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ABSTRACT

Adhatoda vasica, commonly known as malabar nut, is a part of the Acanthaceae
plant family. It has been used for a multitude of disorders including; bronchitis, leprosy,
blood disorders, heart troubles, thirst, asthma, fever, vomiting, loss of memory,
leucoderma, jaundice, tumors, mouth troubles, sore-eye, fever, and gonorrhea. In the
present study, qualitative analysis of phytochemicals and antioxidant activity of leaf, stem
and root of Adhatoda vasica by using different solvents such as hexane, chloroform, ethyl
acetate, ethanol and aqueous was done. The result shows that, of the 10 phytochemicals
screened, all the 10 compounds such as quinones, coumarins, terpenoids, phenols,
saponins, flavonoids, volatile oils, resins, gums and mucilages and tannins were found
present in the ethanolic leaf extract of Adhatoda vasica than the other parts. Further
antioxidant activity of ethanolic leaf extract of Adhatoda vasica have been tested using
various antioxidant model system such as DPPH, reducing power, hydrogen peroxide
radical scavenging assay and total antioxidant capacity assay. The percentage of
inhibition in the antioxidant assays such as DPPH, hydrogen peroxide and total
antioxidant of ethanolic leaf extracts of Adhatoda vasica are 41.127% (60 mg/ml),
36.170% (60 mg/ml) and 50% (500 mg/ml). In this study, the reducing power of ethanolic
leaf extract of Adhatoda vasica exhibited a maximum absorbance of 1.086 at a
concentration of 60 mg/ml. The activity of the extract was found to increase in a dose
dependent manner. This study indicates significant antioxidant activity of the leaf extract
of Adhatoda vasica which can be exploited for the treatment of various ailments.

Keywords: phytochemicals, Adhatoda vasica & antioxidant activity.

INTRODUCTION

The plant kingdom is a treasure house
of potential drugs and in the recent years there
has been an increasing awareness about the
importance of medicinal plants. Drugs from the
plants are easily available, less expensive, safe

and efficient and rarely have side effects. Plant

extracts and compounds derived from plants are
in use as drug from the ancient times (Ahmed
John and Koperuncholan, 2012). In India, the
practice of using plants for treating a wide
variety of diseases is being carried out over
ages and this practice is well explained and
studied in Ayurveda (Siddharthan, 2007). Over
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one and half million practitioners of Indian
system of medicine in the oral and codified
streams use medicinal plants in preventive,
promotive and curative applications
(Madhulika, 2010). The booming of traditional
medicine industry is increasing demand on
medicinal plant products and 90% of the
medicinal plants come from natural habitats
(Raju, 2007). During the past few decades
enormous efforts were undertaken to introduce
new chemical entities with potential medical
research

applications in drug discovery

(Grover, 2002; Marcy, 2005).

Herbalism (**herbology’’ or ""herbal
medicine’) is use of plants for medicinal
purposes, and the study of such use. Plants have
been the basis for medical treatments through
much of human history, and such traditional
medicine is still widely practiced today. The
demand for plant based medicines, health
products, pharmaceuticals, food supplement,
cosmetics etc are increasing in both developing
and developed countries, due to the growing
recognition that the natural products are non-
toxic, have less side effects and easily available
at affordable prices (Evans, 1994). The use of
herbal medicine is becoming popular due to
toxicity and side effects of allopathic
medicines. This led to sudden increase in the
number of herbal drug manufactures (Agarwal,

2005).

Phytochemicals are bioactive chemicals
of plant origin. They are naturally synthesized

in all parts of the plant body, bark, leaves, stem,

root, flower, fruits, seeds etc (ie) any part of the
plant body contain active components (Criagg
and David, 2001; Tiwari et al., 2011). These
chemicals are often referred to as “secondary
metabolites” of which there are several classes
including alkaloids, flavanoids, coumarins,
glycosides, gums, polysaccharides, phenols,
tannins, terpenes and terpenoids (Harborne,
1973; Okwu, 2004). The most important and
commonly encountered secondary metabolites
of plants are saponins, tannins, flavanoids,
alkaloids,

anthraquinones, cyanogenic

glycosides, carbohydrates, terpenoids and
flavanoids (Edoga et al., 2005). The presence of
these secondary metabolites in plants probably
explains the various uses of plants for
traditional medicine. Knowledge of the
chemical constituents of plants is desirable, not
only for the discovery of therapeutic agents but
also because such information may be of value

in disclosing new sources (Lena, 2010).

Medicinal drugs can sometimes be
better than using medical drugs. The herbal
medicines are easily available, relatively
cheaper cost and non-toxic nature when
compared to modern medicine (Uniyal, 2006).
Herbal medicines also reduce the side effects
and effectives with chronic conditions. If herbs
are used correctly, they will help to treate a
variety of conditions and in some cases, may
have fewer side effects than some conventional
medications (Calixto, 2000). Herbs relieve the
symptoms of asthma (Grover et al.,, 2002).
Many herbal antibiotics have direct germ
killing

effects, primary action and the
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stimulation of the body’s own immune
response. Herbs can be applied to the skin to
prevent the growth of bacteria. Cooling herbs
used to reduce or prevent fever. It also calms
nervous tension and nourish the nervous system

(Mishra et al., 2000).

Oxygen is essential for the survival of all
on this earth. During the process of oxygen
utilization in  normal physiological and
metabolic processes approximately 5% oxygen
gets univalently reduced to oxygen derived free
radicals like superoxide, hydrogen peroxide,
hydroxyl and nitric oxide radicals. Excessive
generation of these radicals disrupts the
antioxidant defense system of the body which
may lead to oxidative stress (Mandal et al.,
2009). All these radicals known as reactive
oxygen species (ROS) exert oxidative stress
towards the cells of human body rendering each
cell to face about 10,000 oxidative hits per
second (Mondol et al., 2006; Sathishkumar et
al., 2008). Oxidative stress plays a major part in
the development of chronic and degenerative
ailments such as cancer, autoimmune disorders,
rheumatoid arthritis, aging, cardiovascular and
neurodegenerative diseases (Ebrahimzadeh et
al., 2010). The antioxidant enzymes and free
radical scavengers may provide a defensive
mechanism against the deleterious acting on
ROS.

Antioxidants play an important role in

inhibiting and scavenging radicals, thus
providing protection against infections and

degenerative diseases. They can either directly

prevent generation of ROS
2010). The two most
synthetic

scavenge or
(Rajkumar et al.,
commonly  used antioxidants
butylated hydroxyanisole (BHA) and butylated
hydroxytoluene (BHT) have begun to be
restricted because of their toxicity and DNA
damage induction (Patel et al., 2010). Free
radicals generated in the body can be removed

by body’s own natural antioxidant defenses eg.

Glutathione, catalase, etc. However,
endogenous antioxidant defense are not
completely  efficient.  Therefore, dietary

antioxidants are required to lessen the overall
effect of antioxidant stress due to excessive free
radicals occurring in our system (Rajkumar et
al., 2011). Significant antioxidant properties
have been recorded with phytochemicals that
are necessary for the reduction in the
occurrence of many diseases. Many plants often
contain substantial amounts of antioxidants
including vitamin C and E, -carotenoids,
flavonoids and tannins, etc., and thus can be
utilized to scavenge the excess free radicals
from human body (Rachh et al., 2009).
recent considerable

Therefore in years,

attention has been directed towards the
identification of plants with antioxidant activity
(El-Hela and Abudullah, 2010).

antioxidants tend to be safer and they also

Natural

possess antiviral, anti-inflammatory, anticancer,
antitumour and hepatoprotective properties
(Daffodil et al., 2012; Paulpriya and Mohan,
2012).
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Adhatoda vasica

Adhatoda vasica, commonly known
as malabar nut, adulsa, adhatoda, vasa, or
vasaka, (Aslam et al., 2013) is a medicinal
plant native to Asia, widely used in Siddha
Medicine , Ayurvedic and Unani systems of
medicine. It is part of the Acanthaceae plant
family. It is a perennial, evergreen and highly
branched shrub (1.0 m to 2.5 mm height) with
bitter taste. It has opposite ascending branches
with white, pink or purple flowers (Patel and
Venkata-Krishna- Bhatt, 1984). When the
leaves are dried, they appear dull brownish
green in color and taste bitter. The corolla is
large and white, with lower lip streaked purple.
The stomata in the plant are elongated and oval

in shape.

In Ayurvedic medicine, malabar nut
(Adhatoda vasica) has been used for a
multitude of disorders including; bronchitis,
leprosy, blood disorders, heart troubles, thirst,
asthma, fever, vomiting, loss of memory,
leucoderma, jaundice, tumors, mouth troubles,
sore-eye, fever, and gonorrhea. A decoction of
the leaves of Vasaka may be used to help with
cough and other symptoms of colds. A poultice
of the leaves of Vasaka may be applied to
wounds for their antibacterial and anti-
inflammatory properties. The poultice is also
helpful in relieving rheumatic symptoms when
applied to joints. Vasaka has been used to
control both internal and external bleeding such
as peptic ulcers, piles and bleeding gums.
Vasaka exhibits antispasmodic, expectorant and

blood purifying qualities.

MATERIALS AND METHODS
Plant Material

Adhatoda vasica, commonly known as
Malabar nut is one of the member of the family
Acanthaceae. Adhatoda vasica was selected for
the present study. The plant parts such as root,
leaf and stem were collected and were then
washed thoroughly in running tape water and
then with distilled water. After drying, the plant
materials were ground well using mechanical

blender into fine powder.

Preparation of plant extracts (Percolation
process)

For the percolation process, the
macerated plant powders were soaked in
solvents such as Ethanol, Ethyl acetate,
Chloroform, Aqueous and Hexane individually.
Extraction was done by soaking one part of
plant powder to three parts of liquid solvent
(1:3) and kept for percolation process for 3-5
days. Then the crude extracts were filtered
using Whatman No.1 filter paper, evaporated
and concentrated into solid extracts under room

temperature.

Phytochemical analysis

The extracts of each solvent was used to
analyse the presence of different phytochemical
constituents. The phytochemical analysis was
done using the standard methods (Harbone,
2005; Trease and Evans, 1989; Sofowara, 1993,
Kokate, 1994; Whistler and BeMiller, 1993).
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In vitro antioxidant activity

The antioxidant properties of the
ethanolic leaf extract of Adhatoda vasica was
determined with reference to DPPH assay
method, reducing power assay, hydrogen
peroxide radical scavenging assay and total

antioxidant capacity assay.

1, 1-Diphenyl-2-picryl-hydrazyl (DPPH%¥)
free radical scavenging activity

The free radical scavenging activity of
DPPH was determined by the method of
Gadow et al., 1997, where in the bleaching rate
of the stable free radical, DPPH is monitored at
a characteristic wavelength in the presence of
the sample. In its radical form, DPPH absorbs
at 517 nm, but upon reduction by an antioxidant
or a radical species its absorbance decreases.
Briefly, 0.1 mM solution of DPPH (weigh
0.399 mg of DPPH and dissolve in 50 ml of
methanol) in methanol was prepared and 1 ml
of this solution was added to 3 ml of sample
extract (stock solution of sample was prepared
by dissolving the plant powder in methanol) at
different concentration (20, 40 and 60 mg/ml).
Thirty minutes later, the absorbance was
measured at 517 nm. Lower absorbance of the
reaction mixture indicates higher free radical
scavenging activity. 1 ml DPPH solution is
mixed with 3 ml of methanol and the
absorbance is recorded as blank. The DPPH
radical scavenging activity was calculated

according to the following equation

DPPH radical scavenging activity (%) = [{Ao —
A1/Ap}]*100

Where Ay is the absorbance of DPPH, A;
is the absorbance of the presence of the extract
in DPPH solution (Nitai et al., 2010; Mishra
and Veena, 2011; Sunkar and Mishra, 2011).

Reducing power assay

The reducing power of extract was
determined by the method of Yen and Duh,
1993. Different concentrations of extracts (20,
40 and 60 mg/ml) were mixed with 2.5 ml of
phosphate buffer (200 mM, pH 6.6) and 2.5 ml
of 1 % potassium ferricyanide. The mixtures
were incubated at 50°C for 20 min. After
incubation, 2.5 ml of 10% trichloroacetic acid
were added to the mixtures, followed by
centrifugation for 10 min. The upper layer (5
ml) was mixed with 5 ml of distilled water and
1 ml of 0.1 % ferric chloride and the
absorbance of the resultant solution were

measured at 700 nm.

Hydrogen peroxide radical scavenging assay

The ability of the extracts to scavenge
hydrogen peroxide (H,O2) was determined
according to the method of Nabavi et al., 2008a
. A solution of hydrogen peroxide (40mM) was
prepared in phosphate buffer, pH 7.4. The
concentration of hydrogen peroxide was
determined by absorption at 230 nm using a
spectrophotometer. Extracts (20, 40 and 60
mg/ml) in distilled water were added to a
hydrogen peroxide solution at 230 nm was
determined after ten minutes against a blank
solution containing phosphate buffer without
hydrogen peroxide. Ascorbic acid was used as

the standard.
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Hydrogen peroxide radical Scavenging
activity =[{Ao — A1/Ao}] %100

Total antioxidant capacity assay

The total antioxidant capacity assay was
determined as described by Prieto et al., 1999.
Different concentrations of the extract (125,
250 and 500 pg/ml) were taken and added 1.0
ml of the reagent solution (0.6 M sulphuric
acid, 28 mM sodium phosphate and 4 mM
ammonium molybdate). The tubes were capped
and incubated in a thermal block at 95°C for 90
min. After cooling to room temperature, the
absorbance of the aqueous solution of each was
measured at 695 nm against a blank. Ascorbic
acid was used as standard and the total
antioxidant capacity is expressed as equivalents
of ascorbic acid or gallic acid (Prieto et al.,
1999).

Total antioxidant capacity assay = [{Ao0 —
Al/Ao0}] %100

RESULT AND DISCUSSION

Phytochemical analysis was carried out
on the plant Adhatoda vasica which revealed
the presence of medicinally important bioactive
compounds. The presence of phytochemical
compounds in the plant Adhatoda vasica were
evaluated in leaf, stem and root by using
different solvents such as hexane, chloroform,

ethyl acetate, ethanol and aqueous.

Phytochemical constituents of Adhatoda
vasica
Results obtained for the qualitative

phytochemical screening of leaf, stem and root

of Adhatoda vasica by using different solvents

such as hexane, chloroform, ethyl acetate,
ethanol and aqueous are presented in Table 1.
Of the 10 phytochemicals screened, all the 10
compounds such as quinones, coumarins,
terpenoids, phenols, saponins, flavonoids,
volatile oils, resins, gums and mucilages and
tannins were found present in the leaf of
Adhatoda vasica than the other parts. Sagar
Kathale (2013) studied the

phytochemical screening of ethanolic leaf

Vijayrao

extract of Adhatoda vasica and reported that the
Adhatoda

phytochemicals such as alkaloids, phenolics,

leaves of vasica  contain

tannins, flavanoids, saponins etc. Less
separation of compound is recorded from stem
and root extracts. The leaf extract of Adhatoda
vasica contains more compounds, so the result
indicates that Adhatoda vasioca leaf hold
promises  as

source of pharmaceutically

important phytochemicals.

The presence of flavanoids could be

extremely helpful as flavanoids possess
antiallergic, anti-inflammatory, antiviral and
antioxidant activities (Bbosa et al., 2010).
various

Tannins are reported to have

physiological  effects  like  anti-irritant,

antisecretolytic, antiphlogistic, antimicrobial

and antiparasitic effects. The phenolic
compounds are one of the largest ubiquitous
groups of plant metabolites (Singh et al., 2007).
The presence of phenols is considered to be
potentially toxic to the growth and development
(Okwu and Okwu, 2004).

Saponins are used as dietary supplements and

of pathogens

nutriceuticals (Yu-Fen, 2010). Saponins has the
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property of precipitating and coagulating red
blood cells. The anti-hemorrhagic activity of
quinones may be related to its ease of oxidation
in body tissues (Harris, 1963). Terpenoids
exhibit wvarious important pharmacological
activities i.e., anti-inflammatory, anticancer,
anti-malarial,  inhibition  of  cholesterol
synthesis, anti-viral and anti-bacterial activities

(Mahato and Sen, 1997).

The results obtained in this study thus
suggest that the identified phytochemical
compounds may be the bioactive constituents
and this plant (Adhatoda vasica) is proving to
of

bioactive compounds of substantial medicinal

be an increasingly valuable reservoir

merit.

Table 1: Phytochemical Constituents of Adhatoda vasica

Si. No. Tests Leaf Stem Root
1 Quinones + + +
2 Coumarins + — —
3 Resins + + +
4 Terpenoids + + +
5 Phenols + - -
6 Saponins + + +
7 Flavanoids + + +
8 Gums and N N N

mucilages
9 Tannins + + +
10 Volatile oils + + —

+ indicates presence of the phytochemical; — indicates absence of the phytochemical.

In-vitro antioxidant activity of ethanolic leaf
extract of Adhatoda vasica

In the present study the antioxidant
activity of ethanolic leaf extract of Adhatoda
vasica with different concentration (20, 40 and
60 mg/ml) was evaluated by conducting four
assays namely DPPH, hydrogen peroxide
radical scavenging assay, reducing power assay

and total antioxidant capacity assay.

11

free radical scavenging activity:

1-Diphenyl-2-picryl-hydrazyl (DPPH¥)

In the present work, DPPH radicals was

evaluated to determine the free radical

scavenging capacity of Adhatoda vasica leaf

extracts and compared with standard ascorbic
acid. The result obtained was given in Figure 1.
It was observed that the scavenging activity of
ethanolic extract is higher than other extracts.
At a concentration of 60 mg/ml, the DPPH
radical scavenging capacity of ethanolic extract
of Adhatoda vasica was 41.127% while at the
same concentration, ascorbic acid scavenged
45.407% of DPPH radicals.

The main mechanism of DPPH method
is that the bioactive compounds react with the
stable free radical i.e., a,a-diphenyl-p-
picrylhydrazyl. It is converted to a,a-diphenyl-
The

gradually color change indicates the scavenging

B-picrylhydrazine with color change.
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activities of the plant crude sample due to

bioactive compounds such as phenolic

compounds,  flavonoids, terpenoids and
derivatives (Gutierrez et al., 2009; Giilten et

al., 2012).

Figure 1: DPPH radical scavenging activity
of ethanolic leaf extract of Adhatoda vasica
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Reducing power Assay

Ferric reducing power was determined as

an indication of antioxidant activity.
Antioxidants turned a coloured complex of
potassium ferric cyanide in the presence of
trichloro acetic acid and ferric chloride.
Increase in the absorbance of the reaction
mixture suggested an increase in the reducing

power.

The antioxidant activity of ethanolic
extract of Adhatoda vasica with different
concentrations (20, 40 and 60 mg/ml) were
assayed in reducing power activity. In this,
absorbance was found to increase with dose of
extracts. The results are shown in Figure 2. In
this study, the ethanolic leaf extract of

Adhatoda vasica exhibited a maximum
absorbance of 1.086 at a concentration of 60

mg/ml. The activity of the extract was found to

increase in a dose dependent manner. It
possessed the significant activity compared
with that of standard ascorbic acid where the

absorbance was found to be 1.112.

In the measurement of the reducing
ability, it has been investigated from the Fe** -
Fe?* transformation. Fe3+ reduction is often
used as an indicator of electron donating
activity, which is an important mechanism of
phenolic antioxidant action and can be strongly
correlated with the presence of reductones,
which have been shown to exert antioxidant
action by breaking the free radical chain by
donating hydrogen atom (Shajeesh et al., 2011,
Poongothai et al., 2011).

Figure 2: Reducing power activity of
ethanolic leaf extract of Adhatoda vasica

B Test sample ® Standard

=
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o
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Hydrogen radical

activity

peroxide scavenging

In the present study, the antioxidant
activity of ethanolic leaf extract of Adhatoda
vasica with different concentrations (20, 40 and
60 mg/ml) were assayed by hydrogen peroxide
radical scavenging activity. The absorbance
was found to decrease with an increase in the
dose of extracts used. The ethanolic leaf extract
of Adhatoda vasica exhibited a maximum
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inhibition percentage of 36.170% at a
concentration of 1.5 pg/ml. The activity was
found to increase in a dose dependent manner.
It possessed significant activity compared with
the standard ascorbic acid where the percentage
of inhibition was found to be 43.085%. The

results are shown in Figure 3.

Hydrogen peroxide is a weak oxidizing
agent and it is not very reactive, can Cross
biological membranes. Because of the possible
involvement of hydrogen peroxide in the
generation of hydroxyl radicals, this property
places hydrogen peroxide in a more prominent
role to initiate cytotoxicity than its chemical
reactivity. Thus removing H,O, is very
important for the protection of living systems
(Van Wijk et al., 2008). Mollugo nudicaulis
scavenged hydrogen peroxide which may be
attributed the presence of phenolic groups that
could donate electrons to hydrogen peroxidase,
thereby neutralizing it into water.

Figure 3: Hydrogen peroxide radical
scavenging activity of ethanolic leaf extract
of Adhatoda vasica
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Total antioxidant capacity Assay

In the present study the antioxidant
activity of ethanolic leaf extract of Adhatoda
vasica with different concentrations (125, 250,
500 pg/ml) were assayed by evaluating the total
antioxidant activity. The absorbance was found
to be decreased with an increase in the dose of
extract used. The ethanolic leaf extract of
Adhatoda vasica exhibited a maximum
inhibition percentage 50% and the percentge of
inhibition of standard ascorbic acid was found
to be 61.594% at a concentration of 500pug/ml.
The activity was found to increase in a dose-
dependent manner. The results are shown in

Figure 4.

Mshvildadze et al., (2004) reported that
antioxidant activities are directly related to the
saponins content. Rodrigues et al., (2005)
reported that the beneficial effects of saponin
on serum lipids were related to a direct

antioxidant activity of saponins.

Figure 4: Total antioxidant activity of
ethanolic leaf extract of Adhatoda vasica

B Test sample M Standard
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The antioxidant activity of Adhatoda
vasica in the present study seems to be due to

its high content of tannins and saponins.
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Flavanoids and phenols content are known to
pose antioxidant properties to the plants (Hua et
al., 2008; Nagai et al., 2003). Various workers
reported that there is a linear relation between
the antioxidant activity and saponin, flavanoid,
phenols and tannins contents (Tiwari and
Tripathi, 2007; Cai 2004). Thus
Adhatoda vasica can be used as antioxidant

et al.,

supplement.

CONCLUSION

From the present study, it was

concluded that among the various solvents
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