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ABSTRACT: The free radical scavenging activity of ethanolic root extract
of Aporosa lindleyana (EREAL) was evaluated in vitro with the
spectrophotometric method based on the inhibition of hydroxyl radical, the
reduction of stable DPPH free radical, inhibition of superoxide anion radical,
total antioxidant activity and reducing power. Preliminary phytochemical
screening showed the presence of phenolic compounds and flavonoids.
EREAL showed significant activities in all free radical scavenging assays
compared to standard antioxidants such as ascorbic acid, butylated hydroxyl
toluene and Vitamin E. In DPPH scavenging assay the IC50 value of EREAL
was 215.51 µg/mL, while Vitamin E had 299.11 µg/mL. Furthermore
EREAL showed good free radical scavenging activity on reducing power,
superoxide anion radical activity, total antioxidant activity, hydroxyl radical
activity and had good reducing power.

INTRODUCTION: In recent years, the extracts of
many plants have been screened for their
antioxidant activities. Among that Aporosa
lindleyana (Family: Euphorbiaceae) is well known
for their antioxidant properties and most of its
components have been identified 1. The medicinal
properties of folk plants are mainly attributed to the
presence of flavonoids, but may also be influenced
by other organic and inorganic 2. The large
generation of free radicals, particularly Reactive
Oxygen Species (ROS) play a key role in the
progression of pathological disturbances such as
cancer, Parkinson disease etc. 3, 4, 5, 6, 7, 8 Plants are
well known for their phytochemical components,
especially polyphenols (flavonoids, phenolic acids
etc.) responsible for the free radical scavenging and
antioxidant activities of plants 9.
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ROS are ubiquitous, normally produced as a
byproduct of cellular metabolism. They are capable
of damaging biomolecules, provoking immune
response, activating oncogenes and enhancing
ageing process 10. ROS also play a role in long term
complication of diabetes 11, 12, 13.
Aporosa lindleyana is a much branched, evergreen,
glabrous tree, grown in India and Sri Lanka. It
possesses antioxidant activity 14 and hepatoprotective
effect 1 and also showed antihyperglycemic effect
15
. Aporosa lindleyana have much medicinal
properties such as diuretic, antiviral and good
analgesic activity. Roots are used to treat headache,
fever and jaundice, seminal loss and excessive
thirst 16, 17, 18.
A review of literature did not reveal any
information on free radical scavenging activity of
this plant. So, in this present study, we reported the
free radical scavenging activity of ethanolic roots
extracts of Aporosa lindleyana (EREAL) was
investigated by employing various in-vitro by the
DPPH (1, 1-diphenyl, 2-picrylhydrazyl), reducing
power and other antioxidant capacity assays.
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MATERIALS AND METHODS:
Chemicals: Thiobarbituric acid (TBA), phenazinemethosulphate (PMS), nitroblue tetrazolium (NBT),
5, 5'-dithiobis 2-nitrobenzoic acid (DTNB), L, gglutamyl-p-nitroanilide, α-tocopherol, 2, 2’-Azino
bis- (3- ethylbenzothiazoline- 6- sulfonicacid),
(ABTS.+), 1, 1- diphenyl- 2- picryl- hydrazyl
(DPPH), 3- (2-pyridyl)- 5, 6-bis (4- phenyl-sulfonic
acid), butylated hydroxytoluene (BHT) and other
chemicals and solvents were of analytical grade
and purchased from S. D. Fine Chemicals,
Mumbai, India.
Collection and Processing of Plant Material: The
roots of A. lindleyana was collected from
Keeriparai, Kanyakumari District, Tamil Nadu
during the month of January 2009. The specimen
was identified by Dr. V. Chelladurai, Taxonomist,
Department of Ayurvedic Sciences, Tirunelveli
District. The roots were cleansed and shade dried
for a weak and grounded into uniform powder. 1 g
of plant material was added to 20 ml of aqueous
ethanol (20% v/v) for 18 h at room temperature.
The extracts was filtered and used for the
estimation of total phenols and antioxidant activity.
Phytochemical Screening: The freshly prepared
ethanolic roots extracts of Aporosa lindleyana
(EREAL) was qualitatively tested for the presence
of phytochemicals. Screening of EREAL for its
phytocomponents was tested by using the reagents
and chemicals such as alkaloids with Dragendorff’s
reagent, flavonoids with the use of mg and HCl.
Tannins with ferric chloride and potassium
dichromate solution and saponins with ability to
produce suds. These were identified by color
reactions using standard procedures 19.
Free Radical Scavenging Assays: Numerous
antioxidant methods and modifications have been
proposed to evaluate antioxidant activity and to
explain how antioxidants function. Of these, active
oxygen species such as OH˙, H2O2 and O2•quenching assays, DPPH●, ABTS●+ radical
scavenging assays and reducing power assay are
most commonly used for the evaluation of
antioxidant activities.
Standard Antioxidants: The standard antioxidants
used in the study were namely Ascorbic acid, alpha
tocopherol, and Butylated Hydroxy Toluene
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(BHT). Ascorbic acid was dissolved in double
distilled water. α-tocopherol, and BHT were
dissolved in methanol. A required quantity of
EREAL was suspended in 1% CMC (Carboxy
Methyl Cellulose). Then the resultant suspension
was taken and used for evaluating the antioxidant
activity.
Hydroxyl Radical Scavenging Assay: The
hydroxyl radical scavenging activity of EREAL
was determined by the method of Halliwell et al.,
1987 20. In this assay, hydroxyl radicals are
produced by the reduction of H2O2 by the transition
metal (iron) in the presence of Ascorbic acid. The
generation of hydroxyl radical is detected by its
ability to degrade deoxyribose to form products,
which on heating with TBA forms a pink colour
chromogen. Addition of EREAL competes with
deoxyribose for hydroxyl radicals and diminishes
the colour formation.
The incubation mixture in a total volume of 1 mL
contained 0.1 mL of buffer, varying volumes of
EREAL (10, 20, 40, 80 and 160 µg/mL), 0.2 mL of
ferric chloride, 0.1 mL of ascorbic acid, 0.1 mL of
EDTA, 0.1 mL of H2O2 and 0.2 mL of 2deoxyribose. The contents were mixed thoroughly
and incubated at room temperature for 60 min and
then added 1 mL of TBA and 1 mL of TCA. All the
tubes were kept in a boiling water bath for 30 min.
The absorbance of the supernatant was read in a
spectrophotometer at 535 nm with reagent blank
containing water in place of extract. The efficiency
of EREAL was compared with various
concentrations (10, 20, 30, 40 and 50 µg) of
standard ascorbic acid. Decreased absorbance of
the reaction mixture indicated increased hydroxyl
radical scavenging activity. The percentage of
scavenging was calculated as shown below:
% Scavenging = Control OD - Test OD# × 100
Control OD
# OD – Optical Density
Superoxide
Anion
Scavenging
Activity:
Superoxide anion scavenging activity of EREAL
was determined by the method of Nishimiki et al.,
1972 21 with modifications. The assay was based on
the oxidation of NADH by phenazine
methosulphate (PMS) to liberate PMS (red). PMS
(red) converted oxidized nitroblue tetrazolium
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(NBToxi) to the reduced form (NBT red), which
formed a violet colour complex. The colour
formation indicated the generation of superoxide
anion, which was measured spectrophotometrically
at 560 nm. A decrease in the formation of colour
after addition of the antioxidant was a measure of
its superoxide radical scavenging activity.
To 1 mL of NBT, 1 mL of NADH solution and
varying volumes of EREAL (10, 20, 40, 80 and 160
µg/mL) were added and mixed well. The reaction
was started by the addition of 100µL of PMS. The
reaction mixture was incubated at 30 ºC for 15 min.
The absorbance was measured at 560 nm in a
spectrophotometer. Incubation with water in place
of EREAL was used as blank. BHT was used as
standard for comparison. Decreased absorbance of
the reaction mixture indicated increased superoxide
anion scavenging activity. The percentage
scavenging was calculated as shown below:
% Scavenging = Control OD - Test OD × 100
Control OD
DPPH● Radical Scavenging Assay: The radical
scavenging activity of EREAL against DPPH● was
determined spectrophotometrically by the method
of Brand Williams et al., 1995 22. DPPH● is a stable
free radical and accepts an electron, or hydrogen
radical to become a stable diamagnetic molecule.
DPPH● reacts with an antioxidant compound that
can donate hydrogen and gets reduced. The change
in colour (from deep violet to light yellow) was
measured. The intensity of the yellow colour
depends on the amount and nature of radical
scavenger present. The reaction mixture in a total
volume of 3 mL contained 1 mL of DPPH●, various
concentrations of EREAL (25, 50, 100, 200 and
250 µg/mL) and made up to 3 mL with water. The
tubes were incubated for 10 min at 37 ºC. A blue
colour chromophore was formed, the absorbance of
which was measured at 517 nm. Vitamin E were
used as standards for comparison.
% Scavenging = Control OD - Test OD × 100
Control OD
Evaluation of Total Antioxidant Activity (ABTS●+ Radical Cation Decolourization
Assay): The generation of the ABTS●+ radical
cation forms the basis of one of the
spectrophotometric methods that has been applied
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for the measurement of the total antioxidant
activity of solutions of pure substances 23. The
improved technique for the generation of ABTS●+
described here involves the direct production of the
blue/green ABTS●+ chromophore through the
reaction between ABTS●+ and potassium
persulphate. Addition of EREAL competes with
ABTS●+ diminishes the colour formation.
ABTS●+ was dissolved in water at a concentration
of 7 mM. The stock solution was mixed with 2.45
mM potassium persulphate (final concentration).
The mixture was allowed to stand in the dark at
room temperature for 12 - 16 h before use for
incomplete oxidation of ABTS●+. The radical was
stable in this form for more than two days when
stored in the dark at room temperature. The
following reagents were added in the following
order. The incubation mixture in a total volume of
5 mL contained 0.54 mL of ABTS●+, 0.5 mL of
phosphate buffer and varying concentrations of
EREAL (10, 20, 40, 80 and 160 µg/mL). The blank
contained water in place of EREAL. The
absorbance was read in spectrophotometer at 734
nm and compared with standard BHT.
Reducing Power: The reducing power of EREAL
was determined by the method of Oyaizu M, 1986
36
. Substances which have reduction potential react
with potassium ferricyanide (Fe3+) to form
potassium ferrocyanide (Fe2+), which then reacts
with ferric chloride to form ferric-ferrous complex
that has an absorption maximum at 700 nm.
Increase in the reduction of ferric to ferrous ion
increases the absorbance indicating the reducing
ability of EREAL.
Varying concentrations of EREAL (5, 10, 20, 40,
80 µg/mL) in double distilled water was mixed
with 2.5 mL of phosphate buffer and 2.5 mL of
potassium ferricyanide. The mixture was incubated
at 50 °C for 20 min after which, 1.5 mL of TCA
was added and centrifuged at 3000 χ g for 10 min.
From all the tubes, 0.5 mL of supernatant was
mixed with 1 mL of distilled water and 0.5 mL of
ferric chloride. The absorbance was measured at
700 nm in a spectrophotometer. BHT was used as
standard for comparison. Increased absorbance of
the reaction mixture indicated increasing reducing
power. Incubation with water in place of additives
was used as the blank.
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RESULTS AND DISCUSSION: Preliminary
phytochemical screening of EREAL showed the
presence of various phytochemicals such as
phenolic
compounds,
tannins,
flavonoids,
xanthoproteins, aromatic acids, triterpenoids,
proteins, carbohydrates and reducing sugars, which
are summarised in Table 1.
Phenolic compounds and flavonoids have been
reported for its antioxidant action in the biological
system 24, 25. The free radical scavenging ability of
EREAL were investigated by evaluation of lipid
peroxidation or an the measurement of free radical
scavengers donate hydrogen to free radicals,
leading to non-toxic species and therefore to inhibit
the propagation of lipid oxidation.
TABLE 1: PRELIMINARY
SCREENING OF EREAL
Phytochemicals
Alkaloids
Carbohydrates
Steroids
Phenolic compounds
Tannins
Flavonoids
Saponin
Xanthoprotein
Aromatic acids
Triterpenonoids
Proteins
Reducing sugars
+ = Presence, - = Absence

PHYTOCHEMICAL
Ethanol extract
_
+
_
+
+
+
_
+
+
+
+
+

Inhibition of Hydroxyl Radical: The scavenging
ability of EREAL on OH● is shown in Fig. 1 and
compared with ascorbic acid. Degradation of
deoxyribose by OH● releases certain products,
which upon heating with TBA under acidic
condition would yield a pink colour with maximum
absorbance at 532 nm. EREAL inhibit OH●
formation during incubation period and percentage
of inhibition is higher than ascorbic acid at all
concentrations. The highly reactive OH● can cause
oxidative damage to DNA, lipids and proteins 26.
Like many other free radicals, OH● can be
neutralized if it is provided with hydrogen atom.
The effect of EREAL on the inhibition of free
radical-mediated deoxyribose damage was assessed
by means of the Iron (II)-dependent DNA damage
assay. The Fenton reaction generates OH● which
degrade DNA deoxyribose, using Fe2+ salts as an
important catalytic component. Oxygen radicals
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may attack DNA either in sugar or base, giving rise
to a large number of products.
The effect of the EREAL on the Iron (II) dependent
deoxyribose damage. EREAL exhibited more
pronounced hydroxyl radical scavenging activity
compared to ascorbic acid in a dose-dependent
manner. In OH● radical scavenging assay the IC50
value of the EREAL was 95.66µg/ml. Phytochemical studies of EREAL revealed the presence
of phenolic compounds, triterpenoides, squalene
and ferulic acid. The scavenging activities of phenolic
substances might be due to the active hydrogen
donating ability of hydroxyl substitutions 27.
Flavonoids are a group of effective antioxidants
which are present abundantly throughout the plant
kingdom. Flavonoid and related compound are
effective in scavenging DPPH radical 28, hydroxyl
radical and in metal-chelating capacity 29.
Flavonoids are found to exhibit numerous
biological activities like vasodilatory, anticarcinogenic,
antiinflammatory,
antibacterial,
immune-stimulating, antiallergic, and antiviral
effects 30.
Inhibition of Superoxide Anion Radical: The
superoxide anion scavenging ability of EREAL has
been presented in Fig. 2. In the PMS–NADH–
NBT system, superoxide anion is derived from
dissolved oxygen by PMS–NADH coupling
reaction and reduces NBT. The decrease of
absorbance at 560 nm with antioxidants indicates
the consumption of superoxide anion in the
reaction mixture. The inhibition of O2•- was found
to be concentration dependent and the percentage
of inhibition was greater than BHT at all
concentrations studied.
Superoxide anions are indirectly initiate the lipid
oxidation as a result of superoxide and hydrogen
peroxide, serving as precursors of singlet oxygen
and OH●. In superoxide radical scavenging assay
the IC50 value of the EREAL was 76.16 µg/ml and
BHT was 90.43µg/ml. Inhibition of superoxide
generation by EREAL may be due to the presence
of terpenoides, squalene and flavonoids. Robak and
Glyglewski, 1988 31 reported that the antioxidant
properties of flavonoids are effective mainly via the
scavenging of superoxide anion.
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FIG. 1: INHIBITION OF HYDROXY
RADICAL BY EREAL AND
ASCORBIC ACID

FIG. 2: INHIBITION SUPEROXIDE ANION
RADICAL BY EREAL AND BUTYLATED
HYDROXYL TOLUNE (BHT)

FIG. 3: DPPH RADICAL SCAVENGING
ACTIVITY BY EREAL AND VITAMIN E

FIG. 4: TOTAL ANTIOXIDANT CAPACITY BY
ABTS RADICAL CATION DECOLOURIZATION
ASSAY BY EREAL AND BUTYLATED
HYDROXYL TOLUNE (BHT)

FIG. 5: THE REDUCTIVE CAPABILITY OF EREAL AND BUTYLATED HYDROXYL TOLUNE (BHT)
Values are the average of duplicate experiments and represented as mean ± standard deviation.
ASC - Ascorbic acid; EREAL - ethanolic Root Extract of Aporosa lindleyana
BHT - Butylated Hydroxy Toluene; EREAL - ethanolic Root Extract of Aporosa lindleyana
Vit. E - Vitamin E; EREAL - ethanolic Root Extract of Aporosa lindleyana

Inhibition of DPPH● Radical: The scavenging
ability of EREAL on DPPH● was shown in Fig. 3
and compared with Vitamin E. The scavenging
effect of EREAL and standards on the DPPH●
radical decreased in the order of EREAL > Vitamin
E. The inhibition was found to be concentration
dependent. DPPH is a stable free radical and
accepts an electron or hydrogen radical to become a
stable diamagnetic molecule. The model of
scavenging the stable DPPH● is a widely used
method to evaluate antioxidant activities in a
relatively short time compare to other methods 32.
In DPPH● scavenging assay the IC50 value of the
International Journal of Pharmacognosy

EREAL was 215.51 µg/ml and standard Vitamin E
was 299.11 µg/ml. The effect of EREAL on
DPPH● scavenging is thought to be due to their
hydrogen donating ability. The decrease in
absorbance of DPPH● caused by antioxidants is due
to the reaction between antioxidant molecules and
radical, which results in the scavenging of the
radical by hydrogen donation. This is visualized as
a discoloration from purple to yellow.
Total Antioxidant Activity - ABTS Radical
Cation Decolourization Assay: Total antioxidant
activity of EREAL was determined by ABTS
373
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radical cation decolourization assay. This assay
assesses the total radical scavenging capacity based
on the ability of a compound to scavenge the stable
2, 2’-azinobis-(3-ethyl-benzothiazoline-6-sulfonic
acid) (ABTS) radical 33. The effects of various
concentrations of EREAL (from 10 - 160 µg/mL)
on ABTS radical were shown in Fig. 4. EREAL
exhibited effective antioxidant activity at all doses.
The inhibition was found to be concentration and
time dependent and the antioxidant activity was
better than the standard BHT.
In ABTS radical scavenging assay the IC50 value of
the EREAL was 88.33 µg/ml and standard BHT
was 100.22 µg/ml. The antioxidant activity of
EREAL might be attributed to the presence of
phytochemicals such as terpenoides, squalene,
flavonoids and phenolic compounds. The
antioxidant activity of EREAL may be due to the
reduction of hydroperoxides, inactivation of free
radicals or combinations.
Reducing Ability: Fig. 5 showed the reductive
capabilities of EREAL compared to BHT. Like the
antioxidant activity, the reducing power of EREAL
increased concentration dependent manner.
EREAL showed higher reducing power than the
BHT.
In reducing power radical scavenging assay the
IC50 value of the EREAL was 46.75 µg/mL and
standard compound 54.94 µg/mL. Antioxidant
activity has been reported to be concomitant with
the development of reducing power 34. The
reducing capacity of a compound may serve as a
significant indicator of its potential antioxidant
activity 35 reported that the reducing power of
tannins prevents liver injury by inhibiting the
formation of lipid peroxides. Like antioxidant
activity, the reducing power of EREAL was
increased with increased amount of sample.

strong hydrogen donating ability and their
effectiveness as scavengers of superoxide and free
radicals. Furthermore, the EREAL competes with
ABTS●+ or DPPH● and diminishes chromogen
formation. Thus, EREAL has a powerful
antioxidant activity against various in vitro
oxidative systems and can be used as accessible
source of natural antioxidants and a possible food
supplement.
CONCLUSION: This present study clearly
concluded that the ethanolic root extract of
Aporosa
lindleyana
possesses
antioxidant
properties and can serve as a natural sources to
develop the free radical scavengers and antioxidant
agents. These agents are responsible for antiinflammatory and chemoprotective mechanism.
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