, phenolic and flavonoid con-
stituents. Further research is underway on the isolation and iden-
tification of these bioactive molecules. Taken together, these
molecular findings lead to the suggestion that bioactive compo-
nents of ethanolic leaf extracts of Abutilon indicum have strong
anti-radical, anti-oxidant and anti-mutagenic components (Fig. 7)
that might be helpful and informative in controlling health prob-
lems during degenerative diseases.

5. Conclusions

Present investigation revealed the strong antioxidant, non-toxic
and antimutagenic properties of ethanolic leaf extract of Abutilon
indicum. On analysis, EEAI contains large amounts of phenolic
and flavonoid compounds that exhibited the highest antioxidant
and free radical quenching, cytoprotection, strong inhibition of
Fenton reaction and UV induced DNA damage. There is also a sig-
nificant correlation between free radical quenching results and
complementary assays. This study demonstrates that flavonoids
and phenolic compounds present in ethanolic leaf extract of
Abutilon indicum are responsible for the cytoprotective and
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antimutagenic activity (Fig. 7). However, the active components
responsible for these antioxidative activities are currently unclear.
Further pharmacological studies are underway to isolate and
identify the bioactive constituents from the ethanolic leaf extracts
Abutilon indicum that needs to be complemented by in vivo studies
for a better understanding of their mechanism of action may pave
the way to develop a new therapeutic natural drug.

Acknowledgment

The author SD is very thankful to the Deanship of Scientific
Research, Prince Sattam bin Abdulaziz University for supporting
this work. The author SD expresses hearty thanks to Dr. M. Kannan,
and Dr. Divya Venugopal for their timely assistant and personally
grateful to Mr. Muthamil Selvan for his understanding, full-
hearted support and encouragement. Further, this research holds
no conflict of interest.

Declaration of Competing Interest

The authors declare no conflict of interest.

Financial Disclosures

None.

References

Abcha, 1., Criado, P., Salmieri, S., et al., 2019. Edible Rhus tripartita fruit as source of
health-promoting compounds: characterization of bioactive components and
antioxidant properties. Eur. Food. Res. Technol. 245, 2641-2654. https://doi.
org/10.1007/s00217-019-03374-1.

Abdul Rahuman, A., Gopalakrishnan, G., Venkatesan, P., et al., 2008. Isolation and
identification of mosquito larvicidal compound from Abutilon indicum
(Linn.) Sweet. Parasitol. Res. 102, 981-988. https://doi.org/10.1007/s00436-
007-0864-5.

Aryal, S., Baniya, M.K,, Danekhu, K, et al.,, 2019. Total phenolic content, flavonoid
content and antioxidant potential of wild vegetables from western Nepal. Plants
(Basel) 8, 96. https://doi.org/10.3390/plants8040096.

Aslam, K., Nawchoo, I.A., Ganai, B.A., 2015. In vitro antioxidant, antibacterial activity
and phytochemical studies of Primula denticulata—an important medicinal
plant of Kashmir Himalaya. Int. J. Pharmacol. Res. 5, 49-56. https://doi.org/
10.7439/ijpr.v5i3.1699.

Bendary, E., Francis, RR., Ali, H.M.G., et al., 2013. Antioxidant and structure-activity
relationships (SARs) of some phenolic and anilines compounds. Ann. Agric. Sci.
58, 173-181. https://doi.org/10.1016/j.a0as.2013.07.002.

Boligon, A.A., Sagrillo, M.R., Machado, et al., 2012. Protective effects of extracts and
flavonoids isolated from Scutia buxifolia Reissek against chromosome damage
in human lymphocytes exposed to hydrogen peroxide. Molecules 17, 5757-
5769. https://doi.org/10.3390/molecules17055757.

Collin, F., 2019. Chemical basis of reactive oxygen species reactivity and
involvement in neurodegenerative diseases. Int. J. Mol. Sci. 20, 2407. https://
doi.org/10.3390/ijms20102407.

Das, K., Khan, M.S., Namratha, N., et al, 2019. Comparative phytochemical
screening, elemental content and chromatographic evaluation for detection
and quantification of polyphenolic compounds for strong antioxidant activity of
various extracts of Abutilon indicum (Link) Sweet leaves. Ann. Phytomed. 8, 36—
44 https://doi.org/10.21276/ap.2019.8.1.4.

Dewanto, V., Wu, X., Adom, KK, et al., 2002. Thermal processing enhances the
nutritional value of tomatoes by increasing total antioxidant activity. J. Agric.
Food. Chem. 50, 3010-3014. https://doi.org/10.1021/jf0115589.

Dhanasekaran, S., 2019. Augmented cytotoxic effects of paclitaxel by curcumin
induced overexpression of folate receptor-oo for enhanced targeted drug
delivery in HeLa cells. Phytomed 56, 279-285. https://doi.org/10.1016/
j.phymed.2018.06.019.

Dhanasekaran, S., Jaganathan, R, 2018. Augmented cell signaling by natural
polyphenols and flavonoids: insights into cancer cell remodeling and
prevention. Studies. Nat. Prod. Chem. 58, 213-244. https://doi.org/10.1016/
B978-0-444-64056-7.00007-6.

Dhanasekaran, S., Jaganathan, R., Panchanadham, et al., 2012. Induction of
mitochondrion-mediated apoptosis by Semecarpus anacardium in the BCR-ABL
+ 12B1 leukemia cell line: possible mechanism of therapeutic action in vivo. ].
Experi. Clini. Med. 4, 30-38. https://doi.org/10.1016/j.jecm.2011.11.005.

Ezzat, S.M., Jeevanandam, J., Egbuna, C., et al., 2019. Phytochemicals as Sources of
Drugs. In Phytochemistry: An in-silico and in-vitro Update. Springer, Singapore
Publisher, pp. 3-22.

Gismondi, A., Di Marco, G., Canuti, et al., 2017. Antiradical activity of phenolic
metabolites extracted from grapes of white and red Vitis vinifera L. cultivars.
Vitis 56, 19-26. https://doi.org/10.5073/vitis.2017.56.19-26.

Gomaa, A.AR. Samy, M.N., Desoukey, S.Y. et al, 2018. Phytochemistry and
pharmacological activities of genus Abutilon: a review (1972-2015). J. Adv.
Biomed. Pharm. Sci. 1, 56-74 https://doi.org/10.21608/JABPS.2018.3333.1000.

Jurica, K., Karaconji, I.B., Mikoli¢, A., et al., 2018. In vitro safety assessment of the
strawberry tree (Arbutus unedo L.) water leaf extract and arbutin in human
peripheral blood lymphocytes. Cytotechnology 70, 1261-1278. https://doi.org/
10.1007/s10616-018-0218-4.

Kaurinovic, B., Vastag, D., 2019. Flavonoids and phenolic acids as potential natural
antioxidants. In Antioxidants 2019, https://doi.org/10.5772/intechopen.83731.

Krisanapun, C., Peungvicha, P., Temsiririrkkul, R., et al., 2009. Aqueous extract of
Abutilon indicum Sweet inhibits glucose absorption and stimulates insulin
secretion in rodents. Nutr. Res. 29, 579-587. https://doi.org/10.1016/j.
nutres.2009.07.006.

Kumar, G., Karthik, L., Rao, K.V., 2013. Phytochemical composition and in vitro
antioxidant activity of aqueous extract of Aerva lanata (L.) Juss. ex Schult. Stem
(Amaranthaceae). Asian. Pacific. ]. Trop. Med. 6, 180-187. https://doi.org/
10.1016/S1995-7645(13)60020-6.

Kushwaha, N., Mondal, D.B., Gupta, V.K,, et al., 2017. Phytochemical analysis and
assessment of in vitro antioxidant properties of different plants. J. Pharmacogn.
Phytochem. 6, 123-130.

Lim, T.K., 2014. Abutilon indicum. In: Edible Medicinal and Non Medicinal Plants.
Springer, Dordrecht, pp. 276-289.

Mabhalik, G., Jali, P., Satapathy, K.B., et al., 2019. Ethnomedicinal, pharmacological
and phytochemical constituents of Abutilon Indicum (L.) sweet. ]. Gujar. Res. Soc.
21, 334-340.

Mata, R., Nakkala, J.R., Sadras, S.R., 2016. Polyphenol stabilized colloidal gold
nanoparticles from Abutilon indicum leaf extract induce apoptosis in HT-29
colon cancer cells. Colloids. Surf. B. Biointerfaces. 143, 499-510. https://doi.org/
10.1016/j.colsurfb.2016.03.069.

Mosmann, T., 1983. Rapid colorimetric assay for cellular growth and survival:
application to proliferation and cytotoxicity assays. J. Immunol. Methods. 65,
55-63. https://doi.org/10.1016/0022-1759(83)90303-4.

Mousavi, L., Salleh, R.M., Murugaiyah, V., 2018. Phytochemical and bioactive
compounds identification of Ocimum tenuiflorum leaves of methanol extract
and its fraction with an anti-diabetic potential. Int. ]. Food Prop. 21, 2390-2399.
https://doi.org/10.1080/10942912.2018.1508161.

Naik, G.H., Priyadarsini, K.I., Naik, D.B., et al., 2004. Studies on the aqueous extract of
Terminalia chebula as a potent antioxidant and a probable radioprotector.
Phytomed. 11, 530-538. https://doi.org/10.1016/j.phymed.2003.08.001.

Oibiokpa, F.I, Adoga, G.I, Saidu, A.N., et al., 2014. Nutritional composition of
Detarium microcarpum fruit. Afr. J. Food Sci. 8, 342-350. https://doi.org/
10.5897/AJFS2014.1161.

Oyaizu, M., 1986. Studies on products of browning reaction. Antioxidative activities
of products of browning reaction prepared from glucosamine. Jpn. J. Nutr. Diet.
44, 307-315.

Parul, R, Kundu, S.K, Saha, P., 2012. In vitro nitric oxide scavenging activity of
methanol extracts of three Bangladeshi medicinal plants. Pharma. Innov. 1,83-88.

Porchezhian, E., Ansari, S.H., 2005. Hepatoprotective activity of Abutilon indicum on
experimental liver damage in rats. Phytomed. 12, 62-64. https://doi.org/
10.1016/j.phymed.2003.09.009.

Radhakrishnan, K., Mohan, A., Shanmugavadivelu, et al., 2017. Comparison of
chemical composition, antioxidant and antimicrobial studies of Abutilon
indicum leaves and seeds. Res. ]J. Phytochem. 11, 11-19. https://doi.org/
10.3923/rjphyto.2017.11.19.

Rajeshwari, S., Sevarkodiyone, S.P., 2018. Medicinal properties of Abutilon indicum.
Int. J. Med. Sci. Pharmaceu. Res. 1, 73-81 https://doi.org/10.17352/0jps.000011.

Rouamba, A., Compaoré, M., Ouédraogo, M., et al., 2018. Human Lymphocyte-
Protective Effects of an Ethanol Extract from Detarium microcarpum Guill. and
Perr. (Caesalpiniaceae) Fruit Pulp. Antioxidants (Basel) 7, 104. https://doi.org/
10.3390/antiox7080104.

Ruch, R]., Cheng, S.J., Klaunig, J.E., 1989. Prevention of cytotoxicity and inhibition of
intercellular communication by antioxidant catechins isolated from Chinese
green tea. Carcinogenesis 10, 1003-1008. https://doi.org/10.1093/carcin/
10.6.1003.

Russo, A., 1zzo, A.A., Borrelli, et al., 2003. Free radical scavenging capacity and
protective effect of Bacopa monniera L. on DNA damage. Phytother Res. 17,
870-875. https://doi.org/10.1002/ptr.1061.

Rybkovad, Z., Malachovi, K., Cerveii, J., et al,, 2016. Antimutagenic and DNA damage
protective activities of a grape extract from Vitis vinifera. ]. Biosci. Med. 4, 1-8.
https://doi.org/10.4236/jbm.2016.46001.

Shamsa, F., Monsef, H. Ghamooshi, R., et al, 2008. Spectrophotometric
determination of total alkaloids in some Iranian medicinal plants. Thai. J.
Pharm. Sci 32, 17-20.

Shih, M.K,, Hu, M.L.,, 1996. UVA-potentiated damage to calf thymus DNA by Fenton
reaction system and protection by para-aminobenzoic acid. Photochem.
Photobiol. 63, 286-291. https://doi.org/10.1111/j.1751-1097.1996.tb03027 .

Singh, P., Kakkar, P., Singh, RL., 2016. Protective effect of Trigonella foenum and
Foeniculum vulgare mature leaf against t-BHP induced toxicity in primary rat
hepatocytes. J. Exp. Food Chem. 2, 1-8. https://doi.org/10.4172/2472-
0542.1000111.

Singleton, V.L, Rossi, J.A., 1965. Colorimetry of total phenolics with
phosphomolybdic-phosphotungstic acid reagents. Am. J. Enol. Vitic. 16, 144-
158.


https://doi.org/10.1007/s00217-019-03374-1
https://doi.org/10.1007/s00217-019-03374-1
https://doi.org/10.1007/s00436-007-0864-5
https://doi.org/10.1007/s00436-007-0864-5
https://doi.org/10.3390/plants8040096
https://doi.org/10.7439/ijpr.v5i3.1699
https://doi.org/10.7439/ijpr.v5i3.1699
https://doi.org/10.1016/j.aoas.2013.07.002
https://doi.org/10.3390/molecules17055757
https://doi.org/10.3390/ijms20102407
https://doi.org/10.3390/ijms20102407
https://doi.org/10.21276/ap.2019.8.1.4
https://doi.org/10.1021/jf0115589
https://doi.org/10.1016/j.phymed.2018.06.019
https://doi.org/10.1016/j.phymed.2018.06.019
https://doi.org/10.1016/B978-0-444-64056-7.00007-6
https://doi.org/10.1016/B978-0-444-64056-7.00007-6
https://doi.org/10.1016/j.jecm.2011.11.005
http://refhub.elsevier.com/S1319-0164(20)30134-1/h0065
http://refhub.elsevier.com/S1319-0164(20)30134-1/h0065
http://refhub.elsevier.com/S1319-0164(20)30134-1/h0065
https://doi.org/10.5073/vitis.2017.56.19-26
https://doi.org/10.21608/JABPS.2018.3333.1000
https://doi.org/10.1007/s10616-018-0218-4
https://doi.org/10.1007/s10616-018-0218-4
https://doi.org/10.1016/j.nutres.2009.07.006
https://doi.org/10.1016/j.nutres.2009.07.006
https://doi.org/10.1016/S1995-7645(13)60020-6
https://doi.org/10.1016/S1995-7645(13)60020-6
http://refhub.elsevier.com/S1319-0164(20)30134-1/h0100
http://refhub.elsevier.com/S1319-0164(20)30134-1/h0100
http://refhub.elsevier.com/S1319-0164(20)30134-1/h0100
http://refhub.elsevier.com/S1319-0164(20)30134-1/h0110
http://refhub.elsevier.com/S1319-0164(20)30134-1/h0110
http://refhub.elsevier.com/S1319-0164(20)30134-1/h0110
https://doi.org/10.1016/j.colsurfb.2016.03.069
https://doi.org/10.1016/j.colsurfb.2016.03.069
https://doi.org/10.1016/0022-1759(83)90303-4
https://doi.org/10.1080/10942912.2018.1508161
https://doi.org/10.1016/j.phymed.2003.08.001
https://doi.org/10.5897/AJFS2014.1161
https://doi.org/10.5897/AJFS2014.1161
http://refhub.elsevier.com/S1319-0164(20)30134-1/h0140
http://refhub.elsevier.com/S1319-0164(20)30134-1/h0140
http://refhub.elsevier.com/S1319-0164(20)30134-1/h0140
http://refhub.elsevier.com/S1319-0164(20)30134-1/h0145
http://refhub.elsevier.com/S1319-0164(20)30134-1/h0145
https://doi.org/10.1016/j.phymed.2003.09.009
https://doi.org/10.1016/j.phymed.2003.09.009
https://doi.org/10.3923/rjphyto.2017.11.19
https://doi.org/10.3923/rjphyto.2017.11.19
https://doi.org/10.17352/ojps.000011
https://doi.org/10.3390/antiox7080104
https://doi.org/10.3390/antiox7080104
https://doi.org/10.1093/carcin/10.6.1003
https://doi.org/10.1093/carcin/10.6.1003
https://doi.org/10.1002/ptr.1061
https://doi.org/10.4236/jbm.2016.46001
http://refhub.elsevier.com/S1319-0164(20)30134-1/h0185
http://refhub.elsevier.com/S1319-0164(20)30134-1/h0185
http://refhub.elsevier.com/S1319-0164(20)30134-1/h0185
https://doi.org/10.1111/j.1751-1097.1996.tb03027.x
https://doi.org/10.4172/2472-0542.1000111
https://doi.org/10.4172/2472-0542.1000111
http://refhub.elsevier.com/S1319-0164(20)30134-1/h0200
http://refhub.elsevier.com/S1319-0164(20)30134-1/h0200
http://refhub.elsevier.com/S1319-0164(20)30134-1/h0200

950 X. Wu, S. Dhanasekaran /Saudi Pharmaceutical Journal 28 (2020) 943-950

Song, D., Cheng, L., Zhang, X., et al., 2019. The modulatory effect and the mechanism
of flavonoids on obesity. ]. Food. Biochem. 43,. https://doi.org/10.1111/
jfbc.12954 e12954.

Tabolacci, C., Forni, C., Jadeja, R.N., et al., 2019. Natural compounds against cancer,
inflammation, and oxidative stress. BioMed. Res. Int. 2019 (2019), 8748253.
https://doi.org/10.1155/2019/8748253.

Thakor, P., Mehta, ].B., Patel, R.R,, et al., 2016. Extraction and purification of phytol
from Abutilon indicum: cytotoxic and apoptotic activity. RSC Adv. 6, 48336-
48345, https://doi.org/10.1039/C5RA24464A.

Tian, C.,, Zhang, P., Yang, C., et al., 2018. Extraction process, component analysis, and
in vitro antioxidant, antibacterial, and anti-inflammatory activities of total
flavonoid extracts from abutilon theophrasti medic. leaves. Mediators. Inflamm.
3508506. https://doi.org/10.1155/2018/3508506.

Tlili, N., Sarikurkcu, C., 2020. Bioactive compounds profile, enzyme inhibitory and
antioxidant activities of water extracts from five selected medicinal plants. Ind.
Crops. Prod. 151,. https://doi.org/10.1016/j.indcrop.2020.112448 112448.

Trigo, J.P., Alexandre, E.M., Saraiva, J.A., et al., 2019. High value-added compounds
from fruit and vegetable by-products-Characterization, bioactivities, and
application in the development of novel food products. Crit. Rev. Food. Sci.
Nutr. 60, 1388-1416. https://doi.org/10.1080/10408398.2019.1572588.

Vitaglione, P., Fogliano, V., 2004. Use of antioxidants to minimize the human health
risk associated to mutagenic/carcinogenic heterocyclic amines in food. J.
Chromat. B 802, 189-199. https://doi.org/10.1016/j.jchromb.2003.09.029.

Weng, W., Goe, 1.A., 2020. Curcumin and colorectal cancer: an update and current
perspective on this natural medicine. Semin. Cancer. Biol. S1044-579X(20)
30044-4. https://doi.org/10.1016/j.semcancer.2020.02.011.

Winterbourn, C.C., Hawkins, R.E., Brian, M., et al., 1975. The estimation of red cell
superoxide dismutase activity. J. Lab. Clin. Med. 85, 337-341.

Xie, Y., Zhang, Y., Zhang, L.T., et al., 2013. Protective effects of alkaloid compounds
from Nelumbinis Plumula on tert-butyl hydroperoxide-induced oxidative
stress. Molecules 18, 10285-10300. https://doi.org/
10.3390/molecules180910285.

Zagmutt, S., Leiva, E., Mujica, V., et al., 2016. Protective effect of propolis extract on
pancreatic Cells under oxidative stress in vitro. J. Food. Nutr. Res. 4, 400-407
https://doi.org/10.12691/jfnr-4-6-9.

Zhang, J., Li, Y., Zhou, T,, et al., 2016. Bioactivities and health benefits of mushrooms
mainly from China. Molecules 21, 938. https://doi.org/
10.3390/molecules21070938.


https://doi.org/10.1111/jfbc.12954
https://doi.org/10.1111/jfbc.12954
https://doi.org/10.1155/2019/8748253
https://doi.org/10.1039/C5RA24464A
https://doi.org/10.1016/j.indcrop.2020.112448
https://doi.org/10.1080/10408398.2019.1572588
https://doi.org/10.1016/j.jchromb.2003.09.029
http://refhub.elsevier.com/S1319-0164(20)30134-1/h0245
http://refhub.elsevier.com/S1319-0164(20)30134-1/h0245
https://doi.org/10.3390/molecules180910285
https://doi.org/10.3390/molecules180910285
https://doi.org/10.12691/jfnr-4-6-9
https://doi.org/10.3390/molecules21070938
https://doi.org/10.3390/molecules21070938

	Protective effect of leaf extract of Abutilon indicum on DNA damage and peripheral blood lymphocytes in combating the oxidative stressAbutilon indicum on DNA damage --
	1 Introduction
	2 Materials and methods
	2.1 Plant material collection and extraction
	2.2 Chemicals and reagents
	2.3 Phytochemical analysis
	2.4 In vitro free radical scavenging activity
	2.5 Cytoprotective activity
	2.5.1 Isolation and culture of peripheral blood lymphocytes (PBLs)
	2.5.2 Cell treatment and MTT assay

	2.6 Antimutagenic property in DNA
	2.6.1 Protective effects of genotoxicity
	2.6.2 Fenton-induced DNA protection

	2.7 Statistical analysis

	3 Results
	3.1 Phytochemical analysis
	3.2 In vitro antioxidant activity
	3.2.1 DPPH radical scavenging activity
	3.2.2 Superoxide radical (O2−) scavenging assay
	3.2.3 Nitric oxide scavenging assay
	3.2.4 Scavenging of hydrogen peroxide
	3.2.5 Reducing power

	3.3 Cytoprotective activity
	3.4 Antimutagenic property of DNA
	3.4.1 Protection from genotoxicity
	3.4.2 Fenton-induced DNA protection


	4 Discussion
	5 Conclusions
	ack29
	Acknowledgment
	Declaration of Competing Interest
	Financial Disclosures
	References


