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Abstract

The phytochemicals are biologically active compounds and have therapeutic
potential for free radical associated disorders. Free radicals are implicated
in the development of various chronic and degenerative diseases including
diabetes mellitus, coronary heart disease, arthritis, cancer, ageing etc. The
present study evaluates the antioxidant potential of different solvent fractions of
Averrhoa bilimbi Linn. (Oxalidaceae) fruits. Antioxidant activity was assessed by
various in vitro methods such as 1, 1-Diphenyl-2-Picrylhydrazyl (DPPH) radical
scavenging assay, superoxide radical scavenging assay, nitric oxide radical
scavenging assay, total reducing power and total antioxidant activity. Total
phenolic and flavonoid contents of different solvent fractions (petroleum ether,
ethyl acetate, butanol and water) were also determined and expressed in gallic
acid and quercetin equivalents respectively. The results of the study show that
the ethyl acetate fraction (ABE) of the lyophilized aqueous extract of Averrhoa
bilimbi fruits has superior antioxidant properties than the other fractions.
ICvalues of the ethyl acetate fraction for superoxide radical scavenging and
nitric oxide radical scavenging activities were 72 and 61.5 pg/ml, respectively.
Total phenolic content (31.26 £ 1.16 mg%) and flavonoid content (6.15 + 0.23
mg%) of ABE was significantly higher than other fractions. The results of the
present study indicate that Averrhoa bilimbi fruits are a rich source of natural
antioxidants and might be utilized as a functional food/nutraceutical.
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glutathione peroxidase, glutathione reductase and catalase, have been
documented in several diseases. Auto-oxidation of glucose is the main
source of ROS generation which results in protein fragmentation,
oxidation of lipids and nucleic acids. Another important source of
free radicals is the interaction of glucose with proteins which leads
to the formation of an Amadori product and advanced glycation end
products (AGEs) [5]. AGEs consist of heterogeneous group of macro
protein derivatives, which are formed by non-enzymatic reaction
between reducing sugars and amino groups of proteins, lipids and
nucleic acids. Membrane lipids are mainly disposed to oxidation due
to their high levels of Polyunsaturated Fatty Acids (PUFA) and are
associated with enzymatic and non-enzymatic systems generating
free radical species.

Introduction

Plants serves as a viable source of drugs and several plant based
drugs are extensively used in traditional medicine [1]. The rising
incidence of life style disorders are alarming and becoming a serious
public health problem. Many synthetic drugs afford protection
against oxidative damage, but they have serious adverse effects.
Plants and plant products have been traditionally used for the
treatment of various diseases due to their free radical scavenging
and antioxidant properties. Phytochemicals are reported to have
antioxidant, antidiabetic, anti-inflammatory and anticancer activities.
Antioxidants are important health promoting factors and have been
reported to possess several biological properties [2]. Oxidative stress
occurs as a result of the imbalance between Reactive Oxygen Species

(ROS) production and antioxidant defenses. Oxidative stress is
known to contribute to the onset of several life style diseases including
atherosclerosis, hypertension, diabetes mellitus, heart disease, stroke,
obesity, ischemic diseases and cancer [3]. ROS including superoxide
radicals, hydroxyl radicals, singlet oxygen and hydrogen peroxide
are often generated as byproducts of biological reactions or from
exogenous factors [4]. Oxidative stress has been defined as harmful
because free radicals attack several biological molecules like lipids,
proteins, amino acids and DNA and have a useful role in physiologic
adaptation and intracellular signal transduction. Together with
increased generation of ROS, impaired formation of endogenous
antioxidants, namely, superoxide dismutase, reduced glutathione
and ascorbic acid and reduction in the antioxidant capacity of
uric acid and vitamin E, as well as the reduction in the activity of

Natural antioxidants increase the antioxidant capacity of plasma
and reduce the risk of several life style disorders [6]. Different
parts of the plants are known to contain a substantial amount of
phytoconstituents such as phenolics, flavonoids, phytosterols, tannins
and alkaloids and have the ability to scavenge the free radicals [7].
Recently, interest has been increased noticeably in finding naturally
occurring antioxidants for use in foods or medicinal resources to
replace synthetic antioxidants, which are being limited due to their
side effects such as carcinogenicity [8]. Medicinal plants having
antioxidant activities may have good therapeutic potential in the
treatment of several chronic and degenerative diseases. Antioxidant
principles of natural resources possess multifacetedness in their
multitude and magnitude of actions and provide enormous scope in
correcting the imbalance [9].
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Averrhoa bilimbi Linn. (Oxalidaceae), commonly known as
cucumber tree or tree sorrel is a widely cultivated plant in India,
Indonesia, Sri Lanka, Bangladesh, Myanmar, Malaysia, Central and
South America. The whole plant is used for treating coughs, cold,
itches, rheumatism, whooping cough, hypertension etc. [10,11].
Averrhoa bilimbi fruits are used as a culinary dish in the southern
part of India. Traditionally A. bilimbi fruits are reported to have
antioxidant, antimicrobial, antibacterial and antidiabetic properties
[12,13]. In view of these, we evaluated the antioxidant activity of
different fractions of Averrhoa bilimbi fruits through different in vitro
test models so as to screen the antioxidant activity.

Materials and Methods

Chemicals

2-Diphenyl-2-Picrylhydrazyl (DPPH) was purchased from
Sigma Chemicals Co. (St. Louis, MO, USA). Aluminium chloride
was obtained from Merck (Germany). Nitro Blue Tetrazolium
(NBT), Nicotinamide Adenine Dinucleotide (NADH), Phenazine
Methosulphate (PMS), gallic acid, quercetin, Trichloroacetic Acid
(TCA), Thiobarbituric Acid (TBA), Ethylene Diamine Tetra Acetic
Acid (EDTA), deoxyribose, ascorbic acid and ferric chloride were
purchased from Sisco Research Laboratories (India). All other
chemicals, including the solvents used were of standard analytical
grade.

Collection and taxonomical identification of plant material

Fresh fruits of Averrhoa bilimbi obtained from
Thiruvananthapuram, Kerala, India during the fruiting season, July-
December. Authentication was done by Dr. Valsala Devi, Department
of Botany, University of Kerala, India and a voucher specimen
(Voucher No. KUBH 5865) has been deposited in the herbarium of
Department of Botany, University of Kerala for further reference.

were

Extraction and fractionation of Averrhoa bilimbi fruits

Fruits (5 kg) were cut and shade dried at a temperature of 28°C
and stored at 4°C. Shade dried fruits were ground in a blender to
give 500 g of fine powder. The aqueous extract was prepared by
cold maceration of 500 g powder in 1000 ml of distilled water and
lyophilized (Thermo electron corporation, MODUL YOD-230).
The lyophilized extract was then stored at -4°C and the yield was
26%. 100g lyophilized A. bilimbi fruit extract (ABL) was partitioned
successively using a separating funnel and with petroleum ether,
ethyl acetate, butanol and water and the fractions were collected.
The extraction continued till the solvent became colorless. The
extracts were filtered through Whatman No. 1 filter paper to remove
all unextractable matter, including cellular materials and other
constituents that are insoluble in the extraction solvent. The organic
fractions were concentrated in vacuum at temperatures below 60°C in
a rotary evaporator (Heidolph, Germany) while the aqueous fraction
was concentrated in a freeze drier (Thermo electron corporation,
MODUL YOD-230). The final dried samples were stored in labeled
sterile bottles and kept at -4°C until use. The percentage yield of
different solvent fractions was petroleum ether -15%, ethyl acetate
-5%, butanol -25% and aqueous -50%.

Preliminary phytochemical analysis

The qualitative phytochemical analysis of different solvent
fractions of Averrhoa bilimbi fruits (AB) was carried out in order

to determine the presence of its constituents using standard
conventional protocols [14]. The percentage yield of each fraction
was also calculated.

Test for carbohydrates

a)  Fehling’s test: The extract was treated with 5 mL Fehling’s
solution A and B and kept at boiling water bath for 5 minutes.
Formation of yellow or red precipitate indicated the presence of
reducing sugar.

b)  Benedict’s test: To 1 mL of extract added 5 mL of Benedict’s
solution and kept at boiling water bath for 5 minutes. Formation of
red or green precipitate indicated the presence of reducing sugar.

Test for tannins and phenolic compounds

a)  Ferric chloride test: 1 mL of the extract was treated with
few mL of 5% neutral ferric chloride. Formation of dark blue or bluish
black product indicated the presence of tannins.

b)  Lead acetate test: 1 mL of the extract was treated with few
mL of lead tetra acetate solution. Formation of precipitate indicated
the presence of tannins and phenolic compounds.

Test for flavonoids

Alkaline reagent test: 1 mL of the extract was treated with 1 mL of
NaOH solution and observes for the intensity of yellow color which
would become colourless on the addition of few drops of dilute HCI
that indicated the presence of flavonoids.

Test for alkaloids

Dragendroff’s test: About 2 mL aliquot of the extract was treated
with Dragendroff's reagent and observed for red precipitate that
indicated the presence of alkaloids.

Test for glycosides

Keller-Kiliani test: To the solution of 1 mL extract in glacial acetic
acid, few drops of FeCl3 and Conc. H,SO, were added and observed
for reddish brown coloration at the junction of two layers. Bluish
green color in the upper layer indicated the presence of glycosides.

Test for saponins

Frothing test: About 1 mL of alcoholic extract was diluted
separately with 20 mL of distilled water and shaken in a graduated
cylinder for 15 minutes. Formation of 1 cm layer of foam indicated
the presence of saponins.

Test for terpenoids

Libermann test: To 1 mL of extract, 3 mL of acetic acid and few
drops of Conc. H,SO, were added. The color change from red to blue
indicated the presence of terpenoids.

Test for steroids

Sulphuric acid test: To 2 mL of extract, 1 mL of Conc. H,SO,
was added carefully along the sides of the test tube and observed for
the formation of a red color layer which indicated the presence of
steroids.

Total phenolic content
The Total Phenolic Content (TPC) was determined according
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to the method described by Singleton and Rossi [15]. Different
concentrations of Averrhoa bilimbi fruit extracts (lyophilized
aqueous extract, petroleum ether, ethyl acetate, butanol and aqueous
extracts) were mixed with distilled water (final volume of 3.5 mL)
and added 0.5 mL of Folin-Ciocalteu reagent. 1 mL of 20% sodium
carbonate solution was added after 5 minutes and incubated at
ambient temperature (25-27°C) for 90 minutes. The color developed
was read at 760 nm using UV visible spectrophotometer (Shimadzu
UV-Vis Spectrophotometer, Model 1240). Gallic acid was used as
the reference standard. The content of phenolic compounds was
expressed as milligram percentage on dry weight basis.

Total flavonoid content

The Total Flavonoid Content (TFC) was determined by
aluminium chloride colorimetric assay [16]. Different concentrations
of Averrhoa bilimbi fruit extracts were added to 0.3 mL of 5% (w/v)
sodium nitrite. After 5 minutes, 0.3 Ml of 10% (w/v) aluminum
chloride and 2 mL 1M sodium hydroxide was added. The absorbance
was read against a blank at 510 nm. Quercetin was used as the
reference standard. The TFC was expressed as milligram percentage
on dry weight basis.

DPPH radical scavenging assay

The free radical scavenging effect was assessed by the method
described by Hollman Peter [17]. 2.8 mL of 0.1mM 2,2-Diphenyl-1-
Picrylhydrazyl (DPPH) solution was added to different concentrations
of Averrhoa bilimbi fruit extracts (lyophilized aqueous extract,
petroleum ether, ethyl acetate, butanol and aqueous extracts). In
control, methanol was used in place of the sample. When DPPH reacts
with an antioxidant compound that can donate hydrogen, it gets
reduced and the resulting decrease in absorbance was recorded at 517
nm after 30 minutes using Jasco V-630 UV-VIS spectrophotometer,
Easton, MD, USA. Gallic acid was used as a reference free radical
scavenger and the percentage inhibition calculated by using the
formula;

Inhibition (%) = (control - test) / control x 100

Superoxide radical scavenging assay

Superoxide radical scavenging activity was measured by the
method of Robak and Gryglewski [18]. Superoxide anions were
generated in a non-enzymatic PMS-NADH system through the
reaction of PMS, NADH and oxygen and it was assayed by the
reduction of NBT. The reaction mixture contained 1mL NBT
(156uM), 1mL NADH (468uM), 100uL PMS (60uM) and different
concentrations of Averrhoa bilimbi fruit extracts (lyophilized
aqueous extract, petroleum ether, ethyl acetate, butanol and aqueous
extracts). Incubated the mixture at 25°C for 5 minutes and read the
absorbance at 560 nm against reagent blank. Quercetin was used as
a positive control. The percentage inhibition was calculated by using
the formula;

Inhibition (%) = (control - test) / control x 100

Nitric oxide radical scavenging assay

Nitric oxide radical scavenging was determined by the method
of Garatt [19]. 2 mL of 10mM sodium nitroprusside was mixed with
0.5 mL Averrhoa bilimbi fruit extracts (lyophilized aqueous extract,
petroleum ether, ethyl acetate, butanol and aqueous extracts) at

various concentrations and incubated at 25°C for 150 minutes. Then
0.5 mL of Griess reagent was added to 0.5 mL incubation mixture
and absorbance was read at 540 nm after 30 minutes against reagent
blank. Ascorbic acid, a potent free radical scavenger, was used as the
reference standard. The percentage inhibition was calculated by using
the formula;

Inhibition (%) = (control - test) / control x 100

Total reducing power

The reductive potential of the extract was determined by the
method of Oyaizu [20]. The different concentrations of extracts and
standard in 1ml of distilled water were mixed with phosphate buffer
(0.2 M, pH 6.6) and potassium ferricyanide (1% w/v). The mixture
was incubated at 50°C for 20 minutes and then 10% of Trichloroacetic
Acid (TCA) was added to the mixture, subjected to centrifugation
for 10 minutes. The upper layer of solution was taken, mixed with
distilled water and 0.1% FeCl,. Read the absorbance at 700 nm.
Ascorbic acid was the reference standard.

Total antioxidant activity

The total antioxidant capacity of the extracts was evaluated by the
phosphomolybdenum method according to the procedure described
by Prieto et al. [21]. Briefly 0.3 mL of Averrhoa bilimbi fruit extracts
(Iyophilized aqueous extract, petroleum ether, ethyl acetate, butanol
and aqueous extracts) was mixed with 3 mL of reagent solution (0.6
M sulphuric acid, 28 mM sodium phosphate and 4 mM ammonium
molybdate). Reaction mixture was incubated at 95°C for 90 minutes
under water bath. Reading was taken at 695 nm after cooling to room
temperature. Total antioxidant activity is expressed as the number of
equivalents of ascorbic acid.

Statistical analysis

All experimental results were presented as mean + SEM in
triplicate. One way Analysis of Variance (ANOVA) was applied for
comparison of the mean values. All statistical analyses were performed
using SPSS software (SPSS 17 for windows; SPSS Inc., Chicago).

Results

Qualitative analysis of Averrhoa bilimbi fruits

The phytochemical studies on Averrhoa bilimbi fruits revealed
the presence of phenolics, alkaloids, flavonoids, steroids, terpenoids
and tannins (Table 1).

Total phenolic and flavonoid content

From a linear calibration curve of gallic acid, in the range 20-100
pg/ml, total phenolic content was determined. Results showed that
the phenolic content in lyophilized aqueous extract (ABL), petroleum
ether (ABP), ethyl acetate (ABE), butanol (ABU) and aqueous (ABW)
fractions were 20.50 + 0.76 mg%, 4.92 + 0.18 mg%, 31.26 + 1.16 mg%,
12.81 £ 0.47 mg% and 9.22 + 0.34 mg% respectively. The ethyl acetate
fraction (ABE) exhibited the highest phenolic content as compared to
ABL and other fractions (Figure 1).

Total Flavonoid Content (TFC) of A. bilimbi fruits was evaluated
by aluminum trichloride-sodium nitrite colorimetric assay. TFC
in ABL, ABP, ABE, ABB and ABW were 4.61 + 0.17 mg%, 1.53 +
0.05 mg%, 6.15 + 0.23 mg%, 4.10 + 0.15 mg% and 3.07 +£ 0.11 mg%
respectively. Among all the fractions ethyl acetate fraction (ABE)
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Table 1: Qualitative analysis of Averrhoa bilimbi fruits.

The sign (+) indicates ‘trace’, (++) indicates ‘high’, (+++) indicates ‘abundant’ and
(-) indicates ‘absence’. ABL, lyophilized aqueous extract; ABP, petroleum ether
fraction of ABL; ABE, ethyl acetate fraction of ABL; ABB, butanol fraction of ABL;
ABW, aqueous fraction of ABL.

Test ABL ABP ABE ABB ABW
Alkaloids ++ ++ + ++ +
Tannins + + + R _
Saponins + + + - ++

Flavonoids ++ + + ++ + +
Glycosides ++ + + + +
Phytosterols + + ++ +++ -
Terpenoids ++ + + + -
Phenols +++ + + ++ + +
Carbohydrate +++ - + ++ ++ +++
Total phenolics and flavonoid content
35 -
30
25 -
EE*:D 20 ETPC
B 15 1 OTFC
10 -
. IT Il
0 -

ABL ABP ABE ABB

Figure 1: Total phenolics and flavonoid content.

Values are mean + SEM (n = 3). ABL, lyophilized aqueous extract of A. bilimbi
fruits; ABP, petroleum ether fraction of ABL; ABE, ethyl acetate fraction of
ABL; ABB, butanol fraction of ABL; ABW, aqueous fraction of ABL.

DPPH radical scavenging activity
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Figure 2: DPPH radical scavenging activity.

Values are mean + SEM (n = 3). ABL, lyophilized aqueous extract of A. bilimbi
fruits; ABP, petroleum ether fraction of ABL; ABE, ethyl acetate fraction of
ABL; ABB, butanol fraction of ABL; ABW, aqueous fraction of ABL; GA, gallic
acid.

contained the highest amount of flavonoids (Figure 1).

DPPH radical scavenging activity

DPPH radical scavenging ability is broadly used as an index to
assess the antioxidant potential of medicinal plants. Ethyl acetate

Superoxide radical scavenging activity
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Figure 3: Superoxide radical scavenging activity.

Values are mean = SEM (n = 3). ABL, lyophilized aqueous extract of A. bilimbi
fruits; ABP, petroleum ether fraction of ABL; ABE, ethyl acetate fraction of
ABL; ABB, butanol fraction of ABL; ABW, aqueous fraction of ABL; QU,
quercetin.

Nitric oxide radical scavenging activity
140 -
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1Cep pg/mL
o @
S S

s
o

[
[=]
1

Figure 4: Nitric oxide radical scavenging activity.

Values are mean + SEM (n = 3). ABL, lyophilized aqueous extract of A. bilimbi
fruits; ABP, petroleum ether fraction of ABL; ABE, ethyl acetate fraction of
ABL; ABB, butanol fraction of ABL; ABW, aqueous fraction of ABL; ASC,
ascorbic acid.

fraction exhibited superior inhibition of DPPH radical followed by
lyophilized aqueous extract (ABL), butanol (ABB), aqueous (ABW)
and petroleum ether (ABP) fractions. The results were compared with
reference standard Gallic Acid (GA) (Figure 2).

Superoxide radical scavenging activity

Superoxide radical scavenging activities of lyophilized aqueous
extract of Averrhoa bilimbi fruits (ABL) and its different solvent
fractions were assessed by the auto oxidation of hydroxylamine in
the presence of NBT (nitroblue tetrazolium) and compared with
., Value 15.37 + 0.57ug/ml). The
decrease in absorbance at 560 nm with the plant extract and quercetin
indicates the consumption of superoxide anion in the reaction
mixture. Concentration of ABL, ABP, ABE, ABB and ABW required
for 50% inhibition were found to be 82.00 £ 3.05, 153.75 + 5.72,
71.75 + 2.67, 92.25 + 3.44 and 102.50 * 3.82 pg/ml. The ethyl acetate
fraction (ABE) was found to be an efficient scavenger of superoxide
radicals than ABL and other fractions (Figure 3).

reference compound quercetin (IC

Nitric oxide radical scavenging activity

Lyophilized aqueous extract of Averrhoa bilimbi fruits (ABL) and
its different solvent fractions exhibited a dose dependent inhibition
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Total reducing power
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Figure 5: Total reducing power.

Values are mean + SEM (n = 3). ABL, lyophilized aqueous extract of A. bilimbi
fruits; ABP, petroleum ether fraction of ABL; ABE, ethyl acetate fraction of
ABL; ABB, butanol fraction of ABL; ABW, aqueous fraction of ABL; ASC,
ascorbic acid.

Total antioxidant activity
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Figure 6: Total antioxidant activity.

Values are mean + SEM (n = 3). ABL, lyophilized aqueous extract of A. bilimbi
fruits; ABP, petroleum ether fraction of ABL; ABE, ethyl acetate fraction of
ABL; ABB, butanol fraction of ABL; ABW, aqueous fraction of ABL.

of nitric oxide radicals. The IC_| values of ABL (71.75 + 2.67 pg/ml),
ABP (123.00 + 4.58 pg/ml), ABE (61.50 + 2.29 ug/ml), ABB (82.00
+ 3.05 pg/ml) and ABW (92.25 + 3.43 pg/ml) were compared with
the standard ascorbic acid (IC,; 20.50 + 0.76 ug/ml). Among all the
fractions, ABE showed superior Nitric Oxide (NO) radical scavenging
activity than other fractions (Figure 4).

Total reducing power

The reducing power of the lyophilized aqueous extract of Averrhoa
bilimbi fruits (ABL), ABL fractions and the reference compound,
ascorbic acid increased linearly with increasing concentrations. ABE
exhibited superior reducing power than other fractions and this may
be due to the presence of phenolics and flavonoids which possess
potent hydrogen donating abilities (Figure 5).

Total antioxidant activity

The phosphomolybdenum method has been routinely used to
assess the antioxidant capacity of plant extracts and was expressed
as the number of equivalents of ascorbic acid. Ethyl acetate fraction
(ABE) exhibited higher antioxidant activity with the value 82.00 +
3.05 pg of ascorbic acid/mg of extract (Figure 6).

Discussion

Screening of traditionally used plants and discovery of their

active components with antioxidant properties would be useful in
the treatment of various disorders [22]. Phenolics are composed
of several classes of compounds including flavonoids (flavones,
isoflavones and flavonones), anthocyanins and catechins. According
to Afolayan et al [23], high phenolic content of plant extracts could be
responsible for their free radical scavenging activity. Previous studies
on fruits and vegetables also show a relationship between phenolic
content and antioxidant activities [24]. The antioxidant potential of
polyphenols arises from their high reactivity as hydrogen or electron
donors, which can stabilize and delocalize the unpaired electron and
chelate metal ions [25]. In agreement with the above report the ethyl
acetate fraction (ABE) exhibited the highest phenolic content when
compared with lyophilized aqueous extract, petroleum ether, butanol
and aqueous fractions. These results suggested that the phenolic
compounds significantly contributed to the antioxidant capacity of
the Averrhoa bilimbi fruits.

Flavonoids play a vital role in antioxidant system in plants. The
antioxidant potential of flavonoids is due to several mechanisms, such
as scavenging of free radicals, chelation of metal ions and inhibition
of enzymes responsible for free radical generation [26]. The ethyl
acetate fraction of A. bilimbi has been shown to possess the highest
flavonoid content than lyophilized aqueous extract (ABL) and other
fractions. The high content of these phytochemicals in A. bilimbi may
be the contributing factor for its high free radical scavenging activity.

DPPH (1, 1-diphenyl-2-picrylhydrazyl) is a stable free radical
usually used to test preliminary radical scavenging activity of a
compound or a plant extract [27]. DPPH has characteristic absorbance
maxima at 517 nm, which decreases with the scavenging of the
proton radical. This property has been extensively used to evaluate
the free radical scavenging effect of natural antioxidants [28]. In the
present study lyophilized aqueous extract (ABL) and different solvent
fractions exhibited considerable DPPH radical scavenging activity
as indicated by their IC_| values. This suggests that the ABL and its
fractions have compounds that are capable of donating hydrogen to
a free radical in order to eliminate odd electron which is responsible
for radical’s reactivity [29]. Among different solvent fractions of ABL,
ethyl acetate fraction (ABE) showed maximum scavenging activity
followed by lyophilized aqueous extract, butanol, aqueous and
petroleum ether fractions.

Superoxide anions are harmful reactive oxygen species generated
either by auto-oxidation processes or by enzymes [30]. The
concentration of superoxide increases under conditions of oxidative
stress [31]. In the PMS/NADH-NBT system, superoxide anion
liberated from dissolved oxygen by PMS/NADH coupling reaction
reduces NBT to a blue colored product called formazon. Antioxidants
are able to inhibit the formazon formation. The decrease in absorbance
at 560 nm with antioxidants indicates the scavenging of superoxide
anion in the reaction mixture [32]. Consistent with the above reports
lyophilized aqueous extract (ABL) and ABL fractions caused a dose
dependent inhibition of superoxide radicals, of which ethyl acetate
fraction (ABE) showed superior superoxide radical scavenging
activity in comparison with other fractions and ABL. The possible
mechanism of scavenging the superoxide anions may be owed to the
inhibitory effect of the A. bilimbi fruits towards generation of super
oxides in the in vitro system.
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Nitric Oxide (NO) has shown to play a vital role in various
physiological processes such as smooth muscle relaxation, neuronal
signaling, inhibition of platelet aggregation and regulation of cell
mediated toxicity. It is a diffusible free radical, which act as an
effector molecule in diverse biological processes, with vasodilatation,
antimicrobial and antitumor activities. The toxicity of NO increases
significantly when it reacts with superoxide radical, forming the highly
reactive peroxynitrite anion (ONOO-) [33]. The nitric oxide liberated
from sodium nitroprusside reacts with oxygen to form nitrite. The
phytochemicals have the ability to counteract nitric oxide formation
and thereby inhibit the bad effects of excessive NO generation in the
human body [34]. In agreement with the above reports lyophilized
aqueous extract (ABL) and ABL fractions caused a dose dependent
inhibition of nitric oxide radicals. Among different solvent fractions
of ABL, ethyl acetate fraction (ABE) has potent nitric oxide scavenging
activity (IC_ value 59.96 + 2.23 pg/ml) and petroleum ether fraction
(ABP) showed the least nitric oxide scavenging activity (IC, value
119 + 4.46 ug/ml).

Reducing power is frequently used to assess the ability of natural
antioxidant to donate electron [35,36]. In the reducing power assay,
the presence of reluctant (antioxidants) in the fractions facilitates
the reduction of ferric (Fe**) to ferrous (Fe?*) form. Several reports
revealed that there is a direct correlation between antioxidant activities
and reducing power of certain plant extracts [37,38]. In agreement
with the above reports, the reducing power of the lyophilized aqueous
extract (ABL), ABL fractions and the reference standard, ascorbic
acid increased linearly with increasing concentrations. The superior
reducing power was shown by ethyl acetate fraction (ABE) and this
may be due to the presence of phenolics and flavonoids which possess
potent hydrogen donating abilities.

The phosphomolybdenum method has been routinely used
to evaluate the antioxidant activity of plant extracts [39]. The total
antioxidant activity of different solvent fractions of A. bilimbi was
estimated from their ability to reduce Phosphate/Mo (VI) complex to
Phosphate/Mo (V). Previous reports indicate a positive relationship
exists between total phenols and antioxidant activity in many plant
species [40]. The statement has been justified in the current study
were the ethyl acetate fraction of the ABL (ABE) showed the superior
antioxidant capacity (in term of ascorbic acid equivalent) with
maximum phenol content.

The present study revealed that Averrhoa bilimbi fruits exhibit
good antioxidant and free radical scavenging activity. Significant
antioxidant activities showed by Averrhoa bilimbi fruits provide a
scientific validation for the traditional use of this plant. Hence, there
is a need for further studies concerning the active compounds present
in Averrhoa bilimbi fruits. It is therefore concluded that Averrhoa
bilimbi fruits can be used as a viable source of natural antioxidants
with health benefits and might be utilized as a functional food/
nutraceutical.
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