
Historically, plants have provided a
source of inspiration for novel drug compounds,
as plant derived medicines have made large
contributions to human health and well being. The
concept of healing the human beings illness with
plants appeared and developed between 2500 and
500 BC in India. It was mainly focused on man and
his illness and turned into the ‘Ayurvedic concept’

or ‘Science of Life’. The practice of Ayurvedic
therapeutics concept consisted of 8 sections
divided into 180 chapters and listed 314 plants1.

The Indian subcontinent is a huge
reservoir of therapeutic plants that are utilized in
time-honored health cure2.  There were
approximately 20,000 curative vegetation had been
documented in India3 and the traditional
communities are using only 7000-7500 plants for
curing different diseases4,5. The most important
constituent of the sum population in developing
nations silently exercising established folk
medicines against different diseases which found
in different plant resources6.
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The positive health means metabolically
well balanced human beings. The disease evolves
from the body due to external factors. Plant derived
medicines have been the first line of defense in
maintaining health and combating diseases7,8. The
majorities of medicines were prepared from the plant
and animal products, minerals and metals. These
local medicinal plant preparations should be
scientifically evaluated and disseminated properly
to the indigenous population so that could be given
better access to efficacious drug treatment and
improved health status9.

Now a days, multiple drug resistance
(MDR) has developed among microbes due to the
indiscriminate use of commercial antimicrobial
drugs commonly used in the treatment of infectious
disease 10. In addition to this, antibiotics are
sometimes associated with adverse effects on the
host, including hypersensitivity, immune
suppression and allergic reactions11. It was
suggested about the disturbing frequency of
antibiotic confrontation in therapeutically
significant bacteria12. Also, There were quite a lot
of information on the antimicrobial action of
different herbal extort in diverse area of the globe13.

An increase in MDR microbes has
triggered immense interest in search of new drug
or preparations from the natural sources.
Antimicrobial activity of medicinal plants is widely
spread and a large number of its secondary
metabolites showed antimicrobial activity. There
is a great structural diversity exist among
antimicrobial phytocompounds14. Major groups of
phytocompounds include essential oils and
isolated compounds such as alkaloids, flavonoids,
lactones, diterpenes, napthoquinones15. The
considerable amounts of work have been
published on antimicrobial activity of medicinal
plants from different parts of the world2,16-17.

Hasegawa et al.,18 demonstrated that
various genoside and aglycones isolated from Panx
ginseng adversely affected tetracycline resistance
Staphylococcus aureus and was reversed by non-
toxic concentrations of these compounds. A
compound (z-4,5,7,9 trithiadeo 1, 6 diane 9-oxide)
was isolated from oil macerated garlic extract and
showed broad antimicrobial activity against
bacteria and yeast19.  Ahmad and Beg20

demonstrated the broad spectrum antimicrobial
activity of various plants (Lawsonia inermis,

Eucalyptus sp., Holarrhena antidysenterica,
Hemidesmus indicus, Casuarina equisetifolia,
Terminalia bellerica, Terminalia chebula,
Embelica officinalis, Camellia sinensis, Syzygium
aromaticum, Plumbago zeylanica and Punica
granatum) against MDR human pathogens. The
antimicrobial activity of Allium sativum was
reported on Staphylococcus aureus, Salmonella
typhimurium and Yersinia enterocolitica21. The
extracts (Petrol, Acetone, Chloroform, and
Methanol) of leaves and stems of Hypericum
mysorence and Hypericum patulum showed broad
spectrum activity against some tested microbes22.
Plumbago zeylanica (ethyl acetate whole extract)
showed the bactericidal activity against
Helicobacter pylori23. The roselle calyx and
protocatechuic acid inhibited the growth of
methicillin resistant S. aureus, Klebsiella
pneumonia, Pseudomonas aeruginosa and
Acinetobactor brumannii.24 The studies were
directed to see the activity against a variety of test
microbes including both pathogenic and non-
pathogenic strains. The active compounds for
antibacterial activity are yet to be determined in
most of the cases.

The situations illustrated above forced
scientists to search for new antimicrobial
substances.  It is a requirement to build up a
substitute antimicrobial drugs for the healing of
contagious infections from medicinal flora or a
regular demand for innovative and valuable
remedial resources25,26.

At present, eight different medically
important shrubbery were hold for phytochemical
test and examined their antibacterial effectiveness
(In vitro ) on MDR strains of microbes i.e. E. coli
Dk1 and S. aureus 901.

MATERIALS   AND  METHODS

Collection of medicinal plants
The plant foliage, roots, barks and fruits

were collected from Sanjeevani Ayurveda City
Centre, Gwalior (Table 1). The Plants were
additionally identified for physical distinctiveness
of flower, leaf, root and fruit morphology in
Department of Botany, Jiwaji University, Gwalior
(India).
Plant Parts decoction and Extract Preparation

500g leaves/bark/root/fruits of plant were
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collected and washed with tap water, dried in oven
(80oC) and crushed to powder form with the help
of electric grinder. The powder was wrapped in
aluminum foil and stored for further use.

The powdered form of plant parts was
suspended in 45 ml of water and methanol
(H

2
O+CH

3
OH) solution to prepare a 10% (5g

powder) and 15% (7.5g powder) extort in a 100 ml
flask. The flask container was wrapped through
the aluminium foil and kept back on rotating shaker
(500 rpm) for 48 h. The extract suspensions were
funneled twice with cheese cloth (4 -fold) and then
with Whattman’s paper. The filtrates were saved
in falcon tube to make it thick in the form of paste
on incubator at 35°C. The thick and dried paste
was further liquefied in distilled water for the
concentration of 10mg/ml and 15mg/ml for 10%
and 15 % extract.
Bacterial culture preparation

Multi Drug Resistant (MDR) Strains of S.
aureus MRS901 and E. coli Dk1 were collected
from DRDE (Defence Research & Development
Establishment), Gwalior. The strains were revived
in Muller Hinton media (Beef infusion solids- 4.0
gm, Starch- 1.5 gm, Casein hydrolysate- 17.5 gm,
Agar- 15.0 gm and Distilled water- 1 L, pH 7.4) by
streaking and incubated at 37oC for 24 h.  The
bacterial colony was picked from streaked plate
and frequently sub cultured or maintained in
Nutrient Broth (Peptone- 10.0 gm, Beef extract- 10.0
gm, Sodium chloride- 5.0 gm and Distilled water- 1
L, pH 7.2). The broth nutrient media along with the
bacterial strains were kept in incubator for 24h at
37°C for their complete growth.

For Antimicrobial as-say, microbial
cultures were freshly grown at 37°C and
appropriately diluted 5 times in normal saline to
obtain the cell suspension of 105 CFU/ml.
Determination of Zone of inhibition (ZOI) by Agar
well diffusion method

The six sterile petriplates were prepared
with M H Agar medium for bacterial culture. The
two different concentrations (10% and 15%) of
water and methanol extracted bacterial solutions
were added for S. aureus and E. coli and incubated
for bacterial growth. After bacterial growth in
bacterial culture plates, the round wells were made
in the bacterial culture M H agar plate by the aid of
a microtip (6 mm diameter) and 50 microlitre plant
extract s (10% and 15%) was poured in the wells

through micropipette and inoculated for 24h at
37°C.
[ZOI represented in tables as = Total inhibition
zone (in mm) – 6mm diameter of well]
Determination of Minimum Inhibitory
Concentration

Broth dilution susceptibility testing
method was used to determine the minimal
concentration of antimicrobials to inhibit or kill the
test strains. The Minimum Inhibitory
Concentration (MIC) was determined by measuring
about 5ml of nutrient broth into empty sterile tubes.
One milliliter of the different concentrations of
extract was then added and the test organism. This
was then incubated for 24 hours at 370C. The tubes
were then observed for visible growth with the
help of a spectrophotometer. The tube with the
least concentration of the extract that showed no
growth (-ve) was determined as the “MIC”. MIC
values were taken as the lowest dilution/
concentration of plant extracts, which inhibit
growth in the test tube observed by lack of
turbidity after incubation and confirmed by
spectrophotometrically.
Preliminary Phytochemical Analysis of tested
medicinal plants

Some important qualitative experiments
were executed for the occurrence or lack of
phytochemicals in leaves, barks, roots, and fruits
extract (Trease and Evans, 1983 & 1989) such as
alkaloids, tannins, hydrolysable tannins,
flavonoids, saponins, terpenoides, glycosides,
cardiac glycosides and steroids27.
Test for Alkaloids (Mayer’s test)

 When picric acid solution was added to
the plant parts extract (1:1v/v) and development of
orange coloration showed the presence of alkaloids.
Test for Tannins (FeCl

3
 Test)

3g of the powdered sample was boiled in
50ml distilled water for 3minutes on a hot plate. 
The mixture was filtered and a portion of the filtrate
diluted with sterile distilled water in a ratio of 1:4
and 3 drop of 10% ferric chloride solution added.
A blue or green colour indicates the presence of
tannins.
Test for hydrolysable tannins

he mixture of 10% ammonia and plants
extract in equal volume showed the emulsion on
shaking indicates the presence of hydrolysable
tannins.
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Test for Glycosides
 Add dilute H

2
SO

4
 (25ml)to plant extract

(5ml) and heat for 15 minutes, cool the mixture and
add 10% NaOH to neutralise the mixture. Add
fehling solution A and B (5ml) and appearance of
brick red precipitate suggested the presence of
glycosides.
Test for Terpenoids (Salkowski test)

5ml of each plant part extract was mixed
in 2 ml of chloroform, and concentrated H

2
SO

4
 (3

ml) was carefully added to form a layer. Formation
of reddish brown coloration at the interface shows
the positive results for presence of terpenoids.
Test for Cardiac glycosides (Keller-Killani test)

5ml of each plant part extracts was treated
with 2 ml of glacial acetic acid containing one drop
of ferric chloride solution. A brown ring of the
interface indicates a deoxysugar characteristic of
cardenolides. A violet ring may appear below the
brown ring, while in the acetic acid layer, a greenish
ring may form just gradually throughout thin layer
which shows the presence of Cardiac glycosides.
Test for Saponins

Froth test for saponins was used. 1g of
the sample was weighed into a conical flask in
which 10ml of sterile distilled water was added and
boiled for 5 min.  The mixture was filtered and 2.5ml
of the filtrate was added to 10ml of sterile distilled
water in a test tube.  The test tube was stopped
and shaken vigorously for about 30 second. It was
then allowed to stand for half an hour.  Honeycomb
froth indicated the presence of saponins.
Test for Flavonoids

5 ml of dilute ammonia solution were
added to a portion of the aqueous filtrate of each
plant part extract followed by addition of
concentrated H

2
SO

4
. Formation of yellow color

observed in each extract indicated the presence of
flavonoids.
Test for Steroids

Two ml of acetic anhydride was added to
0.5 ml methanolic extract of each sample (plant
parts) with 2 ml H

2
SO

4
. The color changed from

violet to blue or green in some samples indicating
the presence of steroids.

RESULTS AND DISCUSSION

The 10% aqueous extract of A.
racemosus, H. indicus, T. arjuna and T. chebula
contains the antibacterial bioactive compounds
which inhibits the growth of E. coli Dk1, while the
growth of S. aureus was inhibited by H. indicus, T.
arjuna and T. chebula. On the other hand, 15%
aqueous extract of A. racemosus, T. arjuna and T.
chebula has bioactive compounds to inhibit the
growth of both E. coli Dk1 and S. aureus MRS901
(Table 2-3).

Similarly, 10% methanolic extract of A.
racemosus, T. arjuna and T. chebula contains the
antibacterial bioactive compound which inhibit the
growth of E. coli Dk1, while the growth of S. aureus
was checked by almost all the plants extract except
V. negundo. On the other hand, 15% methanolic
extract of A. racemosus, T. arjuna and T. chebula
has bioactive compounds to inhibit the growth of
E. coli Dk1 but S. aureus MRS901 was inhibited
by almost all the plant extracts (Table 4-5).

It could be suggested that T. arjuna and
T. chebula has the maximum effect on E. coli Dk1
and S. aureus MRS901 with a range of 8-11 and 7-
13 ZOI at 10 and 15% of aqueous and methanolic
extract respectively (Table 2-5). It might be
suggested that T. arjuna and T. chebula has almost

Table 1. List of medicinal plants and their parts used in the present study

S. No. Plants Name Family Plant Parts used

1 Nyctanthes arbortristis Oleaceae Leaves
2 Vitex negundo Lamiaceae Leaves
3 Phyllanthus amarus Euphorbiaceae Leaves
4 Adhatoda vasica Acanthaceae Leaves
5 Hemidesmus indicus Asclepiadaceae Roots
6 Asparagus racemosus Asparagaceae Roots
7 Terminalia arjuna Combretaceae Barks
8 Terminalia chebula Combretaceae Fruits
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Table 3. Antibacterial activity of 15% aqueous extracts on E. coli Dk1 and S. aereus MRS901

S. Name of Medicinal Plants E. coli Dk1 S. aureus MRS 901

No Activity ZOI (mm) Activity ZOI(mm)

1. Adhatoda vasica R - R -
2. Asparagus racemosus S 8 S 7
3. Hemidesmus indicus R - R -
4. Nyctanthes arbortristis R - R -
5. Phyllanthus amarus R - R -
6. Terminalia arjuna S 9 S 8
7. Terminalia chebula S 11 S 10
8. Vitex Negundo R - R -

all phytochemical compounds with ZOI activity
than H. indicus and A. racemosus (Table 7-9).

Minimum inhibitory concentrations
(MICs) are defined as the lowest concentration of
an antimicrobial that will inhibit the visible growth
of a microorganism after overnight incubation.
MICs are used by diagnostic laboratories mainly
to confirm resistance, but most often as a research
tool to determine the in vitro activity of new
antimicrobials, and data from such studies have
been used to determine MIC breakpoints. The
MICs for 10 and 15% extracts both in aqueous and
methanolic extracts of all selected plants have been
determined by standard method and as per our
previous study92. Table 6 represents expected MIC
values for all selected plants against E. coli Dk1
and S. aureus MRS901.

Phytochemical analysis of leaves, bark,
root and fruit extract revealed the presence or
absence of phyto-chemicals viz., alkaloids, tannins,
hydrolysable tannins, flavonoids, saponins,
terpenoids, glycosides, cardiac glycosides and

steroids (Table 7-9). Alkaloids are a group of
naturally occurring chemical compounds which
mostly contain basic nitrogen atoms. Alkaloids,
the largest groups of chemical produced by plant,
showed antibacterial activities. Tannin is an
astringent, bitter plant polyphenolic compound that
binds to and precipitates proteins along with
various other organic compounds including amino
acids and alkaloids28. Tannins have been found to
form irreversible complexes with proline rich
proteins resulting in the inhibition of the cell
protein synthesis, play an important role of potent
antioxidant29. A hydrolysable tannin or pyrogallol
type tannin is a type of tannin that on heating with
HCl and H

2
SO

4
 yields gallic or ellagic acid. Nonaka

et al.,30 suggested that ellagic acid inhibits the HIV
replication in lymphocyte cells. Flavonoids or
bioflavonoids are also known as Vitamin P or Citrin.
These are plant secondary metabolites or yellow
pigments having a structure similar to that of
flavones. Flavonoids are phenolic structures
containing one carbonyl group complexes with

Table 2. Antibacterial activity of 10% aqueous extracts on E. coli Dk1 and S. aereus MRS901

S. Name of Medicinal Plants E. coli Dk1 S. aureus MRS 901

No Activity ZOI (mm) Activity ZOI(mm)

1. Adhatoda vasica R - R -
2. Asparagus racemosus S 6 R -
3. Hemidesmus indicus R 6 S 7
4. Nyctanthes arbortristis R - R -
5. Phyllanthus amarus R - R -
6. Terminalia arjuna S 8 S 8
7. Terminalia chebula S 10 S 9
8. Vitex Negundo R - R -



J PURE APPL MICROBIO, 7(3), SEPTEMBER 2013.

2196 KUMAR et al.:  STUDY OF MEDICINAL PLANTS ON MULTIDRUG RESISTANT BACTERIA

extra-cellular and soluble protein which exhibits
antibacterial activity14,  anti-allergic, anti-
inflammatory, anti-microbial31, anti-cancer32 and
anti-oxidant33.  Saponins are amphipathic
glycosides formed soap-like foaming, when shaken
in aqueous solutions. Structurally, saponins
composed of hydrophilic glycoside moieties which
combined with lipophilic triterpene derivatives34.
The properties may be helpful in anti-bacterial
activity. Terpenoids are modified terpenes where
methyl group have been moved or removed and
oxygen atom added. A glycoside is a molecule in
which a sugar is bound to a non-carbohydrate
moiety. Most of the plants store this chemical in
the form of inactive glycosides and many such
plant glycosides are used as medications. Cardiac
glycosides are formed as secondary metabolites
in several plants and mainly used in treatment of
congestive heart failure and cardiac arrhythmia. A
steroid is a type of organic compound that contains
a specific arrangement of four cycloalkane rings
that are joined to each other.

Each medicinal plant tested for their
efficacy against MDR E. coli Dk1 and S. aureus
MRS901 was illustrated briefly.
Phyllanthus amarus

P. amarus primarily contains lignans,
geranin, flavonoids35, hydrolyseable tannins36,
amariin37 and amarulone38. The phytochemical
screening of P. amarus revealed the presence of
alkaloids, tannins, hydrolysable tannins,
flavonoids, saponins, terpenoids, glycosides,
cardiac glycosides and steroids in methanol leaf
extract but glycosides and steroids are absent in
aqueous leaf extract (Table 7-9). It supports the
findings of others. According to Okwu and
Josiah39, flavonoids are antioxidants and might be
contributed to antioxidant activity of the plant. It
also showed the similar effect with Vitamin E which
is also a powerful antioxidant40.  The
pharmacological applications of P. amarus includes
antibacterial,41 antioxidant42 and antiviral43 activity.

Phyllanthus amarus are highly valued for
the treatment of array of human diseases including

Table 4. Antibacterial activity of 10% aqueous extracts on E. coli Dk1 and S. aereus MRS901

S. Name of Medicinal Plants E. coli Dk1 S. aureus MRS 901

No Activity ZOI (mm) Activity ZOI(mm)

1. Adhatoda vasica R - S 7
2. Asparagus racemosus S 6.5 S 6
3. Hemidesmus indicus S 6 S 8
4. Nyctanthes arbortristis R - S 6
5. Phyllanthus amarus R - S 6
6. Terminalia arjuna S 7 S 10
7. Terminalia chebula S 10 S 12
8. Vitex Negundo R - R -

Table 5. Antibacterial activity of 15% aqueous extracts on E. coli Dk1 and S. aereus MRS901

S. Name of Medicinal Plants E. coli Dk1 S. aureus MRS 901

No Activity ZOI (mm) Activity ZOI(mm)

1. Adhatoda vasica R - S 5
2. Asparagus racemosus S 8 S 7
3. Hemidesmus indicus S 6 S 8
4. Nyctanthes arbortristis S 6 S 6
5. Phyllanthus amarus R - S 5
6. Terminalia arjuna S 9 S 11
7. Terminalia chebula S 12 S 13
8. Vitex Negundo S 6 S 7
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hepatic and urolithic or other renal diseases. In an
experiment, a single oral 100-400mg/kg/day of the
leaf and seed aqueous extract of P. amarus showed
their protective effects in acetaminophen and
gentamicin induced nephrotoxic Wistar rats for 14
days. In the acetaminophen nephrotoxic rats, 100–
400 mg/kg/day significantly (p < 0.05, p < 0.01,
p < 0.001) attenuated elevations in the serum
creatinine and blood urea nitrogen levels in dose
related fashion, as well as, attenuation of
acetaminophen-induced tubulonephrosis. Similar
effects were also recorded in the gentamicin model
of acute renal injury44. Results suggest that the
nephroprotective effect of P. amarus could be due
to the inherent antioxidant and free-radical-
scavanging principle(s) contained in the extract.
In the near future, P. amarus could constitute a
lead to discovery of a novel drug for the treatment
of drug-induced nephrotoxicity.
Adhatoda vasica

A. vasica  mainly consists of
pyrroquinazoline alkaloids45,46. The phytochemical
screening of A. vasica revealed the presence of
alkaloids, tannins, hydrolysable tannins,
flavonoids, saponins, terpenoids, glycosides,
cardiac glycosides and steroids in methanol leaf
extract but flavonoids and cardiac glycosides are
absent in aqueous leaf extract (Table 7-9). All the
parts of plant have been used for the treatment of
various ailments of respiratory tract in both children
and adult47. The plant is used as an ingredient of
numerous popular formulations (Bisolvon, Kada,
Fermiforte, Spirote) including cough syrup used
in combination with ginger and tulsi 48,49. It exerts

its action as an expectorant and antispasmodic.
The pharmacological application of A. vasica
includes antibacterial50, anti-inflammatory51 and
antitussive52 activity.

Vinothapoosan and Sundar53 reported
that the methanolic, chloroform and diethyl ether
extract ointment (10% w/w) of A. vesica has
significant wound healing activity.
Hemidesmus indicus

The roots of H. indicus contain steroids,
terpenoids, flavonoids and saponins but alkaloids
are absent54,55.  The phytochemical screening of H.
indicus revealed the presence of alkaloids, tannins,
hydrolysable tannins, flavonoids, saponins,
terpenoids, glycosides, cardiac glycosides and
steroids in both methanol and aqueous root extract
(Table 7-9). The phytochemical screening for
compounds supports the others findings. The
roots are useful in biliousness, blood diseases,
dysentery, diarrhea, respiratory disorders, skin
diseases, syphilis, fever, asthma, eye disease,
kidney and urinary disorders56.  The
pharmacological application of H. indicus includes
antibacterial57,58, anti-inflammatory59, anti-oxidant,
free radical scavenger60 and anti venome activity.

The methanolic extract of H. indicus roots
showed antihepatotoxicity activity when
administered into the paracetamol and CCl

4
 induced

hepatotoxicity in Wistar rats at the rate of 100-
500mg/kg body weight61.
Asparagus racemosus

The major active constituents of A.
racemosus are steroidal saponins in roots,
quercitin, rutin, hyperoside in flower and fruits and

Table 6. Minimum Inhibitory Concentration of selected plants against E. coli Dk1 and S. aureus MRS901

S. Plants Name MIC (Methanolic extracts) MIC (Aqueous extracts)

No. E. coli Dk1 S. aureus E. coli Dk1 S. aureus
MRS901 MRS901

1 Nyctanthes arbortristis 30.00 mg/ml 50.00 mg/ml 50.00 mg/ml 60.00 mg/ml
2 Vitex negundo 35.00 mg/ml 40.00 mg/ml 40.00 mg/ml 40.00 mg/ml
3 Phyllanthus amarus 10.00 mg/ml 30.00 mg/ml 20.00 mg/ml 40.00 mg/ml
4 Adhatoda vasica 35.00 mg/ml 40.00 mg/ml 50.00 mg/ml 60.00 mg/ml
5 Hemidesmus indicus 25.00 mg/ml 35.00 mg/ml 30.00 mg/ml 40.00 mg/ml
6 Asparagus racemosus 20.00 mg/ml 25.00 mg/ml 25.00 mg/ml 35.00 mg/ml
7 Terminalia arjuna 8.00 mg/ml 10.00 mg/ml 15.00 mg/ml 20.00 mg/ml
8 Terminalia chebula 10.00 mg/ml 15.00 mg/ml 15.00 mg/ml 20.00 mg/ml
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Table 7: Studies on Intravenously Safety of Plant Extract

S. No. Plants Name Intravenously Use

1 Nyctanthes arbortristis 1. M Kannan and A.J.A. Ranjit Singh, An Immuno-Pharmacological
Investigation of Indian Medicinal Plant Nyctanthes arbortristis Linn; World
Applied Sciences Journal 2010; 11(5):495-503.
2. Harleen Kaur Sandhar, Mohanjit kaur, Bimlesh Kumar and Sunil Prasher.
An update on Nyctanthes arbortristis Linn, Internationale Pharmaceutica
Sciencia, 2011; 1(1): 77-86.

2 Vitex negundo R. K. Gupta and V. R. Tandon. Antinociceptive Activity of Vitex negundo
Linn Leaf Extract, Indian J Physiol Pharmacol, 2005; 49(2): 163-170.

3 Phyllanthus amarus K. N. S. Sirajudeen, Siti A. Sulaiman, M. Madhavan, Z. Ismail, M. Swamy,
Md. Lukmi Ismail and Musa Yaacob. Safety Evaluation of Aqueous Extract
of Leaves of a Plant Phyllanthus Amarus in Rat Liver, 2006; 3(4): 78-93.

4 Adhatoda vasica G. Vinothapooshan and K. Sundar. Wound Healing Effect of Various Extracts
of Adhatoda vasica, International Journal of Pharma and Bio Sciences,
2010; 1(4): 530-536.

5 Hemidesmus indicus 1. J R Baheti, R K Goyal and G B Shah. Hepatoprotective activity of
Hemidesmus indicus R. Br. In rats, Indian Journal of Experimental Biology,
2006; 44: 399-402.
2.  Nadana Saravanan and Namasivayam Nalini. Inhibitory effect
of Hemidesmus indicus and its active principle 2-hydroxy 4-methoxy benzoic
acid on ethanol-induced liver injury, Fundamental & Clinical Pharmacology,
2007; 21(5): 507–514.

6 Asparagus racemosus 1. N.P. Visavadiya and R.L. Narasimhacharya. Hypolipidemic and antioxidant
activities in Asparagus racemosus in hypercholesteremic rats, Indian Journal
of Pharmacology, 2005; 37: 376–380.
2. Manish Gautam, Santanu Saha, Sarang Bani, A. Kaul, Sanjay Mishra,
Dada Patil et al. Immunomodulatory activity of Asparagus racemosus on
systemic Th1/Th2 immunity: Implications for immunoadjuvant potential,
Journal of Ethnopharmacology, 2009; 121(2): 241-247.

7 Terminalia arjuna 1. A. Bharani, A. Ganguly and K.D. Bhargava. Salutary effect of Terminalia
arjuna in patients with severe refractory heart failure, International Journal
of Cardiology, 1995; 49(3): 191-199.
2. Jaspal Singh Sandhu, Biren Shah, Shweta Shenoy, Suresh Chauhan, G. S.
Lavekar and M. M. Padhi. Effects of Withania somnifera (Ashwagandha)
and Terminalia arjuna (Arjuna) on physical performance and
cardiorespiratory endurance in healthy young adults, Int J Ayurveda Res.,
2010; 1(3): 144–149.

8 Terminalia chebula 1. H.N. Shivaprasad, M.D. Kharya, A.C. Rana and S. Mohan. Preliminary
Immunomodulatory Activities of the Aqueous Extract of Terminalia chebula,
Pharmaceutical Biology, 2006; 44(1): 32-34.
2. Praveen Sharma, T. Prakash, D. Kotresha, Md Asif Ansari, Uday Raj
Sahrm, Bimlesh Kumar, Jeevan Debnath and Divakar Goli. Antiulcerogenic
activity of Terminalia chebula fruit in experimentally induced ulcer in rats,
Pharmaceutical Biology, 2011; 49(3): 262-268.

diosgenin, quercitin-3-glucuronide in leaves. The
phytochemical screening of A. racemosus revealed
the presence of alkaloids, hydrolysable tannins,
saponins, terpenoids, glycosides, cardiac
glycosides and steroids in methanol root extract

but tannins and flavonoids are absent. Similarly,
alkaloids, hydrolysable tannins, saponins,
terpenoids and cardiac glycosides are present in
aqueous root extract but tannins, flavonoids,
glycosides and steroids are absent (Table 7-9). The
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phytochemical screening supports the presence
of compound steroidal saponins in methanol root
extract. The new compound like racemofuran (a,a-
diphenyl-b-picrylhydrazyl), isoflavone (8-methoxy-
5,6,4-trihydroxy-isoflavone), asparagamine
(polycyclic compound), racemosol (9,1-
dihydrophenenthrene), sarsapogenin and
kaempferol were isolated from various parts of the
A. racemosus62-64. The pharmacological application
of A. racemosus includes antibacterial65, anti-
diarrhoeal66 and anti-dyspepsia67 activity.

Visavadia and Narasimhacharya68

reported that addition of A. racemosus root powder
at 5g% and 10g% level as feed supplement reduces
the plasma and hepatic lipid (cholestrol) levels and
also decreases lipid peroxidation in
hypercholesteremic rats.
Terminalia arjuna

T. arjuna bark contains a very high level

of flavonoids (arjunolone, flavones, bicalein,
quercitin, kaempferol, pelorgonidin) and tannins69.
The phytochemical screening of T. arjuna revealed
the presence of alkaloids, tannins, hydrolysable
tannins, flavonoids, saponins, terpenoids,
glycosides, cardiac glycosides and steroids in both
methanol and aqueous bark extract (Table 7-9). The
screening supports the presence of compounds
of flavonoids and tannins with others findings.
The pharmacological application of T. arjuna
includes antimicrobial70, 71, antioxidant72 and anti-
inflammatory73.

The efficacy of T. arjuna as an anti-
ischemic agent and as a potent antioxidant
preventing LDL cholesterol oxidation and
reperfusion ischemic injury to heart and its potential
to reduce atherogenic lipid levels have been amply
demonstrated in various experimental and clinical

Table 8. Phytochemical screening of aqueous extracts of eight medicinal plants

Species  Phyllanthus Adhatoda Hemidesmus Asparagus Terminalia Terminalia Nyctanthes Vitex
Tests  amarus  vasica  indicus racemosus  arjuna  chebula arbortristis Negundo

Alkaloids + + + + + + + +
Tannins + + + - + + + +
Hydrolysable
Tannins + + + + + + - +
Flavonoids + - + - + + + +
Saponins + + + + + + - -
Terpenoids + + + + + + - -
Glycosides - + + - + + + -
Cardiac glycosides + - + + + + - +
Steroids - + + - + + + -

where, + Presence of bioactive compounds; - Absence of bioactive compounds

Table 9. Phytochemical screening of methanolic extracts of eight medicinal plants

Species  Phyllanthus Adhatoda Hemidesmus Asparagus Terminalia Terminalia Nyctanthes Vitex
Tests  amarus  vasica  indicus racemosus  arjuna  chebula arbortristis Negundo

Alkaloids + + + + + + + +
Tannins + + + - + + + +
Hydrolysable
Tannins + + + + + + + +
Flavonoids + + + - + + + +
Saponins + + + + + + + +
Terpenoids + + + + + + + +
Glycosides + + + + + + + +
Cardiac glycosides + + + + + + + +
Steroids + + + + + + + -

Where, + Presence of bioactive compounds; - Absence of bioactive compounds
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studies at different concentrations and
formulations74.
Terminalia chebula

T. chebula fruit contains high phenolic
content, especially hydrolysable tannins75. The
phytochemical screening of T. chebula revealed
the presence of alkaloids, tannins, hydrolysable
tannins, flavonoids, saponins, terpenoids,
glycosides, cardiac glycosides and steroids in both
methanol and aqueous fruit extract (Table 7-9). The
screening supports the presence of compounds
of hydrolysable tannins with others findings. The
pharmacological application of T. chebula includes
antibacterial76, antiviral, adaptogenic77 and
antioxidants78.

The efficacy of T. chebula has been amply
demonstrated in various experimental and clinical
studies at different concentrations and
formulations79.
Nyctanthes arbortristis

The main constituents of the leaf extract
include-sitosterol, flavonol glycosides and iridoid
glycosides80. The phytochemical screening of N.
arbortristis revealed the presence of alkaloids,
tannins, hydrolysable tannins, flavonoids,
saponins, terpenoids, glycosides, cardiac
glycosides and steroids in methanol and alkaloids,
tannins, flavonoids, glycosides and steroids in
aqueous leaf extract (Table 7-9). The hydrolysable
tannins, saponins, terpenoids and cardiac
glycosides are absent in aqueous leaf extract81. It
is suggested that leaf juice with honey useful for
dry cough, skin diseases, dandruff and chronic
fever.

The immuno-pharmacological and
haemagglutination properties of ethanolic extract
of N. arbortristis were observed after injecting
peritonially dose of 0.25g and 0.5g/kg body weight
in to the rats82. The ethanol extracts of leaves,
flowers, seeds and barks (600mg/kg) showed
significant and dose-dependant CNS depressant
activity in mice (prolongation of sleeping time
induced by pentobarbital sodium) may be due to
decrease in dopamine and increase in serotonin
level83.
Vitex negundo

The principal constituents of leaf extract
are casticin, isoorientin, chrysophenol D, luteolin,
p-hydroxy benzoic acid and D-fructose. The
phytochemical screening of V. negundo revealed

the presence of alkaloids, tannins, hydrolysable
tannins, flavonoids, saponins, terpenoids,
glycosides, and cardiac glycosides in methanol
and alkaloids, tannins, hydrolysable tannins,
flavonoids, and cardiac glycosides in aqueous leaf
extract (Table 7-9). The saponins, glycosides and
steroids are absent in aqueous leaf extract. The
plant has anti-inflammatory74, antibacterial4,
antifungal85 and analgesic86 activity.

The Vitex negundo  possesses both
central and peripheral analgesic activity at the rate
of 100, 250 and 500 mg/kg employed in mice86.
Today natural products derived from the plants
are being tested for presence of new drugs with
new modes of pharmacological action. A special
feature of higher plants is their capacity to produce
a large number of secondary metabolites87. Plants
have been major source of medicine and the
presence of plant secondary metabolites has been
implicated for most plants therapeutic activities88.
Phytomedicines derived from plants have shown
great promise in the treatment of intractable
infectious diseases89. Also, it has been suggested
that aqueous and methanolic extracts from plants
used in allopathic medicine are prospective
resources of antiviral, antimicrobial
representatives90. The higher plants as a supply of
curative amalgam had sustained to cooperate a
leading role in the safeguarding of human fitness
since olden times91.

CONCLUSION

The phytochemical analysis suggested
the bioactive complex consistent for the in vitro
antibacterial action of T. arjuna and T. chebula
over MDR bacteria (i.e. E. coli Dk1 and S. aureus
MRS901) in aqueous and methanolic extracts. The
Zone of Inhibition (ZOI) was recorded and found
that T. arjuna and T. chebula inhibited the growth
of both strains E. coli Dk1 and S. aereus MRS901
with highest ZOI range 9-13mm. It may be
accomplished that the bark and fruit extracts of T.
arjuna and T. chebula might be used for the cure
of illness caused by S. aureus.
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