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Abstract: The antioxidant activity of the two desert plants Aerva javanica (AJ) and Oxystelma esculentum (OE)
was successfully analyzed using differential pulse voltammetry. The antiradical activity was separately checked
against the electrochemically generated superoxide anion radical inaqueous and organic media. The decrease
in the cathodic current with the progressive increase of the extract amount is rationalized as free radical
consumption by the added extract. Quantification is made in terms of antioxidant activity coefficient (K) and
antioxidant capacity index (IC ). The results showed the presence of potential antioxidant compounds in the50

extracts used. The antiradical activity was found higher in methanol extracts to that in acetone extracts.
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INTRODUCTION exogenous antioxidants act through nonenzymatic

Nature has gifted countless offerings to human being The various defense reactions are complementary to each
in the form of plants. One of the major sources of other as they act at different sites in different times. Thus
exogenous medication is plants. Most of the present day the need of dietary antioxidants is an essential therapy[5].
medicines are a result of traditional knowledge in one way For the purpose different plants remained a potential
or other about the herbs and plants in the different parts source of such useful antioxidants. A vague but highly
of the globe. One such property is the antioxidant activity probable indication is the traditional use of the herbs and
(AOA) which is defined as the process that prevents or plants in different regions for medicinal applications.
significantly retards the oxidation of easily oxidizeable As the potential antioxidants of different kinds may
substances. As most of the oxidation reactions are present in various parts of plants including roots, fruit,
initiated by some radicals therefore the scavenging of the stem and leaves therefore plant extracts are useful to be
free radicals is also used as a synonym of the antioxidant analyzed and processed accordingly. The two plants
activity. However the biologists are more specific and namely Aerva javanica (AJ)Oxystelma esculentum (OE)
define antioxidants as the “compounds that prevent selected for the present study are in use for decades in
biological systems against the potentially harmful effects the local medications. Therefore it is felt that they need a
of processes or reactions that can cause excessive scientific approach for the evaluation of the compounds
oxidation” [1]. present and their effect on the different free radicals

A class of the species [2] identified to induce such present in our body. The local utility and scientific study
oxidative damage are termed as reactive oxygen species carried out so far on these plants is briefed below to
(ROS) such as OH, HO , O , H O . In ideal conditions the understand the drug potential property they have.• - •

2 2 2 2

free radicals produced in the body are used up naturally Seed heads of Aerva javanica are harvested for their
due to metabolic processes. These antioxidants are termed soft fibers, rubbed between the palms and used for pillow
as endogenous and they act through enzymatic defenses in Middle East. They are used as a source of hair-dye
such as catalase, superoxide dismutase while the Socotra, in local medicine they were also used for the

defenses of glutathione and iron binding proteins[3,4].
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treatment of kidney diseases [6]. Previous reports show technique. The differential pulse voltammograms of the
the anti-inflammatory [7] antiplasmodial [8] antidiarrhoeal radical are presented in Fig. 1a and Fig. 1b in inorganic
[9],  antihyperglycaemic  [10], anticalculus, anthelmintic and organic medium respectively. The Platinummetal was
[11, 12],  diuretic,  demulcent and antibacterial activity. used as working electrode in the former case while in later
The plant is also used in the treatment of headache, renal glassy carbon (GC) was employed. It is apparent from the
disorders,  diuretic  and  rheumatism  and  as insecticide figures that the oxygen reduction is easier in the aqueous
[11, 12]. system (E = -0.06V) than to that in DMSO (E = -0.56V).

Oxystelma esculentumis used medicinally in Egypt. The peak height (current value) shows the concentration
Different parts of this plant have been claimed to be of the molecular oxygen dissolved in the solution. The
effective in a wide spectrum of diseases [13]. The plant is reported solubility of the oxygen in aqueous medium is
hot, bitter, tonic, expectorant, pungent, dry and around 1mM [22] and it is 2.1mM in pure DMSO [23] from
indigestible; causes flatulence, diuretic, laxative, which the solubility in DMSO + water (8:1) mixture can be
aphrodisiac, anthelmintic, useful in leucoderma and estimated around 1.5 to 1.8mM. It must be noted down
bronchitis. Its juice is used in gleet, gonorrhea, pain in the that small variation in the peak potential and peak current
muscles,cough and given to children as an astringent. of the electro reduction of atmospheric oxygen is
The milky sap forms a wash for ulcers. The herb also acceptable as discussed elsewhere [24].
contains antiseptic properties and its decoctation is
useful as a gargle in mouth and throat infection [14]. It is Voltammetric Behavior of Extracts: One of the
used to treat candidacies which is a fungal disease caused prerequisite of the method selected for AOA
by the fungi Candida albicans [13]. It can be used as a determination is the electro- inactivity of the samples
natural antioxidant [15] and also have the antibacterial [16] (plants extracts here) in the potential range of the target
and diuretic activity [17]. Methanol extract of Oxystelma radical. To account for this all the extracts were subjected
esculentum was used to prevent the hepatotoxicity effect to DP analysis in the potential range of -2 to +2V.
of paracetamol. Some medical aspects of the plant were Corresponding DP voltammograms of the four extracts in
also pointed out by Zahran [18]. inorganic and organic media are given in the Fig. 2 and

Keeping the traditional use of these plants in mind Fig. 3. It was found that all the extracts are electroactive
and a several other utilities detected scientifically an either in negative or positive potential range indicating
attempt has been made to see the antioxidant effect of the presence of redox active centers. Luckily and
these  plant  extracts  on  the  superoxide anion radical. desirably all the extracts showed electro-inactivity in the
The superoxide radical was selected as target radical due potential window of superoxide anion radical.
to its hazardous nature including the ability to cause
cancer. Superoxide is an anion radical with the chemical Voltammetric Behavior of Superoxide Anion Radical in
formula O . It is formed by the one-electron reduction of the Presence of Extracts: Radical Scavenging behaviour2

-

dioxygen (O ), which is present abundantly in nature [19] of  all  the  extracts  was  checked from minimum volume2

Superoxide anion is most dangerous radical among all (20 µL) up to maximum (400 µL) by stepwise addition of
oxygen radicals because it has longer half life and thus extract in the solution having superoxide radical. DP
can move to a longer distance [20] and also acts as voltammograms of the superoxide radical in the presence
initiator for some other radicals i.e. hydroxyl radicals. of MeOH and acetone extracts of AJ and OE are
Superoxide radical is toxic in nature and has the ability to presented in Fig. 4 and Fig. 5.
react with different organic compounds due to its redox It is apparent from the voltammograms that the
and paramagnetic nature [21]. For antiradical analysis the addition of the extracts in the superoxide radical solution,
methanol and acetone extracts of the both the plants were decreases the cathodic current i.e. reduction current of
used. oxygen with negative shift in peak potential. The

RESULTS AND DISCUSSION increasing the extract volume (amount) is obvious

Voltammetric Behaviour of Superoxide Anion Radical: generated O . This behaviour of extracts ensures that
Superoxide  radical  was generated by the one electron they have compounds owing antioxidant character which
reduction of atmospheric oxygen dissolved in the solution scavenge superoxide radical and thus decrease its
by sensitive differential pulse voltammetry (DPV) concentration  at  the  electrode  surface.   As   for   as  the

p p

systematic decrease in the peak current with continuously

indication of the consumption of the electrochemically
2

-•
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Fig. 1: DP voltammogram of O in; (a)BRB (7.4) on Pt electrode (b) DMSO + water (8:2) on GC as electrode, vs.2
-

Ag/AgCl as reference at 25±1°C with scan rate of 10 mV/s

Fig. 2: DP voltammograms of 60µL (a) AJ (MeOH extract) (b) OE (MeOH extract) in BRB (7.4) on Pt electrode vs.
Ag/AgCl as reference at 25±1°C with scan rate10mV/s

Fig. 3: DP voltammograms of 60µL (a) AJ (Acetone extract) (b) OE (Acetone extract) in DMSO + water ( 0.1M TBAP)
on GC electrode vs. Ag/AgCl as reference at 25±1°C with scan rate 10mV/s

relative effect in the MeOH and acetone extracts is Another feature which was found in all the cases is
concerned the percentage decrease in former case is a small but significant negative shift in the peak potential
higher i.e. the scavenging of the radical occurs at low on adding the plant extract. The first thing which may be
concentration (volume element) of the extract. This points claimed is the inhibitory nature of the added extracts as
towards the capability of the MeOH extract to elute more they make the reduction of molecular oxygen more and
potential compounds with respect to antioxidant activity more difficult with their increasing amount. In other wards
prospective. it can be interpreted as the thermodynamic defeasibility of
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Fig. 4: DP voltammograms of O in presence of different volumes of (a) AJ (MeOH extract) (b) OE (MeOH extract) in2
-

BRB (7.4) on Pt electrode vs. Ag/AgCl as reference at 25±1°C with scan rate 10mV/s

Fig. 5: DP voltammograms of O in presence of different volumes of (a) AJ (Acetone extract) (b) AJ (Acetone extract)2
-

in DMSO + water ( 0.1M TBAP) on GC electrode vs. Ag/AgCl as reference at 25±1°C with scan rate 10mV/s

the production of the O  villain radical. The second2
-•

aspect is the nature of interaction, this could be ascribed
to electrostatic interaction between the O  and2

-•

compounds present in the extracts. However the precise
justification can only be possible after the isolation of the
components from the extracts. That will also be helpful to
investigate and understand the mechanism of the radical
scavenging. Despite of this missing information the
subject under discussion is not affected. Lastly the
voltammetric data also inform about the inertness of the
extracts towards the molecular oxygen while showing no
pre peak before the formation of the O  radical.2

-•

Antioxidant Activity (AOA): To quantify the results
degree of the interaction of the compound/substrate with
the superoxide radical was obtained as antioxidant activity
coefficient (K) using following equation [25, 26]. The
constant K is defined as the ratio of current density
values, with and without the addition of substrate to the
free radical. 

Table 1: Antioxidant activity coefficient (K) and IC50 data for the two plant
extracts against superoxide anion as target radical at 25°C

Extract K x10 /L  (DPV) IC (µL) (DPV)-3 1
50

AJ(MeOH) 3.8 117
OE(MeOH) 5.3 81
AJ(Acetone) 0.9 202
OE(Acetone) 2.2 174

where j  is the current density of radical in the absence ofo

the substrate, j  is the residual current density of radical.res

The equation was employed only for the region in which
there was a linear change in the value i.e. at low volume of
additives. The representative plots are given in Fig. 6 and
the  quantitative  data  of  the parameter K is given in
Table 1.

The  K  values  show that these extracts have
powerful antioxidants which react with the superoxide
radical and act as powerful scavenger. The AOA data
shows  the  highest  scavenging  ability  of  free  radical is
of OE (MeOH) informing about the fact that either the
extract contains much higher concatenation of the
antioxidants than others or it may contain a very high
potency  antioxidant  species. The relatively higher values
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Fig. 6: Relative change in the O cathodic current density vs. change in volume of the (a) AJ (MeOH extract) (b) OE2
-

(Acetone)

Fig. 7: Histogram of IC  values for Aerva javanica (AJ)50

and Oxystelma esculentum (OE)extracts against Experimental
superoxide anion radical at 25°C from DP Reagents: Dimethyl sulphoxide (DMSO) of analytical
voltammetry grade purchased from LAB-SCAN/Analytical Sciences

of the MeOH extracts are in accordance with the above Tetrabutyl ammonium perchlorate (TBAP) of Fluka
mentioned deliberations based upon the voltammetric Company, 99% was used as supporting electrolyte and its
behaviour. Similarly the data confirms higher antiradical concentration was kept 0.1 M. When required doubly
activity by OE plant in comparison to AJ. Moreover the distilled water (H O) was used as solvent. Britton-
magnitude of the antioxidant coefficient values is Robinson buffer (BRB) solution containing each
comparable to some polyphenolic compounds [24]. As far component acid (Boric acid, Acetic acid and Phosphoric
as the effect of medium is concerned it has already been acid) at 0.04 M and titrated against 0.2 M NaOH solution
taken care of while considering the fact that MeOH to adjust the pH (7.4) was used.
extracts were used only in aqueous BRB solutions while
the acetone extracts in organic solvent. Medicinal Plants: Aerva javanicaand Oxystelma

Antioxidant Capacity Index (IC ): Another useful Tehsil Yazman District Bahawalpur, Pakistan, in December50

quantitative parameter is the well established antioxidant 2009. The identification of the plants was carried out with
capacity index IC  (amount of antioxidant for 50% the help and kind cooperation of Dr. Muhammad Arshad50

consumption of the radical concentration) [27]. As the (late), Director Cholistan Institute of Desert Studies,
peak current is linearly proportional to the concentration Islamia University, Bahawalpur.

of the analyte therefore the change in the peak current
depicts proportional decrease in the concentration of the
sample. The consumption was expressed by a
dimensionless parameter (I -I )/I  which was plotted vs.po p po

volume of extract. When the substrate concentration i.e.
volume was increased the calculated values for (I -I )/Ipo p po

were out of straight line and decrease in current was
obtained by extrapolation. The corresponding values are
given in Table 1. From the table it is apparent that tested
substrates follow the expected inverse order of AOA.
Smaller the IC  values, stronger will be the compound’s50

antioxidant activity towards free radical. The comparison
is shown in the histogram (Fig. 7).

was used as solvent without further purification.

2

esculentumwere collected fromMouj Garh Cholistan,
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Instrumentation: Differential pulse voltammetry (DPV) CONCLUSION
technique was used by means of Eco Chemie Autolab
PGSTAT 302 potentiostat/galvanostat (Utrecht, The It was found that the two plants namely Aerva
Netherlands) along with the software GPES 4.9. All the javanica (AJ) and Oxystelma esculentum (OE) show
experimentation was made in an electrochemical cell of antioxidant activity against the superoxide anion radical
5mL volume using conventional three electrode system at in both the organic and inorganic media. The extracts
25°C. Working electrodes were Glassy Carbon (GC, of obtained in methanol were found more active than those
0.013 cm  active area) and Pt disc (active area of 0.018 cm ) attained in acetone. The OE extract was found to possess2 2

for organic and inorganic media respectively. Electrode strong antiradical character than to that of AJ extract in
surface was polished before each measurement. Counter either of the medium. The high values of the antioxidant
electrode was a coiled shaped platinum wire (of 0.5mm activity coefficient (  10 ) not only complement the
diameter) and silver-silver chloride (Ag/AgCl, 3M NaCl) qualitative behaviour but are suggestive to some very
was used as a reference electrode. potential polyphenolic compounds in these plants. The

Procedure: The aerial parts of plant were dried under compounds for their proper use in pharmaceutical
shade to constant weight. The dried material was then industry. The work has already been initiated in our labs.
crushed into small pieces. Next it was mechanically
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