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Objective: To evaluate the in vitro antibacterial activity of various solvent extracts of South
Indian traditional medicinal plants Ocimum sanctum, Ocimum gratissimum, Aegle marmelos, and
Adhatoda vasica leaves against clinical pathogens of human origin. Methods: The antimicrobial
activity of different solvents crude extract of four medicinal plants used in traditional Indian
medicine was tested by dise diffusion method against five bacterial pathogens: Escherichia coli,
Staphylococcus aureus, Salmonella typhi, Salmonella paratyphi and klebsiella pneumoniae.. The
minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) was
determined for evaluating the potential plant extract. Results: The antibacterial results showed
methanol extracts (0.4 g/ml) of Ocimum gratissimum and Ocimum sanctum showed maximum

Ilfi(j)/r}e (:)rl(}i:t.ic zone (?f inhibition (30 mm and 25.5 mm, respectively) against Salmonella typhi. MIC was tested
Fibrinigenolytic at various concentrations from 0.625 mg/ml to 0.039 mg/ml for all the Pla}nt extracts. At t.he lowest

. concentration (0.039mg/ml) tested, methanol extracts of Ocimum gratissimum showed higher MIC
Hemolytlf: assay against Salmonella typht and Salmonella paratyphi where as the methanolic extracts of Ocimum
P hosphoh‘pase gratissimum showed potent activity against Staphylococcus aureus at 0.078 mg/ml. Methanol
Hyaluronidase extract (0.4 g/ml) of Aegle marmelos showed significant inhibitory activity of 22.5mm and MIC
MTT assay value of 0.156.mg/ml against E. coli strain. The Klebsiella spp was the most resistant strain of

all and various concentrations Adhatoda vasica extract showed less activity against the tested
pathogens. Conclusions: The present screening result demonstrated that the Indian traditional
medicinal plants Ocimum sanctum, Ocimum gratissimum, Aegle marmelos methanol leaf extract
has potent antibacterial activity and the studied plants may be new source for novel antibacterial
compound discovery for treating drugs resistant human pathogens.

which has increased a great deal in developing countries [31.
It is estimated that nontyphoidal Salmonella cause between
two hundred million and 1.3 billion cases of intestinal

1. Introduction

Recently, the World Health Organization reports that at least
75 — 959, of the world populations of developing countries
were chiefly rely on traditional medicines and major part of
traditional therapies involves the use of plant extract products
or their active constituents [11. Traditional medicine usage is
a common practice in developed and developing countries
at the primary healthcare level 12I. Due to increased and
indiscriminate use of antibiotics for treatment of humans
and animals there develops the antibiotic resistance and
multidrug resistance microorganisms like Salmonella spp.

*Corresponding author: N. Prasannabalaji Department of Microbiology, School of Life
Sciences, Bharathidasan University Tiruchirappalli 620 024 Tamilnadu, India.
Email: applenpb@gmail.com; kumarun23@gmail.com

disease including 3 million of death each year worldwide
[4]. The demand for more and more drugs from plant sources
is continuously increasing which necessitates screening
medicinal plants with promising biological activity [5].
Medicinal plants are gifts of nature to cure number of diseases
among human beings and a large number of plants in different
location around the world have been extracted, semi—purified
to investigate individually their antimicrobial activity. [6].

The plant like Ocimum sanctum, Octmum gratissimum
has a versatile role to play in traditional medicines. These
are popularly known as “Thulasi” also tulsi, tulasi, or Holy
Basil is an aromatic plant in the family Lamiaceae. Ocimum
sanctum is cultivated for its medicinal purpose as herbal
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tea in Ayurveda and religious purpose as performing worship
with leaves across South Asia. It was well documented
already on the bioactive compounds of Ocimum sanctum for
medicinal aspects i.e. antimicrobial, adaptogenic, antidiabetic,
hepatoprotective,anti—inflammatory, anti—carcinogenic,
radioprotective, immunomodulatory, chemopreventive, cardio—
protective, and safe guarding against possible deficiencies [71.
Ocimum sanctum extracts are effective against Staphylococcus
aureus, E. coli. P. aeruginosa , S. typhimurium and used as
better alternative in food preservation [8l. Ocimum gratissimum
were cultivated in Indian houses, temples for pujas and
traditional medicinal aspects. These plants were widely
distributed in tropical and warm temperature regions in India
and commonly known as “alfavaca”. It is naturally used in the
treatment of different diseases including upper respiratory tract
infections, diarrhea, headache, conjunctivitis, skin diseases,
pneumonia tooth and gum disordersl9l.

The plant Aegle marmelos belong to family Rutaceae is
commonly known as “Bael” in (Hindi), as “vilvam” in Tamil
and leaves also auspiciously used in Indian temples for pujas.
Also the leaves, stem, bark, fruits possess medicinal value
and widely used in treating skin and eye diseases [10]. A.
marmelos leaves extract exhibit broad spectrum antibacterial
and antifungal activities [111. Aegle marmelos solvent extract
were reported to show potential antidiabetic in regeneration
of B—cells, antihyperlipidaemic, antioxidant, radio protective,
hepatoprotective, antiarthritis activity and anti-inflammatory
properties [12 - 18 |. Because of its potent antibacterial activity,
Aegle marmelos plants were used in folk—lore medicine for the
production of bioactive compounds and for preliminary health
care [19].

Adhatoda vasica (acanthaceae) known as chue mue, is a stout
straggling prostrate shrubby plant with the compound leaves
which gets sensitive on touching. The medicinal properties of
Adhatoda vasica exert bacteriostatic and bactericidal effects
on both gram positive and gram negative bacteria on animal
models. These effects have been attributed to the peptides,
alkaloids, and flavonols, which are major components in these
plants [20-21].

The usage of plant parts as traditional medicine is the most
common practice in India, particularly as folk—lore medicines.
Due to continuous usage of antibiotics against clinical
pathogens, development of drug resistance is a major problem
now—a—days. With this in view, the wild plant extracts of
Ocimum sanctum, Ocimum gratissimum, Aegle marmelos, and
Adhatoda vasica was tested for searching a potential source
for new type of antibiotics for treating bacterial diseases. The
folk—lore medicinal facts make the present work to investigate
on the antibacterial activity of wild plant extracted compounds
against clinical pathogenic isolates.

2. Materials and methods
2.1. Collection and identification of plant materials

The medicinal plants, Ocimum sanctum, Ocimum
gratissimum, Aegle marmelos, and Adhatoda vasica were
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collected from Paallar river beds of Kanchipuram, Tamilnadu,
India. The taxonomic position of the plants were identified and
authenticated. Leaves from the plants were collected in a large
quantity and washed with clear distilled water and dried in an
oven at 60°C for 5 mins for extraction purposes

2.2. Extraction of plant materials

250 gm of each plant leaves were taken for extraction
procedure and grinded in a mortar and pestle separately under
aseptic condition [22]. The solvents extraction was done by
modified method of dissolving 5 g of dried plant powder in
soxhlet apparatus with ethanol, methanol and acetone (200ml)
separately for 24 hrs at 65°C. The extracts were concentrated
to dryness in rotary pressure evaporator and stored at 40°C for
further antimicrobial study [231.

2.3. Preparation of test organisms

Staphylococcus aureus, Salmonella typhi, Salmonella
paratyphi, Escherichia coli and Klebsiella pneumoniae were
isolated from the clinical samples obtained from patients
attending Government Hospital, Kanchipuram. Tamilnadu,
India. The organisms were isolated in nutrient agar medium
and selectively cultured at 37°C for 24 hrs. The bacterial strains
were identified by biochemical and standard antibiogram tests
as per the directions from Bergy’s manual for determinative
bacteriology.

2.4. Antimicrobial assay

2.4.1. Antibacterial sensitivity testing using disc diffusion
method

Circular disc of 6 mm diameter were made from the whatman
no 1 filter paper. Discs were impregnated with equal volume (50
1) of each plant extracts at four different concentrations (0.05
g/ml, 0.1g/ml, 0.2g/ml & 0.4g/ml). The discs were aseptically
placed over plates of Muller Hinton agar (MHA ,Difco) seeded
with each of test pathogens, and the inoculum was adjusted
to 0.5 Mc Farland turbidometry 1221. The plates were incubated
in an upright position at 37 °C for 24 hours and the zone of
inhibition was measured (in mm diameter). Inhibition zones
with diameter less than 12 mm were considered as having low
antibacterial activity. Diameters between 12 and 16 mm were
considered moderately active, and these with >16mm were
considered highly active [241. The clinical strains were also
tested for their sensitivity against the standard antibiotics,
ciprofloxacin (5 meg), nalidixic acid (10meg), novobiocin (30
meg) by the disk diffusion method.

2.4.2. Antibacterial activity by microdilution MIC assay
methods

The minimum inhibitory concentration (MIC) was determined
by comparing the various concentrations of plant extracts
which have different inhibitory effect and selecting the lowest
concentration of extract showing inhibition [25]. The MIC had
done by 96 well U bottom plates. The MIC plates were filled
with Mueller Hinton Agar (MHA) and various concentrations
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of plant extracts, antibiotics—ciprofloxacin or solvent control.
Finally the MHB medium with overnight test organism (10-8cfu
/ml-1) was equally distributed. All the samples were prepared
in triplicates and incubated at 37 “Cfor 24 hrs [26].

To determine the MBC, the treated broth culture from well
which is not showing any visible growth in MIC assay was
cultured on new sterile MHA plates. The least concentration
(highest dilution) of the extract that inhibits colony formation
on a solid agar medium after incubation at 37 °C for 24 hr was
considered as MBC [22]

3. Results

The extracts of Ocimum sanctum, Ocimum gratissimum,
Aegle marmelos and Adhatoda vasica, tested for antibacterial
activity on five human pathogens were presented in Table 1.
The zone of inhibition around the disc impregnated with plant
extract over the lawn of bacterial culture plates determined the
antibacterial activity as quantitatively. The result showed that
the antibacterial activities of plant extract were increased with
increasing concentration of crude extracts. Though the extracts
showed prominent antibacterial activity against gram negative
(S. typhi, S. paratyphi, E. coli ) and gram positive (S. aureus)
bacteria, only the Klebsiella sp appeared to be resistance with
very less zone of inhibition. Among the tested plant extracts
Octmum gratissimum methonalic extract showed highest
activity of 30 mm (0.4g/ml) inhibition zone against S. typhi and

Table 1
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followed by methanol extract of Ocimum sanctum showed 25.5
mm (0.4g/ml) inhibition zone against S. typhi (Table.1). The
Ocimum gratissimum methanol extract also showed maximum
inhibition zone of 28 mm (0.4 g/ml) against Salmonella
paratyphi.

On the other hand, the E. coli strain were mostly resistance
to various solvents of Adhatoda vasica plant extract
and moderately resistant to Ocimum sanctum, Ocimum
gratisstmum, while Aegle marmelos methanol extract
demonstrated significant inhibitory activity of 22.5mm (0.4 g/
ml) against E. coli strain tested. Also the S. aureus moderately
sensitive to various solvent extracts of Ocimum sanctum, A.
marmelos, Adhatoda vasica and showed maximum sensitivity
to methanol extract of Ocimum gratissimum inhibition with 24
mm (0.4¢/ml) zone of inhibition.

The Klebsiella sp was resistant to the different concentrations
of ethanol, acetone plant extracts of Octmum sanctum, Aegle
marmelos and Adhatoda vasica, while Octimum gratissimum
methanol extract demonstrated a inhibition zone of 9.0 mm
(0.4g/ml) only. The result showed that S. typhi, S. paratyphi and
S. aureus were the most susceptible species to the different
concentrations of methanol extract of Ocimum gratissimum
and E. coli susceptible to the extracts of Aegle marmelos.

The MIC analysis of plant extracts showed the optimum
bacteriostatic and bacteriocidal concentration for methanol
crude extracts of the plants tested. The table 2 depicted the
MIC and MBC of all plant extracts and the zone of inhibition
results reflected in MIC. The MIC of all the plant extracts

Antibacterial activity of different plant extract by disc diffusion method R= no zone of inhibition

O.sanctum Ethanol extract (mg/mL)

O.sanctum Methanol extract (mg/ml)

0. sanctum Acetone extract (mg/mL)

Bacterial species 50 100 200 400 50 100 200 400 50 100 200 400
S. aureus 8.2 9.4 10.2 11.4 12.0 13.5 14.0 14.5 8.0 9.0 10.0 10.5
E.coli R R 6.6 7.8 R R 7.0 7.5 R R R 7.2
S.t}q)hi 10.0 11.5 12.0 14.0 15.0 17.5 22.5 25.5 R 7.0 7.6 8.2
S. paratyphi 8.5 9.6 10.5 12.0 14.0 16.0 19.0 21.0 R 6.0 6.5 7.5
Klebsiella sp R R R 7.0 R.0 7.0 7.0 8.0 R R R 7.2
O. Gratissimum — Methonal extracts (mg/ml)  O. Gratissimum — Methonal extracts (mg/ml) ~ O. Gratissimum Acetone extract (mg/ml)
Bacterial species 50 100 200 400 50 100 200 400 50 100 200 400
S. aureus 8.5 9.5 10.5 12.0 14.0 18.0 22 24.0 R 8.0 9.5 10.5
E.coli R R 6.5 7.0 7.0 8.0 8.5 9.0 R R 6.6 7.2
S. tﬂ)hi 12.2 14.0 15.5 16.7 19.0 24 28.0 30.0 9.0 10.5 12.2 14.1
S. paratyphi 10 11 12.3 14.5 16.0 2.0 25.0 28.0 7.6 8.6 9.2 10.2
Klebsiella sp R R 7 7.5 R 7.3 8.1 9.0 R R 7.6 8.1
A. Marmelos Ethanol extract (mg/mL) A. marmelos extract (mg/mL) A. Marmelos Acetone extractimg/mlL)
Bacterial species 50 100 200 400 50 100 200 400 50 100 200 400
S. aureus R 7.0 8.5 9.6 11.5 12.5 14 15 R 7.0 7.2 8.5
E.coli R 8.0 9.0 10.5 16 17 17.5 22.5 R 7.0 8.0 9.0
S. typhi R 6.9 8.5 102 12 14 17 18 R R 8.0 8.6
S. paratyphi R 7.0 7.6 8.2 9.0 10.5 11 11 R R 7.0 7.0
Klebsiella sp R R R 7 R R R 8.5 R R R R
Awasica Ethanol extract (mg/mlL) A. vasica Methanol extract (mg/mL) A.vasica Acetone extractimg/mL)
Bacterial species 50 100 200 400 50 100 200 400 50 100 200 400
S. aureus R R R 7 R R 7.2 R R R 6.9
E.coli R 7.0 8.1 8.5 R 8.0 8.0 9.0 R R R V2,
S. typhi R R R R R R 7.0 7.3 R R R R
S. paratyphi R R R R R R R R R R R R
Klebsiella sp R R R R R R R R R R R R
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was studied from the range of 0.625 to 0.039 mg/ml. The plant
methanol extract showing more than 7 mm zone of inhibition
was taken as observable MIC value (Table 2). The MIC Value of
Ocimum gratissimum methanol extract for the bacterial strains
S. typhi and S. paratyphi were 0.039.mg/ml (MIC=MBC). The
E. coli appeared to be sensitive with a zone of inhibition of
22.5 mm and the MIC value of 0.156 mg/ml for Aegle marmelos
respectively. The gram positive Staphylococcus aureus were

Table 2
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the moderate sensitive of all against all the extracts tested,
while the Ocimum gratissimum methanol crude extract shows
maximum zone of inhibition of 24 mm and MIC of 0.078 mg/ml
respectively. From MIC results of present study the methanol
extracts of Ocimum gratissimum and Aegle marmelos showed
prominent inhibitory action against all the pathogens tested,
which indicates its possible application for antibacterial
activity.

The minimum inhibitory concentration (MIC) and Minimal Bactericidal Concentration (MBC)

Plants/Bacterium Ocimum sanctum Ocimum gratissimum A. Marmelos A.wvasica +control Cf
S.a 0.156 mg/ml, 0.078 mg/mlL 0.312 mg/ml, 0.625 mg/mlL. 0.001mg/mlL,
E.c 0.625 mg/mL 0.0625 mg/mL 0.156 mg/mL 0.625 mg/mL 0.002mg/mL
St 0.156 mg/mlL 0.039 mg/mL 0.625mg/mL 0.625 mg/mL 0.004mg/mL
S.pt 0.156 mg/ml, 0.039 mg/mL 0.625 mg/ml, - 0.001mg/mL
K.n = = = = 0.002mg/mL

S.a : Staphylococcus aureus, E.c : Escherichia coli, S.t : Salmonella typhi, S.pt : Salmonella paratyphi, K.n : Klebsiella pneumonia , —: Not Determined,

+ve control cf : ciprofloxin.

4. Discussion

The Medicinal plants have been main source for drugs over
many centuries in many countries, in both developed and
developing world. Traditional medicines products are not
officially recognized in many countries, and the European
union presently developing regulatory laws for quality
traditional medicines [11. It is estimated that at least 25¢, of all
modern medicines are derived either directly or indirectly from
medicinal plants. Traditional medicines play important role
in world health treating millions of people [1l. The medicinal
property of herbs is due to the presence of different complex
chemical substance as secondary metabolites, which are
exclusively accumulated in different parts of the plants [221.
The tropical, subtropical regions of India are rich with various
kinds of herbs/plant species with good medicinal properties.
The plant extracts contain wide range of secondary metabolites
such as flavonoides, , terpenoids, tannins, glycosides and
alkaloids. These natural metabolites are important as potential
antimicrobial crude drug and source for natural compounds
as new anti—infection agents. [271. The occurrence of bacterial
diseases is becoming common in south Asia particularly in
India, because of development of antibacterial drug resistant
pathogens. To resolve the problem and to detect alternative
chemotherapeutic agents, the search for novel forms from
newer sources is global challenges (221,

Our present investigation for the newer antibacterial bioactive
compounds targetted on the unexplored folk medicinal plants,
being used for centuries in treating local population. The plant
extracts are considered as best source of bioactive compounds
particularly for traditional healers as they contain components
of therapeutic values. The bioactive compounds have been
detected for either bacteriostatic or bacteriocidal property
and have very minimum or no toxicity to host. In this study,
three different polarity plant extracts , Ocimum sanctum,

Ocimum gratissimum, Aegle marmelos, Adhatoda vasica have
been tested for antimicrobial activity on five different human
clinical pathogens viz. Staphylococcus aureus, Salmonella
typhi, Salmonella paratyphi, Escherichia coli and Klebsiella
pneumoniae. In an earlier study Bishnu et al 128] observed that
Ocimum sanctum and other natural plants extracts inhibit the
growth of similar clinical pathogens. Among the three different
extracts Ocimum gratissimum methanol extract showed
highest antibacterial activity with a MIC of 0.039 mg/ml against
Salmonella typhi , Salmonella paratyphi and MIC of 0.078 mg/
ml active against Staphylococcus aureus. Similarly Adebolu
et al 129] reported the steam distillation extracts of Ocimum
gratissimum were highly effective against Salmonella typhi,
Staphylococcus aureus and E. coli strains.

Apart from Salmonella typhi infection, Salmonella paratyphi
A and B also widely persist in Indian population. The present
study reported, methanol extracts of Ocimum gratissimum
showed considerable inhibitory activity against both enteric
isolates of Salmonella typhi , Salmonella paratyphi and reports
of such similar work on enteric Salmonella paratyphi from
scientific group is very minimal. The methanol extract of
Aegle marmelos showed potent antimicrobial activity against
clinical pathogenic E. coli; while suresh et al 301 showed that
Aegle marmelos leaf extracts having reasonable antibacterial
activity against E. coli. In fact the results of different extracts
of Adhatoda vasica shows less antibacterial activity against the
clinical pathogenic isolates. On the other hand the Klebsiella
spp was the most resistant of all the tested plant extracts and
it is suggested that this bacterial strains may possess resistant
mechanism and concentration of compound used may be
lesser to inactivate the bacterial activity.

The results of the present study along with early reports
concluded that the methanol extracts of traditional
wild plant Ocimum gratissimum, Ocimum sanctum has
potent antibacterial activity against the clinical human
pathogens isolates particularly pathogenic Salmonella
typhi and salmonella paratyphi. The traditionally used
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Aegle marmelosleaves methanol extracts possess effective
antibacterial activity against E. coli. The present investigation
data on antibacterial potency of wild Ocimum sanctum,
Ocimum gratissimum, Aegle marmeloshelps to design further
study for synthesis of novel antibiotics.
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