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Abstract: Hemidesmus indicus (H. indicus), Ocimum sanctum (O. sanctm) and Tinospora cordifolia
(T. cordifolia) are three important medicinal plants in traditional Indian medicine. In this study, the methanolic
and chloroform extracts of different plant parts (roots, stems and leaves) of H. indicus, O. sanctum and
T. cordifolia were subjected to phytochemical, antibacterial, antifungal and antioxidant tests. Phytochemical
screening of both extracts of each plant part revealed the presence of phytochemicals such as alkaloids,
flavonoids, phenolic compounds, steroids and tannins. The methanolic extracts of all three plants exhibited
greater antibacterial and antioxidant effects than the chloroform extracts. These effects could be related to the
high content of phytochemical constituents such as alkaloids, steroids, tannins, flavonoids and phenocls. When
comparing the various plant parts, the roots of H. indicus had the highest number of antimicrobial activities,
showing antibacterial properties against all of the investigated organisms except for one (4. flavus). The
H. indicus leaf extract had antibacterial activities against S. aureus, E. coli and K. preumorniae while the stem
was effective against P. vudgaris and 4. riger. The root of T. cordifolia has the second highest antimicrobial
activity, acting against five different organisms (B. subtilis, S. aureus, K. pneumoniae, P. vulgaris and
A. niger). O. sanctum leaf extract exhibits antibacterial activity against B. subtilis and E. coli, while the stem is
only effective against B. subtilis. The methanolic root and stem extracts of H. indicus, the methanolic leaf extract
of O. sanctum and the stem extract of T. cordifolia also have antioxidant potential.
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INTRODUCTION

Over the years, medicinal plants have been useful
sources of several active compounds of recuperative
value and have been used as a substitute medicine for
treating numerous diseases (Nostro et al., 2000). Exposure
of microorganisms to various antibiotics have led to the
development of resistance and has compelled researchers
to scrutinize different natural sources to combat
challenging strains (Gayathri and Kannabiran, 2009).

Hemidesmus indicus (H. indicus) belongs to the
Asclepiadaceae family and is a renowned component in
Avuwrvedic and Unani medicines for treating various
diseases, such as blood diseases, respiratory diseases,

biliousness, rheumatism, skin diseases, diarrhea, burning
sensation, bronchitis, fever, antileukemic activity, eye
diseases and gastric disorders (Austin, 2008). Due to the
different biological properties and the extensive
phytochemical studies of H. indicus, this plant has been
included in the British Pharmacopoeia (Fimognari et al.,
2011) as a possible treatment for various diseases.
Because various parts of the plants have traditionally
been used for different purposes, the activities of the
different plant parts were investigated. H. indicus roots
are reported to have potential inhibitory activity against
viper venom toxicity (Alam et al., 1994), antinociceptive
activity and antioxidant activity (Ravishankara et al.,
2002). H. indicus leaf ethanolic extracts were documented
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as antimosquitocidal agents and water purifiers. The
ethanolic extracts of H. indicus leaves are believed to
have wound healing activity and the methanolic extracts
of H. indicus have hepatoprotective effects. The
methanolic and aqueous extracts of H. irdicus stem have
antimutagenic and larvicidal effects (Khanna and
Kannabiran, 2007).

Ocimum  sanctum (O. sanctum) belongs to the
Limiaceae family and is a common medicinal plant found
in India. Tt is an important component in Aywvedic
treatments of various diseases. 0. sanctum possesses
several pharmacological properties such as antidiabetic
(Khan et al, 2010), antthypercholesterolemic,
antioxidant (Gupta et ,  2006), anti-stress,
antinociceptive, anticancer, antifertility, cardioprotective,

al.

hepatoprotective, immunomedulatory, anti-inflammatory,
anti-anaphylactic,
antihistaminic

cell  stabilization  and
(Sridevi et al., 2009). A
decoction of O. sanctum root 1s used as a diaphoretic in

mast
activities

malarial fever and genito-urinary disorders. Q. sanctum
antioxidant, antidiabetic
antihypercholesterolemic effects. The aqueous decoction

seed oils have and
of O. sanctum leaves is used to treat patients with gastric
and hepatic disorders (Prakash and Gupta, 2005). The
leaves have been used to treat nausea and vomiting and
as an anthelmimtic agent, while the . sanctum stem
exhibits significant anticonvulsant activity (Jagg: et al.,
2003).

Tinospora cordifolia (T. cordifolia) belongs to the
Menispermaceae family and 15 distributed all over India
and in other parts of the world. This plant 1s valued for
medicinal properties in Ayurvedic medicine. The whole
plant possesses various activities such as antiulcer,
hypolipidemic (Prince et al., 1998) antipyretic, anticancer,
antidiabetic,  jaundice,  immunomodulatory
hepatoprotective activities. The T. Cordifolia root has
been clinically used to treat jaundice, rheumatoid arthritis
and diabetes (Rajalakshmi et al., 2009).

There individual reports
antibacterial, antifimgal and antioxidant activities of these

and

are several on the
three medicinal plants. However, there 1s no specific
report about the phytochemical analysis, antimicrobial
and antioxidant activities of individual plant parts such as
the roots, stems and leaves of these three plants, which
are important because all the plant parts were traditionally
used in various concepts and treatments of several
diseases. Therefore, we investigated the phytochemical
and the antibacterial, antifungal
antioxidant activities of various extracts of the roots,

constituents and

stems and leaves of these three mmportant medicinal
plants.
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MATERIALS AND METHODS

Collection of plant materials: The roots, stems and leaves
of H. indicus, T. cordifolia and O. sanctum plants were
collected from the forest in the Kadiri region of the
Chittoor district of Andhra Pradesh, India. The plant
specimens were verified by Dr. Madhava Setty, a botarist
from the Department of Botany, 3. V. University, Tirupati,
India.

Preparation of the extracts: All parts (roots, stems and
leaves) of the three herbs were shade-dried and milled into
fine powder using a mechamcal grinder (TTK Prestige,
Chennai, India). The ground plant material (100 g) was
macerated and shaken in different solvents such as
chloroform (500 mL, for the chloroform extract) or
methanol (500 mL., for the methanolic extract) using a bath
shaker (Thermo Scientific, Mumbai, India) for 48 h. The
extracts were filtered through filter study (Whatman No.1)
and were dried under a vacuum and reduced pressure
using a rotary evaporator at 40°C. The concentrate was
then placed in aluminum foil before freeze drying. The
residual extract was dissolved in sterile water (1 mL)
before analysis.

Phytochemical analysis: Based on the method published
by Harborme (1998), qualitative tests were conducted on
the crude extracts obtained with either methanol or
chloroform to determine the different phytochemical
constituents present in the plant extracts. The tests were
performed in triplicate for each plant type.

Test for alkaloids:

Dragendorff’s test: The extract (1 mL) was
transferred mto a test tube before adding a few drops
of Dragendorff’s reagent (potassium bismuth iodide).
The formation of an orange precipitate indicated the
presence of alkaloids

Wagner’s test: The extract (1 mL) was added to 2 mL
of Wagner’s reagent (iodine in potassium iodide).
The presence of alkaloids was confirmed if a
reddish-brown precipitate formed

Meyer’s test: The extract (1 mL) was added to 2 mL
of Mayer’s reagent (potassiomercuric iodide). The
development of a pale whitish precipitate confirmed
the presence of alkaloids.

Test for steroids:

Salkowski’s test: The plant extract (1 mL) was mixed
with an equal volume of chloroform and was treated
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with 2 ml of concentrated sulfuric acid. The
formation of a red precipitate indicated the presence
of steroids

Liebermann-Burchard’s test: The plant extract
(1 ml) was dissolved in an equal volume of
chloroform. To this mixture, 2 mL of concentrated
sulfuric acid and 2 ml of acetic anhydride were
added. The development of a green colored
precipitate indicated the presence of steroids

Test for tannins:

Ferric chloride test: The plant extract (1 mL) was
mixed with an equal amount of ferric chloride. The
presence of tannins was indicated by the
development of a greemsh black color

Gelatin test: A few drops of a gelatin solution (1%)
which was formed by inmediate dissolving in warm
water, were added to the plant extract (1 mL). The
formation of a white precipitate confirmed the
presence of tannins

Tests for flavonoids:

Shinoda tests: A few fragments of magnesium metal
were added to a test tube containing 2 mL of plant
extract. Then, concentrated hydrochloric acid was
added dropwise. A magenta color mdicated the
presence of flavonoids

Ferric chloride test: A few drops of 10% ferric
chloride solution was added to a test tube containing
2 mL of the plant extract. The development of a
green-blue or violet coloration confirmed the
presence of a phenolic hydroxyl group

Test for phenols:

Ferric chloride test: Briefly, a few drops of neutral
ferric chloride solution (5%, w/v in 90% alcohol) were
added to the extract. A blackish green color indicated
the presence of a phenolic group

Ellagic acid test: The plant extracts were treated with
a few drops of 3% (w/v) glacial acetic acid and 5%
{(w/v) sodium mtrite (NaNO,) solution. The presence
of phenols was confirmed when the solution
developed a whitish yellow or muddy brown
precipitate

Antibacterial activities: The antibacterial activities of the
plant extracts agamst Bacillus subtilis (B. subtilis),
Staphylococcus aureus (S. aureus), Escherichia coli
(E. coli), Klebsiella pneumoniae (K. prneumoniae) and
Proteus vulgaris (P. vulgaris) were investigated by a disc
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diffusion method (Rao et al., 2010). Briefly, petri plates
containing 15 mL of particular media were seeded with the
selected microbial strains. The filter study discs were
saturated individually with each extract (20 mg mL™")
before being aseptically placed on the seeded agar
medium (Hi-Media Pvt. Ltd., Mumbai). The medium was
pre-swabbed with the test organisms and was incubated
at 37°C for 24 h. The measurement of antimicrobial activity
was based on the size of the zone of inhibition that formed
around the discs. Three independent trials were
conducted for each concentration. The zone of inhibition
was measured (in mm) and the mean was calculated.

Antifungal activities: The antifungal activities of the
plant extracts were determined against Aspergillus niger
(4. niger) and Aspergillus flavus (4. flavus) by a dise
diffusion method. The cultures were grown on Potato
Dextrose Agar (PDA) for 48 h before inoculation on the
PDA plates. The filter study discs were infused with
varicus respective extracts (20 mg mL™") and were
aseptically placed on the seeded potato dextrose agar
medium (Hi-Media Pvt Ltd., Mumbai) that had been
swabbed with the test organism. The plates were then
incubated at 37°C for 48 h. The zone of mhibition was
calculated (mm) by taking the mean result of triplicate
readings.

Antioxidant activities: The antioxidant properties of
each plant extract were studied by estimating the free
radical-scavenging activity of the DPPH radical based
on the method established by Ferreira et al. (2009).
Briefly, each plant extract (1.0 mL) was mixed with a
methanolic solution containing DPPH solution (2.7 mL.,
0.024 mg mL™"). The mixture was vigorously shaken and
incubated for 60 min at room temperature in the dark until
the absorbance of the solution remamed unchanged. The
level of reduction of DPPH radicals was determined by
measuring the absorbance of the mixture at 517 nm. The
Radical-Scavenging Activity (RSA) was calculated as the
percentage of DPPH discoloration using the following
equation:

DPPH radical-scavenging activity (%) = % =100

where, A, is absorbance of control and A, 1s absorbance
of the test sample.

Statistical analysis: The results were expressed as the
Mean+SD for triplicate experiments. Statistical analysis
was performed using a one-way analysis of variance
(ANOVA) followed by Tukey’s test. A p-value of less
than 0.05 was considered as statistically significant.
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RESULTS

Phytochemical analysis: All of the methanolic extracts of
the roots, stem and leaves of H. indicus, O. sanctum and
T. cordifolia contained alkaloids, flavonoids, phenolic
compounds, steroids and tannins (Table 1) The
chloroform extracts of the reots, stem and leaves of
0. sanctum also contained all of the investigated
constituents (alkaloids, flavonoids, phenolic compounds,
steroids and tannins) while only the chloroform extract of
H.
constituents. Therefore, our results indicate that methanol
1s a more suitable solvent for the extraction of all three

indictts roots was found to contain all of the

plant types.

These various phytochemical constituents have
many bioactive actions and could contribute to the
antioxidant, antibacterial and antifungal activities of the
plant parts investigated below.

Table 1 : Phvtochemical analysis of the plant extracts

Antibacterial and antifungal activities: The methanolic
and chloroform extracts of H. indicus, O. sanctum
and T. cordifolia had potential activities against
gram-negative and gram-positive pathogenic bacteria and
some fungi. Overall, the methanolic extracts showed
stronger antimicrobial activities when compared to the
chloroform extracts of the different plant parts.

The methanolic leaf extract of O. sanctum showed
antibacterial activity against B. subtilis. This was followed
by the methanolic root extracts of H. indicus and
T. cordifolia (Fig. 1).

The methanolic extracts of the H. indicus root and
leaf, the methanolic extract of the O. sanctum leaf and the
methanolic extract of the T. cordifolia stem extubited
antibacterial activity against S. aureus (Fig. 2).

The methanolic extracts of the H. indicus root and
leaf and the methanolic extract of the O. sanctum leaf
showed activity against the gram negative bacteria E. coli

(Fig. 3).
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Fig. 1: Antibacterial activity of the plant extracts against B. subtifis. ME: Methanolic extract, CE: Chloroform extract,

H. indicus: Hemidesmus indicus, O. sanctum. Qcimum sanctum, T. cordifolia:

Tinospora cordifolia,

B. subtilis: Bacillus subtilis. Bars with the same superscripts do not differ significantly at p<0.05
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Fig. 2: Antibacterial activity of the plant extracts against S. aureus. ME: Methanolic extract, CE: Chloroform extract,

H. indicus: Hemidesmus indicus, O. sanctum: Ocimum sanctum, T. cordifolia:

Tinospora cordifolia,

S. aureus: Staphylococcus aureus. Bars with the same superscripts do not differ sigmficantly at p<0.05
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Fig. 3: Antibacterial activity of the plant extracts against H.coli. ME: Methanolic extract, CE: Chloroform extract,

H. indicus: Hemidesmus indicus, O. sanctum: Ocimum sanctum, T. cordifolia

Tinospora cordifolia,

S. aureus: Staphylocoecus aureus. Bars with the same superscripts do not differ significantly at p<0.05

The chloroform extract of the H. indicus root showed
the lighest activity against K. preumoniae, followed by
the methanolic extracts of the H. indicus leaf and the
T. cordifolia root (Fig. 4).

The methanolic extracts of the H. indicus and the
T. cordifolia roots showed the highest activity against
P. vulgaris, followed by the methanolic extract of the
H. indicus stem (Fig. 5).

The methanolic extracts of the T. cordifolia root
exhibited the highest activity against 4. niger, followed
by the methanolic extracts of the H. indicus root and stem
and the O. sanctum stem (Fig. 6).
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The O. sanctum root and leaf extracts showed
the highest inhibition against 4. flavus followed by the
T. cordifolia root and leaf and the H. indicus stem
methanolic extracts (Fig. 7).

Antioxidant activities: Overall, the methanolic plant
extracts showed higher antioxidant activities than the
chloroform extracts (Fig 8). The plants extracts that
contained the highest antioxidant activity were the
H. indicus methanolic root extract, the O. sanctum
methanolic leaf extract and the T. cordifolia stem
methanolic extract.
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Fig. 4: Antibacterial activity of the plant extracts against K. prewnoniae. ME: Methanolic extract, CE: Chloroform extract,
H. indicus: Hemidesmus indicus, O. sanctum: Ocinum sanctum, 1. cordifolia: Tinospora cordifolia,
K. preumoniae. Klebsiella prewmonia. Bars with the same superscripts do not differ significantly at p<0.05
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Fig. 5: Antibacterial activity of the plant extracts against Proteus sp. ME: Methanolic extract, CE: Chloroform extract,
H. indicus. Hemidesmus indicus, O. sanctum: Ocinim sanctum, T. cordifolia: Tinospora cordifolia. Bars with
the same superscripts do not differ significantly at p<0.05
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Fig. 6: Antifungal activity of the plant extracts against 4. miger. ME: Methanolic extract, CE: Chloroform extract,
H. indicus: Hemidesmus indicus, O. sanctum: Ocimum sanctum, T. cordifolia: Tinospora cordifolia,
A. niger: Aspergillus niger. Bars with the same superscripts do not differ sigmficantly at p<0.05
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Tinospora cordifolia,
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Fig. 8: Antioxidant activity of the plant extracts with DPPH assay. ME: Methanolic extract, CE: Chloroform extract,
H. indicus. Hemidesmus indicus, O. sanctum. Ocinim sanctum, T. cordifolia: Tinospora cordifolia. Bars with
the same superscripts do not differ significantly at p<0.035

DISCUSSION

In this study, report the phytochemical
constituents present m H. indicus, T. cordifolia and
0. sanctum stems, roots and leaves m two different
extracts. The antimicrobial  (antibacterial and
antifungal) and the antioxidant activities of the different

We

plants parts were also investigated. Overall, the
methanolic  extracts, which contained all of the
investigated phytochemical constituents (alkaloids,

steroids, tannins, flavonoids and phenols), exhibited
higher antibacterial and antioxidant effects than the
chloroform extract.
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In a previous study, Kumar et al. (2007) reported
that H. indicus contained tanmns, flavonoids and
phenols, which were also found m our study. However,
Kumar et al. (2007) did not detect steroids or alkaloids,
and this study used whole plants for analysis.

Tannins inhibit bacterial and fungal growth through
non-specific binding to bacterial enzymes and direct
action on pathogen metabolism by inhibiting oxidative
phosphorylation or the capacity to complex transitional
metals ions, which are essential for pathogen growth.
Previous in vitro studies have indicated that tannins
inhuibit many strains of bacteria, including those from the
genera Aeromonas, Clostridium, Enterobacter, Bacillus,
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Escherichia, Helicobacter, Proteus, Klebsiella, Shigella,
Pseudomonas and Streptococcus. Tannins can also
mhubit  fungi  such as Aspergillus and Penicillium
(Chung et al., 1998).

Extensive side effect profiles and the development of
microbial resistance to antimicrobial agents have elicited
special attention towards the search of novel antimicrobial
agents of natural origin. Several studies have established
medicinal plants as an important sowce of active
principles for drug formulation. Various reports have
mvestigated the traditional use of medicinal plants
against a number of nfections (Gayathri and Kannabirar,
2009). The antibacterial activities of these plants are
purported to be due to the various alkaloids in the plant
extracts.

When comparing the various plant parts, the roots of
H. indicus had the highest number of antimicrobial
activities, showing antibacterial properties against all of
the investigated orgamsms except for one (4. flavus). The
methanolic and chloroform extracts of the H. indicus root
contained many phytochemical constituents (alkaloids,
steroids, tannins, flavonoids and phenols) and the DPPH
test also confirmed that the H. indicus root has high
antioxidant activity, which may contribute to the observed
antibacterial activities.

Previous studies on the antibacterial activity of the
H. indicus toot agueous extract showed potential
activitties agamst the Gram positive bacteria S. aureus
and Gram negative bacteria such as P. aeruginosa and
K. preumoniae, while the ethanolic and chloroform
extracts of H. imdicus roots showed significant
activities agamst S. auwreus, E. coli, P. aeruginosa,
S. typhi, A. fumigates, A. flavus and A. niger (Khanna and
Kannabiran, 2008). The methanolic and chloroform
extracts prepared from the roots of H. indicus are effective
agamst enterobacterial growth (Das and Devaraj, 2006).
Owr results agree with the previous studies that show that
the H. indicus root has significant activity against various
pathogenic and opportunistic bacteria and fungi (Khanna
and Kannabiran, 2008; Gayathri and Kannabiran, 2009).

Previous reports have confirmed that the roots of
H. indicus have many biological activities when compared
to other aerial parts of the plant. For example, the
methanolic root extract of H. indicus was found to be
hepatoprotective against paracetamol and
chloroform-induced hepatic damage (Baheti et al., 2006)
and the ethanolic extract of the H. indicus root showed
significant hepatoprotective activity agamst alcoholic
liver damage.

The H. indicus leaf extract exhibited antibacterial
activities against S. aureus, E. coli and K. preumoniae,
and the stem extract was effective against P. vulgaris and
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A. niger. The stem of H. indicus contains many types of
terpenoids, which play important roles in antimicrobial
activities (Gupta et af., 1992). Additionally, two novel
pregnane glycosides, hemidescine and emidine, which
have antioxidant and antimicrobial activities, have also
been isolated from the H. indicus stem (Chandra et ol.,
1994). In addition to the activity against the mvestigated
micro-orgamsims, previous reports have indicated that
methanolic extracts of H. indicus stems have
antimutagenic activity against S. typhimurium (Aqil et al.,
2008).

The root of T. cordifolia has the second highest
antimicrobial activity, acting against five different
organisms (B. subtilis, S. aureus, K. pneumoniae,
P. vulgaris and 4. niger). In another study, the bark
extracts of 7. cordifolia were reported to have
antimicrobial activities against B. subtilis, FE. coli,
S. aureus, P. fluorescens and Xanthomonas axonopodis
and against some fungi such as A flavus,
Dreschlera turcica and Fusarium verticillioides
(Mahesh and Satish, 2008). Previous reports have
that the leaf of T. cordifolia
exhibits antimicrobial properties against B. subiilis,
E. coli, Klebsiella aerogenes, P. wvulgaris,
Pseudomonas aeruginosa and S. awreus (Samy and
Tgnacimuthu, 2000). Owr results in the present study agree
with the earlier reports that show the potential activities
against these bacterial and fimgal species (Samy and
Tgnacimuthu, 2000; Mahesh and Satish, 2008).

The root of T. cordifolia is also renowned for
anti-stress activity. The aqueous extract of the root
improves verbal leaming and constant memory. The
aqueous and alcoholic extracts of T. cordifolia both
significantly improve the learming scores 1n the
Hebb-Williams maze and memory retention, which
indicates that this plant can improve leaming and increase
memory retention. Histopathological changes have
indicated that T. cordifolia ameliorates neurodegeneration
in  the lippocampus of cyclosporin-treated rats
(Agarwal et al., 2002). The stem and root extracts of
T. cordifolia are prescribed in combination with other
drugs as an antidote to snake bites and scorpion stings.
Oral admimistration of the T. cordifolia root aqueous
extract reduces blood glucose levels and bramn lLpids
significantly in alloxan diabetic rats. The T. cordifolia leaf
extract also has potential hypoglycemic effects in normal
and alloxan diabetic rabbits (Noreen et af., 1992).

The O. sanctum leaf extract had antibacterial activity
against B. subtilis and E. coli, but the stem extract is
effective only against B. subtilis. In a previous report, the
essential o1l of O. sanctum extibited activity against the
four bacterial species B. cereus, E. coli, Klebsiella spp.

shown extract



Int. J. Pharmacol., 9 (5): 277-287, 2013

and Pseudomonas spp. (Aggarwal and Goyal, 2012). In
another study, flavonoids exhibited activity against
E. coli, Proteus spp., S. aureus, Staphylococcus cohni
and Klebsiella pnewmonia (Ali and Dixit, 2012).
suggested that the higher concentrations of linoleic acid
in the fixed oil of O. sanctum could contribute to the
antibacterial activity (Singh et al., 2005). Our results for
the O. sanctum leaf extracts agree with the previously
reported studies (Parag et al., 2010; Aggarwal and Goyal,
2012).

The antioxidant properties of numerous plant extracts
have been investigated using whole sample and phenolic
extracts of natural origin. Many tests have been
developed to measure the antioxidant capacity of plant
extracts, foods and biological samples. The antioxidant
activity of plant extracts cannot be assessed by using a
single method due to the complex nature of
phytochemicals. Therefore, it is essential to use
commonly accepted assays to measure the antioxidant
activity of the plant extract. DPPH scavenging activity 1s
one of the most umversally accepted methods for
measuring antioxidant activity. DPPH is a stable free
radical that gives deep violet c¢ olor in methanol
solution illustrated by an absorption band centered
at 517 nm. The principle behind the DPPH assay is
that the antioxidants donate hydrogen and reduce
the stable DPPH radical to a yellow-colored,
non-radical form of  para-hydroxy-derivatives of
2,2-diphenyl-1-picrylhydrazine (DPPH-H) (Yang et al.,
2009).

Numerous natural compounds have been recognized
with widespread biological activities, with special
attention on polyphenols, which have extremely important
potential applications n medicine. Polyphenols are a
major clags of substances with more than 000
compounds, mcluding simple structures and polymeric
compounds such as tannins. Flavonoids are also an
extremely vital and known group of compounds with a
range of pharmacological effects. Flavonoids affect
membrane permeability and inhibit membrane-bound
enzymes such as ATPase and phospholipase A2
(Aiyegoro and Okoh, 2010). These observations support
the effectiveness of medicinal plants i traditional
remedies for the treatment of stress-related ailments as
antioxidants.

In recent years, many studies have been carried out
on the beneficial effects of phenolic compounds as
natural antioxidants that counteract the action of free
radicals. Phenolic acids act as antioxidants through free
radical trapping action. The antioxidant mechanism of
phenolic compounds 1s due to their ability to chelate metal
1ons. Phenolic compounds possess carboxyl and hydroxyl
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groups that are able to bind copper and iron (Jung et al.,
2003). Phenolic compounds have diverse antioxidant
abilities that are dependent upon the structural activity,
number of hydroxyl groups and the allocation of these
groups in the structure. Plant roots that are exposed to
heavy metals often exhibit high levels of phenolics. These
compounds lessen the capacity of iron 1ons by a chelating
mechanism and diminish the superoxide-driven Fenton
reaction, a large source of ROS. Flavonoids can reduce
lipid oxidation through free radical scavenging and metal
chelating mechamsms (Gheldof et af, 2002). In addition,
flavonoids also play an important role as pro-oxidants in
the presence of transition metal ions. Flavonoids
constantly diminish these ions, and this process
generates OHe via., the Fenton reaction.

Our study has confirmed that the O. sanctum leaf
extract has antioxidant potential as indicated by the DPPH
test. Another study investigating the O. sanctum leaf
hydroalcoholic extract produced similar results (Kath and
Gupta, 2006). Previous reports conducted on the ethanolic
and aqueous extracts of (. sarctum also showed potential
antioxidant activity, thyroid function regulation and
cyclooxygenase mhibitory activity. The seed o1l of
O. sanctum also has been reported to have antidiabetic,
antioxidant, anticholesteremic activities (Kath and Gupta,
2006).

In this study, we also found that the methanolic root
and stem extracts of H. indicus have antioxidant potential
as indicated by the DPPH radical scavenging activity
assay. In a previous study, the aqueous ethanolic root
extracts of /. indicus considerably abridged the formation
of gastric and duodenal damage mduced by a variety
of ulcerogenic and cytodestructive agents in rats
{Anoop and Jegadeesan, 2003). The antiulcer activity of
this plant extract may be due to the presence of
terpenoids, saponins and amino acids. Many studies
have documented the antioxidant activities of H. indicus.
The root extracts of H. indicus protect against radiation
and DNA damage (Shetty et «l., 2005). In addition to
H. indicus, the stem extract of 7. cordifolia also has
antioxidant potential. The DPPH activity indicated that
these plants may contain compounds that donate
hydrogen to a free radical to eliminate the odd electrons
that are responsible for radical reactivity. The ability of
these plant extracts to forage DPPH could indicate that
these plant extracts could be used to treat radical-related
pathological  disturbances, especially at higher
concentrations.

Due to the antimicrobial and antioxidant potential,
these herbs, especially the roots of H. indicus and
T. cordifolia, should be further studied as new sources of
inexpensive and effective anti-microbial and antioxidant
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agents. In this regard, bicassay-oriented fractionation of
the active compounds should be conducted not only on
the methanolic extracts but also on the chloroform extracts
of the various parts. Additionally, other solvents such as
water and ethanol should also be investigated.

CONCLUSION

The methanolic extracts of all three plants exhibited
both higher antibacterial and antioxidant effects when
compared to the chloroform extracts. This may be related
to the high content of phytochemical constituents such
as alkaloids, steroids, tamnins, flavonoids and phenols.
When compared the various plant parts, the roots of
H. indicus had the highest number of antimicrobial
activities, showing antibacterial properties against all of
the mvestigated orgamisms except one (4. flavus). The
H. indicus leaf extract exhibited antibacterial activities
against S. aureus, E. coli and K. preumoniae while the
stem extract was effective agamst P. vulgaris and
A. niger. The root of T. cordifolia had the second highest
antimicrobial activity, acting against five different
organisis (B. subtilis, S. auwreus, K. pneumoniae,
P. vulgaris and A. niger). The O. sanctum leaf extract
showed antibacterial activities against B. subtilis and
E. coli, while the stem extracts were only effective against
B. subtilis. The methanolic H. indicus root and stem
extracts, the methanolic O. sanctum leaf extract and the
methanolic 7. cordifolia stem extract also exiubited
antioxidant potential. All the three plant extracts exhibited
potential antimicrobial and antioxidant activities in all the
tested solvents and thus, these plants may be of great
interest to the development of new drugs.

REFERENCES

Agarwal, A., S. Malini, K. Bairy and M.S. Rao, 2002. Effect
of Tinospora cordifolia on learmng and memory in
normal and memory deficit rats. Indian J. Pharmacol.,
34: 339-349.

Aggarwal, S.G. and S. Goyal, 2012, Comparative
analysis of antimicrobial activity of essential oil of
Ocimum kilimandscharium. Asian J. Pharni. Clin.
Res., 5: 53-55.

Adyegoro, O.A. and AT Okoh, 2010. Preliminary
phytochemical screening and ir vitro antioxidant
activities of the aqueous  extract of
Helichrysum longifolium DC. BMC Complementary
Altern. Med., Vol. 10 10.1186/1472-6882-10-21

Alam, MI., B. Auddy and A. Gomes, 1994. Isolation,
purification  and partial characterization of
viper venom inhibiting factor from the root extract
of the Indian medicinal plant sarsaparilla
(Hemidesmus indicus R. Br.). Toxicon, 32: 1551-1557.

286

Ali, H. and S. Dixit, 2012. I» vitro antimicrobial activity
of flavanoids of
synergistic effect of their combined form. Asian Pac.
I. Trop. Dis., 2: S396-5398.

Ocirmim sanctum  with

Anoop, A. and M. Jegadeesan, 2003. Biochemical
studies on the anti-ulcerogenic potential of
Hemidesmus  indicus RBr.  var. indicus.

J. Ethnopharmacol., 84: 149-156.

Aqil, F., M. Zahin and I. Ahmad, 2008 Antimutagenic
activity of methanolic extracts of four ayurvedic
medicinal plants. Indian J. Exp. Biol., 46: 668-672.

Austin, A, 2008 A review on Indian sarsaparilla,
Hemidesmus indicus (L) R. Br. I. Bail. Sc1., 8: 1-12.

Baheti, TR, REK. Goyval and G.B. Shah, 2006.
Hepatoprotective activity of Hemidesmus indicus
R. br. in rats. Br. In rats. Indian J. Exp. Biol,
44: 399-402.

Chandra, R., D. Deepak and A. Khare, 1994. Pregnane
glycosides from Hemidesmus indicus.
Phytochemistry, 35: 1545-1548.

Chung, K.T., CI. Wei and M.G. Johnson, 1998. Are
tanmns a double-edged sword in biology and
health?. Trends Food Sci. Technol., 9: 168-175.

Das, 5. and S.N. Devara;, 2006. Antienterobacterial
activity of hemidesmus indicus r. Br. Root extract.
Phytother. Res., 20: 416-421.

Ferreira, I.CFR., E. Aires, JCM. Barreira and
L.M. Estevinho, 2009. Antioxidant activity of
Portuguese honey samples: Different contributions
of the entire honey and phenolic extract. Food Chem.,
144: 1438-1443.

Fimognani, C., M. Lenzi, L. Ferruzzi, E. Tumini and
P. Scartezzini et al, 2011. Mitochondnal pathway
mediates the antileukemic effects of hemidesmus
indicus, a promising botamical drug. PloS One,
Vol. 6. 10.1371/journal . pone.0021 544

Gayathri, M. and K. Kannabiran, 2009. Antimicrobial
activity of hemidesmus indicus, ficus bengalensis
and pterocarpus marsupium roxb. Indian J. Pharm.
Sci., 71: 578-581.

Gheldof, N, X H Wang and N.I. Engeseth, 2002.
Identification and quantification of antioxidant
components of honeys from various floral sources.
I. Agric. Food Chem., 50: 5870-5877.

Gupta, MM., RK. Verma and L.N. Misra, 1992.
Terpenoids from Hemidesmus
Phytochemistry, 31: 4036-4037.

Gupta, S., P.X. Mediratta, S. Singh, K. K. Sharma and
R. Shukla, 2006. Antidiabetic,
antihypercholesterolaemic and antioxidant effect of
Ocimum sanctum (Linn.) seed o1l. Indian J. Exp. Biol,,
44: 300-304.

indicus.



Int. J. Pharmacol., 9 (5): 277-287, 2013

Harborne, A.J., 1998. Phytochemical Methods a Guide to
Modermn Techmques of Plant Analysis. 3rd Edn,
Springer, New York, USA.

Jaggi, RK., R. Madaan and B. Singh, 2003.
Anticonvulsant  potential  of  holy  basil,
Ocimwm sanctum Lim. and its cultures.
J. Exp. Biol,, 41: 1329-1333,

Tung, C., V. Maeder, F. Funk, B. Frey, H. Sticher and
E. Frossard, 2003. Release of phenols from
Lupinus albus 1. roots exposed to Cu and their
possible role in Cu detoxification. Plant Seil,
252: 301-312.

Kath, R K. and R.K. Gupta, 2006. Antioxidant activity of
hydroalcohelic leaf extract of ocimum sanctum n
amimal models of peptic ulcer. Indian J. Physiol.
Pharmacol., 50: 391-396.

Khan, MRI, MA Islam, M.S. Hossain, M. Asadujjaman
and M.II. Wahed et af., 2010. Antidiabetic effects of
the different fractions of ethanolic extracts of
Ocimum sanctum in normal and alloxan induced
diabetic rats. J. Sci. Res., 2: 158-168.

Khanna, V.G. and K. Kannabiran, 2007. Larvicidal effect
of Hemidesmus indicus, Gymmnema sylvestre and
Eclipta prostrata against Culex ginguifaciatus
mosquito larvae. African T. Biotechnol., 6: 307-311.

Khamna, V.G. and K. Kannabiran, 2008. Antimicrobial
activity of saponin fraction from the roots of
Hemidesmus indicus. Res. . Medicinal Plant, 2: 39-42.

Kumar, G.5., K.N. Jayaveera, CK.A. Kumar, U.P. Sanjay
and BM. V. Swamy et af., 2007. Antimicrobial effects
of Indian medicinal plants against acne-inducing
bacteria. Trop. J. Pharm. Res., 6 717-723.

Mahesh, B. and S. Satish, 2008. Antimicrobial activity of
some important medicinal plant against plant and
human pathogens. World T. Agric. Sci., 4: 839-843.

Noreen, W., W. Abdul and 5. Syed-Abdul-Wahid, 1992.
Effect of Tirnospora cordifolia on blood glucose and

Indian

total lipid levels of normal a alloxan diabetic rabbits.
Planta Med., 58: 131-136.

Nostro, A., M.P. Germano, V. D'Angelo, A. Marine and
M.A. Camnatelly, 2000. Extraction metheds and
bicautography for evaluation of medicinal plant
antimicrobial activity. Lett. Applied Microbial.,
30: 379-384.

287

Parag, S., N. Vijyayshree, B. Ranu and B.R. Patil, 2010.
Antibactenial activity of Ocimum sanctum Linn. and
its application in water purification. Res. J. Chem.
Environ., 14: 46-50.

Prakash, P. and N. Gupta, 2005. Therapeutic uses of
Ocimum sanctum Linn. (Tulst) with a note on eugenol
and 1its pharmacological actions: A short review.
Indian J. Physiol. Pharmacol., 49: 125-131.

Prince, P.S.M., V.P. Menon and G. Gunasekaran, 1998.
Hypolipidaemic action of Tirospora cordifolia roots
in alloxan diabetic rats. J. Ethnopharmacol., 64: 53-57.

Rajalakshmi, M., I. Eliza, C.E. Priya, A. Nirmala and
P, Dawsy, 2009 Anti-diabetic properties of
Tinospora  cordifolia extracts
streptozotocin-induced diabetic rats. Afr. I. Pharmacy
Pharmacol., 3: 171-180.

Rao, P.V., AS. Goudu, S. Sasikala and M.D. Naidu,
2010. Efficacy activity of
Rhinacanthus nasutus (Linn) leaves in different
extractions. Int. J. Pharma Bio Sci., 1: 1-4.

Ravishankara, MN., N. Shrivastava, H. Padh and
M. Rajam, 2002. Evaluation of antioxidant properties
of root bark of Hemidesmus indicus R. Br.
(Anantmul). Phytomedicine, 9: 153-160.

Samy, R.P. and S. Ignacimuthu, 2000. Antibacterial
activity of some folklore medicinal plants used by
tribals in Western Ghats of India. I. Ethnopharmacol.,
69: 63-71.

Shetty, TK., J.G. Satav and C.K. Nair, 2005. Radiation
protection of DNA and membrane i vitro by extract
of Hemidesmus indicus. Phytother Res., 19: 387-390.

Singh, S., M. Malhotra and D.K. Majundar, 2005.
Antibacterial activity of Ocimum sanctim L. fixed o1l
Indian I. Exp. Biol,, 43: 835-837.

Sridevi, G., P. Gopkumar, S. Ashok and C.S. Shastry, 2009.
Pharmacological antianaphylactic,
antihistaminic and mast cell stabilization activity of

stem on

of antimicrobial

basis  for
Ccimum sanctum. Internet J. Pharmacol., Vol. 7.

Yang, Z., C. L, L. Xiang and Y. Zheng, 2009. Phenolic
alkaloids as a new class of antioxidants in
Portulaca oleracea. Phytother. Res., 23: 1032-1035.



	IJP.pdf
	IJP.pdf
	Page 1



