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Tobacco use is a leading cause of cancer morbidity and mortality. Out of several possible components
of tobacco, the free radical present in tobacco induces oxidative stress which ultimately leads to the
damage of DNA. In the present study, an attempt was made to find the natural potential tobacco free
radical scavenger, by using different standard assays. Viola odorata has been known for diverse
therapeutic applications since the ancient time, so in the present study, the tobacco free radical
scavenging activity of V. odorata was explored. A significant increase in inhibitory concentration (ICs)
values of V. odorata ethanolic extract was observed, when mixed with ethanolic extract of tobacco,
which signify that most of the anti-oxidant activity of V. odorata has been utilized in the inhibition of
tobacco free radicals, leading to increment of ICsy values in different assays. This positive finding was
validated by four different types of assays. The various standard assays like DPPH, nitric oxide, Fe?
chelating and hydroxyl radical scavenging were explored to support the study.
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INTRODUCTION

The two important factors responsible for the World Health Organization, one out of two people

pathogenesis of human cancers are environmental
factors and genetic disorders, out of which 93% of
cancers are caused by the former factor and rest 7% are
due to the latter (Seto et al., 2010). Tobacco related
cancer (TRC) caused by smoking/chewing tobacco
contributes to 30% of the environmental factors, leading
to human cancer (Anand et al., 2008). According to the

smoking throughout their lives will end up having TRC
(WHO, 2012). In addition to nicotine, tobacco mainly
contains polyaromatic hydrocarbons (PAH) and N-
nitrosamine carcinogens (Xue et al., 2014). The tobacco
specific nitrosamines such as 4-(methylnitrosamino)-1-(3-
pyridyl)-1-butanone (NNK) and N'-nitrosonornicotine
(NNN), are carcinogenic to humans (IARC, 2007). The
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NNK and NNN cause cancer by deoxyribonucleic acid
(DNA) adductions and mutations by receptor-mediated
effect on tumor growth (Xue et al., 2014; Takahashi et al.,
2010). Tobacco smokes contains free radicals which
induce oxidative damage or stress (Valko et al., 2006).
The cause of oxidative stress is the production of oxidant
species like reactive oxygen species (ROS) and reactive
nitrogen species (RNS). The bulk of ROS are generated
by the mitochondrial respiratory chain through incomplete
reduction of molecular oxygen to water during oxidative
phosphorylation, in addition to during microsomal and
peroxisomal oxidations (De Marco, 2003).

The tobacco smoke has large amounts of nitric oxide
and other unstable oxidants like hydroquinones,
semiquinones and quinones (Xue et al., 2014; Hecht,
2003). These compounds induce redox cycling and are
responsible for oxidative damage (Hecht, 2011; Pryor et
al.,, 1998). The NNK leads to increased levels of 8-
hydroxy-2'-deoxyguanosine adducts in lung tissues, when
orally administrated or intraperitoneally injected into mice
and rats. The 8-Hydroxy-2'-deoxyguanosine is an
important pre-mutagenic lesion produced from ROS that
is a marker of DNA oxidative damage (Rosa et al., 1998;
Chung and Xu, 1992). The activation of nuclear factor
kappa-light-chain-enhancer of activated B cells (NF-kB) is
also responsible for increased level of ROS during tumor
progression (Lee and Kim, 2013). So, it has been thought
that if any healthy free radical scavenger is consumed
along with tobacco, then the concentration of ROS and
RNS can be decreased significantly, which subsequently
reduce the risk of TRC.

Viola odorata (family Violaceae) is commonly known as
sweet violet and has been used to treat anxiety, insomnia
and hypertension (Mousavi et al., 2016). The
pharmacological exploration have shown that this plant
also has diuretic, laxative (Vishal et al., 2009),
antihypertensive and antidyslipidemic (Siddiqi et al.,
2012), antibacterial (Préanting et al., 2010), anticancer
(Gerlach et al.,, 2010), hepatoprotective (Qadir et al.,
2014), lung-protective (Koochek et al., 2003) and
excellent antioxidant activities (Ebrahimzadeh et al.,
2010). The plethora of therapeutic applications of V.
odorata, fortified the authors to evaluate the free radical
scavenging activity of the plant extract over the tobacco
extract in continuation of their endeavor in the field of
natural product chemistry (Khan et al., 2016). To the best
of the author's knowledge, this type of cumulative
synergistic study is not reported in the literature so far.

MATERIALS AND METHODS

Plant material

V. odorata was collected from an authorized dealer of Ayurvedic
plants, Sadar bazar, New Delhi. The Nicotiana tabacum leaves
were collected from Munger, Bihar, India. The sample was
authenticated by Dr Sunita Garg, CSIR-National Institute of Science
Communication and Information Resources, New Delhi, India and

was deposited in the Raw Material Herbarium and Museum, Delhi
(RHMD) under voucher number NISCAIR/RHMD/Consult/2017/
3081-30. The collected plant material were air dried in shadow and
grinded for extraction.

Preparation of extract

Air dried N. tabacum leaves were extracted using 99% ethanol by
ultrasonication for 2 h. The combined extract were filtered and
concentrated under reduced pressure at 35°C by using rotatory
evaporator. The crude extracts were totally dried under high
vacuum repeatedly until constant weight was obtained. The dried
crude extract was kept over calcium chloride in desiccator for
further study.

V. odorata (leaves and flower) was firstly extracted with
petroleum ether at room temperature for 2 days to remove nonpolar
impurities and waxes (fraction CPEEX). The crude extract was then
dissolved in diethyl ether and left for 2 days at room temperature
(extract CDEEEX). The solution was occasionally stirred with the
help of glass rod. After filtration, the crude extract was dissolved in
99% ethanol and left for 2 days at room temperature (extract
CEEX). The combined petroleum ether extract (CPEEXx), diethyl
ether extract (CDEEEx) and ethanol extract (CEEx) were
concentrated under reduced pressure at 35°C by using rotatory
evaporator and desiccated separately for further study (Tang et al.,
2010).

Determination of total flavonoid content

The total flavonoid content was determined by colorimetric
aluminum chloride (AICl3) method with slight modification (Ahn et
al., 2007). The 0.5 mL of 2% AICl; in ethanol and 0.1 mL of 1 M
potassium acetate were added to 0.5 mL of sample or standard.
After 1 h at room temperature, the absorbance of the reaction
mixture was measured at 415 nm with a double beam
ultraviolet/visible  spectrophotometer. The quercetin (2-(3,4-
dihydroxyphenyl)-3,5,7-trihydroxy-4H-chromen-4-one) was used as
standard.

Determination of total phenol content

Total phenolic compound contents were determined by the Folin-
Ciocalteau reagent and gallic acid (trihydroxybenzoic acid) (Agbor
et al.,, 2014). The method is based on the theory that Folin-
Ciocalteau reagent shows blue color by reaction with phenolic
compounds. The extract samples (0.5 mL) were mixed with Folin-
Ciocalteu reagent (5 mL, 10% v/v, diluted with de-ionized water)
and aqueous sodium carbonate (4 mL, 1 M). The mixture was
allowed to stand for 30 min at room temperature and the phenols
were determined by measuring absorbance at 765 nm. The
standard curve was constructed by different concentration of gallic
acid (mg/mL) in methanol : water solutions (50:50 v/v).

Antioxidant activity
Assay of free radical scavenging activity (DPPH)

The 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical was used for
determination of free radical scavenging activity of the extracts
based on the method given by Brand-William et al. (1995). This
method depends on the decrease in absorbance at 517 nm, of
colored solution of DPPH in methanol by reference or extract.
Ascorbic acid in methanol (1 mg/mL) was used as reference.
Different concentrations of each extract were added to methanolic
solution of DPPH (100 uM) in equal volumes and left for 20 to



30 min at room temperature. The absorbance was recorded at 517
nm and DPPH radical scavenging activity was calculated as follows:

Inhibition (%) = (AbSmank - Abssamp|e/AbSb|ank) x 100

Where, Abspank is the absorbance of the control, containing all
reagents except extract. The inhibitory concentration (ICso) values
represent the concentration of sample, which is required to inhibit
50% of DPPH free radicals.

Assay of nitric oxide-scavenging activity

The theory of the assay depends on the estimation of nitrite ion by
Griess reagent (Jagetia and Baliga, 2004). The nitrite ion is formed
by the reaction of nitric oxide with oxygen, in which nitric oxide is
generated by the sodium nitroprusside at biological pH. The Griess
reagent usually contains 0.2%  naphthylethylenediamine
dihydrochloride (NED), and 2% sulphanilamide in 5% phosphoric
acid. The competitive scavenging activity of nitrite ion with oxygen
leads to lesser production of nitrite ions. To carry out the
experiment, sodium nitroprusside (10 mM), in phosphate buffer at
pH 7, was mixed with different concentrations of each extracts
dissolved in methanol and left for 2 to 2.5 h at room temperature
under dark and anhydrous condition. The absorbance was recorded
at 546 nm after adding 0.5 mL of Griess reagent in the experimental
mixture. Quercetin was used as positive control or reference.

Assay of metal chelating activity

Ferric ions (Fe®")-chelating activity of extracts were determined by
following the method of Dinis et al. (1994) and Giilcin et al. (2004)
with minor modification. The Fe®" capacity was recorded
spectrophotometrically at 562 nm. Briefly, the plant extract at
different concentrations in methanol was added into 0.1 mL of FeCl,
(1 mM) followed by addition of 0.1 mL of ferrozine (3-(2-pyridyl)-5,6-
diphenyl-1,2,4-triazine-p,p'-disulfonic ~ acid monosodium  salt
hydrate) solution (5 mM). The experiment solution was incubated at
room temperature for about 10 to 15 min. Finally, the absorbance
value of the mixture was quantified spectrophotometrically at
562 nm using same formula used for DPPH assay. Where AbSpjank
was the absorbance of the control, and AbSsampe Was the
absorbance of the extract or positive control.

Assay of hydroxyl radical scavenging activity

The assay for hydroxyl radical scavenging activity was developed
according to Kim et al. with minor modifications (Kim and
Minamikawa, 1997; Topal et al., 2016). The extract at different
concentrations in methanol was mixed with 0.4 mL of FeSO, (10
mM), 0.4 mL ethylenediaminetetraacetic acid (EDTA, 10 mM), 0.4
mL of 2-deoxyribose, 0.2 mL of phosphate buffer and 250 uL of
hydrogen peroxide. The experimental mixture was incubated at
room temperature for about 4 to 5 h. In the next step 1 mL of
trichloroacetic acid (2.5%) and 1 mL thiobarbituric acid (1%) were
added to the experimental mixture and heated for 5 minutes at
80°C. After cooling, its absorbance was measured at 520 nm. The
hydroxyl radical scavenging activity (%) was calculated using the
same formula which was used for DPPH activity. The ICso was
calculated by plotting the inhibition percentage against extract
concentrations.

Determination of antioxidant properties of mixture of extracts

The combined activity of both extracts was determined by mixing
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the different w/w combination. The scavenging activity of the
combined extract was determined by the described assays. For
this, the mixture of extract was incubated at room temperature with
occasionally shaking for about 3 to 3.5 h and then heated at 50 to
60°C for 10 min. This experimental results obtained by interval of
times showed that 3 to 3.5 h are sufficient time for this kind of study.
The different possible combinations of w/w ratio of mixture were
examined with 50 to 10% of tobacco extract with V. odorata extract.
The most important results are shown in the current manuscript.

Statistical analysis

The data of various analyses were expressed as mean * standard
deviation. All tests were carried out in triplicate to improve the
accuracy. The data reported in the present manuscript were
analysed using one way analysis of variance (ANOVA) followed by
Dunnet’s test. In the experiments, P values of <0.05 were taken to
be significant.

RESULTS
Total phenolic and total flavonoid contents

The total phenolic and total flavonoid contents in the
different extracts expressed as gallic acid equivalent and
quercetin equivalent are shown in Figure 1. The total
phenolic and total flavonoid contents were greater in the
ethanolic extract [CEEX] than in the diethyl ether extract
[CDEEEX]. The petroleum ether extract [CPEEX] showed
no positive results in the phytochemical screening. The
results were calculated from the standard gallic and
quercetin calibration curves (R = 0.99).

Free radical scavenging activities

The DPPH free radical scavenging activity of ethanolic
extracts of V. odorata, N. tabacum and mixture of both
are reported in Table 1. It was found that the radical
scavenging activities of the extract were in linear relation
with concentration, that is, increased with the
concentration. The ICg, value of CEEx (V. odorata) and
CEEX (N. tabacum) were 112.36 + 0.8 uyg/mL and 312.68
+ 0.6 pyg/mL, respectively, thus signifying that CEEx (V.
odorata) has a very good antioxidant property. The I1Csq
of ascorbic acid (vitamin C) was found to be 4.98 + 0.3
pg/mL for DPPH assay. The ICs, of nitric oxide radical
scavenging activity (NORSA) of CEEx (V.odorata) was
found to be 1.26 pg/mL, which may not be considered
good as compared to the 1Csy of Quercetin (19.86 + 0.6
pg/mL). The CEEX extracts of V. odorata and N. tabacum
also showed good metal chelating activity, which was
168.43 + 0.2 pyg/mL and 168.43 + 0.2 pg/mL,
respectively. The hydroxy radical scavenging activity of
CEEx extracts of V. odorata and N. tabacum were found
to be 228.65 + 0.9 pg/mL and 356.36 + 0.8 pg/mL,
respectively.

The main focus of the current manuscript is the
scavenging properties of combined extract of V. odorata
and N. tabacum. The combined DPPH assay revealed
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Table 1. Free radical scavenging activities of ethanolic extract of V. odorata, N. tabacum and mixture of both.

DPPH radical Nitric oxide radical Metal chelating Hydroxyl radical
Extract scavenging ICso scavenging ICsp activity 1Csp scavenging ICs
(Hg/mL)® (mg/mL)° (ug/mL) (Hg/mL)
CEEXx (V.odorata) 112.36 + 0.8 1.26 £ 0.9 168.43+0.2 228.65+0.9
CEEXx (N.tabacum) 312.68 £ 0.6 Not determined 242.43£0.2 356.36 £ 0.8
CEEx (V. odorata + N. 235.16 + 0.2 141023 223,62 +0.2 315.12+0.3

tabacum) (80% w/w)

%Cso of ascorbic acid (Vitamin C) was 4.98 + 0.3 pg/mL for DPPH assay; "IC® of quercetin was 19.86 + 0.6 mg/mL for nitric oxide
scavenging assay. All values are mean + standard deviation. ICsg, concentration required to inhibit 50% of free radicals.

m Total phenolic content(a)

50.0
45.0 -
Viola odorata extract

400 - 37.6

300 - 286

25.0 -

Total content

20.0 -
15.0 -

10.0 -
5.5

5.0 - 33
z
0.0

Total flavonoid content(b)

Nicotiana tabacum extract

26.2

e

CDEEEX (diethyl ether) CEEXx (ethanol)

CEEXx (ethanol)

Figure 1. Total phenol and flavonoid contents of different extract of V. odorata and N. tabacum. (a) Expressed as
mg gallic acid equivalent per gram of dry extract; (b) expressed as mg quercetin equivalent per gram of dry

extract. All values are mean + standard deviation.

the scavenging activity of mixture of extract with 1Cg
235.16 + 0.2 pg/mL. The other assays, that is, NORSA,
metal chelating activity and hydroxyl radical scavenging
gave the ICsy values of 1.41 + 0.3, 223.62 + 0.2 and
315.12 + 0.3 pg/mL, respectively. For this combined
extract analysis, the best found combination, that is, 80%
w/w of V. odorata and N. tabacum, was used.

DISCUSSION

The DPPH assay is a widely accepted and used model
for exploration of radical scavenging ability of various

extracts and samples. The DPPH is a stable nitrogen-
centered free radical, in which the color changes from
violet to yellow upon reduction. The potential compound
or substance capable of inhibiting this free radical is
treated as antioxidants and consequently a radical
scavenger. It has been accepted that higher total phenol
and flavonoids contents lead to good DPPH-scavenging
activity (Xu and Chang, 2007). From Figure 1, it is shown
that the ethanolic extract of V. odorata has good
antioxidant activity as expressed in terms of DPPH
scavenging activity. The activity of combined ethanolic
extract significantly decreased (CEEx (V. odorata)) which
can be rationalized on the basis of competitive inhibition



of tobacco extract free radicals. The free radicals
responsible for TRC significantly was inhibited by the V.
odorata, which is shown by increase in ICsq values
(235.16 + 0.2 from 112.36 + 0.8 pg/mL). As NORSA is
found to be in the order of mg/mL, nevertheless
significant increase in 1Csy was observed in the same
case from 1.26 + 0.9 to 1.41 + 0.3 mg/mL. These results
also favor the hypothesis that V. odorata has the
capability to inhibit the ROS present in tobacco which
leads to TRC.

The Fe* catalyzed the oxidative processes, leading to
the formation of hydroxyl radicals and hydro peroxide
decomposition reactions. Minimizing the concentration of
Fe®* is directly correlated with the decrease in oxidative
damage, because it causes the production of oxyradicals
(Ak and Giilgin, 2008). The ferrozine formed red colored
complex and in the presence of other chelating agent, the
red color fades. The absorbance of Fe®- ferrozine
complex varied linearly, which means that the activity
was increased with increase in concentration from 12.5 to
1000 pg/mL. The ICsgq for Fe®* chelating ability of CEEx
(V. odorata) was 168.43 + 0.2 (ug/mL) and it significantly
increased to 223.62 + 0.2 (ug/mL) in the presence 20% of
tobacco extract w/w (Table 1). This also gave the support
that V. odorata has a significant tobacco free radical
scavenging activity. The principal for hydroxyl radical
scavenging activity, is the conversion of 2-deoxuribose to
malondialdehyde, which react with thiobarbituric acid
giving rise to a pink pigment. The increase in ICg, value
form 228.65 + 0.9 to 315.12 + 0.3 pg/mL signify the
importance of V. odorata as a free radical scavenger of
tobacco.

Conclusion

In conclusion, it has been found that V. odorata has a
good antioxidant property, as proved by the ethanolic
extract of the same. The various standard assays like
DPPH, nitric oxide, Fe** chelating and hydroxyl radical
scavenging was explored to sum up the good antioxidant
property of V. odorata. In addition to this, V. odorata
ethanolic extract was found to be a good scavenger of
tobacco free radicals, responsible for tobacco related
cancer as significant increment of ICsq value was
observed in 20% w/w of tobacco and V. odorata extract.
The detailed study to find out a more proper tobacco free
radical scavenger is under investigation in our laboratory.
This finding results in a possible solution to mix the highly
antioxidant indexed therapeutically important plant to
tobacco so that the emission of cancer causing free
radicals can be inhibited and this may reduce the chance
of occurrence of tobacco related cancer.
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