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Eco-friendly and inexpensive syntheses of metal-based nanocomposites is now gaining attention for their
potential exploitation in biomedical and environmental fields. In this study, green method was applied to
synthesize chitosan-modified platinum-doped silver nanocomposites (Ch-Pt-Ag NCs) using leaf extract of
Desmostachya bipinnata, a plant with several medicinal values. Synthesis of Ch-Pt-Ag NCs was proven by
XRD, SEM, FTIR, and TGA characterizations. Photocatalytic and biological activities of green-prepared Ch-
Pt-Ag NCs were further explored. Crystallites of Ch-Pt-Ag NCs exhibited a mean size of 24 nm measured
by XRD. SEM analysis indicated the formation of cubic and rod-shaped structures of Ch-Pt-Ag NCs.
Functional groups present in plant extract were responsible for stabilizing and capping of Ch-Pt-Ag
NCs, which were confirmed by FTIR analysis. Green synthesized Ch-Pt-Ag NCs exhibited dose-
dependent anti-inflammatory and larvicidal (anti-dengue) activities. Green prepared Ch-Pt-Ag NCs
exerted very low toxicity in Brine shrimp lethality assay indicated the biocompatible nature of synthe-
sized nanostructures. The Ch-Pt-Ag NCs were also examined as a photocatalytic agent, resulting in 98%
degradation of Rhodamine dye. Green synthesized Ch-Pt-Ag NCs with great biological and photocatalytic
activities warrants further research on its biomedical and environmental fields.
� 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Nanostructures are very interesting materials from scientific
and practical points of view because of their numerous applica-
tions in electronics, catalysis, sensor, biomedicine, and the removal
of environmental contaminants (Ahamed et al., 2021a; Kumar
et al., 2019). Chemical and physical routes for the preparation of
nanostructures are not worthwhile for their application in biome-
dicine because of use of high pressure, high energy, and hazardous
chemicals (Smitha et al., 2018). Green methods for production of
nanostructures have been reckoned safe and environmentally
friendly (Ahamed et al., 2022a). Moreover, green synthesis has also
proven a cost-effective approach and led to complete elimination
of toxic chemicals (Ahamed et al., 2022b). Green methods now
attract researchers to produce multi-metallic nanostructures.
Moreover, green-prepared multi-component metal nanoparticles
(nanocomposites) have shown higher and cumulative properties
than those of individual materials (Gholami-Shabani et al., 2022).
Preparation of platinum (Pt)-doped silver (Ag) nanocomposites
(NCs) has received considerable attention due to their unique
physicochemical characteristics such as optical polarizability, elec-
trical conductivity, catalysis, and surface-enhanced Raman scatter-
ing (SERS) (Ibrahim, 2015; Siddiqi and Husen, 2016). The Pt-doped
Ag NCs with controlled morphology (due to easy synthesis) is
crucial for uncovering their specific properties to attain their
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biological and environmental applications (Olajire et al., 2017;
Unuofin et al., 2020).

Chitosan, a natural biodegradable polymer, is obtained by
deacetylation of chitin (Abbasi, 2017). This linear polysaccharide
has been widely used in pharmaceutical nanotechnology as a sur-
face coating polymer (Abdel Aziz et al., 2015). It is well known that
the coating of nanoparticles with chitosan can offer many advan-
tages. Chitosan is a good stabilizer for Ag nanoparticles, which have
high efficiency in kill of bacterial, and fungal pathogens (Ahamed
et al., 2014; Chen et al., 2020). It is expected that chitosan-coated
Pt-doped Ag NCs might have superior biological and photocatalytic
activities than those of their individual components (Ahamed et al.,
2021b).

Desmostachya bipinnata is a medicinally vital herb commonly
known as dharba, belongs to the Poaceae family (BehlolAyaz
et al., 2014). It is considered as a holy grass and comprehensively
used in Indian Vedic practices during rituals (Guntur et al.,
2018). It is well known for its medicinal values and is being utilized
as traditional Indian medicine (Ayurveda) to treat several diseases
such as bladder infections, jaundice, menorrhagia, hemorrhoids,
diarrhea, urinary calculi, and asthma (Ibrahim et al., 2018). Leaf
extract of Desmostachya bipinnata has shown analgesic, antibacte-
rial, and anti-inflammatory activities (Guntur et al., 2018). Due to
presence of several phytochemicals, Desmo the stachya bipinnata
can be used for preparation of nanostructures. Identification of
new green routes for synthesis of nanostructures for potential
treatment of persistent global diseases is the need of hour.

There is limited information on green synthesis and its biolog-
ical and photocatalytic activity of chitosan, Pt, and Ag based
nanocomposites. In this present work, chitosan modified
platinum-doped silver were nanocomposites (Ch-Pt-Ag NCs) was
synthesized using the leaf extract of Desmostachya bipinnata. Phy-
tochemicals present in the leaf extract Desmostachya bipinnata
served as natural reducing and stabilizing agents for the prepara-
tion of Ch-Pt-Ag NCs. Green prepared Ch-Pt-Ag NCs was further
examined for anti-inflammatory activity, larvicidal activity, and
Brine shrimp lethality assay. Photocatalytic activity of Ch-Pt-Ag
NCs was also examined by monitoring the degradation of Rho-
damine dye under UV light irradiation.
2. Materials and methods

2.1. Preparation of leaf extract

Desmostachya bipinnata leaves were purchased from a local area
of Alwarkurichi, India. Leaves were dried in shadow and ground
into a fine powder by an electric grinder. Leaf powder (50 g) was
steeped in 500 ml distilled water for 20 min before being boiled
at 150 �C for 2 h. The soaked powder was maintained in an incuba-
tor at 37 �C overnight (around 12 h) for optimum extraction. The
solvent was evaporated through a rotatory evaporator at 40 �C
after the extract was filtered through a filter paper (Whatman
no. 1823). The resulting leaf extract was kept at 4 �C for further
application.
2.2. Synthesis and characterization of chitosan coated Pt-doped Ag
nanocomposites

Firstly, Pt-doped Ag nanoparticles was synthesized. Briefly,
1 mM of chloroplatinate and 1 Mm of silver nitrate was dissolved
in 80 ml of distilled water. Then, 20 ml of leaf extract was added
and kept the mixture on a magnetic stirrer at 60 �C for 2 h. After
the reaction was completed, the liquid was allowed to cool at
25 �C before being centrifuged for 20 min at 4000 rpm. The
obtained pellet was washed with distilled water and dried in an
2

oven for 1 h at 90 �C. The dried Pt-doped Ag nanoparticles was then
ground into fine powder in a pestle and mortar.

Secondly, 1 g of the raw chitosan powder and 1 g of Pt-doped Ag
nanoparticles were suspended in 10 ml of distilled water. Then,
5 ml of acetic acid was added to this mixture and stirred at room
temperature for 24 h. After that obtained turbid suspension filtered
and dried under vacuum to get fine powder Ch-Pt-Ag NCs.

Green synthesized Ch-Pt-Ag NCs was characterized by UV–vis
spectroscopy, fluorescence spectroscopy, X-ray diffraction (XRD),
scanning electron microscopy (SEM), energy dispersive spec-
troscopy (EDX), Fourier-transform infrared spectroscopy (FTIR),
thermogravimetric analysis (TGA), and dynamic light scattering
(DLS).

2.3. Photocatalytic activity

The photocatalytic performance of Ch-Pt-Ag NCs was evaluated
by monitoring the degradation of Rhodamine dye under UV irradi-
ation. In this procedure, 0.1 g of NCs was added to 100 ml of aque-
ous solution of Rhodamine dye with an initial concentration of
1 ppm. Prior to irradiation, the suspension containing NCs and
dye was stirred in dark for 30 min to achieve adsorption/desorp-
tion equilibrium. Then, suspension was irradiated with UV light
for different time intervals. During irradiation around 2 ml of the
suspension was taken from the mixture at regular intervals
(30 min) and centrifuged to separate the photocatalyst particles.
Then the supernatant was analyzed by UV–vis spectrophotometer
to measure the concentration of Rhodamine solution which exhi-
bits characteristic absorption at kmax of 550 nm.

The degradation efficiency was calculated using following
formula.

Degradation efficiency ¼ co � c
co

� 100%

where Co = initial Rhodamine dye concentration, and C = concentra-
tion of the Rhodamine dye solution after the degradation time ‘t’.

2.4. Anti-inflammatory activity

Green prepared Ch-Pt-Ag NCs was applied to see inhibition of
denaturation of bovine serum albumin (BSA) as reported elsewhere
(Gunathilake et al., 2018). The diclofenac sodium was used as a
standard reagent. Ch-Pt-Ag NCs was dissolved in dimethylfor-
mamide (DMF) and diluted with 0.2 M of phosphate buffer (pH
7.4). The obtained DMF concentration in all the solutions was
maintained by less than 2.5%. The 4 ml containing the different
concentrations (10–50 ll/ml) of NCs was mixed in 1 ml of BSA
(1 mM) incubated for 15 min at 37 �C and then heated to 50 �C
for 15 min. After cooling samples to room temperature the turbid-
ity was estimated at 660 nm by UV–vis spectrophotometer. Per-
centage of protein denaturation was determined utilizing the
following equation,

% inhibition ¼ Absorbance of control� Absorbance of sample� 100
Absorbance of control
2.5. Brine shrimp lethality assay

Brine shrimp assay was applied to see the toxicity/biocompati-
bility of Ch-Pt-Ag NCs as described earlier (Ali and Mohammed,
2021). Different concentrations of green prepared NCs (20–100 l
l/ml) were added to the pre-labelled vials containing 10 live brine
shrimp nauplii in 5 ml simulated seawater. After 24 h, the vials
were examined by magnifying glass and the number of survived
nauplii in each vial was counted. The mortality endpoint of this



Fig. 1b. Fluorescence spectrum of green prepared Ch-Pt-Ag NCs.
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bioassay was defined as the absence of controlled forward motion
during 30 s of observation.

2.6. Larvicidal assay

Larvicidal potential of biogenic Ch-Pt-Ag NCs was assessed as
described by World Health Organization (WHO, 2005). Four exper-
imental groups and one control group were created for this assay.
Experimental groups used plastic well holding 25 third instar lar-
vae and 200 ml of the tested suspension, whereas the control group
used distilled water. Four technical replicates were designed for
each group containing 500 larvae per Larvicidal assay simplified
as (100 larvae per concentration � 4 concentrations) + (100 larvae
per control group). We provided standard insectary condition
28 ± 1 �C temperature, 80 ± 10% relative humidity, and 12 h
light/12 h dark period. The purpose of the condition was to main-
tain larvae while performing the bioassay. The goal of not feeding
the larvae for 24 h after starting the bioassay was to record the
death rate of the larvae during the test. The mortality was deter-
mined using a typical procedure in which the larvae were given
a stimulation and if they did not respond were counted dead.
Fig. 2. XRD spectra of green prepared Ch-Pt-Ag NCs.
3. Results and discussion

3.1. UV–vis and florescence spectroscopy study

The UV–vis spectra were recorded to study optical property of
Ch-Pt-Ag NCs. The absorption spectrum shows a characteristic sur-
face plasmon resonance (SPR) band of Ch-Pt-Ag NCs between 340
and 450 nm, with a peak around 360 nm (Fig. 1a). Visibly Ch-Pt-
Ag NCs were well disseminated in suspension and relatively stable.
As shown in Fig. 1b, the fluorescence spectra of Ch-Pt-Ag NCs were
recorded at 350–800 nm wavelength range by fluorescence spec-
trophotometer. Ch-Pt-Ag NCs have one distinct peaks at 647 nm,
which was in agreement with previous work (Rehan et al., 2018).

3.2. X-ray diffraction study

Fig. 2 shows the XRD spectra green synthesized Ch-Pt-Ag NCs.
Diffraction peaks were at 2h values of 32�, 45�, 54�, 68�, and 76�
corresponding to crystallographic planes of (111), (200), (110),
(220), and (311), respectively. These diffraction peaks are charac-
teristic of a face centered cubic structure of Ag (JCPDS Card No.
04–0783) (Unuofin et al., 2020). Presence of one unknown peak
Fig. 1a. Optical spectra of green prepared Ch-Pt-Ag NCs.
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indicates some impurity from plant extract. The crystal size of
Ch-Pt-Ag NCs was determined using Scherer’s formula. The calcu-
lated crystalline size was approximately 25 nm. XRD data of pre-
sent study was according to previous reports (Shah et al., 2018).

3.3. Dynamic light scattering study

Particle size distribution in aqueous medium (Hydrodynamic
size) of green prepared Ch-Pt-Ag NCs was examined by dynamic
light scattering (DLS). Prepared sample was suspended in distilled
water, sonicate in water bath for 30 min, DLS experiment was per-
formed. Fig. 3 showed that hydrodynamic size of Ch-Pt-Ag NCs in
distilled water was around 55 nm. Hydrodynamic size of Ch-Pt-
Ag NCs was almost two-times higher than particle size of
nanopowder calculated from XRD and SEM. Higher hydrodynamic
size of Ch-Pt-Ag NCs could be due agglomeration of nanocompos-
ites in aqueous medium (Ahamed et al., 2017).

3.4. Fourier transform infrared (FTIR) spectroscopy

FTIR analysis of green prepared Ch-Pt-Ag NCs was carried out at
the wave number range from 450/cm to 4000/cm. As we can see in



Fig. 3. DLS study of green prepared Ch-Pt-Ag NCs.
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Fig. 4 the prominent bands of absorbance were observed at around
3122, 2866, 2130, 1878, 1633, 1529, 1058, 883 and 496 cm�1. The
observed peaks denote N–H stretch amines, amides, C–H stretch
alkanes, nitrile C@N stretch, C@O (saturated aldehyde) Aldehydes
and Ketones, C@C stretch (conjugated) alkenes, C-F stretch alkyl
halides, C-N Amines, C–H bend (mono) aromatics, C–Br stretch
alkyl halides respectively (Table 1). These bands denote stretching
vibrational bands of compounds e.g. flavonoids and terpenoids,
which might be responsible for efficient capping and stabilization
of Ch-Pt-Ag NCs (Kanakarajan et al., 2018).
Fig. 4. FTIR spectrum of green

4

3.5. SEM and EDX study

Typical SEM images of green synthesized Ch-Pt-Ag NCs are
shown in Fig. 5a. These images suggested the irregular shape of
prepared sample. This could be due to presence different types of
phytochemicals present in leaf extract utilized in the formation
of Ch-Pt-Ag NC. Our results are supported by others work
(Banerjee et al., 2014). Phytochemicals present in plant extract
plays crucial role in synthesis and physicochemical properties of
prepared nanostructures. This is also supported by the shifts and
difference in areas of the peaks obtained in the FTIR analysis.
EDX analysis was carried out to understand elemental composition
of green synthesized Ch-Pt-Ag NCs. Fig. 5b showed that Ag and Pt
were major elements in green prepared sample.
3.6. TGA

Fig. 6 shows the thermogravimetric analysis (TGA) of green syn-
thesized Ch-Pt-Ag NCs. The temperature ranges were from 50⁰ to
700⁰ ⁰C. At 75 ⁰C, the initial weight loss correlates to the loss of
nitrate compounds. After 235 ⁰C, the peak seen corresponds to
the decomposition of covalently bound organic material, primarily
nitrate, which was transformed to oxide during production.
Exothermic peak can be seen in DTA curves of Ch-Pt-Ag NCs
between 100 ⁰C and 300 ⁰C due to the desorption and breakdown
of nitrate compounds. The initial weight loss detected in TGA was
below 75 ⁰C, indicating the loss of water evaporated on the surface
of sample. Adsorption due to the breakdown of covalently bonded
organic material causes the peak rise above this temperature
(Azhary et al., 2019). The weight loss calculated for the Ch-Pt-Ag
NCs produced was 24.5%.
prepared Ch-Pt-Ag NCs.
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3.7. Photocatalytic activity

Ch-Pt-Ag NCs demonstrated a time-dependent degradation of
rodamine dye under UV irradiation. Figures 7a and b showed that
with an increase of UV light illumination in the initial 5 min, the
degradation was observed at 5.6%, while with a further increase
in time, the degradation of dye also increased and the maximum
degradation was observed at 240 min, which was 98%. Possible
Table 1
FTIR spectra peaks Ch-Pt-Ag NCs.

S.No Peak (cm�1) Functional Group

1 3122 N–H stretch 1�, 2� amines, amides
2 2866 C–H stretch alkanes
3 2130 Nitrile C@N Stretch
4 1878 C@O (saturated aldehyde) Aldehydes & Ketones
5 1633 C@C stretch (conjugated) alkenes
6 1529 C–F stretch alkyl halides
7 1058 C–N Amines
8 883 C–H bend (mono) aromatics
9 496 C–Br stretch alkyl halides

Fig. 5a. SEM images of green

Fig. 5b. EDX spectrum of gree
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mechanisms of Rhodamine dye degradation is shown in Scheme1.
The dye is first adsorbed on the catalyst’s surface (in this case Ch-
Pt-Ag NCs), after which it is subjected to ultraviolet light to excite
valence electrons and allow them to transfer from the valence
band to the conduction band. During this process, holes (h+) is
lifted inside the valence band. The holes and free electrons will
react on the photocatalyst’s surface with adsorbed water mole-
cules, producing �OH radicals while the free electrons convert the
dissolved oxygen to superoxide anion O2� radicals. The dye mole-
cules are degraded into simple molecules such as H2O by these
light-generated radicals (El Mragui et al., 2021; Taha et al., 2020,
Fig. 7.).

ChPt � AgNC þ hm! e� þ hþ ð1Þ

H2Oþ hþ ! OH � þHþ ð2Þ

O2 þ e� ! O2 � � ð3Þ

OH þ dye ! degradable product ð4Þ

O�
2 �þdye ! degradable product ð5Þ
prepared Ch-Pt-Ag NCs.

n prepared Ch-Pt-Ag NCs.



Fig. 6. TGA analysis of green prepared Ch-Pt-Ag NCs.

Scheme 1. Reaction mechanism of Rhodamine degradation.

R. Subramanian, A. Eswaran, S.G. Kathirason et al. Journal of King Saud University – Science 34 (2022) 102220
3.8. Anti-inflammatory activity

Anti-inflammatory activity (inhibition of denaturation of BSA)
of Ch-Pt-Ag NCs was examined at five different concentrations
(10 lg/ml, 20 lg/ml, 30 lg/ml, 40 lg/ml, and 50 lg/ml). Result
showed that anti-inflammatory efficacy of green prepared Ch-Pt-
Ag NCs was dose-dependent (Fig. 8). There was a gradual increase
in the anti-inflammatory activity of Ch-Pt-Ag NCs with increasing
the concentration of Ch-Pt-Ag NCs and was greater when com-
pared to the standard diclofenac sodium at a higher concentration.
The Ch-Pt-Ag NCs, at the concentration of 50 lg/ml showed 85%
inhibition of BSA denaturation while standard (diclofenac sodium)
6

exhibited 82% inhibition at same concentration. These results are
comparable to earlier reports (Lava et al., 2020).

3.9. Cytotoxicity study

It is crucial to examine the biocompatibility/toxicity of green
prepared nanostructures before their applications in biomedical
and environmental fields (Ahamed et al., 2019; Siddiqui et al.,
2013; Chaturvedi et al., 2020). Cytotoxic activity of green prepared
Ch-Pt-Ag NCs was examined by Brine shrimp lethality assay. This
assay is considered a useful technique for preliminary toxicity/bio-
compatibility assessment of new compounds or nanostructures



Fig. 7. (a) Percent degradation of Rhodamine dye with Ch-Pt-Ag NCs and (b) UV–visible spectra.

Fig. 8. Anti-inflammatory activity of green prepared Ch-Pt-Ag NCs.

Fig. 9. Brine shrimp lethality assay of green prepared Ch-Pt-Ag NCs.

Fig. 10. Larvicidal activity of green prepared Ch-Pt-Ag NCs.
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(Ali and Mohammed, 2021). Five different dosages were taken to
examine the toxicity of green synthesized Ch-Pt-Ag NCs (20, 40,
60, 80, and 100 lg/ml). Ten live nauplii have been taken for each
concentration and compared with non-treated control group.
Results indicated that green prepared Ch-Pt-Ag NCs did not exert
toxicity to nauplii at lower concentrations (20–60 lg/ml). As the
concentration of Ch-Pt-Ag NCs increases from 80 lg/ml to
100 lg/ml there was indication of slight toxicity (Fig. 9). These
results indicated that green synthesized Ch-Pt-Ag NCs exert fewer
toxicity.

3.10. Larvicidal activity

Dengue fever has become much more common in recent dec-
ades all across the world. Dengue fever is estimated to cause 50
million infections worldwide each year, according to the World
Health Organization (Velayutham and Ramanibai, 2016). In recent
7
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years, Aedes aegypti L., a dengue vector transmitting the dengue
arbovirus, has become widely distributed in tropical and subtrop-
ical areas. The greatest strategy to prevent the spread of the den-
gue virus is to combat disease-carrying mosquitos (Morejón
et al., 2018). In recent years, material scientists have been more
focused on finding better alternatives to the proposed vector
employing plant extracts mediated nanostructures (Sutthanont
et al., 2019). In the present study, a range of concentrations of
green synthesized Ch-Pt-Ag NCs (1–5 lg/ml) were tested against
the second and fourth instars of A. aegypti. We observed a dose-
dependent larvicidal activity of green synthesized Ch-Pt-Ag NCs
against dengue vector A. aegypti. As we can see in Fig. 10,
approximately 15% mortality observed at 1 lg/ml concentration
of Ch-Pt-Ag NCs while 79% mortality was found at maximum
selected concentration (5 lg/ml).

4. Conclusion

The goal of this study was to develop a facile, eco-friendly, and
inexpensive method for the synthesis of biomedically relevant chi-
tosan modified Pt-doped Ag nanocomposite (Ch-Pt-Ag NCs) utiliz-
ing leaf extract of medicinal plant Desmostachya bipinna. The
crystalline structure of prepared NCs was indicated by XRD. The
presence of phytochemicals involved in reduction and capping
during NCs synthesis was confirmed by FTIR. Morphology and ele-
mental compositions were examined by SEM and EDX, respec-
tively. Size distribution in aqueous state and thermal stability
were assessed by DLS and TGA, respectively. Green synthesized
Ch-Pt-Ag NCs were effectively degraded the Rhodamine dye under
UV light irradiation. Green Ch-Pt-Ag NCs also showed significant
anti-inflammatory and larvicidal activities. In Brine shrimp lethal-
ity assay, Ch-Pt-Ag NCs showed low cytotoxicity, which is an
important feature of nanostructures. This work underlines the sig-
nificance of plant-based synthesis of metal-based nanocomposites
for biomedical and environmental research.
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