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Abstract

The graphene and its based materials are widely used in biomedical applications especially in oseointegration and implants
preparation. We synthesized the reduced graphene oxide nanoparticles by green synthesis method. The plant extract of Ax-
drographis paniculata and Ocimum sanctum Linn were used as reducing agent. UV-vis spectroscopy, FT-IR, XRD, TEM analysis
were used for characterization of the resulting nanoparticles. The antimicrobial activity of the nanoparticles was also assessed
against common oral pathogens. Brine Shrimp Lethality assay was utilized to check the cytotoxicity of newly synthesized na-
noparticles. The nanoparticles were successfully synthesized and showed good antimicrobial activity with minimum cytotoxic
effects.
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helps in promoting their adhesion, migration, proliferation and
differentiation [5].

Introduction

Graphene is a carbon based flat monolayer arranged in a two di-

mensional hexagonal structure. It was first prepared by Geim and
Novoselov in 2004. In 2008 it was introduced for the first time in
the field of biomedical sciences [1]. It has distinguished mechani-
cal, electrochemical and physical properties. The graphene family
nanomaterials has several graphene derivatives, such as Few-Lay-
ered Graphene (FLG), ultrathin graphite, Graphene Oxide (GO),
reduced Graphene Oxide (tGO) and graphene nanosheets [2].

It has a remarkable antibacterial ability against both Gram-nega-
tive and Gram-positive bacteria as studied by various researchers
[3, 4]. Antibiotic resistance and prevalence of biofilms are ma-
jor threats which evokes the development of new antimicrobials.
Owing to the exciting properties of nanoparticles, they have been
used in biomedical field for various applications. They are small
in size, large surface area and ability to interact with cells which

There are conventional chemical and physical methods which are
used as reducing agents for nanoparticle synthesis but they pos-
sess environmental and biological risks during the synthesis pro-
cedures. To achieve environmentally friendly approach nanopar-
ticles are synthesized by biological or green-chemistry synthesis.
In the literature, various green synthetic approaches to synthesize
silver nanoparticles using micro- organisms such as bacteria (6],
yeast 7] and fungi [8] have been reported. But, there are sev-
eral drawbacks, which includes multiple purification steps and the
elaborate process of maintaining the microbial culture.

Using plant extracts as reducing and stabilizing agents for the syn-
thesis of nanoparticles is considered to be an eco-friendly and
rapid strategy. It can significantly make the nanoparticles more
biocompatible and non-toxic [9, 10]. In the present study we syn-
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thesized graphene oxide nano-particles by green synthesis using
the leaf extract of Andrographis paniculata and Ocimum sanc-
tum Linn.

The leaves of A. paniculata are widely used in Indian folk-med-
icine for treatment of different illness, especially as an anti-di-
abetic drug. The entire plant is used as medicine. According to
Ayurveda, this plant is bitter, acrid, cooling, laxative, vulnerary,
antipyretic, anti-inflammatory, expectorant, cures hyperdipsia,
burning sensation, wounds, ulcers, malaria, diarrhoea etc. It also
has been proven to be a hepato-protective drug [11, 12].

Ocimum sanctum Linn. commonly known asTulsi has been
studied on a major scale and has shown a plethora of pharma-
cological and biological activities benefiting humans since ages.
Hence the aim of the present study was to synthesise, characterise
graphene oxide nanoparticles using herbal extracts and to check
their cytotoxicity and antimicrobial activity against common oral
pathogens.We have numerous highly cited publications on well
designed clinical trials and lab studies [13-28]. This has provided
the right platforms for us to pursue the current study. Our aim
was to synthesise, characterise graphene oxide nanoparticles using
herbal extracts and to check their cytotoxicity and antimicrobial
activity against common oral pathogens.

Materials and Methods

Abndrographis panicnlata and Ocimum sanctnm Linn leaves were col-
lected freshly and dried in shade for three days. After that they
were powdered coarsely.

0.5 g of A. paniculata and 0.5g of O. sanctum Linn leaves powder
was weighed and dissolved in 100 mL of distilled water and mixed
well. After that it was boiled for 5 minutes at 60-800 Cusing a
heating mantle. The boiled extract was filtered through Whatman
No.1 filter paper, and the supernatant was used.

Synthesis of GONP

0.6g of graphite nano powder (Sisco Research Laboratories, Ma-
harashtra, India.) and 0.2 g of sodium hydroxide (MERCK, Mum-
bai, India.)was dissolved in 50 ml of distilled watert, to this 50 mL
of plant extract was added and mixed well. Then the solution was
kept in an orbital shaker and magnetic stirrer with hot plate for
further mixing. The color change was noted and the nanoparti-
cles formation was monitored. Then this solution was centrifuged
at 8000 rpm for 10 minutes. The solution was then filtered us-
ing Whatman No.1 filter paper. The prepatred solution was then
stored in the refrigerator for further use. (Figure 1)

Characterization of GO nanoparticles

UV-vis spectrophotometer Analysis: The reduction of the
Graphene oxide ions in solution was monitored by periodic sam-
pling of the solution and subjecting the solution to spectropho-
tometer. (UV-1800 series).

Transmission electron microscopy: Transmission electron mi-
croscopy was done to confirm the size and shape of newly syn-
thesised graphene oxide nanoparticles.
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FTIR Analysis and X-ray Diffraction assay: The chemical
functional groups of graphene oxide were analysed by FTIR
Analysis using Fourier transform infrared spectrometer (Perki-
nElmer, USA) and X-ray Diffraction assay was performed using
X-ray Diffractometer (Bruker, Germany) to observe any crystal
structure changes after graphite has been transformed to reduced
Graphene Oxide.

Antimicrobial activity test

100 mL of Muller—Hinton agar was prepared, sterilized and
poured onto the petriplates. The plates were allowed for solidifi-
cation. After solidification plates was swabbed with four different
oral pathogens namely Streptococcus mutans , Staphylococcus
aureus, Pseudomonas sp, Enterococcus faecalis. All microorgan-
isms were maintained at 4°C and were isolated from the patients.
After swabbing on each plate four wells were formed using a T
shaped well cutter. In the first three wells the test suspension was
loaded in the concentration of 25ul, 50ul, 150ul respectively. In
the fourth well a standard antibiotic in the concentration of 30 pl
was loaded and the plates were incubated at 37°C for 24 hrs and
zone of inhibition was measured after incubation.

For Candida albicans , 20ml of Rose Bengal was prepared , steri-
lised and poured on to a petri plate and allowed for solidification.
After solidification plates was swabbed with Candida albicans.
After swabbing on each plate four wells were formed using a T
shaped well cutter. In the first three wells the test suspension was
loaded in the concentration of 25ul, 50ul, 150ul respectively. In
the fourth well a standard antibiotic in the concentration of 30 pl
was loaded. The plates were incubated at 37°C for 48 hts and zone
of inhibition was measured after incubation.

The microbiological procedure was repeated three times for each
microorganism.

Assessment of Cytotoxicity (Brine shrimp lethality assay)

The artemia tank was filled with 6 L. of distilled water, to that 50
g of iodine free salt was added and mixed well using a spatula. 2
capsules containing 15g of brine shrimp eggs were added to the
tank and left undisturbed for 5 mins for proper soaking in salt wa-
ter. After that airline tip was placed inside the artemia tank and the
aeration level was increased to maximum level according to the
manufacturers’ instructions.After 24 hrs of incubation , the nau-
pliis were hatched out from the brine shrimp eggs and observed
using a stereomicroscope. Five tubes were taken and filled with
3ml of artificial sea water. 10 naupliis were added in each test tube
respectively. Test solution was loaded in the concentration range
of 10ul, 20pul, 30ul, 40ul, 50pl. A control tube was prepared by
adding 3ml of artificial sea water,10 naupliis. The tubes were kept
for 24 hrs incubation. After incubation, the live and dead naupliis
were counted and lethality was assessed.

Results and Discussion
UV Spectrophotometer Analysis

The peak of 285nm was observed after 72 hrs which confirmed
the synthesis of graphene oxide nanoparticles. (Figure 2)
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Transmission electron microscopy

The results clearly showed some small spherical and rod shaped
nanoparticles in the prepared film. The rod shaped nanoparticles
were 100 nm in size and spherical shaped nanoparticles were 5-10
nm in size. (Figure 3)

X-ray Diffraction Analysis

To confirm the reduction of graphene oxide further characterisa-
tion was done using XRD.

Two theta value was observed at around tGO (20=27°) corre-
sponding to (002) plane. (Figure 4)

FTIR Analysis
The peak of 875.82 attributes to C-H bending and ring pucker-

ing bending vibration. The peak of 1408.35 attributes to O-H
bending(in plane) vibration from hydroxyl groups. The absorp-

tion range of 1600.91 attributes to C =C (aromatic) stretching
vibration which shows remaining sp2 character. The peak of 2272
attributes to C=N stretching vibration. The peak of 3028.34 at-
tributes to C=C-H asymmetric stretching vibration. (Figure 5)

Antimicrobial activity

At all the concentrations of graphene oxide , there was zone of
inhibition observed.

8-10 mm zone of inhibition was observed at the concentration of
25 ulL,50 pL, and 150 pL. Antibiotic showed the maximum zone
of inhibition of around 18 mm against tested microbes at all the
concentrations. (Figure 0)

Brine Shrimp Lethality assay
Graphene oxide showed no cytotoxicity at concentration of 10

pL, 20 pL. As the concentration was increased the cytotoxic ef-
fects were evident. At the concentration of 50 pL only 50 percent

Figure 1. Synthesis of Reduced Graphene Oxide Nanoparticles.

Figure 2. UV-Vis spectrophotometer Analysis.
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Figure 3. TEM image of tGO nanoparticles at 100 nm magnification.

Figure 4. X-ray Diffraction assay.
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Figure 5. Fourier transform infrared spectroscopy.
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Figure 6. Antimicrobial activity of Reduced Graphene oxide nanoparticles.
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of nauplii were alive on day 2. (Figure 7)

The present study appear to be first of its kind as the combination
of leaf extracts of Andrographis paniculata and Ocimum sanc-
tum Linn to synthesise Graphene nanoparticles have not been
reported previously in the literature.

The graphene nanoparticles were synthesised by an eco-friendly
approach and characterisation was done using UV Vis Spectro-
photometry, Transmission electron microscopy, FTIR Analysis
andX-ray Diffraction assay to confirm the formation of reduced
graphene oxide nanoparticles.

The UV Spectrophotometer analysis was done and the peak of
285nm was observed after 72 hrs which confirmed the synthesis
of reduced graphene oxide nanoparticles. Our findings are con-
sistent with the results of previously done studies. Atarod et al
adopted green synthesis method to synthesise reduced graphene
oxide and obtained peak at 265nm [29]. Upadhyay et al synthe-
sised reduced graphene oxide from grape seed extract and ob-
served absorption peak at 270nm [30]. Transmission Electron mi-
croscopy confirmed the formation of rod shaped and spherical
shaped nanoparticles.According to the results of FTIR, It was

observed that there was no oxygenated functional group present.
Zainuddin et al also observed similar functional groups during
the synthesis reduced Graphene Oxide [31]. Two theta value for
graphene oxide was observed at around 27°. The similar values
are obtained in the previous studies [32, 33]. The newly synthe-
sised nanoparticles were able to exert some antimicrobial activity
as evident from the results of our study.As stated by Jumaili et
al antimicrobial activity is believed to be due to the capacity of
graphene to physically damage microorganisms through differ-
ent mechanisms; graphene nanostructure acts as a nano-knife and
penetrates and cuts cell membrane of bacteria, it wraps cells in-
duces mechanical stress, it has an ability to extract phospholipids
from lipid membranes and it produces oxidative stress through
ROS generation and by charge transfer phenomena. Molecular
dynamic simulations have shown that thin graphene nanosheets
can insert into both bacterial membranes creating a break and,
once inserted, the Van Der Walls forces and the hydrophobic
properties of graphene promote phospholipids extraction from
the lipid layers of the bacterial membranes which causes irrevers-
ible damages [34].

Another way for graphene to exert antibacterial activity as re-
ported by various researchers seems to be through the separa-
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tion of microorganisms from the microenvironment. Aggregated
graphene sheets in suspension can isolate bacteria from the sur-
rounding environment hinders nutrient consumption, reduces
their ability to proliferate and favours their inactivation [35].
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