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A simple green method was developed for the synthesis of silver nanoparticles in the presence of a neomycin-functionalized chitosan as
stabilizing agent using a fresh lemon juice as green reducing agent. The stabilizing agent was synthesized based on the Schiff base formation
reaction between the chitosan dialdehyde and neomycin antibiotic in 0.05 mM at pH 7.0. The combined form of neomycin antibiotic with
chitosan can be used as stabilizing agent for silver nanoparticles (AgNPs) synthesized by a biogenic method using lemon juice as a green
reducing agent. The neomycin functionalized chitosan stabilized AgNPs were characterized by various analytical techniques, including UV-
Visible spectra studies, FTIR, XRD and SEM. The antimicrobial activity of these composite was tested against human pathogenic Gram-positive
and Gram-negative bacteria. The synergetic effect of the neomycin functionalized chitosan protected silver nanoparticles was tested against
various drug resistant microorganisms. These chitosan derivatives can be used in combination with an anti-bacterial agent to treat and inhibit a

resistant bacterial infection or the growth of resistant bacterial infection.
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1. Introduction

Due to its biocompatibility, biodegradability and non-toxicity, chitosan has increasingly been used in the
biomedical and pharmaceutical fields [1-4]. Chemical modifications have been used to prepare chitosan deriva-
tives with enhanced biological and physicochemical properties. Recently, aldehyde-functionalized chitosans have
received considerable interest. The preparation of chitosan derivatives containing aldehyde groups have been
achieved by reaction with periodates. The latter selectively cleaves the 2, 3 C-C bond and converts chitosan into
a dialdehyde derivative [5,6]. Aldehyde-functionalized chitosans have also been prepared by reaction with nitrous
acid (HNOy) [7-10]. In this method, chitosan undergoes deaminative cleavage of the 1, 4-glycosidic bonds, produc-
ing 2, 5-anhydro-D-mannose as the reducing end, which contain an aldehyde group. Hydrogen peroxide was also
used to synthesis chitosan containing 2, 5-anhydro-D-mannose recently [11]. The periodate oxidation of chitosan
was performed which yielded a dialdehyde chitosan (DAC) that can be used for the construction of biosensor and
drug delivery applications [12]. Similarly, chitin and chitosan can be easily processed into hydrogels for various
types of biomedical applications such as drug and gene delivery, wound healing and tissue engineering [13-15].
Drug loaded chitosan hydrogels have been generated using diffusion, entrapment and tethering techniques [16].
Chitosan membrane and its derivative have shown a prolonged antibacterial activity and decreased potential toxicity
of silver [17,18].

Recently, a facile and green method was reported in the literature to synthesize stable Ag nanoparticles
(AgNPs) with a narrow size distribution. It is well established that chitosan (DAC) and its derivatives were widely
used as both a reducing as well as stabilizing agent for the synthesis of metal nanoparticles. In the present study,
we investigated the antibacterial activity of both neomycin-functionalized chitosan as well as the combined form
of Neo-chit stabilized silver nanoparticles because of the synergetic microbial activity. Here, lemon juice was used
to prepare narrow size silver nanoparticles, as previously reported in the literature.

2. Materials and methods
2.1. Materials

Analytical grades chitosan and sodium periodate were purchased from Sigma-Aldrich. The other reagents and
solvents were analytical grade. All materials were used without further purification.
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2.2. Preparation procedures

2.2.1. Oxidation of chitosan. About lg chitosan (5.34 mM) was dispersed in 50 ml HCI (10~3 M) (pH ranging
from 4-5) with magnetic stirring. Then, 1 ml aqueous sodium periodate 0.534 mM was added, the reaction mixture
was allowed to stir at 4 °C in the dark for 30 minutes. After completion of the reaction, to eliminate the unreacted
periodate, 1 ml of ethylene glycol was added. The oxidized chitosan was washed by distilled water and the sample
was frozen and lyophilized for 4 h.

2.2.2. Synthesis of neomycin functionalized chitosan (Neo-Chit). 10 ml of chitosan dialdehyde mixed with
0.05 mM of neomycin sulfate and then the reaction mixture was stirred for 2 h. The powder form of the
sample was isolated by by lyophilization after freezing with liquid nitrogen.

2.2.3.  Synthesis of silver nanoparticles. 1 ml of freshly prepared lemon juice was diluted with 3 ml of distilled
water and then the pH of the solution was adjusted to 11. Then, 2 ml 1 M aq. AgNO3 was added dropwise to the
above vigorously-stirred lemon juice solution. The polyphenol group present in the lemon juice reduced the silver
ions to silver metal nanoparticles in th aq. medium. The appearance of reddish brown color solution indicated the
formation of silver nanoparticles. Then, th silver nanoparticles were isolated via centrifugation.

2.2.4. Neomycin functionalized chitosan stabilized silver nanoparticles. To prepare Neo-Chit stabilized AgNPs,
0.1 g neomycin-functionalized chitosan was mixed with 1 ml of silver nanoparticle solution and then allowed to stir
for 30 min. The Neo-Chit @ AgNPs was isolated by centrifugation followed by drying under nitrogen atmosphere
in the dark. The powdered samples were collected and stored in dark until further use Fig. 1.

2.2.5. Instrumentation. UV-Visible spectral studies were carried out by using a Shimadzu UV-Visible Spectropho-

tometer, Japan (Model UV-1800). The characterization of functional groups on the surface of AgNPs performed

by FT-IR (perkin-Elmer, Germony) the spectra were scanned over 500 to 4000 cm 1.
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F1G. 1. Schematic representation of the synthetic route of Neomycin functionalized chitosan
stabilized silver nanoparticles
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3. Result and discussion
3.1. UV-Vis spectroscopy

The UV-Visible spectrum of silver nanoparticles and Neo-chit protected AgNP are shown in Fig. 2. The
Plasmon absorption peak was observed at 408 nm which indicated the formation of silver nanoparticles. From
the UV-Visible spectral studies, it is clearly seen that the particle size of the silver nanoparticles ranged from
5-20 nm. The peak shape of AgNPs is narrow and sharp, providing evidence for the uniform size distribution of
the silver nanoparticles in lemon juice solution. The appearance a sharp Plasmon band is due to the formation
of silver nanoparticles having a narrow size range. A slight shift in Plasmon band position is due to the surface
modification of silver nanoparticles using neomycin-functionalized chitosan as stabilizing agent. The decrease in
Plasmon band position is due to the surface modification of the neomycin functionalized AgNP. The broaderning
of the peak position was also observed which is due to the partial aggregated particles of the silver nanoparticles.
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F1G. 2. (a) UV-Visible spectrum of AgNPs obtained from lemon juice reduction method; (b Di-
lute AgNPs and (¢) Neo-chit @ AgNPs

3.2. FT-IR-spectrum of neomycin functionalized chitosan modified AgNPs

The FT-IR spectrum was recorded for both neomycin-functionalized chitosan and neomycin-functionalized
chitosan protected silver nanoparticles. The major bands at 2926, 2851, 1746, 881, 774 cm™! are assigned for the
characteristic bands for aldehyde group that resulted from periodate mediated oxidation was observed at Fig. 3(b).
The bands at 1077 and 1020 cm ™! are typical for neomycin-functionalized chitosan modified AgNPs was observed
at Fig. 3(c), Table 1.

TABLE 1. FT-IR bands related to chitosan/modified chitosans and their respective assignments

FT-IR band(cm—!') | Assignment | FT-IR band(cm ') | Assignment
3356, 2926 N-H,C-H 1071, 1020 C-0-C
3425 O-H 2352, 1323 N-N.NO,
2851 C-H 2075 O-H
1746 C=0 1077 C-O0
1626 c.C 881,774 C-H, NO;
1406 C=0
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F1G. 3. FT-IR spectrum of chitosan and neomycin functionalized chitosan

3.3. Scanning Electron Microscopic studies

Conventional high vacuum scanning electron microscopy (SEM) images were also taken to envision the
structure of oxidized chitosan and Chitosan dialdehyde with neomycine@AgNPs. Fig. 4 shows that there is no
change for the stretched out and fibrous network of chitosan, but on the surface of oxidized chitosan one can see
a slight degradation of some foliage. The EDX pattern of chitosan dialdehyde with neomycin @ AgNPs is shown
in Fig. 5. This pattern shows peaks for the elements Ag and C are the major components. From these studies, we
conclude that the the chitosan dialdehyde-functionalized neomycin stabilizes the AgNPs.
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F1G. 4. SEM - EDAX of Chitosan dialdehyde with neomycin @ AgNPs

3.4. Antibacterial activity of Neo-Chit @ AgNP

It is well established that silver nanoparticles with various capping agents have shown excellent antimicrobial
activity [18,19]. In the present study, we demonstrate the antimicrobial activity of silver nanoparticles, neomycin-
functionalized chitosan modified AgNPs against various Gram negative and Gram positive bacteria. The disc
diffusion method was used for the quantification of inactivation of microbial growth. From the experimental
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a—25 pg/ml of Neo-Chi a— 25 pg/ml Neo-Chit@ AgNPs

b — 50 pg/ml of Neo-Chi b — 50 ug/ml Neo-Chit@AgNPs

¢ — 75 pg/ml of Neo-Chi ¢ — 75 pg/ml Neo-Chit@AgNPs

d — 25 pg/ml (Standard) chloromphenicol d— 25 ug/ml (Standard) chloromphenicol
e —50 pg/ml 0.1 % DMSO e —50 pg/ml 0.1 % DMSO

F1G. 5. Antibacterial activity of the Neo-chit and Neo-chit@AgNPs against A, C — Staphylococ-
cus aureus and B, D — Salmonella typhi

studies it is inferred that Neo-chit@AgNPs have shown an enhanced antimicrobial activity than the Neo-chit as
well as bare AgNP (Table 2).

TABLE 2. Antimicrobial activity of the Neo-chit and Neo-chit @ AgNPs against Gram positive
and Gram negative bacteria

Gram positive bacteria | Gram negative bacteria
h hi
Sample (ug/ml) Staphylococcus aureus Salmonella typhi
a|b|c|d e a|/b|c|d e
Neo-chit 2513135 8 - | —-l—-|—-11 —
Neo-chitwAgNPs | 3 (6| 8 | 14| — 4161924 -

4. Conclusion

We have synthesized neomycin antibiotic drug-functionalized chitosan by a Schiff base reaction using chitosan
dialdehyde. The neomycin-functionalized chitosan was isolated in pure form by dialysis followed by freeze drying
method. From the FT-IR result it is confirmed that neomycin aminoglucoside antibiotic drug molecules effective
functionalized on chitosan backbone. The neomycin-functionalized chitosan was used further to stabilize the green
synthesized silver nanoparticles using lemon juice as reducing agent. The antibacterial activity of the Neo-chit and
Neo-chit@AgNP were tested. An enhanced antimicrobial activity was noted in the case of neo-chit-stabilized silver
nanoparticles system than the neo-chit system and silver nanoparticles. The combined form of silver nanoparticles
and Neo-Chit showed can be used to eradicate the microbial drug resistance organisms.
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