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ABSTRACT

Introduction and Aim: The present study investigated the biosynthesis of silver nanoparticles (AgNPs) using
aqueous stem extract of Tinospora sinensis under the influence of sunlight irradiation.

Materials and Methods: For the biosynthesis of AgNPs 90 ml of 10° M AgNO;z was mixed with 10 ml of the
aqueous stem extract of Tinospora sinensis and the solution was kept under sunlight. The formation of AgNPs were
monitored using UV-Vis spectroscopy. Furthermore, the characterization of the synthesized AgNPs were
accomplished using X-ray diffraction (XRD), Fourier transforms infr ared spectroscopy (FTIR), Scanning electron
microscopy (SEM), Energy Dispersive X-ray (EDX), Dynamic Light Scattering (DLS).

Results: The reaction mixture changes its colour from pale yellow to dark brown within 30 minutes. The UV-Vis
spectra of AgNPs showed an absorption peak at 445 nm, which indicated the formation of AgNPs. The SEM and the
DLS analysis revealed the spherical shape of the AgNPs with an average particle size of 74.2 nm. The XRD analysis
confirmed the crystalline nature of the AgNPs. Furthermore, the synthesized silver nanoparticles act as a catalyst in
degradation of 4-nitrophenol by NaBH4. Moreover, the biosynthesized AgNPs showed antibacterial activity against
three bacterial strains viz. Escherichia coli (ATCC 8739), Pseudomonas aeruginosa (ATCC 9027) and
Staphylococcus aureus (ATCC 6538P).

Conclusion: In the present study, AgNPs have been successfully synthesized using agueous stem extract of
Tinospora sinensis under the influence of sunlight irradiation. The synthesized AgNPs exhibits catalytic as well as
antibacterial properties that makes it suitable for environmental remediation.
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INTRODUCTION Due to all these limitations in chemical as well as
physical methods, emphasis have been given to the
synthesis of AgNPs using biological method.
Biological method is considered to be rapid, eco-
friendly and cost effective method compare to other
two methods (8). Biological methods includes use of
fungi, bacteria, enzymes and different parts of the

immense popularity due to their versatile nature
in the field of nanotechnology. The word ‘nano’
is a Greek word, which stands for dwarf. Silver
nanoparticles have gained paramount importance
among researchers due to their physiochemical

I n recent years nanoparticle synthesis have gained

properties (1). Silver nanoparticles have been very plants (9).

popular among the researchers due to their unique Moreover using plant for the synthesis of silver
properties which enables them to plays a pivotal role nanoparticles is convenient, time saving method and
in various applications such as catalysis, sensor, can be easily scaled up compare to silver nanoparticles
biomedicine (2), electronics, optics etc. (3) synthesis using microorganisms due to its requirement

of highly aseptic condition as well as cell culture
maintenance. Literature suggest that silver ions are
reduced and stabilized into silver nanoparticles by
various phytochemicals which includes terpenoids,
flavonoids, phenols, alkaloids etc. present in the plant
extract (10, 11).

Moreover, silver nanoparticles can be synthesized
using different methods, which includes chemical,
physical and biological methods (4). The physical and
chemical methods includes chemical precipitation,
sol-gel methods, hydrothermal methods, microwave
method (5), ball mining, sonication, flame pyrolysis

(6), Laser CVD, emulsion polymerization, physical Studies showed silver nanoparticles have a broad
adsorption etc. However, the chemical methods have spectrum of antimicrobial activity and exhibits a
several drawbacks such as use of costly, toxic and strong inhibitory effect on the growth of
harmful chemicals and are hazardous for the microorganisms. Silver nanoparticles inhibits the
environment (7). growth of bacterial cells by disrupting the outer

membrane of the cell, damaging the DNA, inactivating
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the metabolic enzymes and generating ROS (Reactive
Oxygen  Species), increased cell ~membrane
permeability etc (12, 13).

The Tinospora sinensis commonly called as
“Sudarsana” in Sanskrit, “Giloy” in Hindi and
“Hoguni lota” in Assamese which have a wide range
of medicinal properties and are used by various native
tribes to treat various diseases like fever, urinary
infection, Jaundice, diabetes etc. The plant is also
known to possess anti-inflammatory  and
immunomodulatory activity (14, 15). The current
study elucidated the process for synthesis of silver
nanoparticles using aqueous stem extract of Tinospora
sinensis (Lour.) Merr. under the influence of sunlight
irradiation. Further the synthesized AgNPs were
investigated for their catalytic activity in degradation
of 4- nitrophenol by NaBHa4 Also the AgNPs were
tested against pathogenic bacterial strains such as
Escherichia coli, Pseudomonas aeruginosa and
Staphylococcus aureus for their antibacterial activity.

MATERIALS AND METHODS
Chemicals

Nutrient agar was purchased from Himedia (Mumbai).
Silver nitrate (AgNOs) and Sodium Borohydride
(NaBH.) were procured from Merck (Mumbai), India
respectively. Deionized water was used throughout the
experiment.

Preparation of stem extract of Tinospora sinensis

The plant Tinospora sinensis was collected from the
locality of Jalukbari which lies on the western part of
the city of Guwahati, Assam, India. The stems were
then separated from rest of the plant parts. The stems
were cut into smaller pieces and washed thrice with
deionized water to remove any contaminants. The
stems were then shade dried for 25 days at room
temperature. The dried stems were grinded to fine
powder using sterile electric grinder. 25g of the dried
stem powder of Tinospora sinensis was mixed with
100 ml of deionized water and boiled at 60 °C for 20
minutes. The boiled mixture was cooled and filtered
using Whatman filter paper no. 1 (pore size 25um).
The filtrate was stored at 4 °C for further experiments.

Biosynthesis of silver nanoparticles

For the biosynthesis of the silver nanoparticles 10 ml
of the aqueous stem extract of Tinospora sinensis was
added to 90 ml of 10° M AgNO; and the reaction
mixture was exposed to bright sunlight for the
reduction of Ag*to Ag®. The colour change of the
reaction mixture was observed periodically using UV-
Vis spectroscopy (Thermo fisher scientific Multiskan
go Model no. 1510). The solution was then centrifuged
using Eppendorf AG Model No. 5430R at 12,000 rpm
for 15 minutes. The pellets were resuspended in
deionized water and centrifuged to remove any non-
reacting biomolecule in the colloidal matrix, and then
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dried at 50°C in hot air oven. The dried pellets were
further used for XRD, FTIR and SEM analysis.

Catalytic activity of synthesised AgNPs

The catalytic potential of the synthesised AgNPs was
analysed by reducing 4-nitrophenol dye by NaBHa. In
the following reaction 2 mM of 4- NP (1.5 ml) was
mixed with 15 mM of NaBH4 (1 ml) and 1 ml of
distilled water was added. In the reaction mixture, 0.5
ml of the synthesised silver nanoparticles were added.
The reaction was measured by using UV-Vis
spectrophotometer ~ (Thermo  fisher  scientific
Multiskan go Model no. 1510) at different intervals
(16).

Detection and characterization of synthesized
silver nanoparticles

The synthesis of the AgNPs using stem extract of
Tinospora sinensis was monitored using UV-Vis
spectroscopy (Thermo fisher scientific Multiskan go
Model no. 1510) in the spectrum range of 300 — 800
nm. Further to study the crystallinity of the
biosynthesized silver nanoparticles, the dried pellets
were subjected to X-ray diffraction analysis (XRD)
analysis using Bruker AXS, Germany, D8 Advance,
operated at a voltage of 40kV and a current of 40 ma
with Cu Ko radiation.

The crude stem extract of Tinospora sinensis and the
dried pellets of the biosynthesized AgNPs were
subjected to FTIR analysis using Thermo Nicolet 6700
FTIR spectrophotometer in the range of 650-4000 cm-
! so as to reveal the various biomolecules and the
functional groups present in the stem extract of
Tinospora sinensis that are responsible for the
reduction as well as stabilization of the silver ions. To
reveal the morphology of the synthesized AgNPs,
SEM analysis was done using ZEISS EVO 18 Special
Edition to determine the morphology of the
biosynthesized AgNPs.

In addition, the EDX spectra of the biosynthesized
AgNPs was recorded by using Oxford instrument X
act “PentaEFT Precision”. The average particle size
distribution of the synthesised AgNPs was determined
by Dynamic Light Scattering in the range of 0.1-1000
pum at 25 °C using Nano plus (Micromeritics, USA).

Antibacterial activity of AgNPs

The antibacterial activity of the biosynthesized AgNPs
using stem extract of Tinospora sinensis was evaluated
using three bacterial strains viz. Escherichia coli,
Pseudomonas aeruginosa and Staphylococcus aureus
by disc diffusion method. The sterile disc of 6 mm in
size were soaked in crude stem extract of Tinospora
sinensis, synthesized AgNPs and antibiotic
(Gentamicin). The discs were then air dried under
sterile condition. The bacterial cultures were incubated
overnight at 37 °C in nutrient broth. The bacterial
culture having (1 x 10%) CFU/ml was then spread
uniformly over nutrient agar plates. The petriplates
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were loaded with the discs and incubated at 37 °C for
24 hour. The formation of the zone of inhibition was
then measured (17).

RESULTS AND DISCUSSION
Visual observation of biosynthesized AgNPs

In the present research, silver nanoparticles were
synthesised using the stem extract of Tinospora
sinensis (Lour.). The reaction mixture containing 90
ml of 10°M AgNOzand 10 ml of aqueous stem extract
of Tinospora sinensis was exposed to bright sunlight.
The colour of the reaction mixture changed after 30
minutes of sunlight exposure from pale yellow to dark
brown colour, which visually confirmed the formation
of the silver nanoparticles in the reaction mixture (18).

UV-Vis spectroscopy analysis of AgNPs

The biosynthesis of the silver nanoparticles using stem
extract of Tinospora sinensis was monitored using
UV-Vis spectroscopy in the range of 300 nm — 800 nm
(Fig: 2). The colour change of the reaction mixture
from pale yellow to dark brown is due to the SPR
(Surface Plasmon Resonance) that arise due to the
collective oscillation of free electron conduction
caused by interaction with electromagnetic fields (19).
As shown in Fig. 2 there was no remarkable change in
the peak initially when AgNO; was added with stem
extract of Tinospora sinensis but as the exposure time
under sunlight increased the peak between 400 nm to
460 nm started to emerge. After 30 minutes, no further
change in the colour was observed and the UV-Vis
spectra showed a prominent peak at 445 nm indicating

the synthesis of AgNPs.
d)
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Fig. 1a): Stems of Tinospora sinensis. b) Dried stem powder of T. sinensis c) aqueous stem extract of T. sinensis. d) Synthesized silver
nanoparticles after 30 minutes of the sunlight exposure.
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Fig. 2: The UV-Vis spectra of biosynthesized AgNPs at different time intervals

X-ray Diffraction (XRD) analysis

The biosynthesized AgNPs using stem extract of
Tinospora sinensis were further characterized using
XRD analysis. The result as shown in Fig 3. represents
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four sharp and intense peaks at 20 = 38.05°, 44.25°,
64.57° and 77.61°, attributed to (111), (200), (220) and
(311) planes. From the XRD spectra it is evident that
the biosynthesized AgNPs are crystalline in nature
(20).
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Fig. 3: X-ray diffraction (XRD) spectra of biosynthesized AgNPs

Fourier transform infrared spectroscopy (FTIR)
analysis:

The FTIR spectra of both the biosynthesized silver
nanoparticles along with the stem extract of Tinospora
sinensis were recorded as shown in the Fig. 4. The
FTIR spectrum of the stem extract of Tinospora
sinensis showed characteristic peaks at 3336 cm?,
3231 cmt, 2946 cm, 1745 cm™, 1635 cm™, 1557
cm?, 1019 cmt, 721 cm™and 694 cm. The peak 3336
cm?t, 2946 cm?, 1745 cm?, 1635 cm?, 1557 ¢cm, and
694 cm corresponds to N-H/O-H vibrational stretch,
C-H group, C=0 in aldehyde ketone, -C=C group, -
C-H- group and -C-C- group.

The FTIR study of the biosynthesized silver
nanoparticles showed prominent peak at 3441 cm?,
2916 cm?, 2848 cm', 1557 cm?, 1540 cm?, 1520 cm*
and 1076 cm™. The peak at 3411 cm, 2916 cmand
2848 cmicorresponds to —O-H- stretching vibration
and —C-H- group stretching due to alkanes (21). 1557
cm™corresponds to carboxylic functionality. 1540
cm™could be attributed CONH or NH; group. The
peak at 1520 cm™corresponds to N-O asymmetric
stretching in  nitro compounds and 1076
cm™corresponds to — C-N- stretching vibration of
aliphatic amines (22).
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Fig. 4: Fourier transform infrared spectroscopy (FTIR) spectra of (a) Stem extract of Tinospora sinensis (b) Synthesized AgNPs.

www.biomedicineonline.org

304

Biomedicine- Vol. 40 No. 3: 2020



Subhankar et al: Sunlight driven biosynthesis of silver nanoparticles

Scanning electron microscopy (SEM) and Energy
Dispersive X-ray (EDX) analysis

The biosynthesized silver nanoparticles were
subjected to SEM and EDX analysis. The SEM
analysis (as shown in Fig. 5) revealed that the
biosynthesized silver nanoparticles were spherical in

antibacterial activity

shape. The EDX spectra (as shown in Fig. 6) showed
a sharp and intense peak for silver at 3ke V along with
other weak signals such as C, O, P, S, Cl which may
be due to the surface biomolecules responsible for
capping as well as reduction of the synthesized silver
nanoparticles originating from the stem extract of
Tinospora sinensis as reported earlier (23).

Fig. 5: SEM image of the biosynthesized AgNPs.

D 1 2
Full Scale 16149 cts Cursor: 0.000

3

Element | Weight (%) Aromic (36)

51.75
23.09
0.74
0.83
2.44
21.15

13.24

10.84
067
0.78
2.54

66.93

Z|olw|=lo|n

ke

Fig. 6: Energy Dispersive X-ray (EDX) spectra of biosynthesized silver nanoparticles.

Dynamic Light Scattering (DLS)

Dynamic Light Scattering (DLS) analysis of the
biosynthesized silver nanoparticles using stem extract
of Tinospora sinensis is shown in Fig. 7. The average

5

size distribution of the biosynthesized silver
nanoparticles was 74.2 nm and the polydispersity index
was 0.197.
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Fig. 7: DLS pattern of the biosynthesized silver nanoparticles.
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Catalysis analysis of synthesised AgNPs

4-Nitrophenol, which is an organic dye used in various
industrial purposes, is a harmful compound and cause
various health related issues. The synthesised AgNPs
showed catalytic activity by increasing the rate of
degradation of the 4 nitrophenol by NaBH. as shown in
Fig. 8. Initially the reduction rate of 4-NP (4-
Nitrophenol) by NaBH, was slow but after the addition
of the synthesized silver nanoparticles in the reaction,
the reduction rate of 4-NP by NaBH.was increased and
the reaction took 55 minutes to completely reduced. In

Catalytic activity of AgNPs

7.0

4-aminophenol

Absorbance

250 300

antibacterial activity

the UV-Vis reading, there is a decrease in the peak at
around 400 nm as the time increased due to the
reduction of 4-NP and also there is low intensity peak
observed at 292 nm due to the formation in 4-AP (4-
Aminophenol) that increased progressively. In the
reaction, the synthesized AgNPs act as a carrier that
absorb the hydrogen and transport it between NaBH4
and 4-NP (24, 25). Hence, the result depicted that the
synthesised AgNPs using the stem extract of Tinospora
sinensis showed the catalytic activity in reduction of 4-
NP dye by NaBHa.
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Fig. 8: UV-Vis absorbance spectra of catalytic activity of synthesized AgNPs in reduction of 4-Nitrophenol with NaBHa.

Antibacterial activity of AgNPs

The biosynthesized silver nanoparticles using stem
extract of Tinospora sinensis was tested for their
inhibitory effect against three bacterial strains viz.
Escherichia coli, Pseudomonas aeruginosa and
Staphylococcus aureus using disc diffusion methods
(Fig. 8) (26). The result as shown in Table 1 suggest
that the biosynthesized AgNPs from the stem extract
of Tinospora sinensis showed high inhibitory effect

Pseudomonas aeruginosa

against three strains of bacteria compare to the
aqueous stem extract of Tinospora sinensis.

Therefore, the present study revealed that the
biosynthesized AgNPs have high inhibitory effect
compare to the crude stem extract of Tinospora
sinensis against Escherichia coli (ATCC 8739),
Pseudomonas aeruginosa (ATCC 9027) and
Staphylococcus aureus (ATCC 6538P).

Fig. 9: Antibacterial activity of synthesized AgNPs against (a) Escherichia coli (b) Staphylococcus aureus (c) Pseudomonas aeruginosa
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Table 1: Antibacterial effect of biosynthesized AgNPs:

antibacterial activity

CONCLUSION

According to the present study, the stem extract of
Tinospora sinensis was found to be an excellent source
for the biosynthesis of stable silver nanoparticles
under the influence of sunlight irradiation. The
biosynthesis of the silver nanoparticles using stem
extract of Tinospora sinensis under the influence of
sunlight was simple, rapid, eco-friendly and energy
efficient process. The colour change of the reaction
from pale yellow to dark brown have provided a visual
confirmation of the AgNPs synthesis in the colloidal
solution which has been further characterized using
UV-Vis spectroscopy. The UV-Vis have showed an
intense peak at 445 nm which corresponds to the
synthesis of AgNPs. The XRD analysis also confirmed
the crystalline nature of the biosynthesized AgNPs.
Further, the SEM analysis revealed the spherical
morphology of the AgNPs. In addition, the average
particle size of the synthesized AgNPs was found to be
74.2 nm with 0.197 polydispersity index. The FTIR
analysis showed the presence of various biomolecules
in crude stem extract of Tinospora sinensis that are
involve in reducing as well as capping the AgNPs. The
synthesised AgNPs showed catalytic activity in
degradation of 4-NP dye by NaBH. The
biosynthesized AgNPs showed higher inhibitory effect
against three bacterial strains viz. Escherichia coli
(ATCC 8739), Pseudomonas aeruginosa (ATCC
9027) and Staphylococcus aureus (ATCC 6538P) as
compare to the crude stem extract of Tinospora
sinensis. The AgNPs thus synthesized could be used
as a therapeutic agent in biomedicines as well as to
combat various pathogenic bacteria in near future.
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Sl. No. Species Antibiotic | AgNPs | Stem extract
Escherichia coli 2.9cm 2.6cm 1.8cm
Staphylococcus aureus 2.8cm 2.3¢cm 1.5¢cm
Pseudomonas aeruginosa 2.6 cm 25cm lcm
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