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ABSTRACT
The present study evaluates the reactive oxygen species (ROS) scavenging
and in vitro antioxidant activities of two species of Cleome, C. viscosa and C.
burmanni. The antioxidant potential of the methanol extracts of species of
Cleome was tested using different assays such as FRAP, DPPH, ABTS,
hydroxyl, superoxide, nitric oxide, and hydrogen peroxide. The extracts gave
positive results for all the assays and the radical scavenging ability was
detected to be comparable to those of the corresponding standards.
Quantitative estimation of antioxidant phytochemicals, such as phenols,
flavonoids and proanthocyanidins were also done in both species of Cleome.
The results revealed that the phytochemicals content was greater in C.
viscosa when compared to C. burmanni.

INTRODUCTION: Oxidative stress plays an important
role in the pathogenesis of various diseases such as
atherosclerosis, alcoholic liver cirrhosis and cancer. The
reactive oxygen species (ROS) such as superoxide
anion, hydroxyl radical and hydrogen peroxide formed
in vivo due to several metabolic activities in cells,
initiate oxidative stress. ROS is also known to initiate
the lipid peroxidation of phospholipids in cell
membranes, thereby propagating a chain reaction and
ultimately resulting in cell damage 1, 2.

Phenolic compounds act as cellular support material
and form an integral part of cell wall structure 6.
Polyphenols can protect the human body from the
oxidative stress which causes many diseases, including
cancer, cardiovascular problems and ageing 7.

Antioxidants are substances that counteract oxidative
damage from ROS by one or more of the following
mechanisms: reducing activity, free-radical scavenging
activity, potential complexing of pro-oxidant metals
and quenching of singlet oxygen. Antioxidants are
produced in vivo or may be chemically synthesized.
Natural antioxidants are known to have a significant
role in curing human ailments 3, 4.

The present study involves the analysis of radical
scavenging potential of two species of genus Cleome
(Cleomaceae). Many species of Cleome found growing
as roadside weeds are reportedly used in traditional
systems of medicines 9, 10.

Phytochemicals such as phenols and flavonoids are
reported to possess antioxidant activities and inhibit
the propagation of free radical reactions 5.

Flavonoids have also been reported to possess antiinflammatory, oestrogenic, enzyme inhibition,
antimicrobial, antiallergic activites, apart from
antioxidant and cytotoxic antitumor activity 8.

Cleome viscosa, the most common species, is reported
to possess rubefacient, vesicant, expectorant,
astringent, antispasmodic, repellent, antifeedant,
nematicidal and anthelmintic properties 11, 12, 13.
Cleome burmanni is reported to possess anthelmintic
property 13.
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However, there are no reports on the antioxidant
properties of either of these plants. The present study
therefore investigates the in vitro antioxidant and free
radical scavenging potential of C. viscosa and C.
burmanni and checks for the presence of antioxidant
phytochemicals.
MATERIALS AND METHODS: The plant samples,
Cleome viscosa and C. burmanni were collected from
Kariavattom, Thiruvananthapuram.
Preparation of Extract: Methanol extracts of Cleome
viscosa and C. burmanni were prepared from shadedried plant parts. About 20g of the powdered plant
material from each sample was subjected to extraction
by soxhlet apparatus using 300 ml of methanol. The
extracts were then concentrated under reduced
pressure and preserved in refrigerator until further
use.
Chemicals: Methanol, Gallic acid, Ascorbic acid, Folinciocalteu reagent, Sodium carbonate, Vanillin,
Aluminium chloride, Potassium acetate, Phosphate
buffer, ferric chloride, acetate buffer, 2,4,6-tri(2pyridyl)-S-triazine (TPTZ), Butylated hydroxyl toluene
(BHT), 1, 1- Diphenyl-2-picryl hydrazyl (DPPH), 2, 2’azino-bis (3- ethyl- benzthiazoline-6-sulphonic acid(
ABTS), Potassium persulphate, Trolox, Myoglobin,
Sodium nitroprusside, Hydrogen peroxide, Sulfanilic
acid, Glacial acetic acid, Naphthyl ethylenediamine
dichloride (NEDD), Potassium metabisulphite, EDTA,
DMSO, Ammonium acetate, Acetone, NADH. All
chemicals were of analytical grade.
Methods: The radical scavenging potential and in vitro
antioxidant activity were tested using the following
assays:
A. Antioxidant assays:
1. FRAP (Ferric reducing ability of plasma) - (Benzie
and Strain, 1996) 14: The FRAP reagent (2.5 ml of
10mM TPTZ solution in 40mM HCl, 2.5ml of 20mM
FeCl3 and 25 ml of 0.3 M acetate buffer - pH 3.6)
was freshly prepared. An aliquot of various
concentrations (20-100µg/ml) of test solution was
mixed with 180μl of FRAP reagent. The absorbance
was measured at 595nm.
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2. 2, 2-Diphenyl-1-Picrylhydrazyl (DPPH) assay(Brand-Williams et al, 1999) 15: One ml of 0.135mM
DPPH prepared in methanol was mixed with 1.0 ml
of methanol extract ranging from 0.2-0.8 mg/ml.
The reaction mixture was vortexed thoroughly and
left in dark at room temperature for 30 min. The
absorbance was measured spectrophotometrically
at 517nm. The scavenging ability of the plant
extract was calculated using the equation:
DPPH scavenging activity (%) =
[(*Abs control-Abs sample)] / (Abs control)] x 100
*Abs control is the absorbance of DPPH + methanol;
Abs sample is the absorbance of DPPH radical +
sample.
3. Azino-bis (3-ethylbenzthiazoline-6-sulphonic acid)
(ABTS) scavenging activity-(Miller and Evans, 1997)
16
: Trolox standards were prepared for a standard
curve of different concentrations. The ABTS
substrate working solution was prepared by adding
25µl of 3% Hydrogen Peroxide solution to 10 ml of
ABTS substrate solution. The assays were prepared
in the 96 well plates. In the wells for the trolox
standard curve, 10µl of Trolox standard and 20µl of
Myoglobin working solution were added. In the
wells for the test samples, 10µl (0.2-0.8 mg/ml
concentrations) of methanol extracts and 20µl of
Myoglobin working standard were added. Then
150µl of ABTS substrate working solution to each
well was added. The solution was incubated for 5
min at room temperature. The stop solution
(100µl) was added to each well. The endpoint
absorbance was read at 405nm using a plate
reader.
4. Hydroxyl Radical Scavenging Activity (Klein, 1995)
17
: Various concentrations (20, 40, 60, 80 and 100
µg/ml in methanol) of extracts were taken in
different test tubes and evaporated to dryness.
One ml of iron-EDTA solution (0.13% ferrous
ammonium sulfate and 0.26% EDTA), 0.5ml of
EDTA (0.018%) and 1ml of DMSO (0.85% v/v in
0.1M phosphate buffer, pH 7.4) were added to
these tubes, and the reaction was initiated by
adding 0.5ml of 0.22% ascorbic acid. Test tubes
were capped tightly and heated on a water bath at
80-90oC for 15 min., the reaction was terminated
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by the addition of 1ml of ice-cold TCA (17.5% w/v).
Three ml of Nash reagent (75.0 g of ammonium
acetate, 3 ml of glacial acetic acid and 2ml of acetyl
acetone were mixed and made up to 1L with
distilled water) was added to all of the tubes and
left at room temperature for 15min for color
development. The intensity of the yellow color
formed was measured spectrophotometrically at
412nm against the reagent blank.
5. Nitric oxide Scavenging Activity-(Garrat, 1964) 18:
Sodium nitoprusside in aqueous solution at
physiological pH spontaneously generate nitric
oxide, which interacts with oxygen to produce
nitrite ions determined by the use of Griess
reagent. Two ml of 10mM Sodium nitroprusside
dissolved in 0.5 ml phosphate buffer saline (pH 7.4)
was mixed with 0.5 ml of plant extract at various
concentrations (0.2-0.8 mg/ml). The mixture was
incubated at 25oC. After 150 min, 0.5 ml of
incubation solution was withdrawn and mixed with
0.5ml of Griess reagent [(1.0ml sulfanilic acid
reagent (0.33%) in 20% glacial acetic acid at room
temperature for 5 min with 1ml of naphthylethyl
enediamine dichloride (0.1% w/v)]. The mixture
was incubated at room temperature for 30 min.
The absorbance was measured at 540nm. The
amount of nitric oxide radical was calculated
following this equation:
% of inhibition of NO = [*Ao- A1] / Ao x 100.
*Ao is the absorbance before reaction and A1 is the
absorbance after reaction has taken place.
6. Superoxide anion Scavenging Activity (Yen and
Chen, 1995) 19: The reaction mixture consisting of
1ml of plant extract (0.2-0.8 mg/ml), 1 ml of PMS
(60µM) prepared in phosphate buffer (0.1 M
pH7.4) and 1 ml of NADH (phosphate buffer) was
incubated at 25oC for 5 min. The absorbance was
read at 560nm against blank samples.
7. Hydrogen peroxide Scavenging Activity (Ruch et
al., 1989) 20: The plant extracts (4ml) prepared in
distilled water at various concentrations (0.2-0.8
mg/ml) were mixed with 0.6 ml of 4mM H2O2
solution prepared in phosphate buffer (0.1M pH
7.4) and incubated for 10 min. The absorbance of
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the solution was taken at 230 nm against blank
solution containing the plant extract without H2O2.
B. Quantitative
estimation
phytochemicals.

of

antioxidant

1. Determination of total phenol- (Spanos, 1990) 21:
2.5ml of 10% Folin-Ciocalteu reagent and 2ml of
Na2CO3 (2% w/v) was added to 0.5ml of each
sample of plant extract solution (1mg/ml). The
resulting mixture was incubated at 45oC with
shaking for 15 min. The absorbance of the samples
was measured at 765nm using UV/Visible light.
Results were expressed relative to Gallic acid (00.5 mg/ml) dissolved in distilled water.
2. Determination of total flavonoids- (Harborne,
2000) 22: Aluminium chloride colorimetric method
was used for flavonoid determination. One ml of
sample (1mg/ml) was mixed with 3ml of methanol,
0.2ml of 10% aluminium chloride, 0.2ml of 1M
potassium acetate and 5.6ml of distilled water and
allowed to remain at room temperature for 30
min. The absorbance of the reaction mixture was
measured at 420nm with UV-visible spectrophotometer. The content was determined from
extrapolation of calibration curve which was made
by preparing gallic acid solution (0-0.8 mg/ml) in
distilled water. The concentration of flavonoids
was expressed in terms of mg/ml.
3. Determination of total proanthocyanidins - (Sun
et al, 1998) 23: The mixture of 3ml vanillinmethanol (4% v/v), 1.5ml of hydrochloric acid was
added to 0.5 ml (1mg/ml) of methanol extracts
and vortexed. The resulting mixture was allowed
to stand for 15 min at room temperature followed
by measurement of the absorbance at 500nm.
Total proanthocyanidin content was expressed as
gallic acid equivalent (mg/ml) from the standard
curve.
RESULTS: The results of the antioxidant assays are
presented in tables 1-7. The reducing capacity (FRAP
Assay) of the methanol extracts of C. viscosa and
C.burmanni was found to be appreciable.
The results showed that there was an increase in
reducing power of the plant extracts as the extract
concentration increased (Table 1).
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In DPPH assay, the methanol extract of C. viscosa
appeared to be more potent than C. burmanni when
compared with BHT at the same concentration (Table
2).
In ABTS assay also, C. viscosa extracts had greater ABTS
radical scavenging activity than C. burmanni extracts
(Table 3).
In hydroxyl radical assay, the ability to quench hydroxyl
radicals was higher in C. viscosa than C.burmanni in
comparision to Ascorbic acid used as standard (Table
4).
In nitric oxide scavenging assay, the methanol extracts
of C. viscosa showed higher percentage of inhibition
values almost nearing BHT (Table 5).
1. Reducing Power Assay (FRAP):
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Both the plant extracts were found to be potent
scavengers of superoxide radical but the value was
lesser than the standard (Table 6).
Hydrogen peroxide assay showed that the hydrogen
peroxide scavenging activity of both the extracts was
significant when compared to BHT (Table 7).
Quantitative estimation revealed that the content of
phenols, flavonoids and proanthocyanidins was greater
in Cleome viscosa when compared to C. burmanni
(Table 8). Flavonoids formed the major group
compared to phenols and proanthocyanidins in that
order.
A. Antioxidant Assays:

TABLE 1: FRAP ASSAY USING METHANOL EXTRACTS OF TWO SPECIES OF CLEOME
Concentration of the
% of inhibition using C. viscosa
% of inhibition in C. burmanni
extract µg/ml
extracts
extracts
20
0.071
0.05
40
0.145
0.130
60
0.221
0.205
80
0.285
0.262
100
0.360
0.339
*BHT- Butylated Hydroxyl Toluene

% of inhibition by *BHT
0.085
0.160
0.230
0.301
0.386

2. DPPH Assay:
TABLE 2: DPPH ASSAY USING METHANOL EXTRACTS OF TWO SPECIES OF CLEOME
Concentration of the
% of inhibition using C. viscosa
% of inhibition in C. burmanni
extract mg/ml
extracts
extracts
0.2
29.39
25.92
0.4
40.00
37.21
0.6
58.80
55.23
0.8
77.30
60.55

% of inhibition by BHT
42.60
52.00
73.01
80.32

3. ABTS Scavenging Assay:
TABLE 3: ABTS SCAVENGING ASSAY USING METHANOL EXTRACTS OF TWO SPECIES OF CLEOME
Concentration of the extract
% of inhibition using C. viscosa
% of inhibition in C. burmanni
mg/ml
extracts
extracts
0.2
40.87
31.76
0.4
53.40
43.29
0.6
69.21
55.00
0.8
73.11
60.95

% of inhibition by Trolox
52.00
63.35
77.00
79.12

4. Hydroxyl Radical Scavenging Assay:
TABLE 4: HYDROXYL RADICAL SCAVENGING ASSAY USING METHANOL EXTRACTS OF TWO SPECIES OF CLEOME
Concentration of the extract
% of inhibition using C. viscosa
% of inhibition in C. burmanni
% of inhibition by ascorbic
µg/ml
extracts
extracts
acid
20
24.42
17.71
31.00
40
39.16
24.76
38.24
60
46.11
45.24
60.27
80
58.51
56.17
71.12
100
65.20
61.25
79.22
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5. Nitric Oxide Scavenging Assay:
TABLE 5: NITRIC OXIDE SCAVENGING ASSAY USING METHANOL EXTRACTS OF TWO SPECIES OF CLEOME
Concentration of the extract.
% of inhibition using C. viscosa
% of inhibition in C. burmanni
mg/ml
extracts
extracts
0.2
36.02
26.29
0.4
51.80
37.02
0.6
62.95
55.45
0.8
78.59
62.37

% of inhibition by BHT(*)
40.21
46.18
60.82
80.11

6. Superoxide Scavenging Assay:
TABLE 6: SUPEROXIDE SCAVENGING ASSAY USING METHANOL EXTRACTS OF TWO SPECIES OF CLEOME
% of inhibition using C.
% of inhibition in C.
Concentration of the extract mg/ml
viscosa extracts
burmanni extracts
0.2
60.65
53.17
0.4
66.23
58.15
0.6
72.16
62.40
0.8
76.82
70.21

% of inhibition by BHT(*)
59.18
72.46
77.11
78.00

7. Hydrogen Peroxide Scavenging Assay:
TABLE 7: HYDROGEN PEROXIDE SCAVENGING ASSAY USING METHANOL EXTRACTS OF TWO SPECIES OF CLEOME
Concentration of the extract % of inhibition using C. viscosa
% of inhibition in C. burmanni
% of inhibition by BHT(*)
mg/ml
extracts
extracts
0.2
50.13
42.00
68.60
0.4
56.88
49.17
73.22
0.6
62.10
53.26
76.00
0.8
70.85
60.73
79.19

B. Quantitative estimation of antioxidant phytochemicals:
TABLE 8: PHYTOCHEMICAL COMPONENTS IN METHANOL EXTRACTS OF CLEOME VISCOSA AND CLEOME BURMANNI.
Phytochemicals (extract equivalent of gallic acid (mg/g)
Plant name
Phenols
Flavonoids
Proanthocyanidins
Cleome viscose
3.4
4.6
2.2
Cleome burmanni

2.1

DISCUSSION: Oxidative stress is the prime cause for all
permanent modifications to the genetic material and
represents the first step in almost all the detrimental
processes such as mutagenesis, carcinogenesis and
ageing leading to cell damage and death. The
modulation of cell signaling pathway by antioxidants
could help prevent cell damage in the following ways:
1)
2)
3)
4)

Preserving normal cell cycle regulation;
Inhibiting proliferation and inducing apoptosis;
Inhibiting tumor invasion and angiogenesis;
Suppressing inflammation and other such effects.

Due to these healing effects, antioxidant constituents
especially from plant materials have raised interest
among scientists, food manufacturers and consumers
for their role in the maintainence of human health 24,
25
.

4.0

1.1

The antioxidant potential of compounds is usually
being tested by various antioxidant assays. The assays
conducted in the present study and their utility is
discussed below;
The principle of FRAP method is based on the
reduction of a ferric-tripyridyltriazine complex to its
ferrous colored form in the presence of antioxidants.
A compound exhibiting a positive result in the FRAP
assay is an electron donor which terminates the
oxidation chain reaction by reducing the oxidized
intermediates into the stable form. The reducing
power property indicates that the antioxidant
compounds are electron donors and can reduce the
oxidized intermediates of the lipid peroxidation
process, so they can act as primary and secondary
antioxidants 19. Both the plant extracts showed potent
reducing ability when compared to BHT (Table 1).
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DPPH is a stable free radical having a characteristic
absorption at 517nm. When the odd electron becomes
paired off in the presence of a free radical scavenger,
the absorption reduces and DPPH solution is
decolourised as the colour changes from deep violet to
light yellow 15. The degree of reduction in absorbance
measurement is indicative of radical scavenging power
of the plants. The results of DPPH (stable free radical)
scavenging activity in this study indicated that C.viscosa
was potentially active. The plant extracts possibly
contain compounds capable of donating hydrogen to a
free radical in order to remove the odd electron,
responsible for radical’s reactivity (Table 2).
The principle of ABTS assay is formation of a ferryl
myoglobin radical from metmyoglobin and hydrogen
peroxide, which oxidizes the ABTS to produce a radical
cation, ABTS+, a soluble chromogen that is green.
ABTS+ is a blue coloured chromophore which is
reduced to ABTS on a concentration dependant
manner upon addition of plant extracts. The
scavenging activity of ABTS+ radical by the C.viscosa
extract was found to be appreciable (Table 3). This
implies that the plant extract may be useful for treating
radical related pathological damage especially at
higher concentrations 26.
Hydroxyl radical is an extremely reactive species
formed in biological systems and has been implicated
as highly damaging in free radical pathology, capable of
damaging almost every molecule found in living cells 27.
This radical has the capacity to join nucleotides in DNA
and cause strand breakage, which contribute to
carcinogenesis, mutagenesis and cytotoxicity.
This species is considered to be one of the quick
initiators of lipid peroxidation process, abstracting
hydrogen atoms from unsaturated fatty acids 28. The
results of the study indicated that the extracts of
C.viscosa were strong hydroxyl radical scavengers
when compared to C.burmanni (Table 4).
Nitric oxide radicals are produced by macrophages at
the time of inflammatory response. They play an
important role in various types of inflammatory
conditions including juvenile diabetes, multiple
sclerosis, arthritis and ulcerative colitis. These radicals
interfere in DNA processes because of its mutagenic
nature 29.
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The nitric oxide generated from sodium nitroprusside
reacts with oxygen to form nitrite anion that is well
restrained by the extracts. The results indicated that
the extracts of C. viscosa possess potent NO scavenging
activity (Table 5).
Superoxide anion is one of the strongest reactive
oxygen species among the free radicals generated 18.
The scavenging activity of this radical by the extracts of
species of Cleome compared favourably with the
standard BHT suggesting that the plants were potent
scavengers of superoxide radical (Table 6).
Hydrogen peroxide is an important reactive oxygen
species because of its ability to penetrate biological
membranes. However, it may be toxic if converted to
hydroxyl radical in the cell 30. Scavenging of H2O2 by the
extracts of species of Cleome may be attributed to
their phenolics which donate electron to H2O2, thus
reducing it to water. The plant extracts were capable of
scavenging H2O2 in a concentration dependant manner
(Table 7).
On the whole, it appears that C. viscosa has a greater
radical scavenging ability than C. burmanni and may be
utilized effectively.
Antioxidant activity in plants is mostly due to the
presence of phytochemicals such as phenols,
flavonoids and proanthocyanidins. The results
indicated that the plant extracts contain significant
amount of phenols and flavonoids. Flavonoid content
was
higher
compared
to
phenols
and
proanthocyanidins (Table 8). These compounds have
good antioxidant potential and their effects on human
nutrition and health are considerable.
Flavonoids have been shown to exhibit their actions
through effects on membrane permeability, and by
inhibition of membrane bound enzymes such as
ATPase and phospholipase A2 31. The mechanism of
action of flavonoids is through scavenging or chelating
process 32. Phenols are important plant constituents
because of their scavenging ability due to their
hydroxyl and carboxyl groups which bind, particularly
to copper and iron and play a major role in plant
development 33.
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Proanthocyanidins have anticancer and antitumour
activity. They suppress the production of a protein
endothelin-1 that constricts the blood vessels. They
have antioxidant activity and play a role in the
stabilization of collagen and maintainence of elastin 34.
Thus the results indicate that the antioxidant activities
exhibited may be due to the presence of phenols and
flavonoids in the extracts of Cleome.
CONCLUSION: The results from various free radical
scavenging systems revealed that C. viscosa and C.
burmanni methanol extracts are strong antioxidants,
with scavenging activities for the different ROS at
different magnitudes of potency. The study affirms the
in vitro antioxidant potential of the crude extracts of
both plants, with results comparable to those of
standards such as Gallic acid, BHT, Trolox and Ascorbic
acid.
Presence of flavonoids, phenols and proanthocyanidins
in significant quantities in extracts is a possible
indication of their role in antioxidant activity. Further
studies are needed to clarify the in vivo potential of
these plants in the management of human diseases
resulting from oxidative stress.
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