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ABSTRACT

Green synthesis of silver nanoparticles were carried out using the aqueous leaf extracts of Thespesia populnea and characterised by UV
Vis spectroscopy, SEM, EDX, AFM and XRD analysis. The silver nanoparticles when tested on Pseudomonas aeruginosa and Bacillus
subtilis, was found to have potent antibacterial activity. Further, the microbes were susceptible for a minimum inhibitory concentration
of 0.5 pg and also arrested the swarming motility of the test organisms. The nanoparticles interacted with the microbial membrane which

led to the leakage of proteins from the cells.
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1. INTRODUCTION

Plants are extensively used in medicine and cosmetics since
ancient civilisation and they are the important raw materials for
pharmaceutical industry. The role of phytochemicals in disease
prevention and longevity of life has been well documented. More
than 50% of the therapeutic industry is dependant for plant based
molecules [1].

However new attempts to utilize plant secondary
metabolites in nanoformulations are relentlessly studied for
various applications. Our study includes synthesis of silver
nanoparticle from the leaf extracts of Thespesia populnea and its
bioactive potential in Pseudomonas aeruginosa and Bacillus
subtilis. Thespesia populnea of the family Malvaceae is a tropical
plant found in most parts of the world [2,3].

This tree grows upto a height of 6-12 meters with glossy
green leaves bearing yellow flowers[4]. All part of Thespesia
populnea has enormous medical properties, the fruits are used to
treat scabies, swellings, warts, insect bites etc. [5], flowers has
antioxidant and hepatoprotective property [6], whereas the
decoctions of the bark is used to treat dysentery, haemorrhoids and

2. MATERIALS AND METHODS
2.1. Preparation of plant extracts.

The plant took for the present study was identified and
authenticated by the Director of Plant Anatomy Research Center,
Dr. P Jayaraman from Chennai. Thespesia populnea leaf was
processed, powder and boiled in water to prepare the aqueous
extract which is used for the synthesis of nano particles.

2.2. Synthesis of Silver nanoparticles.

The nano sized particles of Silver were produced by
treating 3mM silver nitrate solution with the aqueous plant
extracts in dark for 24 h. Formation of nanoparticles was identified

diarrhoeal infections [7,8]. There are reports on the plant to
possess antimicrobial, analgesic, anthelmintic and anti-
inflammatory properties [9,10]. The biological activity of the plant
is due to the presence of phytochemicals like quinines,
mansonone-H, mansonone-D, thespesone, and thespone [11].

The GCMS analysis in Thespesia populnea has N,N’-
Bis(Carbobenzyloxy)-lysine methyl(ester) with activity as
antialkalotic, antiherpetic, Hypoargianemic activity and another
Phenol, 4,4’-butylidenebis[2-(1,1-dimethylethyl)-5-
methyl with Larvicide, Fungicide, Pesticide activity[12]. Reports

molecule

on phytochemical like Gossypetin, kaempferol, kaempferol-7-
glucoside was isolated from flower [13] and thespian, cetyl
alcohol, sitosterol isolated from the fruit kernels and B-sitosterol,
lupeol, lupine etc., from the leaf extracts [14,15].

A sesquiterpene quinine dehydrooxoperezinone-6-methyl
ether having antibacterial and cytotoxic activity was isolated from
heartwood of Thespesia populnea[16,17]. Using the bioactive
potent Thespesia populnea, in this study silver nanoparticles
weresynthesized and exploited in antibacterial activity study.

by a colour change in the liquid to dark brown after which the
coloured solution was centrifuged at 5000 g and the pellets
lyophilized to be stored at 4°C for further analysis[18].

2.3. Characterization of silver nanoparticles.

The physical parameters of the nanoparticles like size,
form, behaviour in electromagnetic radiations were studied by
subjecting them to UV-Visible spectroscopy (UV — 1800
Shimadzu, Japan) to record their absorbance at 200 to 800 nm and
transmittance for a range 4000-400 cm™ in FTIR analyser (Alpha
Bruker optic Gmbh instrument). The size of the particle from
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Scanning Electron Microscopy (Zeiss, GeminiSem), their
elemental composition by EDX spectrometry and crystallinity in
X-ray diffraction (XRD) unit were analysed.
2.4. Testing of microbial interaction of the nanoparticles.

The antibacterial activity study on the nanoparticle was
carried out in Pseudomonas aeruginosa and Bacillus subtilis with
Erythromycin as a positive control [19]. Minimum inhibitory

3. RESULTS
3.1. Characterization of silver nanoparticles.
The nanoparticle produced from the Thespesia populnea
extracts has absorbance peaks between 250 to 400 nm in UV-
Visible spectrometry analysis (Fig. 1) specifying the silver
nanoparticles [20]. The FTIR analysis showed spectral peaks from
3600 cm™ to 3300 cm™ and 1500 cm™ to 500 cm™ depicting the
presence of CH; and CH, bending, OH stretching and (Fig. 2)
amide bond at 1600 cm™'[21]. The size range of 13nm to 40 nm
spherical nanoparticles was observed in scanning electron
microscopy (Fig. 3). The EDX analysis had peaks at 2.7 keV and
3keV confirmed the presence of silver element (Fig. 4).
Diffraction points of 38°, 44.5°, 64.81°, 77.43° corresponding to
(111), (200), (220), (311) planes confirmed the presence of
crystalline structures in XRD (Fig. 5) analysis [22].
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Figurel. UV Visible spectroscopy of crude silver nanoparticles.
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Figure 2. Fourier Transform InfraRed (FT-IR) spectroscopy of crude
silver nanoparticles.

3.2. Antibacterial activity of silver nanoparticles.

The antimicrobial property of the silver nanoparticles was
checked against Gram-positive (Bacillus subtilis) and Gram-
negative (Pseudomonas aeruginosa). Pseudomonas aeruginosa
responded to the nanoparticle with increase in antibacterial
activity for the raise in concentration (Table 1).

concentration of the silver nanoparticle was also tested for the two
organisms for the concentration range (0.25 to 2 pg/mL). The
effect on the motility of microbes when treated with the
nanoparticle was studied by swarming motility assay. The ability
of the particle to penetrate the membrane and destabilising them
was checked by Protein leakage assay.

The silver nanoparticles of Thespesia populnea inhibited
the Bacillus subtilis better than Pseudomonas aeruginosa. The
minimum inhibitory concentration required to bring bactericidal
activity in Pseudomonas aeruginosa was 0.5 pg. However, it was
much lower than 0.25 pg for Bacillus subtilis (Table 2).
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Figure 3. Scanning Electron Microscopy (SEM) of crude silver
nanoparticles.
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Figure 4. Energy Dispersive X-Ray spectroscopy (EDX) of crude silver
nanoparticles.
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Figure 5. X-Ray Powder Diffraction (XRD) of crude silver nanoparticles.
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Minimum inhibitory concentration study is conducted to
find the lowest concentration necessary for antibacterial effect so
that it is well with therapeutic applications. A least dose of these
active molecules could preferably reduce the cellular toxicity or
mutagenicity. Further these lower concentrations are economical
when applied in industrial processes like tannery, heavy metal
removal in water treatment[23, 24] at polluted sites etc.

Table 1. Antibacterial activity of crude silver nanoparticles against the
micro organisms.
Zone of Inhibition (cm)

Concentration (ng)

Pseudomonas Bacillus subtilis
aeruginosa

2 0.6 1.6

4 0.7 1.7

8 1.2 1.8

16 1.3 1.3
Positive control 0.8 3.5
(Erythromycin)

Negative control (Solvent) - -

Table 2. Minimum Inhibitory Concentration (MIC) of crude silver
nanoparticle.

2 | Pseudomonas aeruginosa | +

3.3. Swarming motility and Protein leakage assay of silver
nanoparticles.

These nanoparticle destabilised the biological membranes
of the microbes as witnessed by the protein leakage assay (Figure
6). This is possible when the nanoparticle can have access to the
cellular contents traversing the membrane. In a way these
molecules with antibacterial effect at lower concentrations could
be used to target intracellular pathogens that could be otherwise

4. CONCLUSIONS

In this study, Thespesia populnea was used for green synthesis
of silver nanoparticles. The size of the particles were around 13 to
40 nm. Ther nanoparticles were also crystalline, which was
confirmed by XRD analysis. The silver nanoparticles were
exhibiting antibacterial activity against both the Gram positive and
Gram negative organisms used in this study. The silver
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Figure 6. Protein leakage assay of crude silver nanoparticlesa)
Pseudomonas aeruginosa b) Bacillus subtilis

Figure 7. Swarming motility of crude silver nanoparticle against a)
Pseudomonas aeruginosa b) Bacillus subtilis.
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