
INTRODUCTION

The medicinal properties of plants have
been investigated in the light of recent scientific
developments throughout the world, due to their
potent pharmacological activities, low toxicity and
economic viability. The principles of Ayurvedic
rasayana, which prevents disease and counteracts
the ageing process by means of optimization of
homeostasis. Natural compounds from medicinal
plants having antioxidant activities, have been using
as potential therapeutic agents of aging 9. Super
oxide dismutase and catalase represent potential
protein drugs for antioxidant therapy31.

A number of highly reactive oxygen
species, which include the superoxide anion, the
hydroxyl radical and hydrogen peroxide are
produced as unavoidable side products in the
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ABSTRACT

A number of Indian medicinal plants have been used for thousands of years in the traditional
system of Ayurvedic medicine. Ayurvedic system that provides protection from diseases of ageing is
called rasayana. This group of plants generally possessing strong antioxidant activity, but only a few
have been investigated in detail. In the present study, eight such plants are screened for the presence
of enzymatic and non-enzymatic antioxidants. Among the enzymatic antioxidants studied in medicinal
plants, SOD and catalase are predominant in A. vera and peroxidase in A. indica where as non-
enzymatic antioxidants such as reduced glutathione and vitamin C are predominant in O. sanctum and
total phenolic in E. hirta.  The effect of the plant extracts on lipid peroxidation are as follows: O. sanctum
(IC 50=58µg/ml) >E. hirta (IC 50 = 60µg/ml)>T.procumbens (IC 50=62µg/ml)> A. vera (IC 50=65 µg/ml)
>A. indica (IC50=75 µg/ml) >P. betel (IC50 =76 µg/ml) >S. cumini (IC50=85 µg/ml) >C. gigantea (IC50
= 90 µg/ml). The present study clearly emphasizing the antioxidant potential of these plants and their
importance in rasayana.
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normal metabolism. Organisms have a
comprehensive array of antioxidant defense
mechanisms to reduce free radical formation or
reduce their damaging effects. These include
enzymes such as superoxide dismutase and
catalase to degrade superoxide and peroxides
respectively and essential radical scavengers like
ascorbic acid and reduced glutathione24. However,
oxidative stress is generated when equilibrium
favors free radical generation as a result of a
depletion of antioxidant levels. An improved
antioxidant status helps to minimize the oxidative
damage and thus to delay or prevent pathological
changes.  Potential antioxidant therapy should be
therefore including either natural free radical
scavenging antioxidant enzymes or agents which
are capable of augmenting the activity of the
antioxidant enzymes2.



Medicinal plants (Rasayanas) like Aloe
vera, Azadiracta indica, Calotropis gigantea,
Euphorbia hirta, Ocimum sanctum, Piper betel,
Syzigium cumini, Tr idax procumbens have
been extensively used in the Indian traditional
system of medicine for management of ageing
diseases such as cancer, diabetes, hemorrhoids,
ulcers, inflammation, rheumatism, asthma and
bronchitis 4,6,11,13,25,26,28,33.

In order to contribute fur ther to the
knowledge of Indian traditional plants, in the present
study, eight medicinal plants (rasayanas) were
screened for both enzymatic and non-enzymatic
antioxidant activities. Effect of their extracts on lipid
peroxidation was also studied.

MATERIAL AND METHODS

Chemicals
Xanthine, xantine oxidase, cytochrome c,

EDTA, Ascorbic acid, 2, 6-dichloro phenol
indophenol, benzidine, are obtained from Sigma
chemical Company, USA. All other chemical used
in the present study were of analytical grade and
obtained from local suppliers.  Double distilled water
obtained from all glass distillation apparatus was
used through out the experiment unless otherwise
stated. Plant samples were authenticated by the
department of Botany, Andhra University.

Plant samples
Leaves of A. vera, A. indica, C. gigantea,

E. hirta, O. sanctum, S. cumini, T. procumbens were
obtained from local garden and P. betel leaves were
obtained from local market.

Preparation of enzyme extract
The leaves of A. vera, A. indica, C.

gigantea, E. hirta, O. sanctum, P.  betel, S. cumini,
T. procumbens were thoroughly washed. The
extracts (10% W/V) were separately prepared by
grinding the 1g of wet tissue in 10 ml of phosphate
buffer, pH, 7.5 using chilled mortar and pestle. The
homogenates were centrifuged at 10,000 g for 15
min and the supernatants were used for assaying
enzymatic and non-enzymatic antioxidant activities
and their effects on lipid peroxidation.

Total antioxidant activity:
            The total antioxidant capacity of the
samples was evaluated by the method of       Prieto
et al., 19. An aliquot of each sample (0.05ml) was
mixed with 0.5ml of reagent (0.6M sulphuric acid,
28 mM sodium phosphate and 4mM ammonium
molybdate) in 1.5 ml eppendorf tube. The tubes
were capped and boiled in a boiling water bath at
95°C for 90 min and cooled. The absorbance of
each sample was measured at 695nm against blank
in a spectrophotometer. A typical blank contained
0.5ml of reagent solution and 0.05ml of buffer and
treated in the same manner as test. The antioxidant
capacity was expressed as micro moles of ascorbic
acid equivalents of antioxidant capacity (AEAC).

Assay of superoxide dismutase
The enzyme of super oxide dismutase was

assayed according to the modified procedure of Mc
Cord and Fridovich15. The absorbance of reaction
mixture containing 0.64ml of distilled water, 0.7ml
of 216mM phosphate buffer, pH 7.8, 0.02 ml of
10.7mM EDTA solution, 0.04ml of 1.10mM
cytochrome c solution and 1.40 ml of 0.108mM
xanthine solution was monitored in a
spectrophotometer at 550nm until it reaches
constant value. The reaction was initiated by adding
0.1ml of xanthine oxidase solution (100 units) and
0.1ml of extract. After mixing the sample the
increase in absorbance was recorded for one min.
Blank was carried out with out extract. A unit of
enzyme activity was expressed as the inhibition of
rate of reduction of cytochrome c by 50% per min
per mg protein.

Assay of catalase
The catalase activity was assayed by the

titrimetric method based on the procedure described
by Radhakrishnan and Sarma 20.  2.5ml of 0.1M
sodium phosphate buffer, pH 7.5and 2.5ml of 0.9%
hydrogen peroxide(v/v) in the same buffer were
taken and 0.5ml of enzyme extract was added and
incubated at 28°C for 3min. The reaction was then
arrested by adding 5ml of 2N H2SO4 and the residual
H2O2 was titrated with 0.1N KMnO4 solution.  Blank
was carried out with out extract. Unit of catalase
activity was expressed as ml of 0.1N KMnO4

equivalents of hydrogen peroxide decomposed per
min per mg protein
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Assay of peroxidase:
           Peroxidase activity was assayed according
to the method described by Seevers et al.,27.   The
reaction mixture containing 0.5ml of 20mM sodium
acetate buffer, pH 5.0, 0.5ml of 1.3mM benzidine
and 0.5ml of suitably diluted extract was taken in a
cuvette. The enzyme reaction was initiated by the
addition of 0.1ml of 30mM hydrogen peroxide. The
reference contained all the components of the
reaction mixture except hydrogen peroxide, which
was substituted by an equal volume of the buffer.
The increase in the optical density at 420nm was
recorded for 10 min at 1min intervals in a UV-Visible
spectrophotometer. Peroxidase activity was
expressed as an increase in optical density (0.1) from
the linear portion of graph at 420nm / min/mg protein

Assay of ascorbate oxidase
Assay of ascorbate oxidase activity was

carried out according to the method of Vines and
Oberbacher 30. To 3.0 ml of ascorbate solution (18.8
mg ascorbic acid is dissolved in 300ml of 0.1M
Phosphate buffer, pH 5.6), 0.1 ml of enzyme extract
was added and the change in the absorbance at
265nm is measured at an interval of 30 sec for a
period of 5 min. One enzyme unit was equivalent to
0.01 O.D change per min/ mg protein.

Determination of protein content
Protein concentration of the enzyme extract was
determined by the method of Lowry  et al.,12 using
crystalline BSA as standard.

Table 1: Enzymatic antioxidant potentials of selected medicinal plants

Plant extract Super oxide Catalase Peroxidase Ascorbic acid
dismutase (Units/mg (Units/mg oxidase

(Units/mg protein) protein) protein) (Units/mg protein)

A. vera 18.52±0.74 98.86±0.1 0.05±0.02 0.18±0.01
A. indica 8.22±0.56 4.25±0.1 0.39±0.02 0.49±0.01
C. gigantea 2.42±0.48 49.42±0.2 0.26±0.01 0.41±0.01
E. hirta 12.54±0.22 ND ND 0.72±0.03
O. sanctum 10.00±0.05 31.28±0.1 0.08±0.01 0.95±0.05
P. betel 12.96±0.12 32.84±0.1 0.18±0.02 0.62±0.02
S. cumini 9.50±0.32 96.52±0.2 0.03±0.01 0.82±0.03
T. procumbens 15.22±0.24 32.96±0.2 0.42±0.02 0.22±0.02

All the values are an average of five determinations and expressed as mean ± S.D

Table 2: Non-enzymatic antioxidant potentials of selected medicinal plants

Plant extract Reduced glutathione Ascorbic acid Total phenolics
(nM/ g tissue) (mg/g tissue) (mg)GAE/g tissue)

A. vera 246.2±0.4 41.62±0.1 1.15±0.02
A. indica 279.42±0. 65 34.32±0.3 1.19±0.02
C. gigantea 182.86±0.41 0.42±0.1 0.32±0.01
E. hirta 480.78±0.22 26.09±0.4 1.45±0.04
O. sanctum 563.96±0.34 47.32±0.2 1.48±0.02
P. betel 364.16±0.12 1.70±0.1 0.48±0.02
S. cumini 381.50±0.35 24.42±0.2 1.23±0.01
T. procumbens 334.82±0.24 0.58±0.1 1.42±0.02

All the values are an average of five determinations and expressed as mean ± S.D
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Estimation of reduced glutathione
The amount of reduced glutathione (GSH)

in the samples was estimated by the method of Boyne
and Ellman3. 1.0 ml of the extract was treated with 4.0
ml of precipitating solution (1.67 g of glacial
metaphosphoric acid, 0.2 g of EDTA and 30 g of NaCl
in 100ml water). After centrifugation, 2.0 ml of the
protein-free supernatant was mixed with 0.2 ml of 0.4
M NaHPO4 and 1.0 ml of DTNB reagent (40 mg DTNB
in 100 ml of aqueous 1% tri sodium citrate).
Absorbance was read at 412 nm within 2 min against
a blank containing precipitating solution instead of the
sample. Standard consisting different concentrations
of glutathione (20 -100 n mol/ml) were also treated
similarly and standard curve was drawn. GSH
concentration was expressed as n mol per g tissue.

Determination of ascorbic acid
Ascorbic acid content of different plant

extracts was determined by titrimetric method of
David Emlyn5. In the estimation of Vitamin C, 5.0ml
of standard ascorbic acid (0.04mg/ml) was taken
in the conical flask, 1.0 ml of glacial acetic acid was
added and titrated against the 2, 6-dichlorophenol
indophenol. 5.0 ml of suitable diluted plant extract
was also titrated with dye and the amount of vitamin
C in the sample was determined using standard
and expressed as mg per g tissue.

Total phenolic compound analysis
            The total phenolics present in leaves of
different plants were determined as reported by
Javanmardi et al., 10. To 0.5ml of each sample, 2.5ml
of diluted Folin Cio-Calteau reagent and 2ml of 7.5%
(w/v) sodium carbonate were added and incubated
at 45°C for 15 min. The absorbance of samples was
measured in a spectrophotometer at 765nm. Gallic
acid was used as standard and the results were
expressed as mg of gallic acid equivalent (GAE)
per gm tissue.

Inhibition of in vitro lipid peroxidation
Effect of different medicinal plant extracts

on lipid peroxidation induced by FeSO4-ascorbate
system in sheep liver homogenate was estimated
as thiobarbituric acid reacting substances (TBARS)
by the method of Ohkawa et al., 16. The reaction
mixture contained 0.1ml of sheep liver homogenate
(25%) in Tris-HCl buffer (20mM, pH 7.0; KCl (30mM);
FeSO4 (NH4) SO4.7H2O (0.06 mM) and various
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concentrations of plant extracts   (10, 50,100,250
and 500µg/ml) in a final volume of 0.5ml. The
reaction mixture was incubated at 37oC for 1h. After
the incubation, 0.4ml was removed and treated with
0.2ml sodium dodecyl sulphate (SDS) (8.1%), 1.5ml
thiobarbituric acid (TBA) (0.8%) and 1.5ml of acetic
acid (20%, pH 3.5). The total volume was made up
to 4.0ml with distilled water and then kept in a water
bath at 95oC for 1h. After cooling, 1.0ml of distilled
water and 5.0ml of n-butanol and pyridine mixture
(15:1) were added to the reaction mixture, shaken
vigorously and centrifuged at 4000g for 10 min. The
butanol pyr idine layer was removed and its

absorbance was measured at 532 nm. Inhibition of
lipid peroxidation was determined by comparing the
optical density (OD) of the extract with that of the
control. Quercetin was used as standard.

Statistical analysis
Each value is an average of five

determinations and the values were expressed as
mean ± SD. The statistical significance was
evaluated by student’s t-test. Level of significance
was set at p<0.05. IC50 values are calculated by
Regression line analysis using five values.

Fig. 1: All the values are an average of five determinations and expressed as mean ± S.D

RESULTS AND DISCUSSION

Total antioxidant activity
The total antioxidant activity of different

medicinal plant extracts were shown in the figure 1.
The total antioxidant activity ranged from 10.8 to
119.7 µ M of ascorbic acid equivalents in C. gigantea
and A. vera extracts respectively.   However the total
antioxidant activity of greater celandine was 90.06
µ M and of Garcinia indica was 47.0 µ M of ascorbic
acid equivalents1, 14.

Enzymatic antioxidants:
The levels of antioxidant enzymes

assessed in different medicinal plant extracts were
shown in table 1.   In various inflammation inhibition
tests, plant SODs are found to exhibit significantly

greater anti-inflammatory activity34. The super oxide
dismutase activity was observed to be maximum in
A. vera (18.5 units/mg protein) and minimum in C.
gigantia (2.42 units /mg protein). The SOD activity
of T. procumbens, E. hirta, P. betel, O. sanctum, A.
indica and S. cumini is in the range of 15.22 to 9.56
units/mg protein. How ever SOD activity of Berries
was 13.24 units /mg protein 22.

Catalase promotes wound healing through
the degradation of hydrogen peroxide to oxygen and
water. This specific action protects cell structure
during the primary inflammatory reaction of wound
healing.  Among the eight plants, the highest activity
of catalase was observed in A. vera (98.86 units/
mg protein) and S. cumini (96.52 units / mg protein)
where as lowest activity was observed in A. indica
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(4.25 units /mg protein). The activity is almost two times
observed to be lower in C.gigantea, P. betel, T.
procumbance,    O. sanctum but the activity was not
detected in the leaf extract of E. hitra.  Catalase activity
has been reported to exist in many medicinal plants
such as Spinach and Caster bean17. Peroxidase activity
was found to be very high in A. indica (0.39 units/mg
protein) and T.procumbance (0.42 units/mg protein).
However, the activity in other plant extracts in the
present study ranges from 0.03 to 0.26 units/mg
protein.  The peroxidase activity was reported to be
as 2.31 units/mg protein in Chinese cabbage32.

Ascorbic acid oxidase activity was highest
in O. sanctum (0.95units/mg protein) and S. cumini
(0.82 units/mg protein).  The predominant ascorbic
acid oxidase activity in O. sanctum and S. cumini is
associated with high SOD activity and low activity
of catalase, peroxidase emphasizing the importance
ascorbate system in these plants. Ernesto et al.,
reported that the ascorbic acid oxidase activity of
squash fruits and pepper fruit are 3.32 and 0.143
units/ µg protein respectively7.

Non-enzymatic antioxidants
The concentration of different non-

enzymatic antioxidants in different medicinal plants
was also assessed and the results are represented
in Table 2. Reduced glutathione was found to be
maximum in O. sanctum (563.57 nM/g tissue), while
in S. cumini and E. hitra, it ranges from 380-480
nM/ g tissue. GSH level of A. India was low about
two times when compared to that of O. sanctum.
GSH levels of Allium giganteum was reported to be
8.35 units / mg protein and Grapes was 628nM/ g
tissue 22, 29.  In plants the role of glutathione as radical
scavenger, membrane stabilizer and precursor of
heavy metal binding peptide are well documented
18, 23.  Vitamin C content was very low in C. gigantean
(0.42mg/g tissue, where as in S. cumini and O.
sanctum its concentration ranges from 25-47 mg /
g tissue. Ascorbic acid has found in the chloroplast,
cytosol, vacuole and extracellular compartments of
the plant cells and shown to function as a reductant
for many free radicals8.

The total phenolic contents varied
considerably with the highest value reported in      E.
hirta (1.5 mg GAE/ g tissue) where as lowest
amount was observed in C. gigantean (0.32 mg

GAE/ g tissue). Variation in total phenolic content
was seen in S. cumini (1.2 mg GAE/ g tissue ), A.
indica (1.1 mg GAE/ g tissue  and A. vera (1.0 mg
GAE/ g tissue ). However, the total phenolic content
of some medicinal plants are in the range of 29.0
to 59.9 mg GAE / g tissue 21.

In vitro lipid peroxidation
The effect of different medicinal plant

extracts on the in vitro lipid peroxidation was shown
in the table 3. The results indicate that the generation
of lipid peroxides by Fe2+ in sheep liver homogenate
seems to be inhibited by all the plant extracts of the
present study. The percent of inhibition was highest
with O. sanctum (66.4), E. hir ta (62.08) and
T. procumbens (58.22).  The high percent of
inhibition with O. sanctum may be due to glutathione
and vitamin C content, whereas with E. hirta it may
be due to high phenolic content.  The percent of
inhibition was lowest with C. gigantean (28.06) and
P. betel (32.18). The concentration of extract
required to inhibition 50% of lipid peroxidation (IC50-)
was lowest with O. sanctum (58µg/ml) and highest
with C. gigantean (90 µg/ml). These results indicate
that extract of O. sanctum was more potent than
that of other plant extracts in lipid peroxidation.

In the present study, among the enzymatic
antioxidants studied in medicinal plants, SOD and
catalase in A. vera and peroxidase in A. indica were
predominant. Among the non-enzymatic
antioxidants studied in medicinal plants, reduced
glutathione and vitamin C in      O. sanctum, total
phenolic in E. hirta were predominant.  The ability
of extracts of these medicinal plants in curtailing
the in vitro lipid peroxidation of sheep liver
homogenate can be attributed to the presence of
various enzymatic and non-enzymatic oxidants in
these plant extracts. The present study clearly points
out that these medicinal plants could be exploited
for commercial purification of specific antioxidants,
since they are available in abundance.
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