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a b s t r a c t

In the present study, we carried out a systematic research on relative antioxidant activity of aqueous leaf
extract of Stevia rebaudiana. The DPPH activity of aqueous leaf extract (20, 40, 50, 100 and 200 �g/ml)
was increased in a dose dependent manner, which was found in the range of 40.00–72.37% as compared
to ascorbic acid 64.26–82.58%. The IC50 values of aqueous extract and ascorbic acid in DPPH radical scav-
enging assay were obtained to be 83.45 and 26.75 �g/ml, respectively. Measurement of total phenolic
ntioxidant activity
queous leaf extract
otal phenolic content

content of the aqueous leaf extract of S. rebaudiana was achieved using Folin-Ciocalteau reagent contain-
ing 56.73 mg/g of phenolic content, which was found significantly potent when compared to reference
standard gallic acid. The aqueous extract also inhibited the hydroxyl radical, nitric oxide and superoxide
anions with IC50 values of 100.86, 98.73 and 100.86 �g/ml, respectively. The greater amount of phenolic
compounds leads to more potent radical scavenging effects as shown by the aqueous leaf extract of S.
rebaudiana.
. Introduction

Approximately 80% of the world populations depend exclusively
n plants for their health and healing. Whereas in the developed
orld, reliance on surgery and pharmaceutical medicine is more
sual however in the recent years, more and more people are com-
lementing their treatment with natural supplements (Dursum
t al., 2004). Nowadays motivation of people towards herbs is
ncreasing due to the concern about the side effects of synthetic
hemical drugs. People want to concern their own health rather
han submitting themselves to impersonal health care system.

any herbal and some common medicinal plants are good sources
f antioxidant compounds. Many of the biologically active sub-
tances found in plants, including phenolic compounds (flavonoid,
henolics) are known to possess potential antioxidant properties.
he antioxidant activity of medicinal plants depends on the con-
entration of individual antioxidant entering into the composition
Larson, 1988).

Antioxidants are micronutrients that have gained importance
n recent years due to their ability to neutralize free radicals. Free

adicals have been implicated in the etiology of several major
uman ailments including cancer, cardiovascular diseases, neural
isorders, diabetes and arthritis (Devasagayam et al., 2004). Antiox-
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idants have been reported to prevent oxidative damage caused
by free radical, they can interfere with the oxidation process by
reacting with free radicals, chelating, catalytic metals and also
by acting as oxygen scavengers (Buyukokuroglu et al., 2001). The
potentially reactive derivatives of oxygen, attributed as reactive
oxygen species (ROS), are continuously generated inside the human
body which are detoxified by the antioxidants present in the body.
However, overproduction of ROS and/or inadequate antioxidant
defense can easily affect and persuade oxidative damage to vari-
ous biomolecules including proteins, lipids lipoproteins and DNA
(Farber, 1994). This oxidative damage is a critical etiological fac-
tor implicated in several chronic human diseases such as diabetes
mellitus, cancer, atherosclerosis, arthritis and neurodegenerative
diseases as well as ageing process.

Recently there has been an upsurge of interest in the therapeutic
potentials of plants, as antioxidants in reducing free radical induced
tissue injury. Although several synthetic antioxidants, such as buty-
lated hydroxyanisole (BHA) and butylated hydroxytoluene (BHT),
are commercially available, but are quite unsafe and their toxic-
ity is a problem of concern. Hence, strong restrictions have been
placed on their application and there is a trend to substitute them
with naturally occurring antioxidants. Natural plant-based antiox-
idants especially phenolics and flavonoids have been exploited

commercially either as antioxidant additives or as nutritional sup-
plements (Schuler, 1990). Also many other plant species have been
investigated in the search for novel antioxidants (Chu et al., 2000).
However there is still a demand to find more information concern-
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ng the antioxidant potential of plant species as they are safe and
lso bioactive. Therefore, in recent years, considerable attention has
een directed towards the identification of plants with antioxidant
bility.

Stevia rebuadiana (Bert.), Bertoni is an herbaceous perennial
lant of the Asteraceae family. It is native of Paraguay, where it
rows wild in sandy soil (Goenadi, 1983). The main sweet compo-
ent in the leaves of S. rebuadiana is stevioside (Geuns, 2000). Stevia
weetener extractives have been suggested to exert beneficial
ffects on human health, including antihypertensive (Chan et al.,
000), antihyperglycemic noncariogenic, anti human rota virus
ctivities, glucose metabolism (Suanarunsawat and Chaiyabutr,
997) and renal function (Jutabha and Chatsudthipong, 2000).
queous extract of S. rebuadiana dried leaves induce systemic and
enal vasodilation, causing hypotension, diuresis and natriuresis in
ats (Melis, 1995).

To the best of our knowledge, no reports are available on the
ntioxidant potential of aqueous extract of S. rebuadiana leaves
herefore, present investigation was undertaken to examine the
otal phenolic content and antioxidant potential of aqueous leaf
xtract of S. rebuadiana through various in vitro models.

. Materials and methods

.1. Chemicals

Chemical reagents nitroblue tetrazolium (NBT), 2,2-diphenyl-1-
icrylhydrazyl (DPPH) were purchased from Sigma Germany, gallic
cid (standard solution) (Loba Chemie, Mumbai), sodium carbonate
S.D-Fine Chemicals, Mumbai) and sodium nitroprusside (10 mM)
olution and trichloro acetic acid (TCA) (S.D-fine chemicals, Mum-
ai).

.2. Plant material

The leaves of Stevia rebaudiana were collected in March 2007
rom Sagar District, Madhya Pradesh, India. Further taxonomic
dentification was conducted by harberium incharge at the Depart-

ent of Botany, Dr. H. S. Gour University, Sagar, MP, India. A
oucher specimen (Bot/H/3352) was deposited in the herbarium of
aboratory of Microbiology, Department of Botany, Dr. H. S. Gour
niversity, Sagar, MP, India.

.3. Preparation of the extract

The air-dried leaves of S. rebaudiana (50 g) were powdered and
hen extracted with 500 ml of distilled water by merceration pro-
ess. The crude extract was filtered and evaporated under reduced
ressure to give a viscous mass with a percentage yield of 8.0%
w/w). The extract was stored at 4 ◦C for further use. This aque-
us leaf extract of S. rebaudiana (ALES) was reconstituted in known
mount of water and used for the assessment of antioxidant activ-
ty.

.4. Determination of total phenolic content

Total soluble phenolics in the leaf aqueous extract of S. rebau-
iana were determined with Folin-Ciocalteau reagent according
o the method using gallic acid as a standard phenolic compound
Slinkard and Singleton, 1977). 1.0 ml of extract solution contain-
ng 1.0 g extract in a volumetric flask was diluted with 46 ml of
istilled water. 1.0 ml of Folin-Ciocalteau reagent was added and

ixed thoroughly. Three minutes later, 3.0 ml of 2% sodium carbon-

te was added and the mixture was allowed to stand for 3 h with
ntermittent shaking. The absorbance of the blue color that devel-
ped was measured at 760 nm. The concentration of total phenolic
ogic Pathology 64 (2012) 807–811

content was expressed as mg/g of dry extracts. The concentration of
total phenolic content in the extract was determined as �g of gallic
acid equivalent using an equation obtained from the standard gallic
acid graph:

absorbance = 0.0008 × gallic acid (�g).

2.5. Determination of DPPH (1-1-diphenyl 2-picryl hydrazyl)
radical scavenging activity

The DPPH free radical scavenging activity of aqueous extract of
S. rebaudiana leaf was measured in terms of hydrogen donating
or radical-scavenging ability using the stable radical DPPH (Blios,
1958). 0.1 mM solution of DPPH in ethanol was prepared and 1.0 ml
of this solution was added to 3.0 ml of extract solution in water at
different concentrations (20–200 �g/ml). Thirty minutes later, the
absorbance was measured at 517 nm. Ascorbic acid was used as the
reference standard compound. Lower absorbance of the reaction
mixture indicated higher free radical scavenging activity. DPPH rad-
ical scavenging activity was expressed as the inhibition percentage
of free radical by the sample and was calculated using the following
formula:

%inhibition = A0 − At

A0
× 100.

where A0 was the absorbance of the control (blank, without extract)
and At was the absorbance in the presence of the extract. All the
tests were performed in triplicate and the graph was plotted with
the mean values.

2.6. Determination of hydroxyl radical scavenging activity

The hydroxyl radical scavenging capacity was measured using
modified method as described previously (Halliwell et al., 1987).
Stock solutions of EDTA (1 mM), FeCl3 (10 mM), ascorbic acid
(1 mM), H2O2 (10 mM) and deoxyribose (10 mM) were prepared
in distilled deionized water. The assay was performed by adding
0.1 ml EDTA, 0.01 ml of FeCl3, 0.1 ml of H2O2, 0.36 ml of deoxyri-
bose, 1.0 ml of extract (20–200 �g/ml) each dissolved in distilled
water, 0.33 ml of phosphate buffer (50 mM, pH 7.4) and 0.1 ml of
ascorbic acid in a sequence. The mixture was then incubated at
37 ◦C for 1 h. 1.0 ml portion of the incubated mixture was mixed
with 1.0 ml of (10%) TCA and 1.0 ml of (0.5%) TBA (in 0.025 M NaOH
containing 0.025 M NaOH BHA) to develop the pink chromogen
measured at 532 nm. The hydroxyl radical scavenging activity of the
extract was measured as the percentage of inhibition of deoxyri-
bose degradation and was calculated according to the following
equation:

%inhibition = A0 − At

A0
× 100.

where A0 was the absorbance of the control (blank, without extract)
and At was the absorbance in the presence of the sample of the
extract. All the tests were performed in triplicate and the graph was
plotted with the mean values. Ascorbic acid was used as a positive
control.

2.7. Determination of nitric oxide radical scavenging activity

Nitric oxide was generated from sodium nitroprusside and mea-
sured by the greiss reaction. Sodium nitroprusside in aqueous
solution at physiological pH spontaneously generates nitric oxide

(Marcocci et al., 1994) which interacts with oxygen to produce
nitric ions that can be estimated by using greiss reagent. Scavengers
of nitric oxide compete with oxygen leading to reduce production
of nitric oxide. Sodium nitroprusside (5 mM) in phosphate buffer
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aline (PBS) was mixed with 3.0 ml of different concentrations
20–200 �g/ml) of the ALES and incubated at 25 ◦C for 150 min.
he samples were added to greiss reagent (1% sulphanilamide,
% H3PO4 and 0.1% napthylethylenediamine dihydrochloride). The
bsorbance of the chromaphore formed during the diazotiza-
ion of nitrite with sulphanilamide and subsequent coupling with
apthylethylenediamme was measured at 546 nm and referred to
he absorbance of standard solutions of ascorbic acid treated in the
ame way with Greiss reagent as a positive control. The percentage
f inhibition was measured by the following formula:

inhibition = A0 − At

A0
× 100.

here A0 was the absorbance of the control (blank, without extract)
nd At was the absorbance in the presence of the extract. All the
ests were performed in triplicate and the graph was plotted with
he mean values.

.8. Determination of superoxide radical scavenging activity

This activity was measured using NBT (nitro blue tetrazolium
eagent) method as described by Sabu and Ramadasan (2002).
he method is based on generation of superoxide radical (O2

−)
y auto oxidation of hydroxylamine hydrochloride in presence of
BT, which gets reduced to nitrite. Nitrite in presence of EDTA
ives a color that was measured at 560 nm. Test solutions of extract
20–200 �g/ml) were taken in a test tube. To this, reaction mixture
onsisting of 1 ml of (50 mM) sodium carbonate, 0.4 ml of (24 mM)
BT and 0.2 ml of 0.1 mM EDTA solutions were added to the test

ube and immediate reading was taken at 560 nm. 0.4 ml of (1 mM)
f hydroxylamine hydrochloride was added to initiate the reac-
ion then reaction mixture was incubated at 25 ◦C for 15 min and
eduction of NBT was measured at 560 nm. Ascorbic acid was used
s the reference compound. Decreased absorbance of the reaction
ixture indicates increased superoxide anion scavenging activity.
ll the extracts of S. rebuadiana were treated in the similar man-
er, absorbance was recorded and the percentage of inhibition was
alculated according to the following equation:

inhibition = A0 − At

A0
× 100.

here A0 was the absorbance of the control (blank, without extract)
nd At was the absorbance in the presence of the samples of the
xtract. All the tests were performed in triplicate and the graph
as plotted with the mean values.

. Results and discussion

.1. Total phenolic content

There are increasing evidences that indigenous antioxidants
ay be useful in preventing the deleterious consequences of oxida-

ive stress and there is a great interest in the protective biochemical
unctions of natural antioxidants present in spices, herbs and

edicinal plants (Gyamfi et al., 2002). The total amount of phenolic
ontent present in the aqueous leaf extract of S. rebaudiana (ALES)
s shown in Fig. 1. In one gram of aqueous leaf extract, 56.74 mg
allic acid equivalent of phenols was detected while ethanolic leaf
xtract of S. rebaudiana has been reported to show 61.50 mg gal-
ic acid equivalent of phenols (Shukla et al., 2009). These results
uggest that the higher levels of antioxidant activity were due to
he presence of phenolic components. From all these observations it

an be concluded that the plant extracts with high level of polyphe-
olic compounds show good antioxidant activity in vitro systems.

t is known that polyphenolic compounds have inhibitory effects
n mutagenesis and carcinogenesis in humans when ingested up
Fig. 1. Amount of total phenolic content in the aqueous leaf extract of Stevia rebau-
diana. ALES: aqueous leaf extract of S. rebaudiana.

to 1 g daily from a diet rich in fruits and vegetables (Tanaka et al.,
1998). Methanol extract of Mucuna pruriens seeds showed high-
est total phenolic content and antioxidant activity (Rajeshwar et
al., 2005). The interests of phenolics are increasing in the food
industry because they retard oxidative degradation of lipids and
thereby improve the quality and nutritional value of food (Aneta
et al., 2007).

3.2. Inhibition of DPPH radical

DPPH method is widely reported for screening of antioxidants
and for determining comparative antioxidant effectiveness (Vani
et al., 1997). The DPPH radical is considered to be a model for a
lipophilic radical. A chain in lipophilic radicals is initiated by the
lipid autoxidation (Ingold et al., 1993). The reduction capability of
DPPH was determined by the decrease in its absorbance at 517 nm,
which is induced by antioxidants. Positive DPPH test suggested that
the samples were free radical scavengers. On the DPPH radical,
aqueous leaf extract had significant radical scavenging effect with
increasing concentration in the range of 20–200 �g/ml when com-
pared with that of ascorbic acid, the scavenging effect of aqueous
leaf extract was little lower. Similar dose dependent results were
observed in methanol extracts of Camellia sinensis, Ficus bengalensis
and Ficus racemosa as they contained relatively higher levels of total
phenolics then acetone extracts (Manian et al., 2008). A 200 �g/ml
of aqueous leaf extract (ALES) and ascorbic acid exhibited 72.37 and
82.58% inhibition, respectively and the IC50 values were found to
be 83.45 and 26.75 �g/ml for ALES and ascorbic acid, respectively
(Table 1). The different concentrations of aqueous leaf extract (20,
40, 50, 100 and 200 �g/ml) showed antioxidant activities in a dose
dependent manner (40.00, 46.84, 51.35, 64.26 and 72.37% inhibi-
tion), respectively on the DPPH radical scavenging assay (Fig. 2). A
higher DPPH radical scavenging activity is associated with a lower
IC50 value.

3.3. Hydroxyl radical scavenging

The hydroxyl radical is an extremely reactive free radical formed
in biological systems and has been implicated as a highly damaging
species in free radical pathology, capable of damaging almost every
molecule found in living cells (Hochestein and Atallah, 1988). This
radical has the capacity to join nucleotides in DNA and can cause
strand breakage which contributes to carcinogenesis, mutagenesis
and cytotoxicity (Manian et al., 2008). Hydroxyl radical scavenging

capacity of an extract is directly related to its antioxidant activity
(Babu et al., 2001). The fentone reaction generates hydroxyl radicals
(OH) which degrade DNA deoxyribose, using Fe2+ salts as an impor-
tant catalytic component. Oxygen radicals may attack DNA either
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Table 1
Effect of aqueous leaf extract of Stevia rebuadiana on different radical scavenging activities.

IC50 values of
ALES

DPPH radical
scavenging
activity

AA Hydroxyl
radical
scavenging
activity

AA Nitric oxide
radical
scavenging
activity

AA Super oxide
radical
scavenging
activity

AA

83.45 26.75 100.86 71.41

ALES: aqueous leaf extract of Stevia rebuadiana; AA: ascorbic acid.
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Fig. 2. DPPH radical scavenging activity of the aqueous leaf extract of S. rebaudiana.
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inhibition, respectively (Fig. 5). IC50 value of ALES on superoxide
LES: aqueous leaf extract of S. rebaudiana.

t the sugar or the base, giving rise to a large number of products
Rajeshwar et al., 2005). The percent inhibition of ALES on hydroxyl
adical scavenging at the used concentrations of 20, 40, 50, 100 and
00 �g/ml was found to be 40.67, 43.11, 53.82, 68.19 and 79.81%,
espectively. All results showed antioxidant activity in dose depen-
ent manner. A 200 �g/ml of ALES and ascorbic acid exhibited 79.81
nd 72.47% inhibition, respectively (Fig. 3) and their respective IC50
alues were found to be 100.86 and 71.41 �g/ml (Table 1). The abil-
ty of the above mentioned extract to quench hydroxyl radicals
eems to be directly related to the prevention of propagation of
he process of lipid peroxidation and seems to be good scavenger
f active oxygen species, thus reducing the rate of the chain reac-
ion. Cox et al. (2005) also reported that the water extracts of Smilax
lyciphylla also inhibited deoxyribose degradation. Hagerman et al.
1998) explained that high molecular weight and the proximity of

any aromatic rings and hydroxyl groups are more important for
he free radical-scavenging activity by phenolics than their specific

unctional groups.
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ig. 3. Hydroxyl radical scavenging activity of the aqueous leaf extract of S. rebau-
iana. ALES: aqueous leaf extract of S. rebaudiana.
98.73 66.01 100.86 36.69

3.4. Nitric oxide radical scavenging

Nitric oxide is an essential bioregulatory molecule required
for several physiological processes like neural signal transmission,
immune response, control vasodilatation and control of blood pres-
sure (Jagetia et al., 2002). Nitric oxide plays an important role
in various types of inflammatory processes in the animal body.
In the present study, the aqueous leaf extract of S. rebaudiana
(ALES) was checked for its inhibitory effect on nitric oxide pro-
duction. Nitric oxide radical generated from sodium nitroprusside
at physiological pH was found to be inhibited by ALES. The various
concentrations of ALES (20, 40, 50, 100 and 200 �g/ml) showed
(38.56, 42.82, 45.29, 57.39 and 68.38% inhibition), respectively.
Results showed the percentage of inhibition was in a dose depen-
dent manner (Fig. 4). Similar findings were observed in case of
M. pruriens seeds (Rajeshwar et al., 2005). A 200 �g/ml of ALES
and ascorbic acid exhibited 68.38 and 71.52% inhibition, respec-
tively. Sreevidya et al. (2006) reported the nitric oxide scavenging
activity in hexane, ethylacetate and 80% aqueous alcohol extract
of Chlorophytum tuberosum, presence of sugars, saponins and tan-
nins indicate the potent antioxidant activity. The concentration of
ALES needed for 50% inhibition (IC50) was found to be 98.73 �g/ml,
whereas 66.01 �g/ml was needed for ascorbic acid (Table 1). The
results were found to be statistically significant (P < 0.05).

3.5. Super oxide radical scavenging

Superoxide radical is known to be very harmful to cellular
components as a precursor of the more reactive oxygen species,
contributing to tissue damage and various diseases (Halliwell and
Gutteridge, 1999). Different concentrations of ALES (20, 40, 50,
100 and 200 �g/ml) had strong superoxide scavenging activity
(27.56, 31.11, 41.68, 64.00 and 72.20% inhibition), respectively. A
200 �g/ml of ALES and ascorbic acid exhibited 72.20 and 85.42%
radical scavenging activity was found to be 100.86 �g/ml, whereas
the IC50 value of ascorbic acid was found to be 36.69 �g/ml (Table 1).
The aqueous leaf extract of S. rebaudiana (ALES) had a scavenging
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Fig. 4. Nitric oxide radical scavenging activity of the aqueous leaf extract of S. rebau-
diana. ALES: aqueous leaf extract of S. rebaudiana.
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ig. 5. Super oxide radical scavenging activity of the aqueous leaf extract of S. rebau-
iana. ALES: aqueous leaf extract of S. rebaudiana.

ctivity on the superoxide radicals in a dose dependent manner
20–200 �g/ml) in the reaction mixture. Nonetheless, when com-
ared to ascorbic acid, the superoxide scavenging activity of the
queous leaf extract was found to be low. This could be due to the
resence of reactive concentration of bioactive constituents and
ixture of other nutrients in the extract. Our results showed close

greement with antioxidant activity of alcoholic extract of Paullinia
upana (Mattei et al., 1998). Cox et al. (2005) reported that the
queous extract of S. glyciphylla (leaves) and methanolic extract
f Smilax excelsa (leaves) quenched chemically generated super-
xide anion (Ozsoy et al., 2008). Superoxide scavengers and their
apacity to scavenge superoxide may contribute to their antioxi-
ant activity. Results were found statistically significant (P < 0.05).
owever a large number of phytocompound groups are implicated

or antioxidant activity (Devasagayam et al., 2002). Many authors
ave also correlated antioxidant activity of various plant species
ith their polyphenolic or phenolic contents (Kaur and Kapoor,

002).
In conclusion, this study supports the contention that traditional

edicines remain a valuable source in the potential discovery of
atural product pharmaceuticals. In the present investigation, we
emonstrated that aqueous leaf extract of S. rebaudiana contained
igher levels of total phenolic compounds and was capable of

nhibiting, quenching free radicals to terminate the radical chain
eaction, and acting as a reducing agent. Significant antioxidant
ctivity of aqueous leaf extract of S. rebaudiana provides a scientific
alidation for the traditional use of this plant as an accessible source
f natural antioxidants with consequent health benefits. Further
ork on isolation and identification of active compounds and their

fficacy needs to be done.
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