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ABSTRACT

Objective: The present study was carried to evaluate free radical scavenging activity and phytochemical analysis of successive extraction with
hexane (AVH), ethyl acetate (AVE) and methanol (AVM) of Alysicarpus vaginalis var. nummularifolius (DC.) MIQ., a herb used in home remedies.

Methods: The entire plant was dried and powdered, successively extracted (soxhlet apparatus) and concentrated using rotary vacuum evaporator. The
extracts were quantitatively analyzed for phytochemicals like total phenolic, flavonoids, alkaloids and carbohydrates following standard methods. The free
radical scavenging activity was evaluated with DPPH (1, 1-diphenyl-2-picrylhydrazyl), nitric oxide radical and hydrogen peroxide scavenging reactions.

Results: The quantitative phytochemical studies of the crude extracts showed that AVM extract with highest phenolic, flavonoid, alkaloid and
carbohydrate content which is followed by AVE and AVH. The ICsovalues of AVH, AVE and AVM for scavenging DPPH, nitric oxide and hydrogen
peroxide were 589.21+0.09 pg/ml, 254.65+0.08 pg/ml and 261.40+0.08 pg/ml; 533.81+£0.09 pg/ml, 362.07+0.09 pg/ml and 456.36+0.08 p/ml;
464.66+0.08 pg/ml, 380.29+0.08 ug/ml and 367.6+0.08 pg/ml respectively.

Conclusion: The present study revealed that AVM extracts having high polyphenolic compounds when compared with AVE and AVH. The free
radical scavenging reaction was greater in ethyl acetate and methanol extracts. This suggests that due to the high antioxidant reactions, these
extracts can be useful for the treatment of oxidative stress-related diseases.
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INTRODUCTION

The basis of traditional herbal medicine practiced in the past and also
in the present are due to the bioactivity of phytochemicals [1]. Plants
are endowed with various phytochemical molecules such as vitamins,
terpenoids, phenolic acids, lignins, tannins, flavonoids, quinones,
coumarins, alkaloids, amines and other metabolites, which are rich in
antioxidant activity [2, 3]. The free radicals have been implicated in
causing many diseases. Reactive oxygen species (ROS) cause tissue
injury through covalent binding and lipid peroxidation [4] which
contribute the pathogenesis of many diseases [5]. Antioxidants
scavenge the free radicals and thereby terminate the chain reaction that
can damage cells. Antioxidants present in plant help in the stimulation of
cellular defence system and oxidative damage [6]. Studies have shown
that many of these antioxidant compounds possess anti-inflammatory,
antiatherosclerotic, antitumor, antimutagenic, anticarcinogenic,
antibacterial, and antiviral activities [7, 8].

Alysicarpus vaginalis var. nhummularifolius (DC.) Miq. Commonly
known as Alyce clover, belongs to the family: Fabaceae
(Leguminosae). Traditionally it is used for the treatment of many
diseases like jaundice, pulmonary diseases, diabetes and leprosy.
The antioxidant and antiproliferative activity of ethanolic extract of
A. vaginalis was identified [9]. The phytochemical analysis and free
radical scavenging activity of successive extraction of A. vaginalis
var. numularifolius has not yet studied. Hence an attempt has taken
to analyze the phytochemical constituents and evaluate the free
radical scavenging activity of a successive extract of hexane (AVH),
ethyl acetate (AVE) and methanol (AVM) of A. vaginalis.

MATERIALS AND METHODS
Chemicals and reagents

Hexane, ethyl acetate, methanol, dimethylsulfoxide (DMSO), Folin-
ciocalteau reagent, hydrochloric acid, Dragendorff reagent, sodium
carbonate, gallic acid, aluminum chloride, potassium acetate, quercetin,
anthrone, glucose, hydrogen peroxide, sulphanilamide, phosphoric acid,

N-ethylene diamine dihydrochloride, 1,1-diphenyl-2-picrylhydrazyl
(DPPH), were purchased from Himedia, Chemical, India. All the
chemicals and solvents used were of standard analytical grades.

Collection and identification of plant material

Alysicarpus vaginalis var. nummularifolius (DC.) Miq. was collected
from Nalanchira, Thiruvananthapuram, Kerala, India. The plant
materials were identified and authenticated byDr. G. Valsaladevi,
Curator, Department of Botany, University of Kerala, Kariavattom,
Thiruvananthapuram, Kerala. The voucher specimen has been
deposited in the Herbarium of Department of Botany, the University
of Kerala with voucher no KUBH-5928 for future reference.

Extraction procedure

The entire plant was used for extraction. Collected plant was
washed, shade dried and powdered in an electric grinder. The
powdered material was successively extracted in soxhlet apparatus
with hexane (AVH), ethyl acetate (AVE) and methanol (AVM) in the
order of their increasing polarity until it becomes colourless using
the standard protocol [10]. The solvents were then removed using
rotary vacuum evaporator and stored in the refrigerator for further
analysis.

Quantitative estimation of phytochemicals
Estimation of total phenolic content (TPC)

Total phenolic content of the extracts was measured using Folin-
Ciocalteau spectrometric method [11]. Test samples of different
concentration (10-500 pg) dissolved in 1 % DMSO were mixed with
1 ml 95 % ethanol. 0.25 ml of Folin-ciocalteau was added to each
test tube. After 2 min, 0.75 ml of 20 % sodium carbonate was added
and the volume was made up to 5 ml with distilled water. The
mixture was vortexed, left for 2 h and the absorbance was measured
at 700 nm. A standard curve was plotted using 10-500 pg of gallic
acid in 95% ethanol. Total phenolic content was expressed as mg of
gallic acid equivalent (GAE)/g of leaf extract.
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Estimation of total flavonoid content

Flavanoid content was determined by aluminium-chloride colorimetric
method [12]. The method is based on the formation of the acid stable,
flavanoid-aluminium complex. 0.5 ml of each extract in ethanol (10
mg/ml) was mixed with 1.5 ml methanol, 0.1 ml aluminium chloride (10
%), 0.1 ml potassium acetate solution and 2.8 ml distilled water were
added sequentially and mixed well. A blank sample was prepared in a
similar way by replacing AlCI2 with distilled water. The test solution was
vigorously shaken. Absorbance was recorded at 415 nm after 40 min of
incubation. A standard calibration plot was generated at 415 nm using
known concentrations of quercetin. The concentrations of flavonoid in
the test samples were calculated from the calibration plot and expressed
as mg quercetin equivalent/g of sample. All the determinations were
carried out in triplicate.

Estimation of total alkaloids

The alkaloids estimation was performed by the spectrophotometric
method of dragmen doffs reagent as it was described by Sreevidya
and Mehrotra, 2003 [13]. 10 mg amount of each crude extract was
centrifuged over 10 min (3000 rpm) to remove residual suspended
particles.0.5 ml extract was mixed with 1 ml of 0.1N HCL 0.25 ml of
dragendroff’s reagent was added and the precipitate formed was
centrifuged. The precipitate was further washed with 0.25 ml of
ethanol. The filtrate was discarded and the residue was then treated
with 0.25 ml of 1 % disodium solution. The brownish black
precipitate formed was the centrifuged (5 min, 3000 rpm). This
residue was dissolved in 0.2 ml of concentrated nitric acid and 0.1
ml was then pipette out and mixed with 0.5 ml of 3 % thiourea
solution. The absorbance was measured at 435 nm against a blank
containing nitric acid and thiourea. A standard calibration curve was
plotted using 20-100 pg of caffeine. Total alkaloids were expressed
as mg of caffeine equivalent/g of leaf extract.

Estimation of total carbohydrate

The total carbohydrate content was estimated by Hedge and Hofreiter,
1962[14] anthrone method. The method is based on the formation of
hydroxyl methyl furfural in an acidic medium which gives a green
coloured product with anthrone having an absorption maximum at
630 nm. 10 mg of sample was hydrolyzed with 0.5 ml of 2.5 N HCl in a
boiling water bath for three hours and cooled to room temperature.
Neutralized it with sodium carbonate until the effervesces ceases.
Made the volume to 10 ml and centrifuged. The supernatant was
collected and 1 ml aliquot was taken for analysis. Standards were
prepared by taking 0.2-1.0 ml of the working standard (glucose). 1 ml of
water served as a blank. All the tubes are made up to 1.0 ml with distilled
water. 4.0 ml of anthrone reagent was added, heated for eight minutes in
a boiling water bath, cooled rapidly and read the absorbance at 630 nm.
A standard curve was plotted using 20-100 pg of glucose.

Free radical scavenging assay
DPPH radical scavenging activity

Free radical scavenging activity of the extracts of A. vaginalis was
measured by the methodology given Brand-Williams et al, 1995 [15]
using DPPH (1, 1-diphenyl-2-picrylhydrazyl). Dissolve 3 mg of DPPH in
100 ml of 70%methanol to make a working solution of DPPH. Each
extract (0.5 ml) was added to 2.5 ml freshly prepared DPPH solution and
mixed vigorously. DPPH solution was reduced from purple to yellow
coloured product, diphenyl picryl hydrazine by radical scavenging
activity of the extract. The reduction of the DPPH radical was measured
by continuous monitoring the decrease in absorbance at 517 nm until a
stable value was obtained. All the experiments were carried out in
triplicates. A blank reading was obtained using methanol instead of
samples and ascorbic acid was used as the positive control.

Percent inhibition was determined according to the equation:

% inhibition = [(Absorbance of blank
— Absorbance of sample)
/Absorbance of blank] x 100.

ICsovalue (mg extract/ml) was the inhibitory concentration at which
DPPH radicals were scavenged by 50 % which was calculated from
percentage inhibition.
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Nitric oxide radical scavenging assay

The NO generated from sodium nitroprusside (SNP) was measured
by Grieselllosvoy reaction. [16]. Stock solution (10 mmol) of SNP
was prepared in phosphate buffer (pH 7.4). Different concentration
of the extract (100-500pg/ml) and SNP (1 mmol) in PBS in a final
volume of 3 ml were incubated for 2 h at room temperature. 1 ml of
0.33 % sulphanilamide (in 20 % glacial acetic acid) was added and
allowed to stand for 5 min. 1 ml of 0.1 % naphthyl ethylenediamine
was added and the mixture was further incubated for 30 min.
Ascorbic acid was used as the reference compound. The colour
formed was measured spectrophotometrically at 540 nm against a
blank sample. The percentage inhibition of NO was calculated by
comparing with the control.

Percentage of Nitric Oxide scavenged
= [(Absorbance of blank
— Absorbance of sample)
/Absorbance of blank] x 100.

Hydrogen peroxide scavenging assay

Hydrogen peroxide assayed as described by Ruch et al, 1989 [17]
proposed an assay for the determination of antioxidant activity of
compounds by their ability to scavenge the oxidant hydrogen
peroxide. The reaction mixture contained phosphate buffer (pH-7.4),
hydrogen peroxide in phosphate buffer (40 mmol). A solution of
hydrogen peroxide (40 mmol) was prepared in phosphate buffer.
Plant extracts at the concentration of 10 mg/10ul were added to a
hydrogen peroxide solution (0.6 ml, 40 mmol). The total volume was
made up to 3 ml. The absorbance of the reaction mixture was recorded
at 230 nm. The blank solution contained phosphate buffer without

Hydrogen peroxide. The percentage of hydrogen peroxide scavenged
by the plant extract was calculated as follows:

Percentage of scavenged H202
= [(Absorbance of blank
— Absorbance of sample)
/Absorbance of blank] x 100
Statistical analysis

The quantitative estimation of the phytochemicals was determined
by linear regression analysis method. The ICso value of free radical
scavenging activity was calculated using probit analysis method in
SPSS (version 16). Statistical analysis was performed for the free
radical scavenging activity by one-way analysis of variance (ANOVA)
followed by Duncan’s Multiple Rrarnge tests (DMRT) in SPSS. P
value<0.01 was considered as significant at 1% level. All the
experiments were carried out in triplicate.

RESULTS

Phytochemical estimation

|
ddalls

TotalPhenolic TotalFlavanoid TotalAlkaloid Total
Carbohydrate

mg/g of dry plant extract

Quantitative phytoconstituents

Fig. 1: Quantitative estimation of phytoconstituents of
Alysicarpus vaginalis (n=3, values mean+SD)

The results of quantitative analysis of various phytoconstituents of
hexane, ethyl acetate and methanol extracts of A. vaginalis are given in
fig. 1. The total phenolic content of AVH, AVE and AVM were estimated
as 4.32+0.15; 14.81+0.81 and 22.92+0.17 mg/g of dry plant extract
respectively from the standard curve of gallic acid (y= 0.0256x+0.475,
R2=0.9031). Total flavonoid content was evaluated from the standard

232



Kurian et al.

curve of quercetin (y=0.0001x+0.011; R2=0.988). Highest flavonoid
content was that of AVM with 23.1+0.089 mg/g of dry plant extract.
The total alkaloid content of AVH, AVE and AVM was identified as
7.72+0.2; 5.66+0.37 and 10.19+0.38 mg/g of dry plant extract
respectively from the standard curve of caffeine (y=0.0113x+0.0324;
R2=0.9978). Total carbohydrate content was highest in AVM
(20.73+0.55) followed by AVH (19.6£0.5) and AVE (6.36+0.36) from
the standard curve of glucose (y=0.0012+0.867, R?=0.9945).

Free radical scavenging activity

Free radical scavenging assay is mostly used as an index of
antioxidant activity of crude plant extract. Free radical scavenging
activity of the crude extracts of A. vaginalis was carried out by DPPH,
nitric oxide and hydrogen peroxide assays. The free radical
scavenging activity was found to be dose-dependent and the results
were compared with ascorbic acid, which was used as the standard.

The percentage of DPPH scavenging capacity of the crude extracts of A.
vaginalis is depicted in the fig. 2. The ICso value of AVH, AVE and AVM
were found to be 589.21+0.09 pg/ml, 254.65+0.08 pg/ml and
261.40+0.08 pg/ml respectively for DPPH scavenging activity (fig. 3).
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Fig. 2: DPPH radical scavenging activity of different extracts of

Alysicarpus vaginalis
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Fig. 3: ICso value of free radical scavenging activity of
Alysicarpus vaginalis

In the nitric oxide scavenging assay, the crude extract showed a dose-
dependent effect (fig. 3). The ICsovalue for nitric oxide scavenging
activity for AVH, AVE and AVM was found to be 533.81+0.09 pg/ml,
362.07+0.09 pg/ml and 456.36+0.08 pug/ml respectively.
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Fig. 4: Nitric oxide radical scavenging activity of different
extracts of Alysicarpus vaginalis
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The crude extracts of A. vaginalis showed a strong hydrogen
peroxide scavenging activity (fig. 4). ICso value being highest for AVH
(464.66+0.08 pg/ml) followed by AVE (380.29+£0.08 pg/ml) and
AVM (367.6+0.08 pg/ml).
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Fig. 5: Hydrogen peroxide radical scavenging activity of
different extracts of Alysicarpus vaginalis

DISCUSSION

Alysicarpus vaginalis var. nummularifolius (DC) is used for the renal
calculi treatment in traditional medicine [18]. The root of this plant
is also used for various diseases related with kidney and pulmonary
[19]. Preliminary phytochemical screening of the plant showed the
presence of polyphenols [20]. Antioxidant and antibacterial
properties of the ethanolic and aqueous extracts were reported [21].
All these reports reveal that the plant possesses various
pharmacological activities.

Literature studies identified that scientific investigation on successive
extracts of A. vaginalis has not been done. Hence the present study is the
first kind of it to report the phytochemical evaluation and free radical
scavenging activity of different extracts of A. vaginalis.

The findings reveal that methanol extract of the plant possesses the
highest quantity of all phytochemicals which was followed by ethyl
acetate and hexane extract. Studies show that polar fractions
possess the major phytochemicals [22, 23]. Polyphenols are highly
present in these plant extracts. They are secondary metabolites
which is having antioxidant activity in scavenging of free radicals
[24]. The free radical scavenging activity of the plant extracts is
clearly established from the present investigation.

Free radicals are constantly generated in the body during the
metabolic process. When the production of these free radicals
exceeds the antioxidant mechanism in the body, they cause
extensive damage to the cells may lead to many degenerative
diseases [25]. Antioxidants which are naturally derived counteract
the oxidative stress which are induced by various toxicants. In the
present study, the antioxidant capacity of the crude extract of the
plant was evaluated using DPPH, nitric oxide and hydrogen peroxide
free radical scavenging activity assays.

DPPH is a free radical at normal temperature. The colour of
methanolic solution of DPPH gives specific absorbance at 517 nm.
DPPH is a stable free radical that accepts an electron or hydrogen
radical to become a stable molecule [4]. The decrease in absorbance
of mixture indicates the radical scavenging activity [26, 27].

Nitric oxide is a free radical produced in the mammalian body which is
the mediator of many physiological processes [28]. Nitric oxide radical is
generated from sodium nitroprusside in the presence of a physiological
buffer. Decrease in colour intensity is directly proportional to nitric oxide
radical scavenging, which is measured in terms of IC50.

Hydrogen peroxide inactivates some enzymes by oxidation of
essential thiols (-SH) groups [29]. Hydrogen peroxide crosses cell
membrane and reacts with ferric and copper ions and produce a
toxic effect. The extract shows a good hydrogen peroxide scavenging
activity. The present study reveals that methanol extract of the plant
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possesses high phenolic content than ethyl acetate and hexane
extract. The antioxidant activity is seen high in both methanol and
ethyl acetate extracts than the hexane extract. Hence this plant can
be identified as a good source of bioactive compounds that are
having high pharmacological activity.

CONCLUSION

From the present study, it can be concluded that methanol extract of
A. vaginalis has high polyphenolic components. Methanol and ethyl
acetate extracts of the plant show high antioxidant activity than the
hexane extract. Further efforts are needed for the isolation and
characterization of the bioactive compound and the in vivo studies
can reveal the mechanism of the action of these plant extracts.
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