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Abstract

Solanum khasianum Clarke. (Solanaceae), an important medicinal plant used to treat several diseases.
Leaf, root, fruit and bark extracts of S. khasianum and the green synthesized silver nanoparticles were
assayed for its antibacterial activity against gram positive and gram negative bacteria, using agar well
diffusion method. Among all the solvent extracts tested, methanolic extracts were found to possess
elevated activity. The optimal antibacterial activity is exhibited by silver nanoparticles against
Pseudomonas flourescens with a maximal zone of inhibition (22mm). In the present study, the efficacy of
green synthesized silver nanoparticles over the different plant extracts of S. khasianum against different
bacterial strains was reported. This investigation discloses the potentiality of using silver nanoparticles

as an antibacterial agent.
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1. Introduction

There has been a great prevalence of microbial
infections in humans due to the evolution of
resistance towards wide range of antibiotics
employed for the treatment in the recent years. The
increase in the population, growing needs, poor
sanitation and continuous exposure to same type of
antibiotics and drugs has led to the development of
resistance towards the drugs. Plants serve as a best
alternative source for the synthetic drugs. Since
ancient times, several medical traditions have been
developed and followed by different civilizations.
The evidence of usage of plants for the treatment
of several diseases has been dated 60,000 years
ago. Since then, nearly 60% of the world’s
population had been using plant parts as an
alternative medicine [2]. India has a great treasury
of medicinal plants. The usage of these medicinal
plants was mentioned in several traditional
systems in India like Ayurveda, Unani and Siddha.
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Among which, ayurvedic system of traditional
medicine was followed by 70% of the rural
population of India [10]. Ayurvedic system of
traditional medicine was developed based on the
writings in the Veda’s [1]. Charaka Samhita and
Sushruta Samhita are two main compilations
basically describing the utilization of medicinal
plants in ayurvedic medicine and science of
surgery. These traditional medical systems
describe the use of crude plant extracts/ plant parts
as the therapeutic agents [12]. Knowingly and
unknowingly, most of the tribal hamlets depend on
these herbal products for their health care. The
scientific evidence of these traditional medicine
has attracted the world to focus on these medicinal
plants. Easy availability, no side effects and cost
effectiveness are some of the factors for the
rationalization of these plant-based medicines. The
medicinal plants possess several phytochemicals,
which impart antimicrobial properties. The
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antimicrobial property of the plants is mainly
dependent on the amount and the type of
phytoconstituents like steroids, flavonoids, tannins
and saponins. These phytochemicals are said to be
nonnutritive chemicals [9]. Hence, they serve as
the reliable supply for the synthesis of many
therapeutic drugs worldwide. Therefore, it is very
significant to identify the plants with antimicrobial
compounds. So far, several medicinal plants were
reported to possess antimicrobial activity.
Solanaceae is one such family with different
biological activities. S.khasianum, belonging to the
family Solanaceae is known for its varied
medicinal properties [4]. Aforesaid kind of
investigations has increased drastically during
recent years, signifying the necessity and
importance  of  plant-based  antimicrobial
compounds. Even though they possess the
antimicrobial properties, further evaluation is
necessary to study the toxicity of these drugs on
humans [14]. The present investigation was
reported for the first time and performed to
evaluate the antimicrobial properties of different
plant parts and green synthesized silver
nanoparticles of Solanum khasianumby the Agar
Diffusion method. This activity was performed
using four different strains of bacteria including
both gram-negative and gram-positive bacteria.
These include the strains Escherichia coli,
Pseudomonas fluorescens, Bacillus sphaericus and

Proteus vulgaris.
2. Materials and Methods

2.1 Collection and preparation of plant material
Different plant parts of Solanum khasianum like
leaf, root, fruit and bark were collected, washed
and shade dried. The completely dried plant
material was finely chopped and ground into
coarse powder. 5g of each plant powder was added
separately and dissolved in 50ml of different
solvent  systems like methanol, butanol,
chloroform, acetonitrile and water. The plant
extracts were obtained by the cold maceration
method by incubating them in a rotary orbital
shaker at 20°C for 2 days. The resultant extracts
were filtered using Whatman filter paper and the
samples were dried by rotary evaporator. The dried
plant extracts were collected in sterile Eppendorf
tubes and stored at 4°C for the evaluation of
antimicrobial activity. The resultant plant material
was dissolved in DMSO for assay.
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2.2 Green synthesis of silver nanoparticles

The silver nanoparticles were synthesized from
aqueous leaf extracts of S.khasianum. to which
ImM AgNO; was added, incubated till color
change (green color to reddish brown color) and
formation of silver nanoparticles was confirmed
spectrophotometrically with a peak range of 400-
500 nm. The resultant solution is centrifuged,
washed several times and air dried and preserved
in the sterile Eppendorf tubes until further use.

2.3 Inoculum development

A loopful of pure cultures of Escherichia coli,
Pseudomonas flourescens, Bacillus sphaericusand
Proteus vulgaris were inoculated into 100ml of
sterile nutrient broth and incubated at 28°C for
24hrs to obtain the inoculum. The 24hrs old
cultures were used for the study of antimicrobial
activity. The antimicrobial activity of Solanum
khasianum was determined by the agar well
diffusion method against some clinically
significant gram positive and gram negative
microbes. LB (Luria Bertani) agar medium was
prepared, sterilized and poured into clean, sterile
petridishes at a rate of 20ml/dish under aseptic
conditions of laminar air flow and were allowed to
solidify [13]. 200ul of inoculum was uniformly
spread plated onto the solidified LB medium with
the help of sterile L-shaped bent glass spreader.
6mm wells with uniform spacing was created with
1ml sterile pipette tips. Different plant extracts like
leaf, fruit, root, bark and green synthesized silver
nanoparticles at a concentration of 20ug/ml,
30pg/ml, 40pug/ml and 50pg/ml were loaded into
each well 10ul streptomycin antibiotic as a
positive control in the middle well. These plates
were incubated at 37°C for 24hrs and were
observed for zone of inhibition around each well
and measured. Each experiment was conducted
thrice.

3. Results and discussion

The antimicrobial screening of different plant
extracts and green synthesized silver nanoparticles
of Solanum khasianum revealed the presence of
antimicrobial activity. Among the different solvent
systems used for evaluation, methanolic plant
extracts exhibited an optimal zone of inhibition
than the other solvents like butanol, chloroform,
acetonitrile and water. All the plant extracts
showed the antimicrobial activity, but the intensity
of inhibition varied among the bacterial strain
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used, type of the plant extract, solvent system and
the concentration of the sample tested. The
methanolic leaf extracts of Solanum khasianum
revealed the high antimicrobial activity against E.
coli than the other strains tested. As compared to
the other solvent extracts, methanolic extract was
found to be efficient. As the concentration of plant
extract increased, the zone of inhibition has also
increased notably (Fig. 1). Subsequently high
inhibition  activity was exhibited against
P.fluorescens, followed by B. sphaericus. Whereas
the leaf methanolic extracts showed less degree of
inhibition zones against P.vulgaris in comparison
with the other bacterial strains tested.
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Fig.1. Antibacterial activity of methanolic leaf
extracts of Solanum khasianum Clarke.
Inhibition zones exhibited by leaf methanolic
extract at different concentrations- (a)
Escherichia coli, (b) Pseudomonas fluorescens,
(c) Bacillus sphaericus, (d) Proteus vulgaris

The root methanolic extracts revealed the high
antimicrobial activity with high extent of
inhibition  zones against  P.fluorescens in
comparison with the other bacterial strains
evaluated (Fig. 2). In the root extracts also, the
high antimicrobial activity is shown by the
methanolic extracts than the other solvents.
Subsequent high antimicrobial activity was
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expressed against E. coli, whereas the
antimicrobial activity was found to be low and was
almost similar against B. sphaericusand
P.vulgaris.
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Fig.2. Antibacterial activity of methanolic root
extracts of Solanum khasianum Clarke.
Inhibition zones exhibited by root methanolic
extract at different concentrations- (a)
Escherichia coli, (b) Pseudomonas fluorescens,
(c) Bacillus sphaericus, (d) Proteus vulgaris

The fruit extracts of Solanum khasianum also
showed the antimicrobial activity against all the
tested bacterial strains, where the methanolic
extracts found to be efficient than other solvent
extracts. The maximum antimicrobial activity of
fruit methanolic extract was also exhibited against
P.fluorescens than the other bacterial strains tested
(Fig. 3). There observed the increase in the zone of
inhibitions with the increase in the concentration
of the plant extract. Subsequent maximum
antimicrobial activity with moderate zone of
inhibitions were shown against E. coli, followed
by P.vulgaris and B. sphaericus.
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Fig.3. Antibacterial activity of methanolic fruit
extracts of Solanum khasianum Clarke.
Inhibition zones exhibited by fruit methanolic
extract at different concentrations- (a)
Escherichia coli, (b) Pseudomonas fluorescens,
(c) Bacillus sphaericus, (d) Proteus vulgaris

The bark methanolic extracts of Solanum
khasianum also showed the maximal zone of
inhibition against P.fluorescens, in contrast to
other bacterial strains evaluated (Fig. 4).
Methanolic extracts showed sensitivity against all
the bacteria tested than the other solvent extracts.
Subsequent optimal inhibition zones were
exhibited against E. coli and P.vulgaris. The
lowest concentration (20pg/ml) of bark extract did
not showed any antimicrobial activity against B.
sphaericus, whereas the increase in the
concentration of the sample exhibited the
inhibition zones.
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Fig.4. Antibacterial activity of methanolic bark
extracts of Solanum khasianum Clarke.
Inhibition zones exhibited by bark methanolic
extract at different concentrations- (a)
Escherichia coli, (b) Pseudomonas fluorescens,
(c) Bacillus sphaericus, (d) Proteus vulgaris

The green synthesized silver nanoparticles of
S.khasianum revealed the presence of high
microbial activity than all the plant extracts tested.
The high antimicrobial activity of silver
nanoparticles is exhibited against P.fluorescens in
comparison to other bacterial strains tested (Fig.
5). increase in the concentration of the sample
resulted in the high antimicrobial activity.
Subsequent high antibacterial activity is exhibited
against P.vulgaris, E. coli and B. sphaericus.
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Fig.5. Antibacterial activity of green
synthesized silver nano particles of Solanum
khasianum Clarke. Inhibition zones exhibited
by leaf methanolic extract at different
concentrations- (a) Escherichia coli, (b)
Pseudomonas  fluorescens, (©) Bacillus
sphaericus, (d) Proteus vulgaris
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Among all the solvent extracts tested, high
antimicrobial activity with high extent of
inhibition zones was exhibited by methanolic
extracts only. Similar results of high antibacterial
activity were expressed by the methanolic extracts
of Solanum aculeastrum than the other extracts,
against both gram positive and gram negative
bacteria [7]. As the concentration of the plant
extracts increase, the zones of inhibition also tend
to increase [3]. A similar result of high
antimicrobial activity of green synthesized silver
nanoparticles was reported by several scientists [5,
6, 8,11, and 15].

Conclusions

The present investigation revealed the significant
efficacy of green synthesized silver nanoparticles
and different methanolic plant extracts of Solanum
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khasianumagainst gram positive and gram negative

bacteria. These findings were also helpful to

validate the claims on usage of this medicinal plant
to treat several ailments and to develop new drugs.
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