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ABSTRACT
Background: Several conventional methods are used for synthesis of nanoparticles. But toxic chemicals are required as
capping agents to maintain stability, thus leading to toxicity in the environment. Thus, we need to shift to “Green Synthesis”.
Hence, this study was conducted to assess the cytotoxicity of copper and graphene oxide nano composite reinforced with
amla extract. Copper is well known for its intrinsic antibacterial properties, graphene oxide for its barrier and structural
strength hence these were chosen to create a nanocomposite.
Aim: Aim of the study was green preparation of nano copper with nano graphene oxide nanocomposite and its cytotoxicity
evaluation.
Material and methods: Cytotoxic effect of copper and graphene oxide nanocomposite with amla extract was assessed using
Brine Shrimp Assay respectively at 5 µl, 10 µl, 20 µl, 40 µl, 80 µl.
Results: The copper and graphene oxide nanocomposite are safe to be used in the dental materials till 20 µL concentration.
Although at 40 µl, 80 µl concentrations cytotoxicity was observed.
Conclusion: Within the limits of the study, it can be concluded that copper and graphene oxide Nano composite can be safely
used in concentrations up to 20 µL as periodontal dressing or incorporated as bone grafts in periodontal regeneration.
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INTRODUCTION

Nanotechnology is an emerging technology and has led to
a new revolution in every field of science. Nanoparticles
have gained great importance in the research community
in recent years. This technology has been used in the fields
of optics, electronics, and biomedical and materials
sciences [1]. Potent antimicrobial, anticancer, antioxidant
agents, drug, and gene delivery, etc are some of the
highlighted advantages of the nanoparticles in recent
years [2–4]. Nanotechnology deals with nanoparticles that
are atomic or molecular aggregates characterized by size
less than 100 nm. These are basic elements derived by
modifying their atomic and molecular properties [5,6].
Several conventional methods are used for synthesis of
zinc oxide nanoparticles like chemical reduction [7], laser
ablation [8], solvothermal, inert gas condensation [9,10],
sol-gel method [11]. Even though less time is utilized for

synthesizing large quantities of nanoparticles using
conventional physical and chemical methods, toxic
chemicals are required as capping agents to maintain
stability, thus leading to toxicity in the environment.
“Green synthesis” offers numerous benefits of eco
friendliness and compatibility for biomedical applications,
where toxic chemicals are not used for the synthesis
protocol. The use of agricultural wastes [9] or plants and
their parts [10], has emerged as an alternative to chemical
synthetic procedures because it does not require elaborate
processes such as intracellular synthesis and multiple
purification steps or the maintenance of microbial cell
cultures.
 United States Environmental Protection Agency (US EPA)
recognized copper as the first antimicrobial metal in the
year of 2008. One of the most important advantages of
copper as an antimicrobial agent is its low levels of
resistance in the microorganisms.
Copper nanoparticles (CuNP) are superior owing to their
nontoxicity, biocompatibility, use in drug and bactericidal
activity [7,12,13]. Contact killing property of copper was
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studied widely in recent years. Studies have shown that
increased bacterial intracellular oxidative stress in the
bacterial cell wall due to release of ions from the copper
surface which results in bacterial cell lysis [14]. Copper
as material is very versatile. A study done by Dr Gaurav
Ketkar et al. shows excellent intrinsic antimicrobial
properties of copper over stainless steel. Similarly copper
nanoparticles have good antimicrobial properties against
oral anaerobic organisms [15]. Synthesis of copper
nanoparticles is highly technique sensitive due to its high
incidence of oxide layer formation on the nanoparticle
surface which will result in reduced antibacterial
property [16].
 Graphene oxide is known for its excellent mechanical
strength, electrical conductivity and most importantly
the barrier properties, also easy step-down preparation
of graphene oxide nanoparticles makes it one of the most
efficient carriers of nanoparticles in any nanocomposite.
It is an atomically thin, 2-dimensional (2D) sheet of sp2
carbon atoms in a honeycomb structure [15].
The objective of this study was to use amla fruit extract to
synthesize copper and graphene oxide nanoparticles and
to evaluate its cytotoxicity as its excellent potency against
oral aerobes was already proven in the previous studies
[15].

MATERIAL AND METHODS

The study was carried out in the multidisciplinary
research lab of Saveetha dental college and hospital
Chennai. Ethical and research committee approval was
granted before commencing the study (IHEC Ref No:
IHEC/SDC/PERIO-1901/21/48).

Preparation of amla extract

Freshly collected organic amla fruits were thoroughly
washed multiple times in distilled water. Seed was taken
out and the pulp was cut into small pieces using a sterile
knife and was grounded into small particles by means of
a mortar and pestle. Amla extract was prepared by 1
grams of amla pulp with 100 ml distilled water to make 1
molar solution of amla extract [15].

Synthesis of nanoparticles

The synthesis of copper nanoparticles was simply
obtained by the reduction of copper sulphate solution.
amla plant extract was used as a reducing or capping
agent. 1 molar copper sulphate solution was prepared by
mixing 20 millimolar CuSO4 into 60 ml water and 40 ml
of the synthesised 1M amla extract was added to the
solution. The prepared solution was kept overnight on an
orbital shaker for homogenous mixing of all particles.
Then the mixture was collected in 5 test tubes and
CuNP’s were separated from solution by centrifugation
for 20 minutes. Similar process was followed for
preparation of the GO nanoparticles where 0.5 gm of
graphene oxide powder was dissolved in 50 ml of
distilled water and 50 ml of prepared extract was then
added to the solution and 20 min centrifuge was used to
separate the nanoparticles from the solutions.

Synthesis of CuGO nanocomposite

Nanocomposite synthesis was done by mixing 50 ml of 
both 1M solutions of copper and graphene oxide 
nanoparticles as mentioned in the previous steps. 

The nanocomposite solution was stirred overnight 
on an orbital shaker followed by a magnetic heated 
stirrer till colour change was observed. 

UV-vis spectrometric readings were taken hourly to 
check the synthesis of copper-graphene oxide nano 
composite. The resultant mixture was centrifuged and 
CuGO nanocomposite was obtained [15].

Cytotoxic effect 

The cytotoxicity of copper and graphene oxide 
nanocomposite was extract was assessed using Brine 
shrimp assay. 
12 well ELISA plates were taken and to each plate 
6-8 ml of saltwater was added; followed by adding 10 
nauplii to each well. 
Copper and graphene oxide nanocomposite was added 
to each well at different concentrations (5 µl, 10 µl, 20 
µl, 40 µl, 80 µl) and was then incubated for 24 hrs. 
After 24 hrs, the total number of live and dead nauplii 
was counted and the mortality rate was checked 
(Figures 1-3). 
The current concentrations for evaluation of 
cytotoxicity were derived from a study done by 
Samikannu Kanagesan et al and Dr Rajeshkumar et al 
[17,18]
 % death=Number of dead nauplii Number of dead nauplii
−number of live nauplii 100.

Figure 1: Shrimp eggs.
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Figure 2: Brine shrimp samplings under microscope.

Figure 3: Bar chart showing the number of brine 
shrimp samplings alive at 24 hours (Where blue and 
green colour denotes the number of alive brine 
shrimp samplings at 0 and 24 hours respectively).

RESULTS

Table 1 depicts the cytotoxicity of copper and graphene 
oxide nanocomposite reinforced with amla extract. Upto 
20 µl concentration there was a death of 100% of nauplii 
samplings that were alive at the end of the test period. At 
40 µl 20% death rate was seen and 30% subsequently at 
80 µL concentration. It was seen that as the 
concentration increased the cytotoxicity of the 
nanoparticles increased.

Concentration of nanocomposite (µl) Viable napulii (24 hrs) Death %

Control (0 µl) 10 0

5 µl 10 0

10 µl 10 0

20 µl 10 0

40 µl 8 20

80 µl 7 30

DISCUSSION

Nanotoxicity, the sector of vigorous research, has
emerged from the increased use of nanoparticles mainly
in commercially available products. The risk factors of
nanomaterials are still unknown [2]. For this purpose,
extensive procedures are being carried out to evaluate
the toxic effects of these nanomaterials. Cell cytotoxicity
refers to the ability of certain chemicals or mediator cells
to destroy living cells. By using a cytotoxic compound,
healthy living cells can either be induced to undergo
necrosis (accidental cell death) or apoptosis
(programmed cell death). Given this information, the
ability to accurately measure cytotoxicity can prove to be
a very valuable tool in identifying compounds that might
pose certain health risks in humans [9]. This can be of

vital importance during the research phase of developing
new pharmaceutical products to ensure the safety of the
end-users. Recently, many researchers have focused on
brine shrimp lethality assay owing to their low cost,
convenience, ideal life span and rapid screening
procedure. The species of Brine shrimp, Artemia salina is
commonly used nowadays in drug discovery to screen
the toxic effect of different components. Brine shrimp
assay was first proposed by Michael et al. which was then
developed (Figure 1).
There has been a rapid evolution of nanoparticle
synthesis recently as compared to the early part of the
century [19]. Earlier conventional methods were used for
the synthesis of the nanoparticles. Even though less time
is utilized for synthesizing large quantities of
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Table 1: Depicting the cytotoxicity of the copper and graphene oxide nano composite reinforced with amla 
extract. 



nanoparticles using conventional physical and chemical
methods, toxic chemicals are required as capping agents
to maintain stability. These methods resulted in toxicity
in the environment due to use of toxic chemicals. To
avoid the use of such chemicals, the Green Synthesis
method was proposed and is widely used all over the
world. It is an eco-friendly method as well as it is highly
cost effective [20]. We therefore undertook this study to
evaluate the cytotoxicity of the copper and graphene
oxide nanocomposite reinforced with amla extract.
Antibacterial properties of the same composite were
found to be excellent against oral microbes in the
previous studies [15]. 
Amla or Phyllanthus Emblica is known since ancient
times for its medicinal value and is commonly used in
Ayurvedic medicine. Amla is a rich source of vitamin C
which is a highly essential vitamin in maintenance of
epithelial homeostasis. It also acts as potent antioxidants.
Emblica officinalis (Figure 1) (Amla) has a lot of
medicinal properties and has been used since ancient
times. A wide range of phytochemical components
present in amla including alkaloids, tannins, and
flavonoids are responsible for its variety of medicinal
uses. It belongs to the family: Euphorbiaceae.
cytoprotective, antitussive, gastroprotective, as
antioxidant, immunomodulatory, antipyretic, analgesic,
are some of the most important uses of the amla plant. It
has beneficial effects in the treatment of cancer, heart
conditions, liver treatments etc. Superoxide radicals
(O2–.) have been implicated in several pathological
disorders and are responsible for elevated oxidative
stress. Periodontal disease can be caused by immune
reaction between pathogenic bacteria and host.
Periodontal tissue destruction leads to over-production
of lipid peroxides, inflammatory mediator, and oxidised
proteins. These products further activate macrophages,
neutrophils, and fibroblasts to generate more ROS [21].
Studies have shown that amla extract acts as a very good
antioxidant by scavenging the reactive oxygen species
and protects the antioxidant enzymes like SOD required
for the cellular defence. Amla is a rich source of vitamin C
which is a highly essential vitamin in maintenance of
epithelial homeostasis. Juice of amla plants have been
used as chemical free mouthwash which was found
highly effective in the treatment of aphthae. Keeping all
these beneficial effects of amla fruit also easy availability
we decided to choose amla for the green preparation of
the nanocomposite in the present study [22-25].
Excellent mechanical strength, electrical conductivity and
most importantly the barrier properties, also easy step-
down preparation of graphene oxide nanoparticles
makes it one of the most efficient carriers of
nanoparticles in any nanocomposite this is the reason
behind choosing graphene oxide as one of the
components in the composite. Additionally, graphene
oxide plays an important role in nano drug delivery
systems because of its controlling mechanisms, including
targeting and stimulation with pH, chemical interactions,
thermal, photo- and magnetic induction [22].

Due to the large surface area to volume ratio, copper
nanoparticles have been used as potential antimicrobial
agents in many biomedical applications. But the excess
use of any metal nanoparticles increases the chance of
toxicity to humans, other living beings, and the
environment [23]. Samikannu Kanagesan et al. in a study
proved copper nanoparticles to be toxic post >125mg/µL
concentrations. Hence the concentrations chosen in the
study were in accordance with his study [17]. Copper and
graphene oxide nanocomposite has proven to be a unique
mixture with reliable antimicrobial properties [16].

LIMITATIONS AND FUTURE PROSPECTS

Although the study shows excellent results in brine
shrimp assay, other methods which are more reliable can
be performed. The material proved to have antimicrobial,
anti-inflammatory, antioxidant, and anti-cytotoxic effects
hence it can be incorporated into dental material. The
material is safe to be used for human experimentation in
such as local drug delivery systems and incorporation in
materials.

CONCLUSION

Within the limits of this study, it can be concluded that
copper and graphene oxide nanocomposite show no
cytotoxicity upto20 µl concentration. The nanocomposite
can be incorporated in dental materials or used as a
coating on suture materials to reinforce their
biomechanical properties.
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