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ABSTRACT

Chitosan, a biopolymer derived from a component found in crustacean shells called
chitin, is extensively finding use in medicine and medical textiles for drug delivery
and other applications because of its biocompatibility, biodegradability and inherent
antimicrobial properties due to its polycationic nature. In this study, an attempt has
been made to synthesize chitosan in the form of nanoparticles which is expected to
have an enhanced antibacterial activity over bulk chitosan. Ionotropic cross-linking
using sodium tripolyphosphate (TPP) was the chosen route for synthesis of chitosan
nanoparticles (CSN). It has been investigated and found that ionic gelation of cationic
chitosan macromolecules offers a flexible and easily controllable process for
systematically and predictably manipulating the particle size and surface charge of
chitosan nano-particles which is an important property for antimicrobial effect.
Variations in chitosan to TPP weight ratio, pH of chitosan and TPP solution, chitosan
solution concentration, temperature of chitosan solution and stirring speed during
nanoparticle formation were examined systematically for their effects on nanoparticle
size, shape and intensity of surface charge, so as to enable faster synthesis of chitosan

nanoparticles with desired properties to have optimum antimicrobial property.

The data on particle size and zeta potential was obtained by dynamic light
scattering (DLS) and electrophoretic mobility measurement of the chitosan
nanoparticles respectively. UV-VIS absorption of bacterial suspension was measured
at 610 nm to evaluate the bacterial reduction. Shake flask method (AATCC-100) was
also used to quantify the antibacterial efficacy. It was interesting to observe that pH of
the chitosan and TPP solution has a significant role in controlling the nanoparticle

shape and size and thus can be fine tuned to achieve optimum antimicrobial activity.
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Solution pH of both chitosan and TPP was demonstrated to be the most critical factor
in controlling particle size, surface charge and even shape as revealed by the SEM and
TEM micrograph. At very strong acidic condition of chitosan solution, cross-linking
was less resulting in lower conversion of chitosan to chitosan nanoparticles which was
reaffirmed by colloidal titration of the surface groups of the chitosan nanoparticles
with a negatively charged polyelectrolytes (poly (vinyl sulfate kalium salt). The study
demonstrated that best antimicrobial activity against bacteria Staphylococcus aureus
was achieved when the chitosan nanoparticles were synthesized at chitosan solution
pH fixed at 6.0 and the TPP solution pH at 8.9. It was found that variation in size and
surface charge of chitosan nanoparticles could be achieved by changing the process
parameters during ionotropic gelation synthesis route which resulted in significant

variation in their antimicrobial activity.

Silver loaded chitosan nanoparticles (CSN-Ag) were obtained by adding a
solution of silver nitrate (AgNO;) to the chitosan nanoparticle suspension during
chitosan nanoparticle synthesis. Silver loaded chitosan nanoparticles have
comparatively higher average size (165 nm) with higher polydispersity index (PDI).
Different concentrations of AgNO; were used for preparation of CSN-Ag to optimize
the loading of silver on chitosan nanoparticle. The conversion of some of the silver
ion to silver nanoparticles was confirmed by the presence of broad Plasmon resonance

peak in the UV-VIS spectra.

The antimicrobial activity of chitosan gets much enhanced in nanoparticle form,

as indicated by reduction in minimum inhibitory concentration (MIC) value. MIC

value was determined by using shake flask method (AATCC-100) against
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staphylococcus aureus bacteria. MIC value of CSN is 10 times lower than bulk
chitosan in suspension form and 50 times lower in powder form. Silver loaded
chitosan nanoparticle shows 50 times less MIC when it is in suspension form and 500
times less when it is in powder form. These particles additionally show a release
mechanism as evident from a clear zone of inhibition. The antibacterial mechanism of
CSN on Escherichia coli was confirmed by AFM images of nanoparticle treated

bacteria at different interval of treatment time.

The physical, chemical and thermal characterization of synthesized chitosan
nanoparticles (CSN) and silver loaded chitosan nanoparticles (Ag-CSN) vis-a-vis bulk
chitosan has been done. The structure of CSN and Ag-CSN was studied by FTIR,
XRD, DSC, and TGA analysis. FTIR analysis confirms the cross-linking of chitosan
with TPP. X-ray diffraction pattern reveals the amorphous characteristics of chitosan
and silver loaded chitosan nanoparticle. The synthesized nanoparticles were found
thermally more stable than bulk chitosan. The introduction of silver ion in chitosan
backbone has enhanced the thermal stability of the chitosan nanoparticle which was
confirmed by the TGA studies. The other morphological characteristics of the

chitosan—TPP nanoparticles were examined using the TEM technique.

Layer-by-later (L-b-L) technique on textiles is an emerging route to impart
newer functionalities and properties on textile surfaces without compromising on
fabric properties such as breathability, texture and handle. The attachment of the first
layer in L-b-L technique depends solely on the interaction of the polymers with a
charged textile surface. Thus, for strong gradual build-up of multilayer of

nanoparticles, initial few bi-layers were made up of linear polyelectrolytes. To



achieve the strong base layer formation, an attempt has been made to evaluate the
effect of different process parameters on the amount of polyelectrolyte adsorbed on a
cationized cotton textile substrate via sequential adsorption of negatively charged poly
(styrene sulphonate) (PSS) and positively charged poly (allyl amine hydrochloride)
(PAH) using layer-by-layer (L-b-L) self-assembly coating process. A considerably
different polymer adsorption behavior was observed from thick adsorbed layers to
thin adsorbed layer with different degree of layer penetration and ionic pair formation
over the pH range (2.5 — 9.0) studied. The amount of polyelectrolyte adsorption on
cotton fabric was evaluated by measuring the colour value (K/S) of methylene blue (a
cationic dye) absorbed cotton surface. Contact angle measurement revealed that the
extent of binding of the oppositely charged polyions on the fabric depends on the pH
of the polyelectrolyte solution; ‘zipped-up’ structure with more ion pair formation
was observed at the pH range 4.5 — 6.5. At higher temperature amount of
polyelectrolyte adsorbed within the multilayers was higher. An increased deposition
of PSS and PAH was observed with increase in electrolyte (NaCl) concentration. The
amount of PSS and PAH adsorption increases with increase in concentration up to
0.03 (M) of PSS and 0.01 (M) of PAH concentrations, respectively. A dipping time of
5 min was sufficient to have a maximum deposition of the polyelectrolyte multilayers.
These optimized conditions were then used for base layer formation on a cationized
cotton surface followed by deposition of body layers via L-b-L technique. The body
layer is formed of positively charged chitosan nanoparticles (CSN) /silver loaded
chitosan nanoparticle (CSN-Ag) and negatively charged PSS polyelectrolytes which

impart the antimicrobial property.
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PSS and CSN have been used as anionic and cationic agents, respectively for L-
b-L multilayer formation (body layer) on cationized cotton surface already coated
with base layer of PSS and PAH. The presence of ‘N’ on the cationized cotton was
confirmed by XPS analysis. Concentration of CSN and number of bi-layers on cotton
substrate was varied and tested for effect on bacterial reduction. Bi-layer formation of
PSS and CSN was confirmed by XPS measurement of elemental sulphur (PSS) and
nitrogen (CSN) of each individual layer of the multilayer coating and also by dyeing
method by using negatively charged acid dye. The presence of coating material and
the thickness of coating on individual fibre surface was observed under SEM by
imaging the fibre cross-section. The results by both parallel streak method (AATCC-
147) and colony counting method (AATCC-100) show enhanced antibacterial activity
of chitosan nanoparticle coated fabrics when compared with the bulk chitosan (CS)
coated fabrics at same concentration. Dyeing with negatively charged acid dyes was
carried out to evaluate the difference between the available cationically charged
surface active group of cotton surface coated with both the bulk chitosan and its

nanoparticles.

The cotton fabric was subsequently coated by L-b-L technique with alternative
layers of PSS and CSN-Ag. Different concentration of CSN-Ag with different number
of bi-layer has been studied on cotton substrate. XPS measurement technique was
used to assess the presence of silver on L-b-L coated cotton surface. Sustained release
behaviour of Ag" in ‘solution A’ from CSN-Ag coated fabric was evaluated by atomic
absorption spectroscopy. The release of Ag’ is further substantiated by antibacterial
testing which shows a clear zone of inhibition against both Gram-positive and Gram-

negative bacteria. Scanning electron microscopy (SEM) shows the deposition of
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CSN/CSN-Ag on L-b-L coated fabric surface. SEM micrographs also show the
bactericidal action of CSN and CSN-Ag on multilayered cotton surface against both

Gram-positive and Gram-negative bacteria.

CS and CSN was also applied on cotton fabric using conventional pad-dry-cure
process to compare the difference in bioactivity as compared to the samples produced
via L-b-L/coating technique at same concentration. CSN coated samples using L-b-L
technique registered almost 50% higher reduction of Gram-positive bacteria vis-a-vis
samples produced by pad-dry-cure method at the same concentration. Performance
properties of both the L-b-L coated and conventional pad-dry-cure finished fabric was
compared. Both of these types of samples were tested for various fabric properties
such as air permeability, tensile strength, bending length and whiteness index value
along with the antibacterial activity after machine wash for a comparative evaluation

of the two technique of application pad-dry-cure vs. layer-by-layer (L-b-L) coating.
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