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Discovery of new antioxidants of plant origin is of current interest. Ampelocissus latifolia (Roxb.) Planch. is
a traditionally used medicinal plant. The present study was aimed to investigate the in vitro free radical
scavenging activities of aerial parts’ aqueous extract of A. latifolia (AAEAL) and its organic solvent extract
fractions in relation to their total phenolics and flavonoid contents. The AAEAL was fractionated with the
organic solvents like petroleum ether (AAEALPE), chloroform (AAEALCH), ethyl acetate (AAEALEA), and n-
butanol (AAEALNB). For the determination of antioxidant activity of AAEAL and its extract fractions, Fe>*
. - ion reducing antioxidant power (FRAP), 1, 1-diphenyl-2-picrylhydrazyl (DPPH) free radical scavenging,
Ampelocissus latifolia L. . .
Antioxidant and total antioxidant assays were performed and the total phenolics and flavonoid contents were also
DPPH estimated. The ECso of the ferric ion reduction by AAEALEA and ascorbic acid were calculated as
90.8+4.70 and 84.86 +7.22 ug/mL respectively. The ICso of DPPH free radical scavenging with
AAEALEA and ascorbic acid were calculated as 19.5 + 0.5 and 18.35 + 1.15 pug/mL respectively. The overall
data indicate that the AAEALEA possesses the highest total antioxidant activity (37.85 + 1.55 ug ascorbic
acid equivalents/100 pg dry extract matter), the highest total phenolics (65.89 £+ 1.33 mg tannic acid
equivalent phenolics/100 mg dry extract) and flavonoid (30.67 £ 0.28 mg quercetin equivalent flavo-
noids/100 mg dry extract) contents. The antioxidant activities were also positively correlated with the
total phenolics and flavonoid contents of the extract fractions. In summary, AAEAL may be considered
as a natural source of antioxidants and its ethyl acetate extract fraction seems to be equally effective
to the ascorbic acid as an antioxidant.
© 2018 The Authors. Production and hosting 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/).
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1. Introduction is increased, and the cellular antioxidant system cannot function

properly, the cells fail to scavenge the free radicals and may cause

The excess of the free radicals may lead to the development of
various oxidative stress-related disorders like cancer, anemia, car-
diovascular diseases, diabetes, inflammation etc. (Llopiz et al,
2004). In aerobic organisms, the presence of various antioxidative
enzymes like catalase, glutathione peroxidase, superoxide dismu-
tase, and glutathione reductase protect the cells from free
radical-mediated damage. When the production of the free radicals
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DNA damage, lipid peroxidation, and oxidative damage to the cells.
The research works are being conducted worldwide to identify the
plant-derived antioxidants for their ability to scavenge free radi-
cals. The plant-derived natural products are widely used as a
source of traditional medicine to treat various disease conditions
(Razali et al., 2008). The plant secondary metabolites are the rich
source of antioxidants. It has been demonstrated that the regular
consumption of various fruits, vegetables, cereals, and grains is
associated with the low level of oxidative damages and exerts pro-
tective roles against the various chronic diseases like cardiovascu-
lar diseases (CVD), diabetes, cancers, neurodegenerative diseases
etc. (Kruk, 2014; Kyro et al., 2013; Mursu et al., 2014; Yamada
et al., 2011).

The plant-derived antioxidants are very important for their
applications in functional foods and nutraceuticals. Several
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experiments have been done globally to determine the antioxi-
dant and free radical scavenging activities of plant extracts to
find out the safe and potent natural antioxidants of plant origin.
The fruits like berries, grapes, dates, plums etc. and vegetables
like broccoli, colored cabbages, cowpea, sweet potato, ginseng
leaf, pepper leaf etc. are rich in antioxidants (Deng et al,
2012; Fu et al, 2011; Manganaris et al., 2014; Xia et al,
2010). The antioxidant compounds like polyphenols and flavo-
noids are widely distributed in nature and have gained a
renewed interest because of their physiological functions like
antimutagenic and antitumor activities (Li et al., 2009; Othman
et al., 2007). The plant polyphenols are the most abundant
antioxidants in human diets. Their free radical scavenging activ-
ities are attributed to their disease preventive actions (Rokayya
et al., 2013). The various studies have revealed the fact that
there is a positive correlation between the total phenolic content
and antioxidant potentials of plant extracts (Dutta and Ray,
2015; Goswami and Ray, 2017; Sun et al., 2002).

Ampelocissus latifolia (Family: Vitaceae) is a native herb of
Indian subcontinent and is widely prescribed in traditional med-
icine to treat dental troubles, ulcers, dysentery (Patil and Patil,
2012), gout, fractured bone, dyspepsia, indigestion, and tubercu-
losis (Prusti and Behera, 2007; Swarnkar and Katewa, 2008). It is
used as an antidote for snake bite, applied on wounds, abscess,
and for easy labor and delivery of a baby (Patil and Patil,
2005). Ampelocissus latifolia also exhibits antibacterial (Pednekar
and Raman, 2013), antiproliferative, cytogenotoxic (Chaudhuri
and Ray, 2014; 2015a), anti-inflammatory (Tamilarashi et al.,
2000), and allelopathic activities (Chaudhuri et al., 2015;
Chaudhuri and Ray, 2015b; Chaudhuri and Ray, 2016). There is
a report on the antioxidant activity of the crude methanolic
extract of this plant (Pednekar and Raman, 2013). The phyto-
chemical analysis revealed the presence of various compounds
like phenolics, flavonoids, terpenoids, anthraquinones etc. having
antioxidant activities (Pednekar and Raman, 2013). Recently, a
report on exhaustive analysis of A. latifolia fruit extracts has
shown the presence of abundant phenolics and flavonoids
imparting various bioactivities including excellent free radical
scavenging and ferric reducing activities, anti-elastase, anti-
collagenase, anti-tyrosinase, and anti-inflammatory activities
using in vitro assays (Singh et al., 2015). However, in the present
state of knowledge, the antioxidant activity of the aerial parts’
aqueous extract of A. latifolia (AAEAL) and identification of the
most active fraction in terms of antioxidant activity is yet to
explore. Keeping this in the background, the present study was
undertaken to investigate the in vitro antioxidant potentials of
AAEAL and to determine its antioxidant-active fractions. The
novel aspect of the present study is that, here we have initially
extracted phenolics with polar hot water (AAEAL) to determine
antioxidant potentials and then AAEAL was successively fraction-
ated using the different organic solvents. Moreover, the total
phenolics and flavonoid contents in the aqueous extract and its
extract fractions were quantified and were also correlated with
their antioxidant potentials.

2. Materials and methods
2.1. Chemicals

Quercetin, DPPH, ascorbic acid, ferric chloride, and trichloroace-
tic acid were obtained from Sigma-Aldrich, St. Louis, M.O., USA.
Tannic acid was purchased from HIMEDIA Laboratories Pvt. Ltd.,
Mumbai, India. Folin-Ciocalteu’s phenol and aluminum chloride
were obtained from MERCK Specialities Pvt. Ltd., Mumbai, India.
Other chemicals used here were of analytical grade.

2.2. Collection of aerial parts of A. latifolia

Fresh plant materials (leaf and creeper stem) were collected
from The Burdwan University campus, West Bengal and identified
by renowned Taxonomist, Prof. Ambarish Mukherjee, The Univer-
sity of Burdwan. The voucher specimens (No. BUGBAC012) are
maintained in the Department of Zoology, The University of Burd-
wan for future reference. The collected plant material was washed,
shade dried, powdered, and stored in an airtight container for
future use.

2.3. Crude aqueous extract preparation and fractionation

The 20 g ground plant material was extracted in 400 mL of dis-
tilled water at low heat (50 °C) in a water bath and after every 2 h,
the extract was filtered through No. 1 Whatman® filter paper. The
process was repeated 3 times to get a bulk amount of the extract
(coded as AAEAL for aerial parts’ aqueous extract of A. latifolia)
which was then concentrated using a vacuum evaporator and
stored at —20°C for future use. The yield of AAEAL was
29.97 + 1.30% of the dried powdered plant matter.

The AAEAL was fractionated sequentially with petroleum ether,
chloroform, ethyl acetate, and n-butanol to get petroleum ether
fraction, AAEALPE; chloroform fraction, AAEALCH; ethyl acetate
fraction, AAEALEA; n-butanol fraction, AAEALNB, and the remain-
ing aqueous fraction i.e. AAEAL remaining fraction respectively.
The extract fractions were completely dried in a vacuum evapora-
tor and then stored at 4 °C. The yields of the extract fractions were
measured as 0.19 £ 0.004, 0.64 + 0.002, 3.34 + 0.04, 8.06 + 0.02, and
86.03 + 0.15% of the dried extract matter for AAEALPE, AAEALCH,
AAEALEA, AAEALNB, and AAEAL remaining fraction respectively.

2.4. In vitro antioxidant assays

2.4.1. Ferric ion reducing antioxidant power (FRAP) assay

The reductive capability of AAEAL and its fractions were inves-
tigated and compared with the standard ascorbic acid by measur-
ing the Fe3-Fe} transformation (Oyaizu, 1986). Phosphate buffer
(0.20 M, 1 mL), and K3Fe(CN)s (1%, 1 mL) were added to the sample
(0.50 mL) and incubated at 50 °C for 20 min. After that, trichloroa-
cetic acid (10%, 1 mL) was mixed to it and then centrifuged at
3000 rpm for 10 min. 1.50 mL supernatant solution was added to
1.50 mL of distilled water and 0.10 mL of FeCl; (0.10%) solution.
The absorbance was recorded at 700 nm using a spectrophotome-
ter (UV-1800 Series, Shimadzu, Japan).

2.4.2. DPPH free radical scavenging assay

The antioxidant capacity of AAEAL and its extract fractions were
determined by DPPH free radical scavenging assay (Ayoola et al.,
2008) and were compared with the standard ascorbic acid. Metha-
nol (3 mL) and DPPH solution (0.002%, 1 mM, 0.50 mL) were mixed
with 1 mL of different concentrations (5, 10, 15, 20, 25, 50 and
100 pg/mL) of the sample solution. The whole reaction mixture
was kept in dark for 30 min and after that, the absorbance was
measured at 517 nm using a spectrophotometer (UV-1800 Series,
Shimadzu, Japan).

The decrease of the absorbance indicates an increase in the
radical-scavenging activity. The ICsq values (concentration at
which 50% scavenging occurs) were calculated from the graph
between the inhibition (%) versus the concentrations of the sam-
ples. The DPPH free radical-scavenging activity was calculated as

% Inhibition = (Ao — A1)/Ao)] x 100

[AO = absorbance of the control (without extract), A1 = absorbance
in the presence of the extract].
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2.4.3. Total antioxidant capacity assay

The phosphomolybdate assay is a widely accepted method for
the determination of thetotal antioxidant capacity of plant
extracts. The basic principle is that, here, Mo (VI) is reduced to
Mo (V) by the sample analyte and a green colored phosphate Mo
(V) complex forms at the acidic range of pH (Umamaheswari and
Chatterjee, 2008). The total antioxidant potentials of the different
extract fractions of AAEAL were measured and compared with
standard ascorbic acid. The sample solution (100 pg/mL) was
mixed with 3 times volume of the reagent mixture containing sul-
furic acid (0.60 M), ammonium molybdate (4 mM), and sodium
phosphate (28 mM) and incubated at 95°C for 90 min. The
absorbance was recorded at 695 nm using a spectrophotometer
(UV-1800 Series, Shimadzu, Japan) and the data are represented
in terms of ug ascorbic acid equivalents/100 pg dry extract matter.

2.5. Quantitative analysis of the antioxidant phytochemicals

2.5.1. Total phenolic content (TPC)

The total phenolic content of AAEAL and its extract fractions
were estimated with Folin-Ciocalteu’s phenol reagent (FCP)
(Makkar et al., 1993; Ray et al., 2013). 10 uL of sample solution
of the extract/extract fractions was added to 990 uL distilled water
and 0.50 mL FCP reagent (1N) and were mixed thoroughly.
2.50 mL 20% Na,COs3 solution was added, mixed properly and kept
for 40 min at room temperature (25 + 2 °C). The absorbance was
recorded at 725 nm using a spectrophotometer (UV-1800 Series,
Shimadzu, Japan). The TPC was estimated as tannic acid equivalent
(TAE) using the tannic acid (TA) standard curve (2.50-25 pg/mL).
Data are represented as Mean + SEM of nine sets of experiments.

2.5.2. Total flavonoid content (TFC)

The total flavonoid content of the extract/extract fractions was
estimated by AlCl; method (Chang et al., 2002; Chaudhuri and Ray,
2015a). Distilled water (1 mL) and NaNO, (5%, 1.50 mL) were
added to the sample solution (0.50 mL) and allowed to settle for
5 min. Later on, AlCl; (10%, 0.15 mL) was added followed by the
addition of NaOH solution (1M, 1 mL). Finally, distilled water
(0.85mL) was added. The absorbance reading was taken at
510 nm using a spectrophotometer (UV-1800 Series, Shimadzu,
Japan). Here, flavonoid content was estimated as quercetin equiv-
alent (QE) using a standard quercetin calibration curve. The data
are represented as Mean + SEM of nine sets of experiments.

3. Statistical analysis

All the assays were performed in triplicate (unless stated other-
wise) and the data points are expressed as Mean * SEM (Origin
software 6.0). The statistical significance of the differences was
determined by one-way analysis of variance (ANOVA) at a confi-
dence level of 95% (p,, = 0.05) followed by the Post Hoc Tukey test
(ps, = 0.05). The correlation coefficient (R) and coefficient of deter-
mination (R?) between the total phenolics as well as flavonoids
and the antioxidant activity was carried out using the Microsoft
Office Excel 2007. Moreover, regression analysis was performed
(po, = 0.05) to determine the level of significance of correlation.

4. Result and discussion
4.1. In vitro antioxidant assays

4.1.1. FRAP assay

The data indicate a concentration-dependent (10-100 pug/mL)
increase in the FRAP activities of the AAEAL and its extract frac-
tions as shown by their increasing OD values (Table SI). The half

maximum effective reducing power concentrations (ECsg) for
ascorbic acid (84.86 + 7.22 pg/mL) was found to be lower than that
for AAEAL (193.06 + 9.51 pg/mL) which is a crude extract having a
combination of phytochemicals, some with oxidative or some with
antioxidant actions (Chaudhuri and Ray, 2014; Dutta and Ray,
2015). The AAEAL was further fractionated sequentially with pet-
roleum ether (AAEALPE), chloroform (AAEALCH), ethyl acetate
(AAEALEA), and n-butanol (AAEALNB) to isolate the bioactive frac-
tions (Li et al., 2009). The fractions were checked for FRAP activities
and their ECsg values were compared (Table SI, Fig. 1). The ECsq val-
ues for AAEALPE, AAEALCH, AAEALEA, AAEALNB, and AAEAL
remaining fraction were calculated as 367.02+21.15,
259.67 £ 13.35, 90.8 £4.70, 104.80+5.29, and 139.17 £6.99 g/
mL respectively.

There was no significant difference in the antioxidant activities
among the AAEALEA, AAEALNB, and the remaining fraction. The
antioxidant activity of AAEALEA is significantly higher than the
AAEAL, AAEALPE, and AAEALCH fractions, but no significant differ-
ence was present between the antioxidant activity of ascorbic acid
and AAEALEA, indicating the AAEALEA is a potential fraction hav-
ing ascorbic acid equivalent antioxidant activity (Fig. 1).

4.1.2. DPPH assay

The DPPH assay is used for the determination of the free radical
scavenging activity of any agents. In the presence of an antioxidant
compound, DPPH, a stable free radical, is reduced and it changes
color from purple to yellow due to the formation of 1,1-
diphenyl-2-picryl hydrazine from the hydrazyl crystal. The extent
of discoloration indicates the free radical scavenging potentials.
Results indicate a concentration-dependent increase in DPPH free
radical scavenging activity of the extract/extract fractions. Here,
the concentration of AAEAL was required nearly 2.40 times
(Fig. 2) higher than that of the ascorbic acid (Ascorbic acid, ICsp:
18.35+ 1.15 ug/mL; AAEAL, ICso: 44.85 +4.95 pg/mL), which may
be due to AAEAL being in a crude form. There are similar reports
showing the antioxidant activity of various crude extracts
(Ayoola et al., 2008; Deng et al., 2012; Dutta and Ray, 2015,
2020; Fu et al,, 2011.).

Comparison of the DPPH scavenging activities of fractionated
extracts revealed that some of the fractions possess higher
antioxidant activity than the AAEAL itself in the decreasing order
of AAEALEA (ICsp=19.50 %+ 0.50 pg/mL) > AAEALNB (ICso=34.95+
1.05 pg/mL) > remaining fraction of AAEAL (ICso=36.15%2.85
ug/mL) (Fig. 2). The AAEALCH and AAEALPE possess a lower free
radical scavenging activity than the AAEAL (Figure S1), indicating
a differential free radical scavenging activity of the different
extract fractions of AAEAL. Here, AAEALEA showed the maximum
free radical scavenging activity. The one way analysis of variance
(ANOVA) at the confidence level of 95% (p, = 0.05), followed by
the Post Hoc Tukey test [*p < 0.05] was done to test whether any
significant differences were present among the free radical scav-
enging activities of the different extract fractions (Fig. 2). The plant
crude extract contains many types of phytochemicals, while each
fraction obtained by the fractionation method yields only a few
types of molecules and this is mainly due to the solvent polarity
and affinity of the compounds for specific solvents
(Umamaheswari and Chatterjee, 2008). Here, the ICso value of
AAEALEA (19.5 + 0.50 pg/mL) was found to be more than two times
lower than that of the crude AAEAL (44.85 + 4.95 ug/mL), indicat-
ing that the effective antioxidants were extracted in ethyl acetate
fraction of AAEAL. Like FRAP assay, the data of DPPH assay also
indicate that AAEALEA is the best depository of phytochemicals
having antioxidant activity. A similar report also exists showing
that fractionation of hydromethanolic extract of Coccinia grandis
resulted in the differential antioxidant potential of the different
extract fractions (Umamaheswari and Chatterjee, 2008).
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Fig. 1. ECso values (pug/mL) of FRAP activity of ascorbic acid, AAEAL and its fractions. Assays were done in triplicate and the data are expressed as Mean + SEM. The level of
confidence was considered at 95% (p,, = 0.05) (ANOVA) for the determination of differences among the groups, followed by Post Hoc Tukey test [*p < 0.05].
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Fig. 2. 1C5, values (ng/mL) of DPPH free radical scavenging activity of ascorbic acid, AAEAL, and different fractions of AAEAL. Assays were done in triplicate and the data are
expressed as Mean = SEM. The level of confidence was considered at 95% (p,, = 0.05) (ANOVA) for the determination of differences among the groups followed by Post Hoc
Tukey test [*p < 0.05].

AAEALEA > AAEALNB > AAEAL

4.1.3. Total antioxidant capacity assay

Here, the total antioxidant capacity was analyzed through the
phosphomolybdate assay, which is a widely used method for the
determination of the total antioxidant potential of plant extracts
(Umamaheswari and Chatterjee, 2008). Data indicate a decreasing
order of total antioxidant capacity of the extract fractions as

remaining fraction > AAEALCH >
AAEALPE. The AAEALEA showed a significantly higher (*p < 0.05,
analyzed by one way ANOVA followed by Post Hoc Tukey test)
antioxidant capacity (37.85+1.55pug ascorbic acid equiva-
lents/100 ug dry extract) than the other extract fractions
(Fig. 3). Previously Umamaheswari and Chatterjee (2008)
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reported the differential total antioxidant activity of the differences in the total antioxidant property of the extract fractions
petroleum ether, chloroform, ethyl acetate, and remaining extract may be due to the variation in chemical nature and the phenolics
fractions of the methanolic extract of Coccinia grandis. These content.
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4.2. Quantitative estimation of total phenolics and flavonoid contents

The high level of antioxidant property of the plant extracts lar-
gely depends on their polyphenols and flavonoid contents (Razali
et al., 2008) and they act as hydrogen or electron donors, metal
ion chelators, and also exhibit considerable free radical scavenging
activities. The total phenolics and flavonoid contents of AAEAL and
its extract fractions were estimated and the results indicate that
AAEAL contains 22.58 + 1.24 mg TAE TP/100 mg dry extract and
4.81 £ 0.77 mg QE flavonoids /100 mg dry extract (Fig. 4). The frac-
tionation of AAEAL with the different solvents resulted in partition-
ing of phytochemicals in accordance with the polarity matching,
where phenolics and flavonoids were mostly extracted in ethyl
acetate fraction, AAEALEA, (65.89 + 1.33 mg TAE TP/100 mg dry
extract, 30.67 + 0.28 mg QE flavonoids/100 mg dry extract) (signif-
icantly higher value from the other fractions as determined by one
way ANOVA followed by Post Hoc Tukey test at *p < 0.05), followed
by AAEALNB, AAEAL remaining fraction, AAEALCH, and AAEALPE.
The results also reveal that there is no significant difference
between AAEALNB and AAEAL remaining fraction in terms of their
flavonoid contents.

737
4.3. Correlation analysis

The polyphenols and flavonoids are the plant secondary
metabolites that are ubiquitously present in almost all plants.
There exists a positive correlation between the consumption of
phenolic-rich plant products and the reduced incidence of cancer
(Hollman and Katan, 1999). Here, the correlation and regression
analysis revealed a linear negative correlation between the ECsg
values of the FRAP activity of the different extract fractions of
AAEAL and the total phenolics (R = 0.945, R? = 0.893, p < 0.05) and
flavonoid (R = 0.910, R? = 0.829, p < 0.05) contents (Fig. 5). A linear
positive correlation was found in the DPPH free radical scavenging
activity of the different extract fractions of AAEAL with their total
phenolics (R = 0.953, R? = 0.908, p < 0.05) and flavonoid (R = 0.904,
R? =0.818, p < 0.05) contents (Fig. 5). The data indicate that pheno-
lics and flavonoid compounds contributed 90.80 and 81.80%
respectively for the scavenging property of the extract fractions.
Similarly, the total antioxidant activity of the extract fractions of
AAEAL also exhibited a linear positive correlation with the total
phenolics (R=0.978, R?=0.957, p<0.05) and flavonoid
(R=0.995, R? =0.990, p < 0.05) contents, suggesting that phenolics
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and flavonoids contributed 95.70 and 99% respectively for the total
antioxidant effect of the extract fractions (Fig. 5). Thus, the pres-
ence of a higher amount of phenolics and flavonoid in the extract
fractions may have contributed directly to the in vitro antioxidant
activities. The outcome of the present study is in accordance with
the existing reports indicating a linear positive correlation
between the total phenolics and the antioxidant activities (Dutta
and Ray, 2015; Li et al., 2009; Singh et al., 2015).

5. Conclusion

At the present state of knowledge, this is the first report on the
antioxidant properties of aqueous extract of Ampelocissus latifolia
and its organic solvent extract fractions. The AAEAL and its extract
fractions showed a concentration-dependent free radical scaveng-
ing activity. Amongst all the extract fractions of AAEAL, the ethyl
acetate extract fraction exhibited the highest free radical scaveng-
ing and total antioxidant activities. Moreover, antioxidant activi-
ties of the AAEAL and its fractions were correlated positively
with the total phenolics and flavonoid contents. The AAEAL may
be considered as a source of antioxidants and its ethyl acetate frac-
tion seems to be the most effective antioxidant fraction and is
equally effective to the ascorbic acid as an antioxidant. Thus, the
present study explores the antioxidant activity of the crude aque-
ous extract of A. latifolia and the relative antioxidant potentials of
its extract fractions. However, before the therapeutic use of AAEA-
LEA, a detailed investigation is required to explore the active prin-
ciple(s), in vivo antioxidant validity, and toxicological assessment.
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