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PROTECTIVE EFFICACY OF Solanum xanthocarpum ROOT EXTRACTS 
AGAINST FREE RADICAL DAMAGE:  PHYTOCHEMICAL ANALYSIS AND 

ANTIOXIDANT EFFECT
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Abstract
Free radicals have been implicated in many diseases. They attack biological macromolecules in healthy human cells and 
cause protein and DNA damage along with lipid peroxidation. Present study reports the phytochemical analysis as well as 
free radical scavenging and antioxidant activities of Solanum xanthocarpum root extracts. Tannins, flavonoids, terpenoids, 
alkaloids, saponins and steroids were present in different extracts. Total flavonoid content in extracts was quantified and 
maximum contents were found in ethyl acetate fraction followed by chloroform and ethyl alcohol fractions, respectively. 
Dose dependent response was observed in metal ion chelating activity of extracts. Comparatively better chelating activity 
was found in polar extracts. Most of the extracts exhibited significant free radical scavenging activity in DPPH radical 
scavenging assay. Ethanolic and aqueous extracts accounted for about 40-50% lipid peroxidation inhibition (LPOI) in rat 
liver homogenate. Antioxidant activity did not show direct correlation with the amount of flavonoid contents in the extracts. 
However, direct correlation was observed between DPPH free radical scavenging activity and LPOI. Antioxidant activity 
of the extracts was compared with standard antioxidants. The differential activity observed in extracts could be attributed 
to the presence of other phytochemicals such as tannins and terpenoids in addition to flavonoids. The study demonstrated 
appreciable protective efficacy in S. xanthocarpum root extracts against free radical damage.
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INTRODUCTION

Medicinal plants contain numerous phytochemicals with 
immense therapeutic value and are considered to be natu-
ral and safe in comparison with synthetic drugs (33, 47). 
Microbial pathogenesis is very much needed to control 
because many infectious microorganisms are resistant to 
synthetic drugs. Plants have long been used as an alterna-
tive source for medicines and remedy for treating human 
diseases (31, 37, 40). The World Health Organization 
(WHO) has also recommended the evaluation of plants for 
effectiveness against human diseases and for the develop-
ment of safe modern drugs (22).

Reactive oxygen species (superoxide anion, hydroxyl 
radicals and hydrogen peroxide, etc) including free radi-
cals are generated by normal physiological processes and 
various exogenous factors (11). Exogenous sources of 
reactive oxygen species (ROS) include tobacco smoke, 
certain pollutants, organic solvents, and pesticides (9, 18, 
42). Excessive concentrations of ROS in the human body 
may be involved in a number of pathological events (2, 
26, 29, 49). Lipid peroxidation is a process that produces 
many pathological events in the cells and organs of man 
(11, 19, 36, 46). This process causes damage to unsatura-
ted fatty acids, which results in decreased membrane flui-
dity and leads to many other pathological events.

Many antioxidant compounds, naturally occurring from 
plant sources, have been identified as free radical or ac-
tive oxygen scavengers (30, 50). Recently, interest has 
increased considerably in finding naturally occurring an-
tioxidant for use in foods or medicinal materials to replace 
synthetic antioxidants, which are being restricted due to 
their side effects such as carcinogenecity (22, 51). Flavo-
noids are a group of polyphenolic compounds with known 

properties which include free radical scavenging and anti-
inflammatory actions (14). Some evidence suggests that 
the biological actions of these compounds are related to 
their antioxidant activity (16).

Solanum xanthocarpum  Schrad. & Wendl. (Solana-
ceae) commonly known as Yellow Berried Nightshade 
(syn: kantakari), is a prickly diffuse bright green perennial 
herb, woody at the base, 2–3m height found through out 
India, mostly in dry places as a weed on roadsides and 
waste lands (1). The stem, flowers and fruits are prescribed 
for relief in burning sensation in the feet accompanied by 
vesicular eruptions (6). The whole plant is used for me-
dicinal purpose including fruits and roots (17). Jigrine, a 
polypharmaceutical herbal formulation, used for treatment 
of liver ailments contains aqueous extracts of some medi-
cinal plants and S. xanthocarpum root is one of them (34).

A literature survey did not reveal any reference to pre-
vious work describing the antioxidant activity of S. xan-
thocarpum root. Most of the studies in the literature are 
focused on S. xanthocarpum fruit, because of its well-
known and widely documented biochemical properties. 
Therefore, the present study was aimed at investigating 
phytochemical constituents, antioxidant effects and the 
anti-lipid peroxidation activities of S. xanthocarpum root 
extracts.

MATERIALS AND METHODS 

Chemicals
2, 2-diphenyl-1-picryl hydrazyl  (DPPH), ascorbic acid, 

ferrozine, propyl gallate , butylated hydroxyl anisole 
(BHA),  tert-butyl-4-hydroxy toluene (BHT), quercetin, 
Potassium ferricyanide were purchased from Himedia 
(Mumbai, India). Trichloroacetic acid (TCA), dimethyl 
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sulfoxide (DMSO) and methanol were procured from 
Merck (India). The remaining chemicals and solvents used 
were of standard analytical grade.

Plant Material
S. xanthocarpum roots were collected in the April 2010 

from Amelia, Allahabad, Uttar Pradesh, India. The roots 
were shade-dried at room temperature for 10-15 days. 
Dried roots were crushed and ground into fine powder with 
mortar and pestle. 

Preparation of Extracts
Fifty gram powdered sample was sequentially extracted 

with hexane (HX), benzene (BZ), chloroform (CH), ethyl 
acetate (EA), acetone (AC),ethyl alcohol (ET) and water 
(AQ) in Soxhlet apparatus for 8 h (32, 38). The respec-
tive extracts were centrifuged and filtered. Solvent was 
removed completely under reduced pressure. The dried 
residues were dissolved in DMSO for determination of an-
tioxidant and anti-lipid peroxidation activities of extracts.

Phytochemical screening
Chemical tests were carried out on different solvent ex-

tracts of S. xanthocarpum root using standard procedures 
to identify the constituents (21, 32, 48).

Anthraquinone
0.5 g of the extract was boiled with 10 ml of sulphuric 

acid and filtered while hot. The filtrate was shaken with 5 
ml of chloroform. The chloroform layer was pipetted into 
another test tube followed by addition of 1 ml of dilute 
ammonia. The resulting solution was observed for color 
changes to violet indicating presence of anthraquinones.

Flavonoids
A few drops of 1% aluminum chloride solution were 

added to a portion of the filtrate. A yellow coloration indi-
cates the presence of flavonoids. 

Saponins
To 0.5 g of extract was added 5 ml of distilled water in a 

test tube. The solution was shaken vigorously and obser-
ved for a stable persistent froth. The frothing was mixed 
with 3 drops of olive oil and shaken vigorously after which 
it was observed for the formation of an emulsion.

Tannins
About 0.5 g of the extract was boiled in 10 ml of water 

in a test tube and then filtered. A few drops of 0.1% ferric 
chloride was added and observed for brownish green or a 
blue-black coloration.

Alkaloids
0.5 g of extract was diluted to 10 ml with acid alcohol, 

boiled and filtered. Two ml dilute ammonia was added to 5 
ml of the filtrate. 5 ml of chloroform was added and shaken 
gently to extract the alkaloidal base. The chloroform layer 
was extracted with 10 ml of acetic acid. This was divided 
into two portions. Mayer’s reagent was added to one por-
tion and Draggendorff’s reagent to the other. The forma-
tion of a cream (with Mayer’s reagent) or reddish brown 
precipitate (with Draggendorff’s reagent) was regarded as 
positive for the presence of alkaloids.

Phlobatannins
The extracts of root sample were boiled with 1% hydro-

chloric acid. Deposition of a red precipitate was taken as 
evidence for the presence of phlobatanins.

Reducing sugars (Fehling’s test)
The extract (0.5 g in 5 ml of water) was added to boiling 

Fehling’s solution (A and B) in a test tube. The solution 
was observed for a red coloration/ precipitate indicating 
presence of reducing sugars.

Terpenoids (Salkowski test)
Two ml chloroform was added to 0.5 g of the extract. 

Then 3 ml concentrated H2S04 was carefully added to form 
a layer. A reddish brown coloration of the interface indi-
cates the presence of terpenoids.

Cardiac glycosides (Keller-Killiani test)
0.5 g of extract was dissolved in 5 ml water. Two ml 

of glacial acetic acid containing one drop of ferric chlo-
ride solution was added. This was underlayed with 1 ml of 
concentrated sulphuric acid. A brown ring at the interface 
indicated the presence of a deoxysugar characteristic of 
cardenolides. A violet ring may appear below the brown 
ring, while in the acetic acid layer a greenish ring may 
form just above the brown ring and gradually spread throu-
ghout this layer.

Quantitative determination total flavonoid content
Aluminum chloride colorimetric method (5) as modified 

by us was used for determination of flavonoids in various 
extract fractions of root. Small amount (0.2 ml) of extract 
in pure DMSO (2 mg/ml) was separately mixed with 1.8 
ml of methanol, 0.1 ml of 10% aluminum chloride, 0.1 
ml of 1 M potassium acetate and 2.8 ml of distilled water. 
Tubes were incubated at room temperature for 30 min and 
then absorbance of the reaction mixture was measured at 
415 nm. The calibration curve was prepared with quercetin 
solution (1 mg/ml in methanol). Different volumes contai-
ning 20-200 µg quercetin were taken in different tubes 
and volume was raised to 1.8 ml with methanol followed 
by addition of 0.2 ml DMSO. Rest of the procedure was 
same as described above. The amount of flavonoids in the 
test samples was expressed as µg quercetin equivalent/mg 
sample (µg QE/mg). Experiments were performed in tri-
plicate and the results were expressed as mean ± SEM. 

Antioxidant activity measurement
Metal ion chelating activity

The chelation of ferrous ions by the S. xanthocarpum 
root extracts was estimated by the method of Dinis et al 
(10) as modified by us. Modification included dissolution 
of extracts in DMSO instead of methanol. Briefly, the 
extract samples (200 µl) of different concentrations were 
added to a solution of 2 mM/L ferric chloride (0.05 ml). 
The reaction was initiated by the addition of 5 mM ferro-
zine (0.2 ml) and the mixture was shaken vigorously and 
left standing at room temperature for 10 min. Absorbance 
of the solution was then measured spectrophotometrically 
at 562 nm. The inhibition percentage of ferrozine–Fe2+ 
complex formation was calculated by the formula given 
below.
Metal ion chelating ability (% Inhibition of ferrozine–Fe2+ 
complex formation) = [(A0 -  A1)/A0] ×100
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Where A0 is the absorbance of control and A1 is absorbance 
in the presence of the sample/standard compounds. The 
results were expressed as mean ± SD of three replicates.

DPPH radical scavenging activity
The free radical scavenging activity of the extract frac-

tions was measured in vitro by DPPH assay (44) as modi-
fied by us (30). DMSO was used as solvent for dissolving 
extracts instead of methanol. Three milliliters of 0.1 mM 
DPPH solution prepared in methanol was added to 1 ml 
of the test extracts (500-2000 µg/ml) dissolved in DMSO. 
The content was mixed and allowed to stand at room tem-
perature for 30 min in dark. The reduction of DPPH free 
radical was measured by recording the absorbance at 517 
nm. The percentage scavenging activities (% Inhibition) 
at different concentrations of the extracts fractions were 
calculated using the following formula.
 (%) I = [(AC - AS) / AC] ×100
where I is inhibition, AC and AS are the absorbance values 
of the control and the sample respectively. Three replicates 
were made for each sample and results were expressed as 
mean ± SD.

Lipid peroxidation Inhibition (LPOI/TBA) assay
The lipid peroxidation inhibition by the S. xanthocarpum 

root extracts was measured by the method of Halliwell and 
Gutteridge (19) using some modifications (28). Tissue (li-
ver) homogenate was prepared by grinding fresh normal 
albino rat liver using phosphate buffer saline, pH 7.4 (10% 
w/v). The homogenate were centrifuged at 3000 rpm for 
15 min and clear supernatant were taken for analysis. 100 
µl extracts (2 mg/ml) dissolved in respective solvents were 
taken in test tubes and evaporated to dryness followed by 
addition of 1 ml of 0.15 M potassium chloride and 0.5 ml 
of liver homogenate. Peroxidation was initiated by adding 
0.2 mM ferric chloride (100 µl). The tubes were incubated 
at 370C for 30 min. The reaction was stopped by adding 2 
ml of ice-cold hydrochloric acid (0.25 N) containing 15% 
TCA, 0.38% TBA and 0.5% BHT. The reaction mixture 
was incubated at 800C for 1 h. The samples were cooled 
and centrifuged and the absorbance of the pink superna-
tants was measured at 532 nm. BHA was used as standard 
for comparison. A similar experiment was performed in 
the absence of extract samples and standard to determine 

the amount of lipid peroxidation obtained in the presence 
of inducing agents, which served as control. All analyses 
were carried out in triplicate and results were expressed as 
mean ± SEM. The percentage of lipid peroxidation inhi-
bition (% LPOI) was calculated by using the following 
formula:
LPOI (%) = [(A0 - A1) / A0] ×100
Where A0 is the absorbance of control and A1 is the absor-
bance of the standards or samples.

Statistical analysis
All experiments were carried out in triplicate. For deter-

minations of total flavonoid contents and % LPOI activity 
the data were expressed as mean ± standard error of mean 
(SEM) while for measurement of antioxidant activity the 
data were expressed as mean ± standard deviation (SD) and 
the plots were prepared using Graphpad Prism software.

RESULTS 

Phytochemical analysis of S. xanthocarpum root extracts
Extracts were tested for the presence of tannins, fla-

vonoids, terpenoids, cardiac glycosides, anthraquinone, 
reducing sugars, alkaloids, phlobatanins and saponins. 
Results are shown in Table 1. Some of the phytochemicals 
such as flavonoids and alkaloids were present in all the 
extracts while cardiac glycosides, anthraquinone, reducing 
sugars and phlobatanins were absent in all the test extracts. 
Rest of the compounds (tannins, terpenoids and saponins) 
were mostly found in polar fractions. HX and EA fractions 
were devoid of most of the test phytochemicals except fla-
vonoids and alkaloids.

Total flavonoid content
Test extracts were quantified for total flavonoid contents 

(Table 2). EA accounted for maximum flavonoid content 
(25.17 ± 0.44 µg QE/mg) followed by CH (20.03 ± 0.58 
µg QE/mg) and ET (15.83 ± 0.12 µg QE/mg), respectively 
among all the extracts. Overall order of flavonoid contents 
was EA> CH> ET> BZ> AC> AQ> HX. 

Metal ion chelating ability of root extracts
S. xanthocarpum root extracts accounted for differential 

degree of metal ion chelation ability which is indicated 

      Extracts        
Phytochemicals   HX BZ CH EA AC ET AQ

Tannins   - - + - + + +
Flavonoids   + + + + + + +
Terpenoids   - + + - + + +

Cardiac Glycosides   - - - - - - -
Anthraquinones   - - - - - - -
Reducing sugars   - - - - - - -

Alkaloids   + + + + + + +
Phlobatannins   - - - - - - -

Saponins   - - - - + - +

Table 1. Phytochemical analysis of S. xanthocarpum root extracts.

Phytochemical analysis of different extracts of S. xanthocarpum root was done as shown in Methods section. 
HX - hexane, BZ - benzene; CH - chloroform; EA - ethyl acetate; AC - acetone; ET - ethanol; AQ - water; +  present/detected; 
-  not detected.
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by reduction in formation of red coloured complex. ET 
extracts demonstrated appreciable chelation potential at 
all the test concentrations. Maximum % inhibition obser-
ved with ET extract was about 65%.  Percent inhibition 
of colour production as a function of activity of different 
extracts has been graphically represented in Fig. 1. The 
figure shows that formation of the Fe2+-ferrozine complex 
is not complete in the presence of test extracts, indicating 
that some of the extracts chelate the iron. The percentage of 
metal chelating capacity of root extracts linearly increased 
in dose dependent manner (from 400 to 1000 µg/ ml). The 
metal ion chelating capacity (% inhibition of Fe2+-ferro-
zine complex formation) at 1000 µg/ml concentration of 
ET, HX and AQ extracts were found to be about 64, 45 
and 41% respectively. The over all order of chelating acti-
vity of extracts was found to be ET, HX, AQ, CH, BZ, AC 
and EA, respectively at all test concentrations. Standard 
pure compounds BHA, BHT, PG, QU and AA demons-
trated higher chelating capacity (about 65, 86, 90, 30 and 
63%, respectively) at a concentration of 400µg/ml (Fig. 
2). BHA, BHT and PG produced concentration dependent 
incremental response in chelating activity while inverse 
activity response was observed with increasing concentra-
tion of QU and AA.

Free radical scavenging activity of S. xanthocarpum root 
extracts by DPPH assay

Free radical scavenging activity of S. xanthocarpum root 
extracts at different concentrations (250, 500 and 1000 
μg/ml) was evaluated by the DPPH method (Fig. 3). The 
degree of discoloration indicates the scavenging potentials 
of the extracts. Most of the polar extracts demonstrated 
appreciable free radical quenching potential (above 85% 
inhibition) at all the concentrations tested.  At 250μg/ml 
concentration EA, ET, AQ extracts exhibited same sca-
venging activities (about 85 %) while at the same concen-
tration AC and HX fractions showed about 94 and 20 % 
free radical scavenging activities, respectively. Marginal 
increase in activity was observed at higher concentrations. 
EA, AC, ET and AQ extracts exhibited about 88-95% free 
radical scavenging activity at a concentration 500 μg/
ml while HX extract showed minimal activity. Further 
increase in activity was observed at 1000 μg/ml concen-
tration for all the root extracts. In general, with increasing 

concentration of root extracts there was gradual increase 
in free radical scavenging activity. The order of activity 
of extracts may be represented as AC, ET, EA, AQ, BZ, 
CH and HX, respectively. However activity pattern of first 
four extracts was more or less similar. Standard antioxi-
dants namely BHA, BHT, QU and AA have already been 
reported to produce 95-99% scavenging activities even at 
500 μg/ml concentration by our research group (30). 

Figure 1. Metal ion chelating ability of S. xanthocarpum root ex-
tracts (Phytochemicals present in root sample were extracted with 
hexane (HX), benzene (BZ), chloroform (CH), ethyl acetate (EA), ace-
tone (AC), ethyl alcohol (ET) and water (AQ) as described in methods 
section. Metal ion chelating activity of extracts was measured at dif-
ferent concentrations and absorbance was recorded at 562nm. The re-
sults are expressed as mean ± SD of three replicates).

Figure 2. Metal ion chelating ability of standard antioxidant com-
pounds. (The chelating activity of BHA, BHT, PG (propyl gallate), QU 
(Quercetin) and AA (ascorbic acid) was measured at different concen-
trations and absorbance was recorded at 562nm as described in Methods 
section. The results are expressed as mean ± SD of three replicates).

Figure 3. Free radical scavenging activity of S. xanthocarpum root 
extracts by DPPH assay (Phytochemicals present in root were extrac-
ted with HX, BZ, CH, EA, AC, ET, AQ and radical scavenging activity 
of the extracts was measured at three different concentrations as des-
cribed in methods section. The results are expressed as mean ± SD of 
three replicates).

Extract Flavonoids (µg QE/mg)

HX 4.80 ± 0.21

BZ 11.17 ± 0.60

CH 20.03 ± 0.58

EA 25.17 ± 0.44

AC 7.33 ± 0.39

ET 15.83 ± 0.12

AQ 6.20 ± 0.47

Table 2. Contents of total flavonoid in S. xanthocarpum root extracts.

The values are represented as µg quercetin equi-
valent per milligram of sample (µg QE/mg). The 
results are expressed as mean ± SEM (n = 3). Ab-
breviations: HX- hexane, BZ - benzene, CH - chlo-
roform, EA-ethyl acetate, AC - acetone, ET - ethyl 
alcohol, AQ -water.
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Lipid-peroxidation inhibition by S. xanthocarpum root 
extracts

The liver homogenate of albino Wistar rats undergo 
rapid peroxidation when incubated separately with ferric 
chloride. The iron induced production of peroxide in turn 
attacks the biological material. This leads to the formation 
of MDA (malonodialdehyde) and other aldehydes which 
form a pink chromogen with TBA showing maximum 
absorbance at 532 nm (27). It was observed that some of 
the root extracts of S. xanthocarpum showed anti lipid 
peroxidation activity in vitro (Fig. 4) and have capability 
of protecting liver from peroxidative damage. Two polar 
extracts namely ET and AQ exhibited signifi cant protec-
tive effi cacy against lipid peroxidation activity in rat liver 
tissue. The % LPOI activity in ET and AQ extracts was 
found to be about 45% and 51%, respectively. Rest of the 
extracts accounted for least activity with % LPOI ranging 
between 3-14%. 

Comparative assessment of relationship between DPPH 
radical scavenging activity and anti lipid peroxidation acti-
vity of extracts was done by plotting curve between % in-
hibition in DPPH assay and % LPOI (Figure 5). A  signifi -
cant positive correlation was observed between the DPPH 
radical scavenging assay and the % LPOI for various root 
extracts at P < 0.05 indicating appreciable antioxidant po-
tential in the extracts. 

Figure 4. Inhibition of iron induced lipid peroxidation (% LPOI) 
in rat liver tissue by S. xanthocarpum root extracts (Phytochemicals 
present in root were extracted with HX, BZ, CH, EA, AC, ET, AQ and 
% LPOI was measured as described in methods section. BHA was used 
as standard for comparison. The results are expressed as mean ± SEM 
of three replicates).

Figure 5. Relationship between DPPH free radical scavenging acti-
vity and %LPOI in liver of albino Wistar rats (P < 0.05)

DISCUSSION

Phytochemical analysis indicates that all the extract 
fractions derived from S. xanthocarpum root are rich in 
fl avonoids and alkaloids. Tanins, terpenoids and saponins 
showed distributory effect among the various polar and 
non polar extracts of the root i.e., they were concentrated 
among the polar fractions (Table 1). However terpenoids 
were equally distributed in non-polar and polar extracts. 
It is apparent that non-polar and polar fractions accounted 
for low fl avonoid content while extracts derived in me-
dium polar solvents showed higher content of fl avonoids. 

It has been recognized that fl avonoids show antioxidant 
activity and their effects on human nutrition and health are 
considerable. The mechanisms of action of fl avonoids are 
through scavenging or chelating process (7, 25). Polyphe-
nols, particularly fl avonoids, which are widely distribu-
ted in the plant kingdom, and are present in considerable 
amount in fruits, vegetables, spices and medicinal herbs 
have been used to treat many human diseases, such as dia-
betes, cancer and coronary heart disease (4). Flavonoids 
have also been shown to exhibit the antioxidative, anti-
viral, antimicrobial and anti-platelet activities (20). Our 
experiments demonstrated presence of differential amount 
of fl avonoids in different extracts (Table 2).

The transition metal ion, Fe2+ possess the ability to move 
single electrons by virtue of which it can allow the for-
mation and propagation of many radical reactions, even 
starting with relatively non-reactive radicals. The main 
strategy to avoid ROS generation that is associated with 
redox active metal catalysis involves chelating of the me-
tal ions (43). Iron can stimulate lipid peroxidation by the 
Fenton reaction and also accelerates peroxidation by de-
composing lipid hydroperoxides into peroxyl and alkoxyl 
radicals that can themselves abstract hydrogen and per-
petuate the chain reaction of lipid peroxidation (18, 19). 
Ferrozine can quantitatively form complexes with Fe2+. In 
the presence of samples possessing chelating activity the 
formation of red coloured complexes is decreased. There-
fore measurement of the rate of color reduction helps to 
estimate the chelating activity of the coexisting chelator 
present in the samples. Our results have shown that the 
absorbance of coloured complex decreased linearly which 
indicated that the formation of Fe2+-ferrozine complex was 
not completed in the presence of S. xanthocarpum root 
extracts suggesting chelation of iron by phytochemicals 
present in these plants. Several reports (18, 19, 43) on che-
lation of iron by other plant extracts also substantiate these 
fi ndings. In this study  extracts of S. xanthocarpum root 
and standard antioxidant compounds interfered with the 
formation of ferrous and ferrozine complex, suggesting 
that they have chelating activity and capture ferrous ion 
before ferrozine.

It has been reported that chelating agents, which form 
sigma bonds with a metal, are effective as secondary an-
tioxidants because they reduce the redox potential thereby 
stabilizing the oxidized form of the metal ion (15). The 
data presented in Fig. 1 revealed that ET, HX and AQ 
extracts demonstrated marked capacity for iron binding, 
suggesting that their action as peroxidation protector may 
be related to iron binding capacity.

DPPH assay is one of the most commonly used methods 
for screening antioxidant activity of plant extracts. It has 
been largely used as a quick, reliable and reproducible pa-
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rameter to search the in vitro general antioxidant activity 
of pure compounds as well as plant extracts. DPPH pro-
duces violet colour in methanol solution. It is reduced to a 
yellow coloured product, diphenylpicryl hydrazine. Anti-
oxidants react with DPPH, a stable nitrogen-centered free 
radical, and convert it to α, α-diphenyl-β-picryl hydrazine. 
The degree of discoloration indicates the scavenging po-
tentials of the antioxidant extracts (Fig. 3). The decrease in 
absorbance by the DPPH radical with increasing concen-
tration of the extracts in dose dependent manner results in 
the rapid discolouration of the purple DPPH, suggesting 
that extracts of S. xanthocarpum have radical scavenging 
antioxidant activity due to its proton donating ability (3). 
The reduction in the number of DPPH molecules can be 
correlated with the number of available hydroxyl groups. 
Several extract fractions exhibited significantly higher 
inhibition percentage (stronger hydrogen –donating abil-
ity) which can be positively correlated with total pheno-
lic content (44). In our study the flavonoid contents were 
estimated in all extracts. Their amount ranged between 
4.80 ±0.21 to 25.17 ±0.44 µg QE/mg extract (Table 2). 
Therefore marked radical scavenging activity observed in 
most of the extracts could be attributed to the presence of 
significant quantity of flavanoids in addition to other phy-
tochemicals.

Lipid peroxidation causes damage to unsaturated fatty 
acids, which results in decreased membrane fluidity and 
leads to many other pathological events (11, 19, 46). Redox 
chemistry of iron plays an important role in both the occur-
rence and the rate of lipid peroxidation. Fe3+ reacts with 
lipid hydroperoxides to form peroxyl radicals that initiate 
a chain reaction by reacting with other molecules. A pro-
bable alternative fate of peroxyl radicals is to form cyclic 
peroxides or lipid peroxides. These cyclic peroxides, lipid 
peroxides, and cyclic endoperoxides undergo fragmenta-
tion to aldehydes such as MDA and polymerization pro-
ducts. MDA is usually taken as a marker of lipid peroxi-
dation (LPO) and oxidative stress, and its reaction with 
two molecules of TBA yields a pinkish red chromogen 
(TBARS, i.e., thiobarbituric acid reactive substances) with 
an absorbance maximum at 532 nm (24, 27). Among S. 
xanthocarpum root extracts ET and AQ extracts accounted 
for substantial anti lipid peroxidation activities (Fig. 4). 
It may be inferred that major phytoconstituents present 
in some of the active extracts such as flavonoids  along 
with tannins, terpenoids and alkaloids are responsible for 
quenching Fe3+ and thereby preventing oxidative damage 
to lipids leading to protection of liver and other tissues (19, 
39, 43). The study also established significant correlation 
between anti lipid peroxidation activity and free radical 
scavenging activity of the S. xanthocarpum root extracts.

Many reports tend to show that secondary metabolites 
such as alkaloids, flavonoids, tannins and other compounds 
of phenolic nature are the responsible compounds for the 
antioxidant and antimicrobial activities in higher plants 
(3, 8). Phytochemical screening has revealed that extracts 
from root of S. xanthocarpum possess at least three to four 
of the following classes of secondary metabolites: phenols, 
flavonoids, terpenoids, tannins, alkaloids and saponins . 
Therefore, the presence of these phytochemicals could to 
some extent justify the observed antioxidant activities in 
the current study (13). These results are in agreement with 
many studies realized on other plant species (3, 30, 31, 33, 
39, 40) attributing antimicrobial and antioxidant activities 

to the presence of secondary metabolites.
Present study has established that phytochemicals pre-

sent in S. xanthocarpum root extracts have capability to 
quench free radicals generated in the system and neutralize 
metal ion mediated oxidative damage. Therefore S. xan-
thocarpum root could be regarded as a source of future 
medicinal compounds.
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