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Abstract: In the present investigation, silver nanoparti-
cles (AgNPs) and silver nanoparticle-based chitosan nano-
composite were synthesized using Cissus arnottiana leaf
extract. The biosynthesized nanoparticles and nanocom-
posites were characterized using SEM, TEM, and AFM to
uncover the morphological characteristics such as size and
shape. The SEM image depicts the size of the nanocompo-
site to be 30–40 nm and shape as spherical. The TEM
results reveal the shape of the nanocomposite to be sphe-
rical and size around 10–60 nm. The XRD results show the
crystalline nature of the AgNPs-based chitosan nanocom-
posite. The SAED analysis pattern seems to be concordant
with the XRD results. The AFM image ensured the precise
surfacemorphology of the synthesized silver nanocomposite

in the 3-dimensional pattern. The antimicrobial efficacy of
the biosynthesized AgNPs, AgNP nanocomposite, and chit-
osan nanoparticles was tested against oral pathogens. The
results revealed a potential antimicrobial effect, which states
that it must be converted into nanomedicine to meet future
biomedical needs.
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1 Introduction

Recently, the field of nanotechnology arised to a greater
extent due to its ablazing applications in biomedical field
[1]. This attracts huge number of researchers to create
different nanomaterials with specific functions to cure a
disease or to enhance and perform in equipments or pro-
ducts such as health care products, cosmetics, household
products, etc. The nanolevel requirement of these nano-
materials in living cells plays a significant role in out-
raging the disease-causing pathogens and organisms [2].

Nowadays, the disease-causing pathogens become
more resistant to upcoming antibiotic drugs. To combat
this issue, metallic nanoparticles like silver nanoparticles
(AgNPs)have been reported in several studies by researchers
as an effective antimicrobial agent [3–5]. The AgNPs are
majorly used in treating burn and open injuries to avoid
contamination from wound pathogens and other nosoco-
mial pathogens [6]. AgNPs assume a significant part in
science and medication due to their desirable physicochem-
ical properties. AgNPs are known to have antifungal, anti-
inflammatory, antiviral, antibacterial, antiangiogenesis, and
antiplatelet properties [7–9].

In several studies, chitosan, a natural biopolymer,
has been reported to enhance the antibacterial efficacy
of the metallic nanoparticles [10–12]. In this present
study, chitosan was added to Cissus arnottiana leaf
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extract-mediated AgNPs to attain as silver nanocompo-
site an increase in the potent antimicrobial efficacy of the
AgNPs to a greater extent [13–15].

Cissus arnottiana is an erect woody shrub that has a
place with the Vitaceae family distributed all through
India. The plant roots are utilized as a remedy for rheumatic
swellings. Phytochemical screening of Cissus arnottiana
plant and fruit uncovered the presence of bioactive consti-
tuents, for example, tannins, phenols, terpenoids, flavo-
noids, glycosides, sugars, and saponins [16].

The AgNPs were incorporated with various polymers
such as chitosan and its cross-linked polyvinyl pyrroli-
done in gelatin, and polygalacturonic with hyaluronic
acid-based silver nanofibers show good wound heal-
ing activity; the black berry-mediated silver, gold, and
silver/gold bimetallic nanoparticles loaded with pectin
show cardioprotective activity [17–19]. The AgNPs synthe-
sized using various chemical methods show higher toxicity
in animal model and cell line studies, but the AgNPs
synthesized using biological agents like bacteria, plant
and its parts, fungi, and algae show very good biomedical
applications [20–22].

The current study deals with synthesizing AgNPs and
silver chitosan nanocomposite using Cissus arnottiana
extract as a stabilizing and reducing agent. The synthe-
sized silver nanocomposite has been characterized using
UV-double beam spectrophotometer, scanning electron
microscope, transmission electron microscope, atomic force
microscope, and X-ray diffraction analysis. The antimicro-
bial efficacy of biosynthesized silver nanocomposite was

tested against oral pathogens such as Staphylococcus
aureus, Streptococcus mutans, Enterococcus faecalis, and
Candida albicans.

2 Materials and methods

2.1 Chemicals

The precursor silver nitrate was purchased from Sigma
Aldrich chemicals Pvt. Ltd (India). Mueller Hinton Agar
was received from Hi-Media, India. The leaves of Cissus
arnottiana plant were localized in rural areas of Vellore,
Tamilnadu, India. The bacterial cultures such as S. aureus,
S. mutans, E. faecalis, and C. albicans were isolated and
collected from Saveetha Dental College and Hospital,
Poovirunthavalli Chennai.

2.2 Preparation of Cissus arnottiana leaf
extract

The leaves of Cissus arnottiana were washed thoroughly
under tap water and with Milli-Q water. Then the plant
was shade-dried for 3–4 days. The dried plant was grounded
into a fine powder and stored in an airtight container. 1 g of
the dried powdered plant was added to 100mL of double-
distilled water. The mixture was then heated using a heating

Figure 1: Visual observation: (a) silver nitrate with plant extract, (b) silver nanoparticles, and (c) AgNPs-based chitosan nanocomposites.
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mantle at 70°C for 15min. By this strategy, all phytochemical
compounds present in the Cissus arnottiana plant get dif-
fused in the aqueous solution. This final mixture was filtered
by using filter paper (Whatman No.1) and the filtered leaf
extract was stored in refrigerator for further use.

2.3 Nanoparticle synthesis

1 mM of precursor silver nitrate (AgNO3) was added to
90mL of deionized water. 10 mL of Cissus arnottiana fil-
tered plant extract was added. The mixture was kept on a
magnetic stirrer for 600–700 rpm for 48 h. UV-Vis-double
beam spectrophotometer was used to analyze the synth-
esis of AgNPs at regular time intervals from the start
wavelength 360–500 rpm (revolutions per minute). To
collect pellet from the aqueous reaction mixture, bio-
synthesized AgNPs were centrifuged at 8,000 rpm for
10 min. The supernatant was discarded, and pellet was

washed thrice with ethanol followed by deionized water
and kept inside hot air oven at 70°C for 2 h. And pow-
dered form of AgNPs was stored in airtight Eppendorf
tube for characterization studies.

2.4 Preparation of nanocomposites

0.5 g of chitosan was dissolved in 1 mL of 1% glacial
acetic acid and 49mL of deionized water. The synthe-
sized AgNPs were added to the chitosan solution and
kept in a magnetic stirrer for 3–4 h. After adding Cissus
arnottiana-mediated AgNPs solution, a brown nanocom-
posites gel was obtained. The mixture was kept again
in a magnetic stirrer for 48 h. Formation of silver nano-
composites was analyzed by UV-Vis spectrometry in
the wavelength range of 360–500 nm. The synthesized
silver nanocomposite was allowed for centrifugation at
10,000 rpm for 10min. The nanocomposite pellet was sus-
pended in deionized water, centrifuged again, and lyophi-
lized. The lyophilized silver chitosan nanocomposites were
dissolved in distilled water and used for different charac-
terization studies.

2.5 Characterization of AgNPs and
nanocomposites

The Cissus arnottiana-mediated AgNPs and nanocompo-
sites were preliminarily characterized using UV-double
beam spectrophotometer (UV-2450, Shimadzu) in the
wavelength range of 360–500 nm. The morphology

Figure 2: UV-Vis spectroscopic analysis of silver nanoparticles and
AgNPs with chitosan.

Figure 3: SEM images of chitosan and AgNPs embedded with chitosan.
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characteristics such as size and shape were studied using
scanning electron microscope (SEM) and transmission
electron microscope (TEM). The crystalline nature of
the AgNPs-mediated chitosan nanoparticle was analyzed
using X-ray diffraction. The atomic force microscope is

used to study the 3-D structure of the biosynthesized
AgNPs-mediated nanocomposites with sub-nanometer
resolution.

2.6 Antimicrobial activity against oral
pathogens

10 µL of fresh bacterial cultures such as S. aureus,
S. mutans, E. faecalis, and C. albicans were inoculated
in sterile Hi-veg broth and kept above orbital shaker for
18 h at 120–150 rpm. Mueller Hinton agar was prepared,
and 5mmwells were made using a sterile polystyrene tip.
The antimicrobial activity was done to enable the efficacy
of Cissus arnottiana-mediated AgNPs, biosynthesized AgNPs-
mediated nanocomposite, and chitosan nanoparticle. Various
concentrations such as 25, 50, and 100µL of three samples
were added to wells, and along with positive control, amox-
yrite was added (except for C. albicans, fluconazole is used as
a standard drug). The inoculated sample petriplates were kept

Figure 4: XRD pattern of AgNPs-based chitosan nanocomposite.

Figure 5: AFM image of AgNPs-based chitosan nanocomposite.
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inside a microbial incubator at 37°C for 24h and the zone
of inhibition zone was measured to compare and study
the potential effect of Cissus arnottiana-mediated AgNP and
nanocomposites and chitosan nanoparticle.

3 Results and discussion

3.1 Visual observation

Biosynthesis of nanoparticles by utilizing heterocyclic
compounds acquires consideration because of their effort-
lessness and ecofriendly nature [23]. The color intensity
of the Cissus arnottiana-mediated AgNPs solution mixture
increased by an increase in time. Also, the reduction
of silver nitrate to Ag0 by the reducing agent (Cissus
arnottiana leaf extract) was indicated by an initial light
yellow to final dark brown color change (Figure 1), which
was further confirmed by UV-Vis, spectrophotometry ana-
lysis. The AgNPs synthesized using orchid leaf show the
brown in color confirms the nanoparticles formation [15],
the AgNPs with chitosan also formed color formation con-
firms the nanocomposite formation [13].

3.2 Optical analysis by UV-Vis
spectrophotometer

UV-Vis spectroscopy is a significant step to assess the
development and stability of nanoparticles [24]. Recent
work such as that of Thamilarasan et al. [11] analyzed
concordant results as attained in the current research
work. Themaximumabsorption peak of AgNPswas observed
at 420 nm. The broad peak found around 380–460nm con-
firms the silver chitosan nanocomposite (Figure 2). The small
peak variation in the UV-Vis spectroscopy absorbance con-
firms the stability of the AgNPs after treating with micro-
wave irradiation. The peak around 400–440 nm confirms
the AgNPs synthesis using leaf extracts of Clerodendrum
inerme and Pedalium murex leaf extract [5,27].

3.3 SEM analysis

The SEM can be utilized to scan nanoscopic structures
at high resolution [25]. The size of chitosan was depicted
to be 90 nm and shape as pseudo-spherical. The size
of Cissus arnottiana-mediated AgNPs embedded with chit-
osan was found to be 30–40 nm and it reveals its shape as

Figure 6: (a–c) TEM and (d) SAED analysis of Cissus arnotiana mediated AgNPs based chitosan nanocomposites.
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cuboidal (Figure 3). Previous studies such as those of
authors of [26] correlate with the SEM result of chitosan
and Cissus arnottiana-mediated silver nanocomposites.

3.4 XRD analysis

XRD spectra give an understanding of the crystallinity
of nanoparticles. Figure 4 depicts XRD spectra of AgNPs
embedded with chitosan synthesized using Cissus
arnottiana leaf extract. The particle size was resolved
using Debye–Scherrer equation and predicted as 23 nm.
X-ray diffraction peaks acquired at 17.29°, 31.73°, 37.46°,
and 40.64° were compared to the lattice plane of (4 6 7),
(9 3 8), (6 4 9), and (5 7 0), which proposes the face-
centered cubic (fcc) crystal structure of the silver nano-
composite. The stronger peaks predict presence of silver
[27]. The results seem to agree with the previous studies
reported [28].

3.5 AFM analysis

The AFM image in Figure 5 ensured the precise surface
morphology of the synthesized silver nanocomposite. The
acquired image uncovered how the synthesized nano-
composite was almost spherical without other perceptible
nanostructure morphologies as affirmed by absorbance
range. The particles were not profoundly mono-scattered
but instead appeared non-agglomerated. Previous studies
such as those of Kalaivani et al. [29] synthesized silver
nanocomposite and the AFM results are concordant with
the current study.

3.6 TEM analysis

Figure 6a–c represents the TEM image and Figure 6d depicts
the SAED analysis image of biosynthesized AgNP-based
chitosan nanocomposite. The TEM results reveal the shape

Figure 7: Antimicrobial activity of silver, chitosan nanoparticles, and nanocomposites.
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of the nanocomposite to be spherical and size around
10–60 nm. The SAED analysis pattern seems to agree with
the XRD results. The TEM results of AgNPs-based chitosan
nanocomposites were concordant with the earlier works,
such as Ghadi et al. [30] stating the size of the nanocompo-
site to be 10–80 nm.

3.7 Antimicrobial activity against oral
pathogens

The antimicrobial activity of silver nanocomposite was
tested by adopting agar well diffusion assay. Antibacterial
effect of Cissus arnottiana-mediated AgNPs, chitosan NP,
and AgNPs-based nanocomposite was visualized against
four oral pathogens such as S. aureus, S. mutans, C. albi-
cans, and E. faecalis,whichwas depicted in Figure 7. Amox-
yrite was used as a standard control. Results demonstrate
that biosynthesized AgNPs’ antibacterial efficacy, chitosan
nanoparticles, and AgNP-based chitosan nanocomposite
increase in a dose-dependent manner. The high inhibition
zone was observed in gram-positive organism Staphylo-
coccus aureus and also in opportunistic pathogenic yeast
C. albicans. Minimum inhibition zone was noted in gram-
negative organism E. faecalis. The biosynthesized AgNPs,
chitosan nanoparticle, and AgNPs-based chitosan nano-
composite show the potent antimicrobial effect, which has
to be utilized as a biomedical application in the future for
desirable effects. [31,32] also reported that gram-positive
organisms show higher sensitivity due to cell wall differ-
ences in bacteria. The AgNPs and its decorated cellulose
and zinc oxide nanoparticles are showing lower toxicity
and used in many biomedical applications [33,34].

4 Conclusion

In this researchwork, AgNPs andAgNP-based chitosan nano-
composite have been synthesized using Cissus arnottiana
plant extract and the synthesized AgNPs and nanocomposite
showed remarkable stability. The chitosan has been utilized
as a potent stabilizing agent to combine with AgNPs to obtain
Cissus arnottiana-mediated AgNPs-based chitosan nanocom-
posite. The results of AgNPs and nanocomposite were used as
an effective antimicrobial material. The UV-Vis spectroscopy,
SEM, and TEM analysis confirmed the existence of elemental
silver in nanocomposite and its spherical form and size of
about 30–40nm. The synthesized AgNPs and AgNPs-based
chitosan nanocomposite by Cissus arnottiana plant extract

had been confirmed to show enhanced activity against oral
pathogens. The present research is a cost-effective, eco-
accomodating method for synthesizing silver nanocomposite.
Therefore, the synthesized AgNPs and AgNPs-based chitosan
nanocomposite can be utilized as an efficient antimicrobial
material in future biomedical applications.
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