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Objectives: The nanobiotechnology era has sparked interest in the green synthesis of stable silver
nanoparticles (Ag-NPs) without hazardous chemicals. As a result, the current study used chitosan-
salicylaldehyde Schiff base (CSB) as a non-toxic, reducing and stabilizing agent to prepare stable silver
nanoparticles.
Methods: The characterization of Ag-NPs impregnated chitosan-salicylaldehyde Schiff base was fulfilled
using UV-Vis, FTIR, XRD and TEM studies.
Results: The absorption band present around 425 nm in UV-Vis spectra indicated the formation of Ag-
NPs. The appearance of a new band for the C@N bond, deduction in the intensity of the C@O group of
salicylaldehyde and NAH group of chitosan confirmed the formation of Schiff base and Ag-NPs in FTIR
analysis. XRD pattern revealed the orientation and crystalline nature of Ag-NPs with 2h at 38�, 46� and
54� related to Ag-NPs (JCPDS No. 04-0783), whereas the peak at 2h = 27� associated with CSB. The total
porosity of 53.24% was determined using the liquid displacement method. The CSB-Ag-NPs have good
scavenging activity (46.25% and 49.35% activity in DPPH assay and H2O2 assay), great antibacterial (zone
of inhibition 17 mm and 19 mm for E-Coli and Pseudomonas sp.), antifungal (18 mm for P. notatum), and
anti-larvicidal activity, according to biological assessments.
Conclusions: The synthesised Ag-NPs were non-toxic to marine ecosystems in a safety bioassay test.
� 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

Chitosan is deacetylated product of chitin, having biodegrad-
able and non-toxic properties (Hataf et al., 2018). The behavioural
study of chitosan towards lysozyme, an enzyme prevalent in
human body fluids that digests chitosan, resulted in enhanced uses
of chitosan in biomedical, pharmacological, agricultural, and envi-
ronmental domains (Dutta et al., 2004; Badawy et al., 2019). Chi-
tosan is a remarkable material in dialysis and has fungistatic,
bacteriostatic, anticancer and anticholestermic properties (Dutta
et al., 2004). The free amino group at the C2 position of chitosan
makes it more available for reaction to form derivatives with
enhanced physicochemical properties. Especially, chitosan Schiff
bases are considered one of the best options to increase the biolog-
ical properties of unmodified chitosan.

An increase in antibacterial activity was observed with such
derivatives due to changes in the molecular structure of chitosan,
enhancement of hydrophilicity and increasing positively charged
ions (Wang et al., 2020). Many studies revealed that the addition
of chitosan improves plant growth and development without ill-
nesses. It can boost the immune system in plant cells. Similarly,
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chitosan and its derivatives participate in bacterial and fungal sup-
pression for a safe human environment (Rezazadeh et al., 2020).
Numerous chitosan Schiff bases have been developed, such as car-
boxymethyl chitosan Schiff bases, chitosan-crotanaldehyde, and
chitosan-4-chlorobenzaldehyde Schiff bases examined for antibac-
terial and biological properties (Baran et al., 2015). Jin et al. (2009)
synthesized a chitosan-citral Schiff base with enhanced antimicro-
bial activity than chitosan. Wang et al. (2009) synthesized
Nano-chitosan (NCS), nano-chitosan salicylaldehyde Schiff-base
(NCS-Sal), and nano-chitosan salicylaldehyde Schiff-base Cu com-
plexes (NCS-Sal-Cu) which inhibited the growth of SMMC-7721
liver cancer cell lines. Guo et al. (2005) investigated the antioxidant
property of carboxymethyl chitosan Schiff base. Similarly, Tong
et al. (2005) synthesized CSB Co (II) and Pd (II) complexes and eval-
uated their high catalytic efficiencies.

Medically silver has proven antiseptic and antimicrobial activity
against Gram + ve and Gram –ve bacteria. Also, silver nitrate solu-
tion has been used to prevent neonatal conjunctivitis (Le Ouay and
Stellacci, 2015). Currently, silver nanoparticles are a promising and
advanced option for developing efficient and remarkable antimi-
crobial systems to enhance therapeutic activities (Silver et al.,
2006) that enhance cell surface permeation and adsorption at
microbial surfaces (Le Ouay and Stellacci, 2015). Moreover, the
broad-spectrum activity of silver nanoparticles makes them more
available for application in a varied range of consumer products
(He et al., 2016). Many polymers are used in the synthesis of silver
nanoparticles. More specifically, chitosan has numerous roles in
the synthesis, stability and use of nanoparticles (Susilowati and
Maryani, 2019).

Ahmad et al. used chitosan and gelatin as the solid support for
synthesizing silver nanoparticles (Bin Ahmad et al., 2011). The
functional groups of chitosan act as chelating and reducing agents
in silver nanoparticle production and prevent aggregation (Oves
et al., 2021). So, in order to improve the biomedical properties
and to demonstrate the biosafety of the silver nanoparticles, the
use of non-toxic and biocompatible chitosan Schiff bases as a cap-
ping agent is an excellent option. The use of a polymer as a
nanoparticle stabilizer is essential in preventing nanoparticle
aggregation and improving biocompatibility qualities. Thus, the
present research work addresses the synthesis of silver nanoparti-
cles impregnated Chitosan-Salicylaldehyde Schiff base (CSB-
Ag-NPs) and evaluated for its improved antibacterial spectrum,
larvicidal activity, and biosafety assay.
2. Materials and methods

2.1. Materials

Chitosan was obtained from India Sea Foods, Cochin, Kerala,
which is 92% deacetylated. Salicylaldehyde was procured from
Sisco Research Laboratories Private Limited, Mumbai. Silver nitrate
(Mol. wt 169.87) assay min, 99.8% ethanol was acquired. All the
chemicals used were of the analytical grade and were obtained
from Reachem Laboratory chemicals private Limited, Ambattur,
Chennai. The egg and the egg raft of Culex Quinquegasciatus (Cx.
Quinquefasciatus) were procured from the Zonal Entomological
unit, Velapadi, Vellore, Tamil Nādu, India.
2.2. Preparation of chitosan Schiff base (CSB)

1 g of chitosan in 100 mL of 2% acetic acid solution was stirred
under a magnetic stirrer for 30 min to get a homogeneous solution.
1 mL of salicylaldehyde dissolved in 15 mL of ethanol solution was
added to this solution. It was further stirred on the magnetic stirrer
for another 30 min. A yellow gel of Chitosan-Salicylaldehyde Schiff
2

base formed (Supriya Prasad et al., 2017). Then, the chitosan Schiff
base gel was poured into a petri dish and allowed to dry for 48 h.

2.3. Preparation of CSB-Ag-NPs

0.2 g of prepared CSB was dissolved in 10 mL of double deion-
ized water. To this solution, silver nitrate solution (0.05 g in
10 mL of ethanol) was added at 60 0C under magnetic stirring
and the process was continued for 12 h. The color change was
observed during the formation of silver nanoparticles, and it was
confirmed by the formation of a brown color precipitate (Supriya
Prasad et al., 2017). Then the precipitate was filtered and dried in
a vacuum.

2.4. Characterization

The formation of CSB-Ag-NPs was confirmed by recording 200–
800 nm spectra using a UV visible spectrophotometer (HITACHI-
U2800). FTIR spectra of CSB and CSB-Ag-NPs have been recorded
on Thermo Nicolet AVATAR 330 Spectrophotometer at room tem-
perature within 4000 to 400 cm�1 wavenumber using the KBr pel-
let method. The physical nature (amorphous or crystalline) of
synthesized CSB-Ag-NPs was determined by using an x-ray powder
diffractometer (XRD-SHIMADZU XD-D1) using Ni-filter, Cu-Ka
radiation source and scattering range 2h, varying from 10� to 90�.
TEM image of the prepared CSB-Ag-NPs was recorded using a
HITACHI-H-7650 transmission electron microscope.

2.5. Porosity measurements

The liquid displacement method was utilized to determine the
total porosity of the prepared material. The volume of ethanol
and sample was weighed initially before immersion. Then the
weighted sample was immersed in dehydrated alcohol for 24 h
and weighed again to measure the porosity using the following
formula:

% Porosity ¼ V2 � V1 � V3ð Þ = V2 � V3ð Þ � 100

Where V1 = initial weight of the sample; V2 = the sum of the weights
of ethanol and the submerged sample and V3 = the weight of etha-
nol after removal of the sample.

2.6. Antioxidant assay

2.6.1. DPPH scavenging activity
The stock solution was prepared by dissolving 10 mg of the

sample (CS and CSB-Ag-NPs) in 10 mL of water and was made up
to 50 mL in a standard flask. From the 50 mL stock solution, 1 to
6 mL was taken and made up to 10 mL in the test tubes using
distilled water to get concentrations of 20, 40, 60, 80, 100 and
120 lg/mL. From these solutions, a 3 mL sample was pipette out
into a test tube and 1 mL of 2, 2-diphenyl-1-picrylhydrazyl (DPPH)
of normality 0.001 N was added. Then, it was kept in the darkroom
for about 30 min and the absorbance was measured using a photo
colorimeter (420 nm) with DPPH as the control. The scavenging
percentage was calculated using the formula given below:

%Scavenging ¼ Acontrol � Asample

Acontrol
� 100
2.6.2. Hydrogen peroxide scavenging activity
The stock solution was prepared by dissolving 10 mg of the

sample (CS and CSB-Ag-NPs) in 10 mL of distilled water and was
made up to 50 mL in a standard flask. From the 50 mL stock solu-
tion, 1 to 6 mL was taken and made up to 10 mL in the test tubes
using distilled water to get concentrations of 20, 40, 60, 80, 100
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and 120 lg/mL. A 3 mL sample was pipette out into a test tube
from these solutions, and 1 mL H2O2 (40 g) produced in phosphate
buffer (50 m pH 7.4) was added. In a photo colorimeter, the quan-
tity of hydrogen peroxide was detected by absorption at 420 nm
and the scavenging percentage was calculated using the formula
given below:

%Scavenging ¼ Acontrol � Asample

Acontrol
� 100
2.7. Antimicrobial activity

By disc diffusion method utilizing Muller Hinton Agar (MHA)
and Sabouraud Dextrose Agar (SDA) media, the antibacterial activ-
ity of the CSB-Ag-NPs was investigated against bacteria (Escherichia
coli, Pseudomonas aeruginosa) and fungus species Penicillium nota-
tum. MHA was incubated and sterilized in this technique by dis-
tributing it in a petri dish. After the MHA medium had solidified,
a small portion of the sample was placed on various cultured agar
plates. The plates were left at room temperature for 1 h to allow for
diffusion of the compounds before being incubated at 37 �C for
24 h. The antibacterial activity was assessed by measuring the
diameter of the inhibitory zone (mm). The antifungal activity of
the CSB-Ag-NPs was investigated using a similar approach.
2.8. Larvicidal activity

Culex Quinquefasciatus (Cx. Quinaquefasciatus) larvae were used
in the larvicidal experiment. Cx. Quinquefasciatus eggs and egg rafts
were placed in a 500 mL dechlorinated water container for 30–
40 min, giving the larvae enough time to develop (Abdul
Rahuman et al., 2008). The early fourth stage larvae were then used
in a subsequent experiment. The technique was carried out in
accordance with WHO recommendations, with certain modifica-
tions based on Santhosh kumar et al. technique (Santhoshkumar
et al., 2011). A total of 20 larvae were immersed in 200 mL DD
water containing 0.05 g, 0.03 g, and 0.2 g concentrations of CSB-
Ag-NPs. After 24 h, the percentage of mortality was measured by
counting the number of dead larvae in each batch.
2.9. Safety of CSB-Ag-NPs

The Brine Shrimp (Artemia salina) toxicity test was used to
determine the biosafety of the CSB-Ag-NPs. To hatch the Brine
Shrimp eggs under constant aeration for 48 h, artificial seawater
(33 g/L sea salt adjusted to a pH of 8.5 using 1 M Na2CO3 solutions)
was created in a sterile bottle. The hatching chamber’s active nau-
plii were then collected and utilized. 10 shrimp were drawn via a
glass capillary and deposited in a 6-well plate containing 5 mL
Brine solution, as directed by the protocol (Hamidi et al., 2014).
The sample was then put to wells at ambient temperature
(37 �C) and flashed with visible light for 1, 2, 3, 4, and 24 h in
the 100 L concentration using dimethyl sulfoxide (DMSO) (10,
100, 1000 g/mL). The dead larvae were counted. The percentage
of mortality was determined using the following formula.

%Mortality ¼ NumberofdeadArtemiaNauplii
TotalnumberofliveArtemiaNauplii

x100
2.10. Statistical analysis

All the data was evaluated, and the average of three distinct
numbers of individual observations was calculated. After 24 h of
exposure, mortality was reordered as a mean percentage of Artemia
3

death. The mean and standard deviation are used to express the
results.
3. Results and discussion

For every application of the prepared materials, their physico-
chemical properties are essential for their efficacy. Therefore,
knowing the properties of the synthesized material and character-
ization of CSB and CSB-Ag-NPs are significant to assessing the func-
tional features of the material.
3.1. UV-Visible spectroscopy

The most reliable tool for examining the formation and stability
of synthesized CSB-Ag-NPs is UV-Vis spectroscopy (Hamidi et al.,
2014). The spectral properties of Ag-NPs are influenced by chemi-
cal environment, particle size and dielectric medium (Abdul
Rahuman et al., 2008; Santhoshkumar et al., 2011). Because of
the reducing agent CSB, the color of AgNO3 was changed from col-
orless to dark brown, resulting in the synthesis of CSB-Ag-NPs. The
maximum absorption spectrum was observed at 425 nm (Fig. 1),
which was the characteristic absorption peak of Ag nanoparticles.
Similar absorption peaks were reported in the range of 410–
420 nm by other researchers (Wei et al., 2009). The shift in the
UV absorbance was due to the chemical interaction of amine and
aldehyde in CSB. According to the UV data, the silver nanoparticles
were generated, and CSB worked as a capping and reducing agent.
Using CSB as a capping and reducing agent, a UV-Vis analysis con-
firmed the formation of Ag-NPs.
3.2. FTIR analysis

FTIR analysis was performed to find out the presence and par-
ticipation of functional groups of CSB in silver nanoparticle synthe-
sis as a capping agent leading to efficient stabilization of the silver
nanoparticles (Lin et al., 2014). Table 1, Fig. 2a and b represent the
FTIR spectrum of CSB and CBS-Ag-NPs. The band corresponding to
the wave numbers 3282 and 3265 cm�1 represents NAH and OAH
stretching vibrations. This band was observed as broadband due to
the H bond interaction. The bands at around 2920–2870 cm�1 cor-
respond to CAH stretching modes of vibrations. The band at
1635 cm�1indicates the C@O stretching vibration of CSB, whereas
it was observed at 1734 cm�1 for CSB-Ag-NPs. The imine band
observed at 1546 cm�1 and 1589 cm�1 for CSB and CSB-Ag-NPs,
respectively, confirmed the formation of Schiff bases. The band’s
appearance at 1546 and 1589 cm�1 can be attributed to the
crosslinking reaction of chitosan and aldehyde. The characteristic
band for the –NH2 group almost disappeared, representing its par-
ticipation in the reaction with the aromatic aldehyde to form Schiff
bases.

In CSB-Ag-NPs, the amide band of pure chitosan (spectrum not
given) was moved from 1643 and 1589 cm�1 to 1635 and
1546 cm�1, corresponding to the C@O stretching and NAH bending
vibrations. An amino band at 1589 cm�1 and a carbonyl band at
1631 cm�1 were found in the CSB. When compared to CSB, the
bands of CSB-Ag-NPs were moved from 1635 and 1546 cm�1 to
1734 and 1589 cm�1, respectively. This shows that key functional
groups are involved in reducing silver nitrate to silver nanoparti-
cles. Also, a narrower vibration band for the O–H group at
3265 cm�1 of CSB-Ag-NPs compared to CSB and a shift in band
position and intensity, confirming CSB-Ag-NPs formation.



Fig. 1. UV-Vis spectra of CSB-Ag-NPs.

Table 1
FTIR details of chitosan Schiff base and CSB-Ag-NPs.

Wavenumber (cm�1) Responsible groups

CSB CSB-Ag-NPs

3282 3265 NAH and OAH stretching vibration
2920 2873 CAH stretching vibration
1635 1734 C = O stretching vibration
1546 1589 C@N and C@C stretching vibrations,

NAH bending vibration
1381 1365 C-N stretching vibration
1151 1230 C-O-C skeletal linkage
1020 896 OAH, NAH bending vibration
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3.3. XRD analysis

X-ray diffraction (XRD) was used for the analysis of molecular
and crystal structures (Ali et al., 2022), qualitative identification
(Ivanisevic, 2010), quantitative resolution (Cabral et al., 2013),
Fig. 2. FTIR spectrum of (a) C
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degree of crystallinity (Dey et al., 2009), isomorphous, substitu-
tions (Ananias et al., 2013) and particle sizes (Singh et al., 2013).
Fig. 3 represents the XRD pattern of chitosan and CSB-Ag-NPs.
For pure chitosan, the XRD pattern shows two peaks at 2h = 9.9�
and 19.8�, which tells about the semicrystalline nature of chitosan
(Fig. 3). The XRD pattern of CSB-Ag-NPs revealed the orientation
and crystalline nature of silver nanoparticles (Fig. 3) along with
the amorphous nature of CSB. According to the literature, the 2h
around 38�, 46� and 54� corresponded to the face-centered cubic
Ag crystals’ (111), (200) and (210) crystallographic planes (JCPDS
file No. 04-0783), respectively (Paulkumar et al., 2017). Similarly,
for the PXRD profile of CSB-Ag-NPs, the 2h values were seen at
38�, 46� and 54�, which corresponds to the presence of Ag-NPs
with face-centered cubic structure, whereas the peak at 2h = 27�
related to CSB. Thus, the XRD analysis results confirmed the pres-
ence of silver nanoparticles in CSB with a face centered cubic lat-
tice structure.

Comparing the XRD pattern of pure chitosan and CSB-Ag-NPs
showed a broadness of peak and shift in peak position. This sup-
SB and (b) CSB-Ag-NPs.



Fig. 3. XRD pattern of pure Chitosan and CSB-Ag-NPs.

Fig. 4. TEM image of CSB-Ag-NPs.
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ports the modification of pure chitosan. Also, the amorphous nat-
ure of CSB-Ag-NPs proves its suitability for various applications,
especially in the biological field. The intense peak present in the
amorphous environment reflects the presence of crystalline Ag
nanoparticles. The broad peaks in the diffraction pattern indicate
the small crystallite size (Wani et al., 2011). The size of the pre-
pared silver nanoparticles was determined using Debye–Scherrer
formula,

D ¼ K k=b cos h

where ’D’ is particle diameter size, k is a constant approximately
equal to 1, k is the wavelength of the X-ray source (1.54056 nm),
‘b’ is the full width half maximum (FWHM) and h is the diffraction
angle corresponding to the lattice. The average particle size was
estimated as a crystalline size of 3.8 nm, 9.02 nm, and 3.45 nm
for different diffraction angles of silver nanoparticles. This demon-
strates that CSB aids in the production of silver nanoparticles.
3.4. TEM analysis

Fig. 4 shows a TEM picture of CSB-Ag-NPs. The analysis con-
firmed the creation of Ag nanoparticles with spherical morphology
and tiny aggregates, which ranged in size from 5 to 20 nm. The par-
ticle size determined by the Debye–Scherrer equation is supported
by a TEM examination.
3.5. Porosity measurements

The porosity of the CSB-Ag-NPs was determined by the liquid
displacement method. The measurement of porosity in terms of
volume of void (0 to 1) and percentage (0 to 100) gives an idea
regarding the characteristics of the materials. The porosity can be
determined by measuring void spaces present in the materials
(Glasbey et al., 1991). Voids are generally formed due to a phase
transformation (Nakahara, 1977).

Scaffold porosity and pore size are important in biological and
biomedical applications. Cell development and the flow transfer
of nutrients and metabolic waste are both dependent on porosity
(Elia et al., 2015). The cells would be able to travel in and populate
the sample due to the high porosity. The porosity of the synthe-
sized CSB-Ag-NPs was found to be nearly 53.24 %, by which it
can be inferred that the sample has a medium porosity.
5

3.6. Antioxidant assay

3.6.1. DPPH and H2O2 scavenging activity
Oxidation is the essential activity for all microorganisms to pro-

duce energy and fuel for biological processes. But some of the oxi-
dants and free radicals are considered very toxic. They may cause
damage to tissues and cells, so the antioxidant potential of synthe-
sized CS and CSB-Ag-NPs was determined using DPPH and H2O2

scavenging methods. The DPPH is a stable free radical that is exten-
sively used to estimate antioxidants’ free radical-scavenging abili-
ties. To determine antioxidant capability, the change in optical
density of DPPH free radicals as compared to the change in concen-
tration of CS and CSB-Ag-NPs. Due to the scavenging of DPPH by
the donation of hydrogen to create the stable DPPH molecule, the
methanolic solution of DPPH transformed blue to yellow when
prepared material was added. The scavenging activity of the chi-
tosan and CSB-Ag-NPs. in both methods was concentration-
dependent (Fig. 5). Increase in concentration from 20 to
120 lg/mL, scavenging activity of chitosan (9.1 to 34.6% and 6.2
to 35.6%) and CSB-Ag-NPs (13.12 to 46.25% and 9.61 to 49.35%)
were enhanced significantly in both DPPH and H2O2 method
respectively. Chitosan and its derivatives, including CSB are well-
known antioxidant materials (Guo et al., 2005). Also, silver
nanoparticles have been evaluated as a potent antioxidant by
researchers (Chokshi et al., 2016). The results obtained in this
research work indicated that synthesized material CSB-Ag-NPs
had great antioxidant potential against DPPH and H2O2, which
was obviously related to the presence of CSB and silver content
in the nanoparticles than pure chitosan.

3.7. Antimicrobial activity

The disc diffusion method was used to determine the antibacte-
rial and antifungal activity of chitosan and CSB-Ag-NPs, and activ-
ity was measured after 24 h by measuring the zone of inhibitions
in millimeters. Chitosan and CSB-Ag-NPs have been tested for
antibacterial activity against E. coli, P. aeruginosa, and P. notatum.
Chitosan and CSB-Ag-NPs showed significant inhibitory activity
against these strains of the microorganisms. The antimicrobial
activities were compared against ampicillin (antibacterial) and
polymyxin B sulfate (antifungal). The graphical representations of
antibacterial and antifungal activities are shown in Fig. 6. Chitosan
and its derivatives like CSB, trimethyl chitosan (TMC), etc., have
already been studied as potent antimicrobial agents. Antibacterial
and antifungal properties of silver nanoparticles are also widely



Fig. 5. Scavenging activity of chitosan and CSB-Ag-NPs (a) DPPH assay and (b) H2O2 assay.

Fig. 6. Comparative antimicrobial activity of Chitosan and CSB-AG-NPs (a) antibacterial activity and (b) antifungal activity.
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applied in the medical, pharmaceutical, agricultural and biotechno-
logical filed. The enhanced antimicrobial activities of such com-
pounds were observed due to increased permeability,
hydrophilicity, solubility, lipophilicity and positively charged ions.
This made easy penetration of molecules into the cell membrane
and interrupted the cell respiration resulting in inhibition of protein
synthesis and inhibition of microbial growth. Inhibition of bacteria’s
cell growth and lysis was observed due to the blockage of nutrient
flow via the permeable cell of B. cereus (Vishu Kumar et al., 2005).
Recently reported that Schiff base stabilized Ag-NPs as a potential
antibacterial agent (Minhaz et al., 2020). In this study, when chitosan
was modified as CSB-Ag-NPs, its properties and applications could
tend to be increased. Because of their small size, the modified CSB-
Ag-NPs could easily access the microorganisms’ nuclear content
and have a vast surface area, allowing for extensive contact with
them. The antibacterial and antifungal properties of silver nanoparti-
cles were attributed to the interaction of Ag+ ions with bacterial DNA,
causing cell growth and bacterial replication to be inhibited. The
results obtained in this research work clearly indicated that synthe-
sized material CSB-Ag-NPs had great antibacterial and antifungal
potential, which was surely related to the presence of CSB and silver
content in the nanoparticles.
3.8. Larvicidal bioassay

The larvicidal activity of CSB-Ag-NPs against Culex Quinque fas-
ciatus fourth stage larvae was determined in this work, and mortal-
6

ity was recorded as a function of nanoparticle concentration. The
larvicidal activity of CSB-Ag-NPs was shown to be concentration-
dependent in our study. Nearly 40% mortality was reported at a
dose of 3 mg/ml, which escalated to 90% at a dosage of 10 mg/ml
(Fig. 7). AgNPs have already been explored as potent larvicidal by
Elumalai et al. (2020), they found that novel biopolymer-inspired
AgNPs were more efficient with respect to time and concentration.
Also, Priyadarshini et al. (2012) demonstrated larvicidal and pupi-
cidal activity of silver nanoparticles against A. stephensi. and
reported the highest mortality in synthesized silver nanoparticles.
Anand et al. (2014) found the larvicidal activity of chitosan NPs
produced from crab and squilla species against Aedes aegypti. In
the same way, Solairaj and Rameshthangam (2017) shown
increased antibacterial and mosquito larvicidal activities using sil-
ver NPs incorporated in a -Chitin nanocomposite. Similar observa-
tions were found in the present study and concluded that the
presence of chitosan and Schiff base has played a vital role in the
enhancement of the larvicidal activity of silver NPs.
3.9. Safety of compounds (Toxicity assay)

Artemia salina, one of the most useful test organisms available
for marine ecotoxicity testing, was used to conduct a biosafety
assessment of CSB-Ag-NPs (Rajasree et al., 2011). For various con-
centrations such as 50, 100, and 200 g/mL, the half-maximum
effective concentration (EC50) test yielded a value of 166.16
(Glasbey et al., 1991). According to the previous findings, the tox-



Fig. 7. Concentration-dependent larvicidal activity of CSB-Ag-NPs.

Fig. 8. Half maximal effective concentration test.
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icity of silver nanoparticles to aquatic animals is dose-dependent
(Asharani et al., 2008).

Like the primary data, the nanoparticle aggregates demon-
strated considerable mortality within 24 h of exposure. When
the concentration reached 200 g/mL, most nauplii (>50%) died.
Therefore, it could be concluded that the death of the species
was concentration-dependent. This might be because the gut of
the species could have filled with NP aggregates that made less
food available and resulted in death. Hence, this study reveals sil-
ver nanoparticles impregnated with chitosan Schiff base have an
effect not only on the alive animal but also on cysts (Go et al.,
1990). From the results (Fig. 8), it can be concluded that the
mouthparts and the gut region appeared clear at minimum con-
centration, whereas at higher concentration, the entire gut region
was accumulated with the sample and due to the high toxicity of
the prepared CSB-Ag-NPs the tissue of the animal start degraded.
4. Conclusion

The CSB-Ag-NPs were successfully synthesized using chitosan
Schiff base and the formation of nanoparticles was confirmed by
UV-Vis and FTIR studies. The XRD pattern of the nanoparticles
exhibited amorphous or crystalline nature, which helped increase
the porosity of the material. The synthesized CSB-Ag-NPs showed
good antioxidant, antibacterial, antifungal and larvicidal activity
against selected species of the microbes. The safety bioassay
revealed that the synthesized silver nanoparticles were non-toxic
to the marine ecosystems at lower concentrations, but percentage
7

mortality was increased at higher concentrations. This report may
inspire the utilization of chitosan Schiff bases and their CSB-Ag-
NPs for biomedical and pharmaceutical applications.
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