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ABSTRACT

Chitosan is a hydrophilic and versatile polysaccharide possessing functional groups
such as carbonyl and amine groups which are areas for antimicrobial activity. PVA
has high degree of swelling in aqueous solutions and mostly blended with chitosan
because of its good tensile strength and elastic nature. Six chitosan- PVA hydrogel
samples were prepared by varying the amounts of chitosan and PVA, blending them
with equal amounts of boric acid ( cross-linker), soaking them in sodium hydroxide
overnight, washed several times with distilled water, freeze- thawed at -20° for 6hrs
and + 37° for 2hrs respectively for 5 cycles, then dried in an oven and later analyzed.
During the hydrogel preparations, the first three samples were blended without zinc
oxide nanoparticles and the last three with equal amounts of zinc oxide
nanoparticles. Swelling percentages of samples 1- 3 were evaluated in 2 ways: (1)
soaking a known amount of each dried sample in distilled water while varying time.
(2) soaking another known amount of dried samples in different pH buffer solutions
for 24hrs. Its kinetics showed that: as the pH increases, their swelling % increases
and starts dropping as the pH gets more basic and that the higher the amount of PVA

in a sample, the higher its swelling % in water with increased time.

The bacterial analysis of the samples were carried out in order to determine the
effect of an increased amount of chitosan and of zinc oxide nanoparticles on
bacterial growth. The LB agar medium was used for the culturing of the E.coli
bacteria which is a gram negative bacteria possessing a thinner peptidoglycan
membrane. The sample with the highest amount of Chitosan showed more inhibition

than the others and the addition of nanoparticles to this sample showed an even more



greater inhibition towards the bacteria. Finally the Scanning electron microscopy
(SEM) and FTIR of the prepared hydrogels were done inorder to determine the
surface structures of the hydrogels and the various functional groups present in each

hydrogel respectively.

Keywords : Chitosan-PVA hydrogel, Zinc oxide nanoparticles, Boric acid cross

linker, Antibacterial properties, Swelling properties.



(0Y/

Kitosan-PVA hidrojel 6rnekleri, degisik miktarda kitosan ile PVA’nin sirasiyla -20
°C'de 6 saat+ 37 °C 2 saat slireyle ilk dondurma/¢6ziilme dongiiyle hazirlanmistir.
Bu oOrneklerin, 5 donma/¢oziilme dongiiliiyle hazirlanmis olmasi sonucundaki
kristallindeki artisla son derece esnek hidrojeller olusmustur. Esit miktarda borik
asitle caprazbaglanmis cesitli 6rnekler gece boyunca NaOH c¢ozeltisiyle muamele
edilmis ardindan hidrojel memran 5 kez saf suda durulanarak temizlenmis ve 24 saat
+ 80 ° C'de bir firinda kurutulmustur.Cinko oksit nanopartikiilleri i¢ermeyen
numunelerin Sigsme ylizdeleri iki yolla belirlendi: Birincisi, degisik zaman araliginda
bilinen miktarlardaki kuru orneklerin saf su igerisideki, ikincisi ise farkli tampon
cozeltilerindeki 24 saatlik etkilesimleridir. Kinetiginden pH arttik¢a % sismede artis
gozlenirken, pH 1n oldukga yiiksek, bazik sartlarinda ise diisiis gozlenmektedir.
Sudaki Orneklerinden PVA miktarinin artmasi PVA’iin sudaki ¢6ziinebilmesi

ozelliginden, kitosanin ise ¢oziinmeme 6zelliginden dolay1 sismeyi arttiracaktir.

ZnO nanopartikiilleri iceren ve icermeyen Ornekler icin antibakteriyel 6zellikler,
oncelikle kitosanin ve PVA miktarlarinin bakteri ¢cogalmasina etkisi ile, ikinci olarak
bu 6rneklerin nanopartikiil icermesi durumundaki bakteri ¢cogalmasini onleyici etkisi
olup olmadigiyla belirlenmistir. LB agar ortami daha ince bir peptidoglikan
membran sahip olan bir Gram negatif bakteridir ve E.coli bakteri kiiltiirliniin
olusturulmasi i¢in kullanilmistir. Yiiksek miktarda kitosan iceren Orneklerin diger
orneklere gore, bakteri cogalmasina karsin daha fazla 6nleyici etkisi olmustur ve bu
onleyici etki nanopartikiil ilavesiyle artis gostermistir. Son olarak hazirlanan

orneklerin analizleri SEM ve FTIR ile yapilmistir.



Anahtar Kelimeler: Kitosan-PVA hidrojel, Cinko oksit nanaopartikiilleri, Borik

asit caprazbaglayici, Antibakteriyel 6zellikler, Sisme 6zellikleri

Vi



DEDICATION

To my late dad Mr. Nanfang Valentin and to my lovely mum Mme Hangue Lisette.

vii



ACKNOWLEDGEMENT

Special thanks to the almighty God for the strength he bestowed on me, to my family
for their moral and financial support, to my supervisor Associate Prof Dr Mustafa
Gazi for all the advices and assistance he provided during the realization of this
work, to Dr Imge Kunter for her support during the antibacterial evaluations, to
Mosab Abureesh for his help and guidance and to all my friends for their moral and

intellectual support.

viii



TABLE OF CONTENTS

ABSTRACT ..t ii
OZ.oeeeeeee et Vv
DEDICATION L.ttt ne e Vil
ACKNOWLEDGEMENT ... e Vi
LISTS OF TABLES ... oo XI
LISTS OF FIGURES ... s XIi
NOMENCLATURE ... Xl
L INTRODUCTION . ...ttt s 1
00 2 1 o PSSP 1
1.2 HYATOGEIS .t 1
1.3 CRITOSAN ...ttt 2
1.4 Poly (VINYI @ICONOIY ..o 3
1.5 Zinc oXide NANOPAITICIES.........cviiiiiieieie e 4
1.6 BOriC ACId CroSS- HNKET ..o 4
1.7 BACTEITA . ..ttt bbbt 5

2 EXPERIMENTAL ..ottt sttt nb et 6
2.1 MAEETTAIS. ...t 7
2.2 Methods OF Preparation........ ..o 8
2.2.1 Preparation of Zinc Oxide nanopartiCles...........cccocevereniienennsieccennn 8

2.2.2 Preparation of Chitosan/PVA hydrogel /Boric acid...........c.ccoovvvvvvennnnnn 8

2.2.3 Preparation of ZnO nanoparticles/Boric acid/Chitosan/PVA hydrogel ..9
2.2.4 Preparation of LB medium and LB agar.........ccccoceveieninininicieeen, 10

2.3 Swelling and Gelation percentages of the hydrogels...........cccocovniniiiiieiennn, 10



2.3.1Swelling Percentage (%0) ....c.ooveereereee e 10

2.3.2 Gelation percentage (90) .......cooeoererererineseeeeieese e 11

2.4 Hydrogels samples analysiS.........ccooeiiieiiiiiiiiiseee e 11
2.5 Hydrogels Antibacterial ACHIVITIES .........covviiiiieiiie s 11

3 RESULTS AND DISCUSSION ......coiiiiiieiiiiie et 12
3.1 CharaCteriZALION........c.veveiiieieiiiic ettt 12
3.1.1 Scanning electron microscope (SEM) analysis..........cccocvvverenirnnennnn 12

3.1.2 Fourier Transform Infrared (FTIR) analysisS..........ccccovvvevvnienenneniennnnns 16

3.2 SWEIlING DERAVION ... 18
3.2.1 Swelling of the samples in distilled Water............cccccoceiviiinininicieen, 18

3.2.2 Swelling of the hydrogels in buffer pH solutions ...........c.ccccveveiiennene. 19

3.3 Gelation DENAVION .......cc.oiiiiiiiiisee e 21
3.3.1 Gelation of the NYdrogels ..., 21

3.4 Antibacterial evaluation of the hydrogels..........c.ccoooiiiiiinnie, 21

4 CONCLUSION ...ttt nne e 267
4.1 Future reSearch PropoSalsS ..........ccveieeieiieiecse s 28
REFERENGES ... ..ottt 29



LISTS OF TABLES

Table 1: Compositions of hydrogels 1,2 and 3 ..o 8
Table 2: Compositions of hydrogels 4,5 and 6...........cceevvievieie e 8
Table 3: Swelling % of samples 1, 2, 3 in distilled water at varying times................ 17
Table 4: Swelling % of samples 1, 2, 3 in different buffer solutions......................... 19
Table 5: Gelation percentages of samples 1, 2, 3......cccoevieiiiienienierece e 20
Table 6: Inhibition zones of the various hydrogel samples...........ccccooeiiniininnnnns 24

Xi



LISTS OF FIGURES

Figure 1: Structure Of CRITOSAN..........coiiiiiiiiieeee e 2
Figure 2: Structure of polyvinyl alcohol...............ccoooiiiiic e, 3
Figure 3: Structure 0f DOFIC aCid.........cccveiviiiiieie e 5
Figure 4: SEM OF SAMPIE L.....oiiiiiiiiiiiie e 12
Figure 5: SEM OF SAMPIE 2......oiiiiiiiiee e 12
Figure 6: SEM OF SAMPIE 3. 13
Figure 7: SEM Of SAMPIE 4.....ooeeieee e 13
Figure 8: SEM Of SAMPIE B 14
Figure 9: SEM OF SAMPIE B.....cveiviiiiiieiiiee e 14
Figure 10: SEM of ZnO NanopartiCle...........ccooviiiiiiiiiiieiseeeeee s 15
Figure 11: FTIR Of the SampPIes.........coociiiiiiicce e 16

Figure 12: Graph of theswelling % of sample 1, 2 and 3 in distilled water.............. 18

Figure 13: Graph of the swelling % of samplel, 2 and 3 in buffer solutions............ 19

Figure 14: Inhibition zone of Sample L........ccooiiiiiiii e 21
Figure 15: Inhibition zone of SaMPle 2.........ccoiiiiiiiii 22
Figure 16: Inhibition zone of sample 3............cov i 22
Figure 17: Inhibition zone of SaMpPle 4............covoii i, 23

Figure 18:

Figure 19:

Inhibition zone of SAMPIE 5......cooiviiiii 23

Inhibition zone of SAMPIE B........ccvveiiiiiii e, 24

Xii



PVA
SEM
Zn0O
LB
NaOH
ZnSOy
E.coli

FTIR

NOMENCLATURE

Poly vinyl alcohol

Scanning electron microscope
Zinc oxide nanoparticles
Luria Broth

Sodium hydroxide

Zinc sulfate

Escherichia coli

Fourier transform infrared

Xiii



Chapter 1

INTRODUCTION

1.1 Aim

Evaluating the antibacterial properties of chitosan and Polyvinyl alcohol with and
without nanoparticles in order to analyze the effect of chitosan and zinc oxide on
bacterial growth. The addition of chitosan to PVA hydrogel increases the
biocompatibility as well as the antibacterial properties of the hydrogel since chitosan

possesses free amino.
1.2 Hydrogels

Hydrogels are materials which are either obtained or derived from synthetic or
natural polymers, exhibiting a three-dimensional (3D) structure. They don’t dissolve
in water but rather retains it due to their structure thereby increasing in size (1- 2).
Hydrogels are either obtained by covalently cross-linking linear polymers or simply
by non-covalently cross-linking heterogeneous polymers (3). They possess a stable
and modifiable structure, biocompatibility, easily swells in water (hydrophilicity)
and non- toxicity are reasons why researchers used them in various fields such as in
antibacterial purposes, medicine, food stuffs and in controlled drug delivery systems
(1). Their physicochemical properties don’t only depend on their structure, degree of

cross-linking or molecular structure but also on the amount of water they can absorb.



1.3 Chitosan

Chitosan is a hydrophilic polysaccharide, a versatile D-glucosamine obtained from
chitin N-deacetylation, produced industrially from shells of crustaceans and as well
known to be a copolymer of N- acetyl glucosamine and of glucosamine (4). It has
properties such as: non-toxicity, biocompatibility, biodegradability, binding capacity,
bioactivity, capacity in assimilating metals, antimicrobial activity, capacity in
binding to fat as well as possessing antibacterial properties either alone or associated
to other natural polymers (5). Chitosan possesses a broad range of spectrum towards
bacterials and fungi favoring the death of bacterials at a quicker rate. The bacterial
cell membrane content leaks out when the positively charged molecules of chitosan
reacts with its negatively charged cell membrane by causing their destruction (6).
Chitosan is known to be poorly soluble that is it doesn’t really swell. Many cross
linkers are used in the production of chitosan hydrogels such as; glutaraldehyde,
glyoxal, Quinone, boric acid and others. Chitosan possesses groups such as carbonyl
and amine groups (NH) which are the areas where antimicrobial activity takes place.
Known as a weak base with pKa 6.5, possesses amino groups which are primary and
easily get protons in an acidic medium, enhances the solubility of water at different

pH levels.

Chitosan
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Figure 1: structure of chitosan



1.4 Poly (vinyl alcohol)

PVA is a synthetic, hydrophilic and soluble polymer which is obtained by the
dissolution of polyvinyl acetate in an alcohol and later on treated with sodium
hydroxide (8). PVA is mostly used in blending other natural materials due to the fact
that, it is non toxic, very polar, soluble in water, non carcinogenic, biocompatible
with a lot of biopolymers, biodegradable and can as well form fibers (8- 10). Due to
these features, PVA possesses many biomedical applications such as replacement
material for the skin and cartilage replacement material and others (7). PVA as well
possesses satisfactory physical properties such as its elasticity, its high degree of
swelling in solutions which are aqueous, its adhesivity, its emulsifying nature and
most importantly its good film foaming capacity. PVA is mostly blended with
chitosan due to its elasticity and good tensile strength (7). It is associated to boric
acid during paper adhesives fabrications and to formaldehyde and butyraldehyde

during resin formation.
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Figure 2: structure of Poly (vinyl alcohol)



1.5 Zinc oxide nanoparticles

Nanoparticles are generally defined as particles of sizes between 1-100nm and their
small size makes it easier for them to penetrate the samples or hydrogel and play its
role either biomedical or else wise reason for most researchers’ interest in them.
According to some researchers, we have 3 types of nanoparticles; metal
nanoparticles, polymer nanoparticles and metal oxide nanoparticles. Zinc oxide
nanoparticles on its own are used in areas such as; cosmetics, solar cells, chemical
sensors, biosensors, gas sensors and drug delivery (11-15). Researchers who worked
using ZnO nanoparticles found out that its antibacterial activity range is very wide
especially towards gram negative andpositive ones meaning that they easily destroy
the growth of these bacterial. This nanoparticle possesses reacting oxygen
specie(ROS). This ROS stimulates the destruction of bacterial cell wall, enhancing
the permeability of the membrane and favoring the easy diffusion of the
nanoparticle. During this process, the proton motive force is lost and the dissolved
toxic zinc ions are assimilated leading to the inability of the mitochondria to properly
assume its functions, outflow of the intracellular contents and the release of the gene
expression oxidative stress causing the inhibition of cell growth and consequently its
death (16-18).

1.6 Boric acid cross- linker

Cross linking is defined as the formation of covalent bonds between the cross linked
molecules. A lot of cross-linkers have been used such as formaldehyde,
glutaraldehyde, Quinone and various others but boric acid was chosen in this case.
Boric acid is chosen because it is known to be the perfect cross-linker for PVA since

crosslinking them slows the PVA molecular action leading to the increase in the



viscosity of the solution and giving rise to a viscoelastic gel (28). Boric acid is said

to possess antibacterial properties than PVA and helps to harden PVA gel beads.
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Figure 3: structure of boric acid

1.7 Bacteria

Bacteria are micro organisms possessing only 1 cell and without nucleus. E.coli is
known as a gram negative, rod shaped, facultative anaerobic bacteria which stays in
the digestive tracts of animals as well as humans. Many types of harmless E.coli
exist but the harmfull ones are few and they can cause infections such as: severe
anemia, bloody diarrhea, kidney failure, food poisoning, urinary tract infections and
others (24). The harmless ones forms part of the normal floral gut and helps their
hosts in the production of vitamin K, thereby preventing their intestines to be
colonised with pathogenic bacteria (25-28). This bacterial infection is gotten by
being in contact with the stool of humans or animals either by drinking or eating
contaminated foodstuffs. This can be prevented by constantly keeping our
environment clean and this infection can be treated by using antibiotics such as

fluoroquinolones, azithromycin or rifaximin (29).



Chapter 2

EXPERIMENTAL

2.1 Materials

Sodium hydroxide( pellets, 97+%, A.C.S.reagent, Aldrich, cas no
1310-73-2, made in Germany)

Zinc sulphate(AnalaR¥*),

Chitosan of high molecular weight(600000g/mol, Fluka and made in
Switzerland)

PVA(99+%) hydrolysed, Aldrich with molecular weight between
85000-146000g/mol)

Boric acid(cas no 10043-35-3, molecular weight 61.83g/mol, Sigma-
Aldrich,USA)

Acetic acid 100%( cas no 64-19-7, Riedel-deHaen, made in Germany)
Tryptone ( Sigma Aldrich, cas no 91079-40-2)

Yeast extract ( Sigma Aldrich , cas no 8013-01-2)

Sodium chloride ( Sigma Aldrich , cas no 7647-14-5)

Agar (Sigma Aldrich , 9002-18-0)

Distilled water



2.2 Methods of preparation

2.2.1 Preparation of Zinc Oxide nanoparticles

3g of sodium hydroxide (NaoH)was dillutedin 250ml of distilled water and 6.5g of
zinc sulphate (ZnS04)was dilluted in 200ml of distilled water as well.The dissolved
ZnS0,4 solution containing a magnetic stirrer is placed on a stirring balance and NaoH
was gradually added in to the solution while it stirs continuously at 150°C for a
period of 12hrs and the substance obtained is rinsed with distilled water numerous
times till its pH gets neutral. It was then filteredwith the use of filter paper, dried
inside an oven,analyzed using scanning electron microscope (SEM) and then used.
2.2.2 Preparation of Chitosan/PVA hydrogel /Boric acid

PVA(5% w/v) solution was made by dilluting5g of it in distilled water at 85°C for a
period of 6hrs while stirring continuously with a magnetic stirrer and Chitosan
polymer (2% wi/v) on the other hand was made by dissolving 2g of Chitosan in acetic
acid (1%v/v) because it doesn’t dissolve in water. They were then mixed at varying
ratios and stirred overnight, then boric acid (10%w/v) was dillutedin distilled water
and added to the various samples and stirred and the various prepared samples were
then soaked in sodium hydroxide (10%wi/v) which was dilluted in pure water and
kept overnight for the membranes of the hydrogels to be removed. These prepared
samples were then washed, casted in to Petri dishes and freeze/thawed at —20°C for
6hrs and at +37°C for 2hr respectively for Stimes in order for 5 cycles to be obtained.
The freeze- thawed samples are then dried in an oven at 80°C for 48hrs and the

swelling and gelation properties of the various samples analyzed (20).



Table 1: Composition of samples 1, 2 and 3

Sample Amount of | Amount of | Boric acid/g | Sodium
number PVA/g Chitosan/g hydroxide/g
Sl 1.5 1.5 1 1

S2 1 2 1 1

S3 2 1 1 1

2.2.3 Preparation of ZnO nanoparticles/Boric acid/Chitosan/PVA hydrogel

Different amounts of chitosan and PVA were diluted and mixed as mentioned above,

then equal amount of ZnO nanoparticles (5% w/v) was diluted in water and then

added in to the chitosan/ PVA mixture and then blended as well before the addition

of boric acid and sodium hydroxide and finally washed, freeze/ thawed and dried.

The nanoparticle was first of all diluted in distilled water before its addition in order

for the blending to be effective.

Table 2: Compositions of samples 4, 5 and 6

Sample no | PVA/g Chitosan/g | Boric Sodium ZnO
acid/g hydroxide/g | nanoparticles/g
S4 1.5 1.5 1 1 0.1
S5 1 2 1 1 0.1
S6 2 1 1 1 0.1




2.2.4 Preparation of LB medium and LB agar

For the LB medium, 1g of tryptone was added to 0.5g of yeast extract and 1g of
sodium chloride and was well stirred with 100ml of distilled water then sterilised by
autoclave for 1hour at 115°. The solution was cooled down and 50ul of the stock
solution of E.coli was inoculated and incubated in a rotator shaker at 120rpm at 37°%
for 16hrs and a homogenous mixture with a slight color change indicating the
bacterial growth was obtained. We always use bacteria with their logarithmic phase.
For the LB agar, 2g of tryptone was added to 1g of yeast extract, 2g of sodium
chloride and to 3g of agar. This mixture was stirred with 200ml of distilled water and
autoclaved for 1hour at 115%, cooled and then 12.5ml of the mixture was poured in
Petri dishes under a lamina flow cabinet which is a sterilized environment and
allowed to cool before closing them in order to avoid vapor formation on top of the

dishes.
2.3 Swelling and Gelation percentages of the hydrogels

2.3.1 Swelling percentage (%0)

A known amount of each of the dried samples of the hydrogels without
nanoparticles were cut and recorded as W, and then soaked in distilled water at
different time intervals (2hrs, 4hrs, 6hrs, 8hrs, 10hrs and 24hrs), removed from
distilled water, wiped using filter paper,reweighed and recorded as W; for the first
step. The second step was done by measuring again the dried weights of a known
amount of each of the samples (W) and then they were soaked this time in different
buffer pH solutions ( 2, 6 ,7 ,10 ,12) for 24hrs and then reweighed (W;). The
formula used for the calculation is stated below:

Swelling % = W1 — W, x 100
W,



2.3.2 Gelation percentage (%)

This was done in order to know the total amount of gel formed after being dried by
each of the prepared samples that is to know if the total quantity of materials used
at the beginning during their various preparations all formed gels or not . This was
then obtained by making use of the following formula;

Weight of the dried hydrogel x 100

Initial quantity of hydrogel used
2.4 Hydrogels samples analysis
Each of the above prepared samples were analyzed using techniques known as
scanning electron microscope and fourier transform infrared in order to determine
the surfaces of each hydrogel sample and the various functional groups present in
the samples respectively.
2.5 Hydrogels Antibacterial Activities
E.coli ATCCR 25922TM strain was used in analyzing the antibacterial activities of
the samples.100ul of the prepared LB E.colimedium was introduce in 6 of the LB
agar prepared petri dishes and spread evenly then each of the hydrogels with and
without nanoparticles were placed in the petri dishes, labelled and incubated at 37°C
for 24hrs and their various inhibition zones measured.The antibacterial activities of

each of the samples were later analyzed.

10



Chapter 3

RESULTS AND DISCUSSION

3.1 Characterization

3.1.1 Scanning electron microscope (SEM) analysis

Various structures of the hydrogel samples were analyzed and it could be observed
from their various figures below that all the hydrogel samples contain pores on their
surfaces. It is seen that the surface appearances of all the samples are similar, but
their pore sizes and distribution varies. Their porosity distribution became denser and
consequently very uniform as the amount of chitosan was increased (figure 5) and
the porosity distribution became even more and more denser and uniform when the
nanoparticles was added as seen in figure 8. So the uniformity and density of the
pore distribution increases with increase amount of chitosan and with nanoparticles.

The pore sizes decreases with the addition of nanoparticles (23).

11
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Figure 4: SEM of sample 1 (chitosan-PVA equal amounts)
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Figure 5: SEM of sample 2 (chitosan high, PVA low)
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Figure 7: SEM of sample 4 (chitosan-PVA equal amounts + ZnO)
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Figure 8: SEM image of sample 5 (chitosan high, PVA low + ZnO)
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Figure 9: SEM images of sample 6 (PVA high, chitosan low + ZnO)
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Figure 10: SEM of ZnO nanoparticles

3.1.2 Fourier transform infrared analysis

Four important pics are observed from chitosan as seen in figure 11. The pics are
observed at 3421, 2954, 1633, 1585cm™ representing hydroxyl groups, alkane group,
amide 1 and amide 11 groups respectively. The presence of amides groups indicates
that the deacetylation degree of chitosan is high. It is seen that the various absorption
bands broadens as we move to the PVA / CH / BA sample due to the physical cross
linking involved between the molecules and the overlapping of the groups in the
chitosan. A peak is observed at 3291cm™ and this simply indicates that there are
hydrogen bonds inbetween chitosan and PVA causing the extension of hydroxyl and
amine groups. Some other peaks are observed at 1706, 1615 and 1403cm™ due to the
stretching of the carbonyl group, NHCOCHS3; (amide) absorption and the presence of
C-H bonds respectively in the chitosan-PVA polymer chains. Carbonyl group is still
present in the hydrogel crosslinked with boric acid and this is due to the fact that

hydroxyl moieties from PVA are still free due to incomplete crosslinking with the

15



crosslinker. The free hydroxyl groups serve as a good binding site for the zinc ions
and this can be viewed from the fact that the addition of the nanoparticle in to the
hydrogel enhances the expansion of the hydrogels backbone thereby leading to the

increase in the hydrogels flexibility.

105 ~

100 -

95 -

90 -

——CHITOSAN ~ %T
o | u — PVA  %T
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——PVAICH/BA  %T

80 -

75 -

70 T T T T 1
0 1000 2000 3000 4000 5000

Figure 11: FTIR of the samples

16



3.2 Swelling behavior

3.2.1 Swelling of the samples in distilled water

Only the swelling properties of the samples without ZnO nanoparticles were done
that is samples 1, 2 and 3. These samples were soaked in distilled water for variable
number of hours and the results showed from their various graphs that, the sample
containing the highest amount of PVA (S3) increases with increase in time and this
is due to the fact that PVA is soluble in water and its degree of swelling is elevated
in solutions due to its free hydroxyl groups (OH) groups.PVA has a tendency of
forming hydrogen bonds with water. The sample (S2) with the highest amount of
chitosan decreases with increase time simply because chitosan is insoluble in water
as well as in some organic solvents but soluble inacetic solutions which are diluted
and the one with equal amounts of chitosan and PV A increases slightly with increase

time (S1).

Table 3: Swelling percentages of samplesl, 2, 3 in distilled water at varying times

Samples Swelling % | Swelling % | Swelling % | Swelling % | Swelling %
in water in water in water in water in water
[2hrs /4hrs /6hrs /8hrs /10hrs

1 405.6 527.8 572.2 572.2 427.8

2 623.3 579.2 541.5 554.1 522.6

3 82.6 716.5 849.4 969.6 950.6

17
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Figure 12: Graph of the swelling percentages of samples 1, 2 and 3 in distilled water

3.2.2 Swelling of the hydrogels in buffer pH solutions

Samples without nanoparticles were soaked in to buffer solutions of different pH and
from their graphs it was noticed that, the sample with a high amount of chitosan(S2)
increases highest with an increase in pH due to the fact that chitosan is soluble in
buffer solutions than in water. The sample with more of PVA (S3) increases slightly
whereas the one with equal amounts (S1) increases the least. It is seen that at pH 2
and 6, S2 increases higher than the others because chitosan contains amine groups
(NH>) which favors the formation of polycations (NH3"). Chitosan dissolves well in

aqueous acidic solution.

18



Table 4: Swelling percentages of samples 1, 2, 3 in different buffer solutions

Samples | Swelling % | Swelling % | Swelling % | Swelling % | Swelling %
/ pH2 /pH6 | pH7 / pH10 / pH12
1 325.9 383.3 372.7 200 316.7
2 409.1 509.1 705.3 266.7 497.5
3 316.7 460 707.7 191.9 532.9
750 -
A
650 -
X
(&)
£ 550 -
°
=
» —o—sample 1
450 1 =i-sample 2
sample 3
350 -
~
250 -
v
150 T T T T T T 1
0 2 4 6 8 10 12 14 PH
Figure 13: Graph of the swelling percentages of samples 1, 2 and 3 in different
buffer solutions
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3.3 Gelation behavior

3.3.1Gelation of the hydrogels

It was calculated and it was discovered that, S3 with high amount of PVA has the
highest because PVA forms good covalent bonds with boric acid the cross linker

than the way chitosan does. Cross linking PVA and boric acid increases the viscosity

of the gel.
Table 5: Gelation percentages of samples 1, 2, 3
Samples Gelation %
1 22.8
2 22.0
3 63.7

3.4Antibacterial evaluation of the hydrogels

The antibacterial activities of all the prepared hydrogels were gotten by measuring
their various inhibition zones as showed in table 6. It is seen that the higher the
quantity of chitosan in a hydrogel, the higher its inhibition zone and the higher it’s
antibacterial activity. This can firstly be associated to the fact that; the positively
charged molecules of chitosan interact with the negative microbial charges present
on the surfaces of the bacteria cell membranes causing repulsion between them. This
reaction is favored by the formation of forces which are electrostatic between
chitosans protonated amine groups (NHs") and the negative ones present on the

surfaces of the microbes. This reaction leads to: (i) internal osmotic imbalances, cell
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wall permeability disruption and consequently bacteria growth inhibition; and (ii)
peptidoglycan hydrolysis in the bacteria cell wall, causing intracellular electrolytes
and low molecular weight protein leakages (21). Chitosan can as well inhibit
bacterial growth by simply binding to the DNA thereby inhibiting the mRNA and
synthesis of protein (22). The sample with ZnO increases highest because metal
chelation suppresses the elements present in spores thereby preventing the binding of

nutrients which are essential for bacterial growth ( 23).

Figure 14: Inhibition zone of sample 1(chitosan-PVA equal amounts)

21



Figure 15: Inhibition zone of sample 2 (chitosan high, PVA low)

Figure 16: Inhibition zone of sample 3 (PVA low, chitosan high)
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Figure 17: Inhibition zone of sample 4 (chitosan-PVA equal + ZnO)

Figure 18: Inhibition zone of sample 5(chitosan high, PVA low + ZnO)
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Figure 19: Inhibition zone of sample 6 (PVA high, chitosan low + ZnO)

The various measured zones of inhibition of each of the samples are as follows:

Table 6: Inhibition zones of the various hydrogel samples

Hydrogel | Chitosan PVA (g) | ZnO (g) Inhibition zone of
samples (9) E.coli (mm)
Samplel |15 15 0 10

Sample2 |2 1 0 19

Sample3 |1 2 0 14

Sample4 |15 15 0.1 13

Sample5 |2 1 0.1 26

Sample6 |1 2 0.1 20
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From the values obtained above we see that S2 has the highest inhibition zone as
compared to S1 and S3. This is because sample 2 contains more chitosan than PVA
and is followed by S3 which contains more of PVA than of chitosan and the last is
S1 which contains equal amounts of PVA and chitosan. So we conclude for this first
observation that chitosan has a better antibactericidal activity as compared to that of
PVA. An increase in the antibactericidal activities of samples 4,5 and 6 was observed
after the addition of ZnO nanoparticle. It is clearly seen that sample 5 is the best
firstly because it contains high amounts of chitosan and secondly because of the

presence of the nanoparticles.
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Chapter 4

CONCLUSION

Various hydrogel samples were gotten by varying chitosan and PVA amounts in
order to determine firstly which amongst them greatly affects bacterial growth and
secondly by determining the effect of the addition of ZnO nanoparticles on the
bacterial growth. From the results obtained, we conclude that increasing the amounts
of chitosan in a hydrogel increases antibactericidal effect and Vis versa since it is
proved by other researchers that chitosan possesses a broad range of antibacterial
spectrum because of its free amino groups which stimulates bacterials destruction at
a quicker rate. The addition of the nanoparticles ZnO increased the rate of
destruction of the bacterial since this nanoparticles is known as well to possess a
wide antibacterial activity range. So therefore an increase in the amounts of chitosan

and of the nanoparticles greatly favors bacterial death.
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4.1 Future research proposals

We can do the antibacterial analysis of gram positive and negative bacterials
and compare their actions toward the hydrogels and even fungi.

Vary the quantity of cross linker and see the effect

Doing the swelling properties of the hydrogels containing the nanoparticles
and observing 1f the presence of nanoparticles reduces or increases the
kinetics

Changing the types of nanoparticles and concluding which has the best
antibacterial range

Work on antifungal analysis

We can use different methods to measure antibacterial effects

27



REFERENCES

[1] Muhamad, S, A, Asgharzadehahmadi, D, N, A, Zaidel $ E, Supriyanto,
Characterization and evaluation of antibacterial properties of polyacrylamide

based hydrogel containing MgO nanoparticles

[2] Osada, Y $ Gong, J.P, (1998), Soft and wet materials, Polymer gels, Adv.

Mater. 1998;10:827-837.

[3] Bae, Y.H $ Kim, S.W, (1993), Hydrogel delivery systems based on polymer
blends, block-copolymers or interpenetrating networks. Adv. Drug. Del.

Rev. 1993;11:109-135.

[4] RejaneC, Gay $ Douglas de britto, A review of the antimicrobial activity of

chitosan

[5] Ming Kong $ Xi guangchen, Antimicrobial properties of chitosan and mode

of action, A state of act of review

[6] Ying-chienchung, Jan-Ying Yeh $ Cheng-Fang Tsai,Antibacterial
characteristics and activity of water soluble chitosan derivatives prepared by the

maillard reaction

[7] Xiang-Juxu, Shao-ming Huang, Li-Hua Zhang, Biodegradability,

antibacterial property and uv protection of PVA- natural polyphenol blends

28



[8] Manfred L. Hallenslebe, (2000), polyvinyl compounds in Ullmanns

encyclopedia of industrial chemistry 2000, wiley VCH, weinheim

[9] SRI consulting CEH report poly vinyl alcohol, published march 2007,

abstract retrieved July 30, 2008

[10] J, Brusseau, E, Vray et al, (2003), Characterisation of PVA cryogel for
intravascular ultrasound elasticity imaging.Fromageau, volume: 50, issue:

10.2003, pages: 1318 1324

[11] J.B, Baxter$ E.S, Aydil, Appl. Phys. Lett. 86, 53114 (2005).

[12] M.H, Huang, S.Mao, H.Feick, H.Q, Yan, Y.Wu, H.Kind, E. Weber, R.

Russo, $ P. Yang, Science 292, 1897 (2001).

[13] J.Song, J. Zhou $ Z. L. Wang, Nano Lett. 6, 1656 (2006).

[14] Z.L.Wang, Annu. Rev. Phys. Chem. 55, 159 (2004).

[15] J. Sawai, H. Igarashi, A. Hashimoto, T. Kokugan, $ M. Shimizu, J. Chem.

Eng. Japan 29, 556 (1996).

[16] B. Ashe, (2011), A Detail investigation to observe the effect of zinc oxide
and Silver nanoparticles in biological system, M.Sc. (Roll NO-607bm004),

National Institute of Technology

29



[17] R, Brayner, R, Ferrari-lliou, N, Brivois, S, Djediat, M.F, Benedetti, $ F.
Fiévet, (2006), Toxicological impact studies based on Escherichia coli bacteria in

ultrafine ZnO nanoparticles colloidal medium. Nano Lett. 6(4), 866-870 (2006).

[18] Z, Emami-Karvani $ P, Chehrazi, (2011), Antibacterial activity of ZnO
nanoparticle on gram-positive and gram-negative bacteria. Afr. J. Microbiol.

Res.5(12), 1368-1373 (2011)

[19] A crosslinked polymer, royal society of chemistry

[20] Role of boric acid for a poly (vinyl alcohol) film as a cross-linking agent,
Melting behaviors of the films with boric acid, Volume 51, Issue 23, 29, October

2010, Pages 5539-5549

[21] Elena parparita, Catalina N.cheaburu, Silvia floricapatachia, Cornelia
Vasile: Polyvinyl alcohol\ chitosan\ montmorillonitenano composites preparation

by freeze thaw cycles and characterization

[22] Shekhar Agnihotri, Soumyo Mukherji, Suparna Mukherji,Antimicrobial

chitosan- PVA as a nanoreactor and immobilizing matrix for silver nanoparticles

[23] Ameer Azam, Arham S Ahmed, Mohammad Oves, Mohammad S Khan,
Sami S Habib $ Adnan Memic,Antimicrobial activity of metal oxide nano

particles against gram negative and positive bacterials

30



[24] “ coli”. Oxford English Dictionary ( 3rd ed). Oxford University Press.

September 2005.

[25] Singleton P (1999). Bacteria in Biology, Biotechnology and Medicine (5th

ed.). Wiley. pp. 444-454. ISBN 0-— 471-98880-4

[26] “Escherichia coli”. CDC National Center for Emerging and Zoonotic

Infectious Diseases. Retrieved 2012 — 10 —02.

[27] Vogt RL $ Dippold L (2005). “ Escherichia coli 0157: H7 outbreak

associated with consumption of ground beef, June—July 2002

[28] Bentley R, Meganathan R (Sep 1982). “Biosynthesis of vitamin K

(menaquinone) in bacteria”. Microbiological Reviews 46(3): 241-80.

[29] Hudault S, Guignot J $ Servin AL (Jul 2001). “Escherichia coli strains
colonising the gastrointestinal tract protect germ free mice against Salmonella

typhimurium infection”. Gut 49 (1): 47-55.

31



32



