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Objective: To evaluate in vitro antioxidant and antibacterial activity of methanolic extract of
Arnebia benthamii (A. benthamii) whole plant. Methods: Plasmid damage was analyzed by
agarose gell electrophoresis. Calf thymus DNA was monitored by TBARS formation. DPPH,
reducing power and lipid peroxidation was evaluated by using standard procedures. Antibacterial
assay was monitored by disc diffusion method. Results: DPPH radical scavenging and
hydroxyl radical scavenging potential of the plant revealed that the extract to be active radical
scavenger. Reducing (Fe*’~Fe™) power and lipid peroxidation inhibition efficiency (TBARS
assay) of the extract was also evaluated and the extract showed promising activity in preventing
lipid peroxidation and might prevent oxidative damages to biomolecules. The extract offered a
significant protection against plasmid and calf thymus DNA damage induced by hydroxyl radicals.
The extract was also evaluated on different bacterial strains and the maximum antibacterial
activity was exhibited against Escherichia coli (E. coli) when compared with standard drug.
Conclusions: These findings demonstrate that the methanol extract of A. benthamii has excellent
anti—oxidant activities and could be considered as a potential source of lead molecules for
pharmaceutical industries.

1. Introduction

Reactive oxygen species (ROS) are produced by cellular
metabolism and by exogenous agents in the cells. These
ROS may induce oxidative damage to various biomolecules
in cells such as DNA, carbohydrates, proteins which in turn
leads to cardiovascular and neurodegenerative diseases,
inflammation and othersl1.2]. Reactive oxygen species (ROS),
which are generated from many redox processes, are major
free radicals in the human body that are capable of inducing
damage to biomolecules such as carbohydrates, proteins,
lipids, and DNAI3I. Intracellular oxidative damage by ROS
causes many chronic diseases, including neurodegenerative
diseases and cardiovascular diseases|4.5].

Living systems have specific pathways to overcome the
adverse affects of various damages. However, sometimes
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these repair mechanisms fail to keep pace with such
deleterious effectsl6l. An antioxidant is a compound that
inhibits or delays the oxidation of substrates even if the
compound is present in a significantly lower concentration
than the oxidized substratel7l. Antioxidants play an
important role in inhibiting and scavenging radicals,
thus providing protection to humans against infections
and degenerative diseases. However, during recent years
people have been more concerned about the safety of
their food and the potential effect of synthetic additives
on their health. The two most commonly used synthetic
antioxidants; butylated hydroxyanisole (BHA) and butylated
hydroxytoluene (BHT) have begun to be restricted because
of their toxicity and DNA damage induction(8.9l. Therefore,
natural antioxidants from plant extracts have attracted
increasing interests due to their safety. Natural antioxidants
show strong defense against the damages of the cellular
organelles caused by free radical induced oxidative
stress[10].

Arnebia benthamii (A. benthamiti) is a monocarpic
perennial and reaches reproductive maturity in 34 years.



Showkat A Ganie et al./Asian Pacific Journal of Tropical Medicine (2012)766-772

The basal part of the root, leaves, and flowering stalk can
be utilized for consumption and for trade. The roots yield a
red pigment, shikonin and alkanin a lipophilic red pigment
which is the main active constituent of this plant and are
responsible for its colour and therapeutic efficacy. On
folklore levels the plant is used for curing various diseases
of tongue, throat, fever and cardiac disorders and has wound
healing properties. The root has antihelminthetic, antipyretic
and antiseptic property. A. benthamii is used for imparting
pleasing red colour to foodstuff, oils and fats. The flowering
shoots are used in preparation of sherbets and jams.

The main objective of the present investigation was to evaluate
the protective effects of methanolic extract of A. benthamii
against free radical mediated damages under in vitro
situations. In vitro assays were carried on DPPH radical
scavenging activity, reducing power, *OH mediated DNA
damage, lipid peroxidation and DNA nicking assay.

2. Materials and methods
2.1. Plant material collection and extraction

The A. benthamii was collected from higher altitudes of
Gulmarg, and were identified by the courtesy of centre
of Plant Taxonomy, Department of Botany, University of
Kashmir. The whole plant material was shade dried under
room temperature at (30 £ 2) °C. The dried material was
grinded into powder using mortar/pestle and sieved with
a sieve of 0.3 mm aperture size. The powder obtained was
extracted in methanol, by using Soxhlet extractor 60-80 °C).
The methanol extract was then concentrated with the help
of rotary evaporator under reduced pressure, and the solid
extract was stored in refrigerator for further use.

2.2. DPPH radical scavenging activity: DPPH free—radical

scavenging actiily

DPPH (1, 1- diphenyl-2-picrylhydrazyl) radical-
scavenging activity was measured by the method of Szabol!1.
The reaction mixture contained 10 mg% methanolic solution
of DPPH and various concentrations of the test substances
and were kept in dark for 50 min. Optical Density (OD) of
the samples was measured at 517 nm against a blank. Lower
absorbance of the reaction mixture indicates higher free
radical scavenging activity. a —tocopherol was taken as
known free radical scavenger. Percentage inhibition was
calculated by using the formula.

% inhibition = [(A;—A)/A,] x 100

Where A, was the absorbance of the control and A, was
absorbance in the presence of A. benthamii extract/known
antioxidant.

2.3. Reducing power

The ability of the extracts to reduce Fe*- Fe” was accessed by
the method of Yildirim(12l. 50 £t g, 100 ftg, 150 ftg, 200 ttg
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and 250 ¢ g of the extracts were mixed with 2.5 mL of 0.2 M
phosphate buffer (pH 6.6; 1.79% NaH,PO, and 1.89% Na,HPO,)
and 2.5 mL of 1% potassium ferricyanide. The mixture was
incubated at 50 °C for 30 min. 2.5 mL of 10% trichloroacetic
acid was later added and the tubes were centrifuged at
3 000 rpm for 10 min. 2.5 mL of the upper layer solution
was mixed with 2.5 mL of distilled water and 0.5 mL of 0.1%
ferric chloride added. Absorbance was measured at 700
nm. Increasing absorbance values of the reaction mixture
indicated increasing reducing power of the extracts. BHT
was taken as the known standard. The percentage reduction
of the sample as compared with BHT was calculated by
using formula:

Reduction (%) = [1- (1- A/Ag)] % 100

Where, A is absorbance of standard at maximum
concentration tested and Ay is absorbance of sample.

2.4. Assessment of hydroxyl radical scavenging activity

Hydroxyl radical, generated from the Fe’—Ascorbate—
H,0, (Fenton reaction), was evaluated by degradation of
deoxyribose that produced thiobarbituric acid reactive
species (TBARS)13]. The reaction mixture containing 25
mM deoxyribose, 10 mM Ferric chloride, 100 mM ascorbic
acid, 2.8 mM H,0, in 10 mM KH,PO, (pH 7.4) and various
concentrations of A. benthamii extract. The reaction
mixture was incubated at 37 °C for 1 h. Then one mL of 1%
thiobarbituric acid and 1 mL of 3% trichloroacetic acid were
added and heated at 100 °C for 20 min. The TBARS was
measured spectrophotometrically at 532 nm. The results
were expressed as percentage inhibition of deoxyribose
oxidation, as determined by the following formula.

Percentage inhibition = [(A-B)/A] x 100

Where A was the malondialdehyde produced by Fenton
reaction treated alone, and B was the malondialdehyde
produced in the presence of Arnebia benthamii extract.

2.5. Lipid peroxidation (LPO)

LPO was induced and assayed in rat liver microsomes
according to the method of Chang[14]. The liver of albino
rats was homogenized with a homogenizer in ice—cold Tris—
HCI buffer 20 mM, pH 7.4) to produce. The homogenate
was centrifuged at 100 000 g for 60 min at 4 °C, and the
pellet was used for in vitro lipid peroxidation assay. An
aliquot of microsomes (1 mL) was incubated with different
concentrations of plant extract (final concentrations were
5, 10, 20, 50 and 100 ¢ g/mL, respectively) in the presence
of 20 mM ferric nitrate, 100 mM ascorbic acid and 30% H,0,
at 37 °C for 1 h. The reaction was ended by the addition of
1.0 mL of trichloroacetic acid (TCA; 28%, w/v) and 1.5 mL of
TBA (1%, w/v), followed by heating at 100 °C for 15 min. The
absorbance of the malondialdehyde (MDA) — TBA complex
was measured at 532 nm. o — tocopherol was used as
positive controls.
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The inhibition ratio (%) was calculated as % of inhibition
= [(absorbance of control-absorbance of test sample)/
absorbance of control] x 100% (17).

2.6. Antioxidant activity against oxidative damage to DNA

Hydroxyl radical generated by Fenton reaction were used
to induce oxidative damage to DNAI15l. The reaction mixture
(15 (L) contained 25 mg of calf thymus DNA in 20.0 mM
phosphate buffer saline (pH 7.4) and different concentrations
of plant extract (10, 30, 50 and 80 ftg) were added and
incubated with DNA for 15 min at room temperature. The
oxidation was induced by treating DNA with 20 mM ferric
nitrate and 100 mM ascorbic acid and incubated them for 1 h
at 37 °C. The reaction was terminated by the addition of
loading buffer bromophenol blue (0.25%) and glycerol (30%)
and the mixture was subjected to gel electrophoresis in 0.7%
agarose/TAE buffer run at 100 V. DNA was visualized and
photographed by gel doc.

2.7. DNA nicking assay

DNA nicking assay was performed using supercoiled
pBR322 DNA by the method of Leel16l. A mixture of 5 ¢ L of
plant extract of different concentrations (20-80 mg/mlL) and
plasmid DNA (0.5 ¢t g) was incubated for 10 min at room
temperature followed by the addition of 10 ¢ L. of Fenton’s
reagent (30 mM H,0,, 50 mM ascorbic acid and 20 mM FeCl,).
The final volume of the mixture was made up to 20 ¢ L. and
incubated for 30 min at 37 °C. The DNA was analyzed on 1%
agarose gel using ethidium bromide staining.

2.8. Antimicrobial activity

The disc diffusion method of Rahman and Rashidi17] was
used to test antimicrobial activity of the methanol extract of
A. benthamii. Solutions of known concentration ( t g/mL) of
the test samples were made by dissolving measured amount
of the samples in calculated volume of solvents. Dried
and sterilized filter paper discs (6 mm diameter) were then
impregnated with known amounts of the test substances
using micropipette and the residual solvents were
completely evaporated. Discs containing the test materials
were placed on to nutrient agar medium uniformly seeded
with the test microorganisms. Standard disc of Kanamycin
(30 1t g/disc) and blank discs (impregnated with solvents
followed by evaporation) were used as positive and negative
control, respectively. These plates were then kept at low
temperature (4 °C) for 24 h to allow maximum diffusion of
the test materials and Kanamycin. The plates were then
incubated at 37 °C for 24 h to allow maximum growth of the
organisms. The test material having antimicrobial activity
inhibited the growth of the microorganisms and a clear,
distinct zone of inhibition was visualized surrounding the
discs. The antimicrobial activity of the test agents was
determined by measuring the diameter of zone of inhibition
expressed in mm. The experiment was carried out in
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triplicate and the mean value was taken.
2.9. Statistical analysts

The values are expressed as mean * standard deviation
(SD). The results were evaluated by using the SPSS (version
12.0) and Origen 6 softwares and each experiment was
performed at least thrice.

3. Results
3.1. DPPH radical scavenging activity

To obtain information about the mechanisms of the
antioxidative effects of the extract, we examined their radical
scavenging effects by measuring changes in absorbance of
DPPH radical at 517 nm. Both methanolic extract and BHT
showed a concentration dependent scavenging of DPPH
radicals. Methanolic extract was found to be more active
radical scavenger than BHT.

Table 1 shows the results of the free radical (DPPH)
scavenging activity in % inhibition. The results revealed that
the methanol extract of A. benthamii exhibited the radical
scavenging activity with (69.43 £ 11.29) at the concentration
of 700 ¢ g/mL. In comparison to BHT the known antioxidant
which shows (85.10 % 1.34) at the same concentration.

3.2. Reducing power

The reducing power of methanolic extract of A. benthamii
is summarized in Figure 1. The data shows that the reducing
power of extract increased in a dose dependent manner.
Methanolic extract displayed about 89% reducing activity
as compared to the BHT which shows about 98% reducing
power activity at the same concentration of 800 ¢ g/ml.
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Figure 1. Represents the effect of A. benthamii methanol extract and
known antioxidant BHT on reducing power method.
The results represent mean+S.D of 3 separate experiments.
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3.3. Hydroxyl radical scavenging activity

Antioxidant efficiency of the methanolic extract of
A. benthamii was determined as their ability to scavenge the
free radicals generated. The ability of the extract to quench
hydroxyl radicals can be related to the prevention of lipid
peroxidation, and it seems to be a good scavenger of active
oxygen species, thus reducing the rate of chain reaction.
Table 2 shows the percentage of hydroxyl scavenging activity
(HRSA %) of A. benthamii extract. A dose dependent effect
of the known antioxidant and our plant extract on hydroxyl
radical scavenging was observed. At a concentration of 800
¢ g/mL methanolic extract, 71% hydroxyl radical scavenging
was observed. o — tocopherol showed 90% hydroxyl
radical scavenging activity at the same concentration. The
experiment indicates that A. benthamii is an excellent
hydroxyl radical scavenger and might play a role in
neutralizing the lipid peroxidation.

‘ . . .. g .. v 2+
3.4. Antioxtdant activity of A. benthamii extracts on Fe™/
ascorbic acid model systems

This model system contained Fe*/ascorbic acid as oxidizing
agent to initiate lipid peroxidation in rat liver microsomes.
MDA forms a pink chromogen with TBA that absorbs at 535
nm. A. benthamii extract dose dependently inhibited the
MDA formation, and thus the lipid peroxidation in liver
microsomes as shown in Table 3. At a concentration of 250
¢ g/mL around 66.76% inhibitions in LPO was observed. In
the presence of known antioxidant « — tocopherol, LPO was
inhibited by 87.25% at the same concentration.

3.5. Antioxidant activity against oxidative damage to DNA

The protective effect of A. benthamii methanol extract on
calf thymus DNA is shown in the Figure 2. Hydroxyl radicals
generated by Fenton reaction were found to induce DNA
strand breaks in calf thymus DNA. H,0, alone did not cause
DNA strand cleavage (lane 8). However H,0, in presence of
ferric nitrate and ascorbic acid induce DNA strand breaks
and helps the DNA molecule to run fast (lane 2). A. benthamiz
extract at 1080 ! g offered complete protection to DNA
damage induced by hydroxyl radicals in calf thymus DNA
(lane 3-7). Thus, the hydroxyl radical quenching ability
of polyphenolic compounds of A. benthamii could be
responsible for the protection against oxidative damage to
DNA.

3.6. DNA nicking assay

Hydroxyl radicals generated by the Fenton reaction
are known to cause oxidatively induced breaks in DNA
strands to yield its open circular or relaxed forms. In this
assay when pBR322 plasmid DNA was exposed to Fenton
reaction, it caused a damage in DNA molecule (lane 1).
The concentration dependent (10-80 ¢ g/mL) free radical
scavenging effect of methanolic extract of A. benthamii was
studied (Figure 3) on plasmid DNA damage. The extract
of higher concentration (80 ¢ g/mL) showed significant
reduction in the formation of nicked DNA and increased
native form of DNA (lane 6).
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Figure 2. Protective effect of methanol extract of A. benthamii on
oxidative damage to calf thymus DNA.

Lane 1: Native calf thymus DNA; Lane 2: DNA+ 20 mM Ferric Nitrate
+ 100 mM Ascorbic Acid + 30 mM H,0,; Lane 3: DNA+ 20 mM
Ferric Nitrate + 100 mM Ascorbic Acid + 30 mM H,0, + 10 ¢t g
of methanol extract; Lane 4: DNA+ 20 mM Ferric Nitrate + 100 mM
Ascorbic Acid + 30 mM H,0, + 20 g g of methanol extract; Lane
5: DNA+ 20 mM Ferric Nitrate + 100 mM Ascorbic Acid + 30 mM
H,0,+ 30 ¢ g of methanol extract; Lane 6: DNA+ 20 mM Ferric
Nitrate + 100 mM Ascorbic Acid +30 mM H,0,+ 50 ¢+ g of methanol
extract; Lane 7: DNA+ 20 mM Ferric Nitrate + 100 mM Ascorbic
Acid + 30 mM H,0,+ 80 1 g of methanol extract; Lane 8: DNA + 30
mM H,0, only.

1 2 3 4 5 6

Figure 3. Protective effect of methanol extract of A. benthamii on
oxidative damage to pBR322.

Lane 1: H,0, + ferric nitrate+ ascoric acid; Lane 2: Plasmid alone;
Lane 3: Plasmid + H,0, + ferric nitrate+ ascoric acid + 10 ¢ g/mL
plant extract; Lane 4: Plasmid + H,0, + ferric nitrate+ ascoric acid
+ 20 p g/mL plant extract; Lane 5: Plasmid + H,0, + ferric nitrate+
ascoric acid + 30 ¢ g/mL plant extract; Lane 6: Plasmid + H,0, +
ferric nitrate+ ascoric acid + 80 ¢t g/mL plant extract.

3.7. Anti bacterial activity

Four bacterial strains E. coli, Klebsiella pneumonia
(K. pneumonia), Staphylococcus aureus (S. aureus) and
Shigella dysenteriae (S. dysenteriae) were tested for their
susceptibility to A. benthamii methanol extract. The
standard antibacterial compound, Kanamycin is used at a
concentration of 30 ¢ g/disc. The extract was tested at the
concentration of 50 ¢ g/mL. Maximum zone of inhibition
was observed with E. coli with inhibition zone diameter of 19
mm followed by S. aureus with inhibition zone diameter of
18 mm (Table 4).

The zone of inhibition was observed in the following
descending order.

E. coli> S. aureus >K. pneumonia> S. dysenteriae
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Table 1
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Shows the percentage inhibition of DPPH radicals by BHT, and different doses of methanolic extract of A. benthamii.

Concentration ( {+ g/ml) BHT Methanolic extract of A. benthamii
100 14.13+1.44 45.4612.66
200 21.04+7.38 57.94+1.04
300 22.25+6.91 61.75+1.09
400 33.66+7.02 66.28+1.50
500 43.67+5.07 76.50+0.76
600 46.60+8.37 78.12+1.86
700 69.43+11.29 85.10+1.34

The data were presented as means=S.D of three independent experiments.

Table 2

Shows the hydroxyl radical scavenging activity of plant extract and known antioxidant (Absorbance at 532 nm).

Concentration ( ¢+ g/mL) o — tocopherol

Methanolic extract of A. benthamii (1 g/mL)

27.003+5.730
36.390+2.550
44.100+2.180
52.670+5.300
71.290+5.740

Absorbance of control 1.641+0.170. The data were presented as means+S.D of three independent experiments and evaluated by one—way

100 60.450+0.039
200 74.890+0.035
300 81.100+0.015
500 82.870+0.069
800 90.670+0.007
ANOVA.

Table 3

Shows the effect of A. benthamii extract on MDA level in rat liver microsomes (nmoles /mg protein) (Absorbance at 535 nm).

Concentration ( ¢+ g/ml) o — tocopherol

Methanolic extract of A. benthamii ( 1+ g/ml)

50 50.170+0.027
100 57.900+0.019
150 63.130+0.031
200 78.040+0.048
250 87.250+0.024

29.79+12.85
29.70+11.76
35.33+10.10
61.84+6.70
66.76+4.93

The data were presented as means+S.D of three independent experiments and evaluated by one—way ANOVA.

Table 4

Anti-bacterial activity of methanolic extract of A. benthamii.

S.No  Test bacteria  Volume of extract (1t L)  Diameter of zone inhibition (mm) Diameter of zone inhibition Kanamycin disc (mm) Blank
1 E. coli 50 19.33+1.52 18.00£1.15 0

2 S. aureus 50 18.00+2.08 19.00+1.00 0

3 K. pneumonia 50 17.10+1.00 18.00+0.55 0

4 S. dysenteriae 50 17.00+2.00 20.00+1.09 0

The concentration of the Kanamycin used was 30 ¢+ g/disc.

4. Discussion

Antioxidant activity of A. benthamii extract has been
revealed by free radical scavenging assays, DPPH radical
scavenging assays, Reducing power, hydroxyl radical
scavenging activity, lipid peroxidation assays and hydroxyl
radical-induced DNA and plasmid damage. In addition,
A. benthamii extract has high phenolic contents. This study
shows that A. benthamii extract clearly has antioxidant
effects. DPPH is a stable radical that has been widely
utilized to appraise the antioxidant activity of various
natural productsl18l. The DPPH assay method is based on the
reduction of DPPH, a stable free radical. The free radical
DPPH.with an odd electron gives a maximum absorption at
517 nm (purple colour). As the odd electron of the radical
becomes paired off in the presence of a hydrogen donor,
e.g., a free radical-scavenging antioxidant, the absorption
strength is decreased and results in decolorization (yellow

colour) with respect to the number of electrons capturedi19l.
More the decolorization more is the reducing ability. This
test has been the most accepted model for evaluating the free
radical scavenging activity of any new drug. In this study,
DPPH scavenging activity has been found in A. benthamii
extract. The scavenging effects of extract increased with
their concentrations to similar extents. The percentage
inhibitions of concentration 100-700 £ g/ml. are about 14%,
21%, 22%, 33%, 43%, 46% and 69.43% respectively as shown
in Table 1. The standard BHT presented a scavenging effect
of 85% at the concentration of 700 ¢ g/mL. Similar results
were reported by Ganie et all20] while investigating the DPPH
radical scavenging activity of Podophyllum hexandrum.

The ability of the extract and BHT to reduce the ferric—
ferricyanide complex to the ferrous—ferricyanide complex
of Prussian blue was determined by recording the 700 nm
absorbance after incubation. Reductants supply electrons
to the reduced species and, in antioxidant substances,



Showkat A Ganie et al./Asian Pacific Journal of Tropical Medicine (2012)766-772

reductants cause the reduction of the Fe'/ferricyanide
complex to the ferrous form, causing the test solution to
change color from yellow to green or blue, based on the
substance’s reducing ability21l. In this study, there was a
steady increase in the reductive potential of the extract and
BHT with increased concentration, but the extract showed
lower activities than the synthetic antioxidant. The extract
may have acted as a scavenger by neutralizing free radicals
through donating electrons and rendering the radicals stable,
thus also quenching the free radical chainl22]. Similar results
were reported by Ganie et all23] for 70% ethanol extract of
Podophyllum hexandrum with high relationship between
phenolic compounds and reducing power of the extract.

Hydroxyl radical is an extremely reactive species formed
in biological systems. It is capable of damaging almost
every molecule found in living cells24]. This radical has
the capacity to join nucleotides in DNA and cause strand
breakage, which contributes to carcinogenesis, mutagenesis
and cytotoxicity. In vitro, (OH') were generated by a mixture
of Fe"~EDTA, H,0, and ascorbic acid and were assessed by
monitoring the degraded fragments of deoxyribose, through
malonaldehyde (MDA) formation. If any drug scavenges the
hydroxyl radical, they may either scavenge the radical or may
chelate the Fe” ion making them unavailable for the Fenton’s
reaction. Here the methanol extract of A. benthamii was
tested first time in our lab, where we found a dose dependent
hydroxyl radical scavenging activity. The methanol extract
of A. benthamii was found to exhibit the scavenging activity
with 71.299% at 800 ¢t g/mL concentration. The scavenging
effect was comparable to that of the standard Vitamin E
with 90.67% at 800 ¢ g/mL concentration. Similar studies
conducted on Cassia fistula showed that the extract provided
30% protection against deoxyribose oxidative damage at a
concentration of 125 mg/mLi251.

Peroxidation is important in food deterioration and in the
oxidative modification of biological molecules particularly
lipids. Inhibition of lipid peroxidation by any external agent
is often used to evaluate its antioxidant capacity. In the
present study the inhibition of lipid peroxidation induced
by H,0,/ascorbic acid/ferric nitrate by the A. benthamii
methanol extract was carried out in rat liver microsomes.
Several plant extract/constituents have been found to exert
their antioxidant activity by chelating the Fenton generated
free radicals and also inhibit LPO[26-27). A. benthamii extract
exhibited dose dependent inhibitory effects on the in vitro
rat liver microsomal lipid peroxidation. The extract afforded
66.76% protection at the concentration of 250 ¢ g/mL and the
known antioxidant o — tocopherol exhibited 87.25% at the
same concentrations. Our results are in good agreement with
the reports on medicinal plants as an important supplement
for reducing hyperglycemia due to inhibition of lipid
peroxidation process, owing to several types of phenolic
compounds and antioxidant activities|28l.

The cellular damage resulting from hydroxyl radicals is
strongest among free radicals. Hydroxyl radicals can be
generated by biochemical reaction. Superoxide radical is
converted by superoxide dismutase to hydrogen peroxide,
which can subsequently produce extremely reactive hydroxyl
radicals in the presence of transition metal ions such as
iron and copper or by UV photolysis. DNA is susceptible to
oxidative damage and hydroxyl radicals oxidize guanosine
or thymine to 8-hydroxyl-2—-deoxyguanosine and thymine
glycol which change DNA and lead to mutagenesis and
carcinogenesis(29. In this study, hydroxyl radicals generated
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by Fenton reaction were found to induce DNA strand breaks
in calf thymus DNA and uncoiling of supercoiled plasmid
DNA. A. benthamii methanol extract at 10-80 t g offered
complete protection to DNA damage induced by hydroxyl
radicals in calf thymus DNA and also reduced uncoiling
or open circular form in pBR322 DNA. Thus, the hydroxyl
radical quenching ability of polyphenolic compounds of
A. benthamit extract could be responsible for the protection
against oxidative damage to DNA[30-35].

Nowadays multiple drug resistance has developed due
to the indiscriminate use of commercial anti—microbial
drugs commonly used in the treatment of infectious
diseases(36l. In addition to this problem, antibiotics are
sometimes associated with adverse effects on the host
including hypersensitivity, immune suppression and allergic
reactions|37]. Therefore there is a need to develop alternative
antimicrobial drugs for the treatment of infectious diseases
from medicinal plants(38] as well as develop methods to
decrease the concentrations of the drugs used. Several
screening studies have been carried out in different parts of
the world. The beneficial medicinal effects of plant materials
typically results from the combination of secondary products
present in the plants. In plants, these compounds are mostly
secondary metabolites such as alkaloids, steroids, tannins,
coumarins and phenolic compounds. From the data it is
evident that methanolic extract of A. benthamii is active
against all the four tested strains of bacteria, but more active
against gram negative bacteria such as E. coli. Similar
results were reported by Emin Babyl(38] while investigating
the antibacterial activity of methanolic extract of Passiflora
Joetida Linn.

From the results obtained in the present study, it is
concluded that methanolic extract of A. benthamii exhibits
high antioxidant and free radical scavenging activities.
These in viiro assays indicate that this plant extract is a
significant source of natural antioxidant, which might be
helpful in preventing the progress of various oxidative
stresses. The antibacterial activity in methanolic extract
of A. benthamii by disc diffusion method showed good
antibacterial activity against above discussed bacteria.
Therefore, further investigations need to be carried out to
isolate and identify the antioxidant compounds present
in the plant extract and to isolate the main components
responsible for these antibacterial activities. Furthermore,
the in vivo antioxidant activity of this extract needs to be
assessed prior to clinical use.

Conflict of interest statements
The authors suggest that they have no conflict of interest.
Acknowledgments

This study was in part funded by National Medicinal
Plants Board, Department of AYUSH, Ministry of Health
and Family Welfare, GOI, to Dr. M. A Zargar wide grant No.
718017—-187/PR/GO/JK/04/2005—-06/NMPB, the assistance is
greatly acknowledged. The authors are thankful to Dr. Trshad
Ahmad Nawchoo and Akhter Hussain Malik for identifying
and authenticating the plant material used during the course
of this study.



772
References

[1] Sun Y. Free radicals, antioxidant enzymes and carcinogenesis.
Free Radic Biol Med 1990; 8: 583—-599.

[2] Stadtman ER. Protein oxidation and aging. Science 1992; 257:
1220-1224.

[3] Valko M, Leibfritz D, Moncol J, Cronin MT, Mazur M, Telser J.
Free radicals and antioxidants in normal physiological functions
and human disease. Int J Biochem Cell Biol 2007; 39: 44-84.

[4] Butterfield DA, Sultana R. Redox proteomics: Understanding
oxidative stress in the progression of age-related
neurodegenerative disorders. Expert Rev Proteomics 2008; 5:
157-160.

[S] Leopold JA, Loscalzo J. Oxidative risk for atherothrombotic
cardiovascular disease. Free Radic Biol Med 2009; 47:
1673-1706.

[6] Nilsson J, Stegmark R, Akesson B. Total antioxidant capacity
in different pea (Pisum sativum) varieties after blanching and
freezing. Food Chem 2004; 86: 501-507.

[7] Halliwell B, Gutteridge JMC. Free radicals in biology and
medicine. 4th edition. Oxford: Oxford University Press; 2007.

[8] Ito N, Hiroze M, Fukushima G, Tauda H, Shira T, Tatematsu
M. Studies on antioxidant; their carcinogenic and modifying
effects on chemical carcinogenesis. Food Chem Toxicol 1986; 24:
1071-1081.

[9] Sasaki YK, Kawaguchi S, Kamaya A, Ohshita M, Kabasawa K,
Iwama K, et al. The comet assay with 8 mouse organs: results with
39 currently used food additives. Mutat Res Gen Tox En 2002;
519: 103-119.

[10]Quinming Y, Xianhui P, Weibao K, Hong Y, Yidan S, Zhang
Li. Antioxidant activities of malt extract from barley (Hordeum
vulgare 1..) towards various oxidative stress in—vitro and in—vivo.
Food Chem 2010; 118: 84-89.

[11]Szabo MR, Iditoiu C, Chambre D, Lupea AX. Improved DPPH
determination for antioxidant activity spectrophotometric assay.
Chem Pap 2007; 61: 214-216.

[12]Yildirim A, Mavi A, Kara AA. Determination of antioxidant and
antimicrobial activities of Rumes crispus L. extracts. J Agric Food
Chem 2001; 49: 4083-4089.

[13]Halliwell B, Gutteridge JM, Aruoma OI. The deoxyribose method:
a simple “test tube” assay for determination of rate constants for
reactions of hydroxyl radicals. Analytical Biochem 1987; 165:
215-219.

[14]Chang ST, WU JH, Wang SY, Kang PL, Yang NS, Shyur LF.
Antioxidant activities of extracts from Acacia confuse bark and
heartwood. J Agric Food Chem 2001; 49: 3420-3424.

[15]Ani V, Varadaraj MC, Akhilender K. Antioxidant and antibacterial
activities of polyphenolic compounds from bitter cumin (Cuminum
nigrum L.). Eur Food Res Technol 2006; 224: 109-115.

[16]Lee JC, Kim HR, Kim J, Jang YS. Antioxidant property of an
ethanol extract of the stem of Opuntia ficus—indica var. Saboten. J
Agric Food Chem 2002; 50: 6490-6496.

[17]Rahman MS, Rashid MA. Antimicrobial activity and cytotoxicity
of Eclipia prostrata. Orient Pharm Exp Med 2008; 8: 47-52.

[18]Hu C, Kitts DD. Studies on the antioxidant activity of Echinacea
root extract. J Agric Food Chem 2000; 48: 1466-1472.

[19]Blois MS. Antioxidant determinations by the use of a stable free
radical. Nature 1958; 181: 1199-1200.

[20]Ganie SA, Haq E, Masood A, Hamid A, Zargar MA. Antioxidant
and protective effect of ethyl acetate extract of Podophyllum
hexandrum rhizome on Carbon Tetrachloride induced rat liver
injury. ECAM 2011; 1-12.

[21]Meir S, Kanner J, Akiri B, Hadas SP. Determination and
involvement of aqueous reducing compounds in oxidative defense
systems of various senescing leaves. J Agric Food Chem 1995; 43:
1813-1817.

Showkat A Ganie et al./Asian Pacific Journal of Tropical Medicine (2012)766-772

[22]Zhu N, Wang M, Wei GJ, Lin JK, Yang CS, Ho CT. Identification
of reaction products of (—)—epigallocatechin, (-)—epigallocatechin
gallate and pyrogallol with 1, 1-diphenyl- 2-picrylhydrazyl
radical. Food Chem 2001; 73: 345-349.

[23]Ganie SA, Zargar MA, Masood A, Haq E. In vitro and in vivo
evaluation of free radical scavenging potential of ethanolic extract
of Podophyllum hexandrum. Afr J Biochem Res 2010; 4(7):
191-195.

[24]Hochestein P, Atallah AS. The nature of oxidant and antioxidant
systems in the inhibition of mutation and cancer. Mut Res 1988;
202: 363-375.

[25]Munasinghe TCJ, Seneviratne CK, Thabrew MI, Abeysekera
AM. Antiradical and antilipoperoxidative effects of some plant
extracts used by Sri Lankan traditional medical practitioners for
cardioprotection. Phytother Res 2001; 15: 519-23.

[26]Dillon SA, Burmi RS, Lowe GM, Billington D, Rahman K.
Antioxidant properties of aged garlic extract: an in vitro study
incorporating human low density lipoprotein. Life Sci 2003; 72:
1583-1594.

[27]Niu XL, Ichimori K, Yang X, Hirotas Y, Hoshiai K, Li M, et al.
Tanshinone II- A inhibits low density lipoprotein oxidation in
vitro. Free radic Res 2000; 33: 305 -312.

[28]Ranilla LG, Kwon Y, Apostolidis E, Shetty K. Phenolic
compounds, antioxidant activity and in vitro inhibitory potential
against key enzymes relevant for hyperglycemia and hypertension
of commonly used medicinal plants, herbs and spices in Latin
America. Biores Technol 2010; 101(12): 4676-4689.

[29]Ames BN, Shigenga MK, Hagen TM. Proc Natl Acad Sci 1993; 90:
78-83.

[30]JKumar A. Biomedical studies on lipid peroxidation and
erythrocyte fragility during the process of aging. Asian Pac J Trop
Biomed 2011; 1(1); 6-7.

[31]0kafor OY, Erukainure OL, Ajiboye JA, Adejobi RO, Owolabi
FO, Kosoko SB. Modulatory effect of pineapple peel extract on
lipid peroxidation, catalase activity and hepatic biomarker levels
in blood plasma of alcohol-induced oxidative stressed rats. Asian
Pac J Trop Biomed 2011; 1(1); 12-14.

[32]Rangachari Balamurugan, Savarimuthu Ignacimuthu. Antidiabetic
and hypolipidemic effect of methanol extract of ippia
nodiflora L. in streptozotocin induced diabetic rats. Asian Pac J
Trop Biomed 2011; 1(1); S30-S36.

[33]Girija K, Lakshman K. Anti-hyperlipidemic activity of methanol
extracts of three plants of Amaranthus in triton-WR 1339
induced hyperlipidemic rats. Asian Pac J Trop Biomed 2011; 1(1);
S62-S65.

[34]Johnkennedy N, Adamma E, Nnedimma NC. Hypolipidemic
effects of aqueous extract of Acalypha capitata leaves in rats fed
on high cholesterol diet. Asian Pac J Trop Biomed 2011; 1(1);
S183-S185.

[35]Ramachandran S, Rajasekaran A, Manisenthilkumar KT.
Investigation of hypoglycemic, hypolipidemic and antioxidant
activities of aqueous extract of Terminalia paniculata bark in
diabetic rats. Asian Pac J Trop Biomed 2012; 2(4); 262-268.

[36]Davis J. Inactivation of the antibiotics and the dissemination of
resistant genes. Science 1994; 264: 375-382.

[37]Ahmad I, Mehmood Z, Mohammad F. Screening of some
Indian medicinal plants for their antimicrobial properties. J
Ethnopharmacol 1996; 62: 183-193.

[38]Cordell GA. Biodiversity and drug discovery, a symbiotic
relationship. Phytochem 2000; 55: 463-480.

[39]Emin Baby, Balasubramaniam A, Manivannan R, Joicy Jose,
Senthilkumar N. Antibacterial activity of methanolic root extract

of Passiflora foetida Linn 2010; 2(1): 38-40.





