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ABSTRACT
Antioxidant activity of petroleum ether, benzene, ethyl acetate, methanol and ethanol extracts of Petiveria alliacea
L.,) (phytolaccaceae and Belloperone plumbaginifolia (acanthaceae) have been tested using various antioxidant
model systems viz., DPPH, hydroxyl, superoxide and ABTS, reducing power assay. Methanol and ethanol extracts
of the of Petiveria alliacea L., (phytolaccaceae) and Belloperone plumbaginifolia (acanthaceae) showed strong
DPPH and hydroxyl radical scavenging activity where as ethanol and methanol extract showed strong superoxide
and ABTS radical cation scavenging activity respectively. The IC50 values in all models viz., DPPH, hydroxyl,
superoxide, reducing power and ABTS radical cation scavenging activity of methanol and ethanol extract of
Petiveria alliacea L., (phytolaccaceae) and Belloperone plumbaginifolia (acanthaceae) were found different
concentration. This study indicates significant free radical scavenging potential of the Petiveria alliacea L.,
(phytolaccaceae) and Belloperone plumbaginifolia (acanthaceae) which can be exploited for the treatment of
various free radical mediated diseases.
KEYWORDS: Petiveria alliacea.L. Belloperone plumbaginifolia, flavonoid, anti-oxidant, ABTS, reducing
powder.
INTRODUCTION
Antioxidants are important in the prevention of human
diseases. Naturally occurring antioxidants in leafy
vegetables and seeds, such as ascorbic acid, vitamin E
and phenolic compounds, possess the ability to reduce
the oxidative damage associated with many diseases,
inducing cancer, cardiovascular disease, cataracts,
artherosclerosis, diabetes, arthritis, immune deficiency
diseases and aging (Basniwal et al., 2009). Antioxidant
means ‘Against oxidation’ which work to protect lipids
from peroxidation by free radicals. Oxidants can damage
cells and food substance by starting chain reactions such
as lipid peroxidation or by oxidizing DNA or Proteins
(Jenecius et al., 2012). Bioactive compounds derived
from the plant kingdom have been successfully used to
reduce lipid oxidation in food industry products (Dolai et
al., 2012; Bernatoniene et al., 2011). Organisms have
also evolved complex mechanisms via antioxidants
metabolites and enzymes met work in concert to prevent
oxidative damage (Sharmila Jose and Radhamani.,
2012). These antioxidants are capable of inhibiting the
oxidation of biomolecules by removing free radical
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intermediates and inhibiting other oxidation reactions.
Antioxidants could also interrupt peroxidation by
donating hydrogen atom rapidly to a lipid radical,
forming a new radical, more stable than the initial one
oxidative stress occurs when there are low levels of
antioxidants or inhibition of the antioxidant enzymes
resulting in cell damage or cell death(Awah et al., 2012).
Several commercially available synthetic antioxidants
such
as
butylated
hydroxyanisole,
butylated
hydroxytoluene (BHT) and tert-butylhydroquinone
(TBHQ) are currently in use but their possible toxic
properties for human health and environment are
inevitable (Harini et al., 2012). Hence the development
of alternative antioxidants from natural origin is the need
of the hour. Therefore, it is important to assess
antioxidant activity of the plants used in the herbal
medicine either to elucidate the mechanism of their
pharmacological action or to provide information on
antioxidant activity of these herbal plants (Molan et al.,
2012) Mangroves are biochemically unique, producing a
wide array of novel natural products. Substances in
mangroves have long been used in folk medicine to treat

283

Balan et al.

European Journal of Pharmaceutical and Medical Research

diseases. Mangrove and mangrove associates contain
biologically active antiviral, antibacterial and antifungal,
antiplasmodial
and
hepatoprotective
activities
(Ravikumar and Gnanadesigan., 2011; Gnanadesigan et
al., 2011). They provide a rich source of steroids,
triterpenes, saponins, flavanoids, alkaloids and tannins
(Kanchanapoom et al., 2001; Subasree et al., 2010; Xu et
al., 2004; Ravikumar et al., 2010). But, the studies
related with in vitro antioxidant activity from mangrove
plants are too limited. Therefore the main objective of
the study is to screen in vitro antioxidant activity of the
different solvent extracts of Petiveria alliacea L.,
(phytolaccaceae) and Belloperone plumbaginifolia
(acanthaceae).
MATERIALS AND METHODS
Collection of plant material
The whole plant of Petiveria alliacea L. and Beloperone
plumbaginifolia (Jacq.) Nees. were collected from four
different sites, around a radius of 1 km, at Pechiparai,
Kanyakumari District, Tamil Nadu (Area map). The
plant sample was identified with the help of local flora
and authenticated by Botanical Survey of India, Southern
Circle, Coimbatore, Tamil Nadu, India. A voucher
specimen of collected plants was deposited in the
Ethnopharmacology Unit, PG & Research Department of
Botany, V.O. Chidambaram College, Thoothukudi
District, Tamil Nadu, India.
Preparation of extract
100 g of the coarse powder of the whole plant of
Petiveria alliacea and Beloperone plumbaginifolia were
extracted successively with 250 ml of petroleum ether,
benzene, ethyl acetate, methanol and ethanol in a Soxhlet
apparatus for 24 hrs. All the extracts were filtered
through Whatman No. 41 filter paper separately and all
the extracts were concentrated in a rotary evaporator. All
the concentrated extracts were subjected to qualitative
tests for the identification of various phytochemical
constituents and used for in vitro antioxidant activity.
The methanol extracts were subjected to quantitative test
for the total phenolics and flavonoids. The ethanol
extracts were used for the GC-MS analysis and
pharmacological studies.
Estimation of total phenolics
Total phenolic content was estimated using FolinCiocalteau reagent based assay as previously described
(McDonald et al., 2001) with little modification. To 1 ml
of each extract (100 μg/ml), 5 ml of Folin-Ciocalteau
reagent (diluted ten- fold) and 4ml (75 g/L) of Na2CO3
were added. The mixture was allowed to stand at 20ºC
for 30 minutes and the absorbance of the developed
colour was recorded at 765 nm using UV-VIS
spectrophotometer. 1 ml aliquots of 20, 40, 60, 80, 100
μg/ml methanolic gallic acid solutions were used as
standard for calibration curve. The absorbance of
solution was compared with gallic acid calibration curve.
The total phenolic content was expressed as gallic acid
equivalents (GAE g/100 g dry weight of extract).
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Estimation of flavonoids
Total flavonoid content was determined according to
Eom et al. (2007). An aliquot of 0.5 ml of samples were
mixed with 0.1 ml of 10% aluminium chloride and 0.1
ml of potassium acetate (1M). In this mixture, 4.3 ml of
80% methanol was added to make 5 ml volume. This
mixture was vortexed and the absorbance was measured
spectrophotometrically at 415 nm. The value of optical
density was used to calculate the total flavonoid content
present in the sample.
DPPH radical scavenging activity
DPPH radical scavenging activity of petroleum ether,
benzene, ethyl acetate, methanol and ethanol extracts of
Whole plant of methanol extract of P. alliacea and B.
plumbaginifolia are given in Fig.1 and 2. The scavenging
effect of ascorbic acid, the standard and various solvent
extracts studied increased with the increase in the
concentration. Among the solvent tested, whole plant
methanol extracts of P. alliacea and B. plumbaginifolia
exhibited the highest DPPH radical scavenging activity.
At 800μg/ml concentration, the whole plant methanol
extracts of P. alliacea and B. plumbaginifolia exhibited
131.16% and 136.93% DPPH radical scavenging activity
respectively. IC50 values of whole plant methanol
extracts of P. alliacea and B. plumbaginifolia on DPPH
radical was found to be 37.12μg/ml and 34.18 μg/ml
respectively and for for both the experimental plants the
IC50 value was 28.13 μg/ml for ascorbic acid.
Hydroxyl radical scavenging activity
Hydroxyl radical scavenging activity of whole plant
petroleum ether, benzene, ethyl acetate, methanol and
ethanol extracts of P. alliacea and B. plumbaginifolia are
given in Fig.3 and 4. The whole plant methanol extract
of B. plumbaginifolia showed a very potent hydroxyl
radical scavenging activity and the whole plant benzene
exreact of P. alliacea showed the potent hydroxyl radical
scavenging activity. At 800μg/ml concentration, P.
alliacea and B.plumbaginifolia possessed 128.16% and
129.81% hydroxyl radical scavenging activity
respectively. The quantity of P. alliacea and B.
plumbaginifolia whole plant extracts required to produce
50% inhibition of hydroxyl radical was 33.14μg/ml and
33.18μg/ml respectively whereas 29.11μg/ml was needed
for ascorbic acid to produce 50% inhibition.
Superoxide radical scavenging activity
All the extracts of P. alliacea and B. plumbaginifolia
whole plants were subjected to be superoxide radical
scavenging activity and the results are shown in Fig.5
and 6. The maximum superoxide radical scavenging
activity, at 800μg/ml concentration, was exhibited by the
whole plant benzene extracts of P. alliacea and B.
plumbaginifolia (128.16% and 131.86% respectively).
This scavenging activity was higher than that of the
standard ascorbic acid (103.16%). IC50 values of whole
plant benzene extracts of P. alliacea and B.
plumbaginifolia, on superoxide radical lscavenging
activity, were 27.31μg/ml and 24.16 μg/ml respectively
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and the IC50 values for ascorbic acid were 30.16 μg/ml
and 30.66 μg/ml respectivey.
ABTS radical scavenging activity
The different solvent extracts of P. alliacea and B.
plumbaginifolia whole plants were subjected to be ABTS
radical cation scavenging activity and the results are
shown in Fig.7 and 8. The whole plant methanol extracts
of P. alliacea and B. plumbaginifolia exhibited a potent
ABTS radical cation scavenging activity in a
concentration dependent manner. At 800μg/ml
concentration, the whole plant methanol extracts of P.
alliacea and B. plumbaginifolia possessed 131.16% and
131.93% ABTS radical cation scavenging activity
respectively. IC50 values of methanol extracts of P.
alliacea and B. plumbaginifolia on ABTS radical were
36.81μg/ml and 36.73 μg/ml respectively and for trolox,
IC50 values of both the experimental plants were 30.66
μg/ml and 30.16 respectively.
Reducing power assay
Fig.9 and 10 showed the reducing abilities of different
solvent extracts of P. alliacea and B. plumbaginifolia
whole plants as compared to the standard ascorbic acid.
Absorbance of the solution was increased with the
concentration. A higher absorbance indicated a higher
reducing power. Among the solvent tested, the whole
plant
methanol
extracts
of
P.alliacea
and
B.plumbaginifolia exhibited higher reducing activity.
RESULTS AND DISCUSSION
Superoxide radicals, hydroxyl radicals, singlet oxygen,
hydrogen peroxide and other such reactive oxygen
species (ROS) are produced as by products during
reaction or because of exogenous factors (Cerutti, 1991).
In a biological process, a few ROS have a significant role
such as producing energy, phagocytosis, regulating cell
growth, intercellular signalling and also in the synthesis
of vital biological compounds. But, these ROS can have
adverse effects; also-attacking lipids in the cell
membrane and DNA, spur oxidation which in turn lead
to membrane damage like membrane lipid peroxidation
and a reduction in membrane fluidity. They can also
engender cancer causing DNA mutation (Pietta, 2000;
Cerutti, 1994). A potent scavenger of these species may
serve as a possible preventive intervention for free
radical-mediated diseases (Ames et al., 1995). Recent
studies showed that a number of plant products including
polyphenolic substances (e.g. flavonoids and tannins)
and various plant or herbal extracts exert antioxidant
actions (Yokozawa et al., 1998; Marja et al., 1999;
Gyamfi et al., 1999; Liu and Ng, 2000; Fejes et al.,
2000).
It has been suggested that fruits, vegetables and plants
contain a large variety of substances called
phytochemicals which are present in plants and are the
main source of antioxidant in the diet, which can
decrease the potential stress caused by reactive
oxygenspecies. The natural antioxidants may have free-
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radical scavengers, reducing agents, potential complexes
of peroxidant metals, quenchers of singlet oxygen etc.,
(Ebadi, 2002). The antioxidants can obstruct with the
oxidation process by reacting with free radicals (Gupta et
al., 2004 a). As synthetic antioxidants are found to have
adverse and cancer causing side effects, improved
interests and efforts are needed to identify viable natural
antioxidants that can be used in foods and medicinal
substances (Kumaran and Karunakaran, 2007).
Antioxidants derived from natural substances are
multifaceted and their range and effects are also
significant, offering immense scope for their exploitation
(Shirwaikar et al., 2006).
Hence, in the present study, the whole plant extracts of
P. alliacea and B. plumbaginifolia were investigated for
their antioxidant activity using DPPH radical, hydroxyl
radical, superoxide radical, ABTS radical cation
scavenging activities and reducing power assay.
DPPH radical scavenging activity
DPPH is a relatively stable radical. DPPH reacts with
suitable reducing agent. Depending on the number of
electrons taken up, the electrons become paired off and
solution loses colour stochiometrically (Blois, 1958).
DPPH was used to determine the proton radical
scavenging action of whole plant extracts of P. alliacea
and B.plumbaginifoilia. It possesses a proton free radical
and shows a typical absorbance at 517nm. From the
results obtained in the present study, it may be postulated
that whole plant extracts of P. alliacea and B.
plumbaginifoilia reduce the radical to corresponding
hydrazine when it reacts with hydrogen donors in
antioxidant principles (Sanchez-Moreno, 2002). In the
present study, among the solvents tested, the whole plant
methanol extracts of P. alliacea and B. plumbaginifoilia
exhibited the highest DPPH radical scavenging activity.
Similar results were obtained with the methanol extracts
of Cassia fistula (Ilavarasan et al., 2005), methanol
extract of C. auriculata barks (Mishra et al., 2011) and
methanol extracts of C. occidentalis leaves, stem and
seed (Arya and Yadav, 2011). The results showed that
the extracts with their proton donating ability could
provide free radical inhibitors or scavengers, acting
probably as primary antioxidants (Marxen et al., 2007).
Hydroxyl radical scavenging activity
The hydroxyl radical scavenging activity is measured as
the percentage of inhibition of hydroxyl radicals
produced in the Fenton's reaction mixture (Braugghler et
al., 1986) by revising the competition between
deoxyribose and the extract for hydrogen radicals
generated from Fe3+/ascorbate/EDTA/H2O2 systems.
The hydroxyl radicals attack deoxyribose which
eventually result in TBARS formation.
In the present study, whole plant methanol extract of B.
plumbaginifoilia showed maximum hydroxyl radical
scavenging activity when compared to standard ascorbic
acid. Similar hydroxyl radical scavenging activity was
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reported by (Ilavarasan et al., 2005) and Dheeraj et al.,
(2010) in Cassia fistula and C. sophera respectively. The
results of the present study showed a close agreement
with hyroxyl radical scavenging activity of Sauropus
bacciformis (Jenecius et al., 2012), Begonia malabarica,
B. floccifera (Kalpanadevi and Mohan 2012) and
Xanthosoma sagittifolium (Nishanthini and Mohan,
2012).
Superoxide radical scavenging activity
Superoxides are produced from molecular oxygen due to
oxidative enzymes (Sainani et al., 1997) of body as well
via non enzymatic reaction such as autooxidation by
catecholamines (Hemmani and Parihar, 1998). The
scavenging action towards the superoxide radical (O2-)
is measured in terms of inhibition of generation of O2-.
The whole plant methanol extracts of P. alliacea and B.
plumbaginifoilia possessed superoxide quenching ability.
This results obtaines in the present study is in accordance
with that of Baccharis grisebachii (Tapia et al., 2004)
and Calendula officinalis (Preethi et al., 2006). Based on
the results, it can be assumed that the extracts of P.
alliacea and B. plumbaginifoilia scavenge superoxide
radicals by combining with superoxide radical ions to
form stable radicals, thus terminating the radical chain
reaction (Wang et al., 2009).
ABTS radical cation scavenging activity
The inhibition of the absorbance of radical cation is
based on the ABTS assay. ABTS has a characteristic
long wave length absorption spectrum (Sreejayam and
Rao 1996). The ABTS chemistry involves direct
generation of ABTS radical mono cation with no
association of any intermediary radical. It is a
decolourization assay. Consequently, the radical cation is
executed prior to addition of antioxidant test system. The
results thus obtained imply the action of the extract by
slowing down the ABTS radicals. This is because both
inhibition and scavenging properties of antioxidants
towards ABTS radicals and this has been reported in the
past (Re et al., 1999). In the present study, whole plant
methanol extracts of P. alliacea and B. plumbaginifoilia
exhibited maximum ABTS radical cation scavenging
activity when compared to standard trolox. Similar
ABTS radical cation scavenging activities were reported
by Tresina et al. (2012a,b) in Eugenia singampattiana
and E. floccosa, (Kalpanadevi and Mohan 2012) in
Begonia malabarica and B. floccifera, (Murugan and
Mohan 2012) in Dioscorea esculenta.
Reducing power
Reducing power assay measures the electron-donating
capacity of an antioxidant (Yen and Chen, 1995;
Hinneburg et al., 2006). In this assay, the yellow colour
of the test solution changes to various shades of green
and blue, depending on the reducing power of each
compound. Presence of reducers cause the conversion of
ferricyanide complex to the ferrous form used in this
method may serve as a significant indicator of its
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antioxidant capacity (Yildirim et al., 2000; Amarowicz et
al., 2004). The existence of reductones is the key of the
reducing power, which exhibit their antioxidant activities
through the action of breaking the free radical chain by
donating a hydrogen atom (Singh and Ranjini, 2004).
The reduction of the ferricyanide complex to the ferrous
form occurs due to the presence of reductants in the
solution (Yen et al., 1993; Siddhuraju et al., 2002).
Antioxidant components and their activity are highly
dependent on extracting solvent and concentration of
solvent, but they also vary within the samples. Many
researchers have reported the relationship between
phenolic content and antioxidant activity. In some
studies, they found a correlation between the phenolic
content and antioxidant activity (Velioglu et al., 1998:
Yen et al., 1993: Kahkonen et al., 1999: Siddhuraju et
al., 2002).
In the present study, higher absorption at higher
concentration indicates the strong reducing power
potential of the extracts. It is suggested that the extracts
have high redox potential and can act as reducing agents.
Numerous studies have established a close link between
total phenolic content and the antioxidant capability of
the plant extract (Deighton et al., 2000: Vinson et al.,
1998 and Velioglu et al., 1998). As the chemical
composition and structure of active extract components
are vital aspects that decide the effectiveness of naturally
derived antioxidants, the antioxidant activity of any
extract cannot be adequately explained considering only
their phenolic content; it also requires their
characterization (Heinonen et al., 1998).
For example, phenolic compounds that have artho and
para-dihydroxylation or a hydroxyl and a methoxy group
have been found to be more efficacious than simple
phenols (Frankel et al., 1995 and Shahidi and
Wanasundara, 1992). Flavonoids, phenolic acids, tannins
and other such polyphenolic compounds are seen to exert
critical influence on the antioxidant activities of fruits
and vegetables with medicinal properties. Studies on
phenol and phenolic compounds such as flavonoids have
revealed to promote antioxidant activities; their influence
on human nutrition and human health are significant
(Kessler et al., 2003). But, the synergistic and additive
functions of the phenolics in the extracts cannot be
ignored. Fourteen compounds from P. alliacea and
twelve compounds from B. plumbaginifoilia were
isolated from the whole plant ethanol extracts by GC-MS
analysis. Among the compounds isolated, 2-propenoic
acid, 3-(4-methoxy phenyl)- ethyl ester, squalene and
vitamin E showed antioxidant activity. This is the first
report that envisages the antioxidant activities of
different solvent extracts of whole plants of P. alliacea
and B. plumbaginifoilia. Hence, the whole plants of P.
alliacea and B. plumbaginifoilia could be a good source
of antioxidant.
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Fig 1: DPPH radical scavenging activity of different solvent extracts of P. alliacea.

Fig.2: DPPH radical scavenging activity of different solvent extracts of B.plumbaginifolia

Fig.3: Hydroxyl radical scavenging activity of different solvent extracts of P. alliacea.
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Fig.4: Hydroxyl radical scavenging activity of different solvent extracts of B. plumbaginifolia.

Fig.5: Superoxide radical scavenging activity of different solvent extracts of P. alliacea.

Fig.6: Superoxide radical scavenging activity of different solvent extracts of B.plumbaginifolia.
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Fig.7: ABTs radical scavenging activity of different solvent extracts of P. alliacea.

Fig.8: ABTs radical scavenging activity of different solvent extracts of B. plumbaginifolia.

Fig.9: Reducing power assay of different solvent extracts of P. alliacea.
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Fig.10: Reducing power assay of different solvent extracts of B. plumbaginifolia.
CONCLUSION
On the basis of results, in this study, it can be concluded
that, all the extracts of Petiveria alliacea L.,
(phytolaccaceae) and Belloperone plumbaginifolia
(acanthaceae) is cabable of scavenging a wide range of
free radicals. The extracts contain higher quantities of
total phenolics and flavonoids, which exhibit antioxidant
and free radical scavenging activity. In vitro assay
systems confirm as Petiveria alliacea L., and
Belloperone plumbaginifolia natural antioxidants but it is
doubtful that specific compounds responsible for
antioxidant activity. Further in vivo assessment is also
needed to confirm antioxidant nature of Petiveria
alliacea L., and Belloperone plumbaginifolia.
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