
CHAPTER II
THEORETICAL BACKGROUND AND LITERATURE REVIEW

2.1 Wound Dressing

I n ju r ie s  o f  th e  b o d y  w h i c h  c a u s e  th e  in te r r u p t io n  o f  c e l l s  a n d  a n a t o m ic  c o n 
t in u it y  o f  t i s s u e  d u e  to  a b r a s io n , t e a r in g ,  a v u l s io n ,  c u t ,  p u n c tu r e ,  i n c i s io n  o r  b u m .  
T h o s e  p r o d u c e  th e  w o u n d .  S o ,  th e  w o u n d  d r e s s in g s  a re  im p o r ta n t  f o r  c o v e r i n g  th e  

w o u n d s  t o  a c c e le r a t e  th e  w o u n d  h e a l in g  a n d  c r e a te  b e t t e r  h e a l in g  c o n d i t io n s .  It 

s h o u ld  b e  p r e v e n t  th e  w o u n d s  t o u c h  th e  d ir t in e s s  fr o m  e n v ir o n m e n t  a n d  e n c o u r a g e  

w o u n d  h e a l in g  p r o c e s s .
A n  id e a l  m a te r ia l  o f  w o u n d  d r e s s in g  w o u l d  a l l o w  th e  w o u n d  to  h e a l  a t a n  

o p t im u m  ra te  u n d e r  a l l  c l in i c a l  c ir c u m s t a n c e .  A n  id e a l  w o u n d  d r e s s in g  in c lu d e  th e  

a b i l i t y  t o  ( R o s ia k  et al., 1 9 9 5  a n d  S t a s h a k  et a i ,  2 0 0 4 ) :  a b s o r b  th e  e x u d a t e s  a n d  t o x ic  

c o m p o n e n t s  fr o m  th e  w o u n d s  s u r f a c e ,  m a in t a in  a  h ig h  h u m id i t y  a t th e  

w o u n d /d r e s s in g  in t e r f a c e ,  d e l iv e r  o x y g e n  t o  t h e  w o u n d  ( a l l o w  g a s e o u s  e x c h a n g e ) ,  
p r e v e n t  e x c e s s i v e  l o s s  b o d y  f lu id s ,  b e  n o n - t o x ic i t y ,  p r o t e c t  th e  w o u n d  fr o m  b a c te r ia l  

p e n e tr a t io n ,  g o o d  a d h e s io n  o f  w o u n d  a n d  r e m o v e  e a s i l y  w i t h  tr a u m a  t o  th e  w o u n d ,  
p r o v id e  th e r m a l in s u la t io n ,  g e n e r a l ly  a c c e le r a t e  h e a l in g  p r o c e s s e s ,  p r e v e n t  in f l e c t i o n  

b e c a u s e  o f  w o u n d  d r e s s in g s  a re  u s e d  in  d ir e c t  c o n t a c t  w i t h  l i v i n g  t i s s u e s .

2.2 Hydrogels

H y d r o g e ls  a re  a  th r e e  d im e n s io n a l  n e t w o r k  o f  h y d r o p h i l i c  p o l y m e r  c h a in s  

a n d  w a t e r  w h i c h  f i l l s  th e  s p a c e  b e t w e e n  m a c r o m o le c u l e s .  T h e  w a t e r  m o l e c u l e s  w e r e  

a b s o r b e d  b y  h y d r o g e l  in  fo r m  p r im a r y  b o n d  w a te r ,  th e  w a t e r  m o le c u l e s  c o n n e c t  to  

th e  h y d r o p h i l i c  g r o u p s  in  th e  h y d r o g e ls ,  w h i c h  a re  th e  i o n i c  a n d  H - b o n d in g  g r o u p s .  
W h e n  a b s o r p t io n  o f  th e  w a te r  w a s  o c c u r r e d , l e a d in g  th e  c h a in s  b e g in  t o  e x p e n d ,  a n d  

a s  th e  h y d r o p h o b ic  g r o u p s  a re  e x p o s e d  t o  w a t e r  m o l e c u l e s  o r  s e c o n d a r y  b o n d  w a te r ,  
th a t  in te r a c t  v ia  h y d r o p h o b ic  in t e r a c t io n s  l e a d in g  th e  w a t e r  m o l e c u l e s  c o a t  o n  th e  

s u r r o u n d in g  o f  t h o s e  g r o u p s .  T w o  c l a s s e s  o f  h y d r o g e l s  c a n  b e  d e f in e d  ( K a m a t h  et a i ,  
1 9 9 3 ,  R o s ia k  et a l ,  1 9 9 5  a n d  R o s ia k  et al., 1 9 9 9 ) :
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2 .2 .1  P h y s ic a l  H y d r o g e ls
P h y s ic a l  h y d r o g e ls  o r  r e v e r s ib le  g e l s ,  f o r m a t io n  o f  w e a k  in te r a c t io n  

b e t w e e n  c h a in s  w h e r e  th e  c h a in s  a re  c o n n e c t e d  t o g e t h e r  b y  e l e c t r o s t a t i c  fo r c e ,  P i-  

b o n d in g  o r  c h a in  e n t a n g le m e n t  o r  h y d r o p h o b ic  in t e r a c t io n s .  A l l  o f  t h e s e  in te r a c t io n  

a re  r e v e r s ib le ,  i t s  fo r m a t io n  a re  e a s i l y  b r o k e n  a n d  c a n  b e  c o n v e r t e d  t o  p o l y m e r  s o lu 
t io n  b y  c h a n g in g  p h y s ic a l  c o n d i t io n s  o r  a p p l ic a t io n  o f  s t r e s s .  T h is  t y p e  o f  h y d r o g e ls  

i s  p r e p a r e d  b y  f r e e z e - t h a w in g  p r o c e d u r e .

2 .2 .2  C h e m ic a l  H y d r o g e ls
C h e m ic a l  h y d r o g e ls  o r  p e r m a n e n t  g e l s ,  t h e y  a re  c o v a l e n t l y  c r o s -  

s l in k e d  n e t w o r k s ,  h y d r o g e ls  h a v e  th e  s a m e  b o n d s  a s  in  th e  m a in  c h a in s ,  s o  th e y  

a re  r e s is t a n t  t o  a n y  s o lv e n t  o r  m e l t in g  d u e  to  t h e y  a re  ir r e v e r s ib le  g e l s .  T h e y  c a n  b e  

b r o k e n  b y  c h e m ic a l  r e a c t io n  o r  b y  s tr e s s .

P h y s i c a l  h y d r o g e l C h e m ic a l  h y d r o g e l

Figure 2.1 S c h e m a t ic  d e s c r ip t io n  o f  p h y s ic a l  h y d r o g e l  a n d  c h e m ic a l  h y d r o g e l .

2.3 Gamma Radiation Technique

G a m m a  r a d ia t io n  is  e le c t r o m a g n e t ic  r a d ia t io n  l ik e  v i s i b l e  l ig h t ,  r a d io  w a v e s ,  
a n d  u l t r a v io le t  l ig h t ,  w i t h  a  v e r y  s h o r t  w a v e le n g t h  a n d  h ig h e r  th e  e n e r g y  l e v e l .

A n  e x a m p le  o f  g a m m a  r a y  p r o d u c t io n  f o l lo w s ;

F ir s t  C o b a l t - 6 0  d e c a y s  t o  e x c i t e d  N i c k e l - 6 0  b y  b e ta  d e c a y .

60C o  - >  60N i*  +  ๙  +  V e
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T h e n  th e  N i c k e l - 6 0  d r o p s  d o w n  t o  th e  g r o u n d  s ta te  b y  e m i t t in g  a  g a m m a  r a y .

60N i*  - >  60N i  +  7

Parent Nucleus Daughter Nucleus
Cobalt-60 Ni-60

Figure 2.2 S c h e m a t ic  d e s c r ip t io n  o f  g a m m a  r a y  p r o d u c t io n .

T h e  c h a r a c t e r is t ic  o f  g a m m a  r a y s  th a t  c a n  tr a v e l  m o r e  th a n  a lp h a  a n d  b e ta  

p a r t ic le s ,  t h e y  h a v e  e n o u g h  e n e r g y  t o  p a s s  t h r o u g h  t h e  b o d y  w i t h o u t  in t e r a c t io n  w i t h  

t i s s u e  d u e  to  th e  b o d y  i s  e m p t y  s p a c e  a t th e  a t o m ic  l e v e l  a n d  g a m m a  r a y s  a re  v e r y  

s m a l l  s i z e s .  In  c o n t r a s t ,  a lp h a  a n d  b e ta  p a r t ic le s  i n s id e  th e  b o d y  l o s e  a l l  th e ir  e n e r g y  

b y  c o l l i d i n g  w i t h  t i s s u e  a n d  c a u s in g  d a m a g e .

alu m in u m  con crete

d ecay in g
n u cleu s

Precision Graphics

Figure 2.3 S c h e m a t ic  d e s c r ip t io n  o f  g a m m a  ra y  p e n e tr a t io n .
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G a m m a  r a d ia t io n  is  th e  m e t h o d  to  c r o s s l in k  p o ly m e r  c h a in s  in  s o l i d  a n d  

a q u e o u s  s o lu t io n  c o n d i t io n ,  it  c a n  p r o d u c e  t h r e e - d im e n s io n a l  h y d r o g e l  n e t w o r k s .  
M o r e o v e r ,  it  c a n  p r o d u c e  a n  o l i g o m e r  b y  r a d ia t io n  d e g r a d a t io n  o f  h ig h  m o le c u la r  

p o ly m e r s  ( M a k u u c h i ,  2 0 1 0 ) .

2.4 Radiation Formation of Hydrogels

R a d ia t io n  p r o c e s s e s  h a v e  v a r io u s  a d v a n t a g e s ,  e a s y  p r o c e s s  c o n t r o l ,  c o m b i n 
in g  h y d r o g e l  fo r m a t io n  a n d  s t e r i l iz a t io n  in  o n e  s t e p  ( S a l m a w i  et a l ,  2 0 0 7 )  w it h o u t  

a n y  c h e m ic a l  a s  th e  c r o s s - l in k e r  ( W a n g  et a l ,  1 9 9 8 ) .  H ig h  e n e r g y  r a d ia t io n  c a n  u s e d  

to  p o ly m e r iz a t io n  u n s a tu r a te d  c o m p o u n d s  a n d  a b le  t o  c r o s s l in k  w a t e r - s o lu b le  p o l y 
m e r s  w i t h o u t  a d d it io n a l  v in y l  g r o u p s .  P o ly m e r s  c a n  b e  r a d ia t io n  c r o s s l in k e d  a t v a r i 
o u s  c o n d i t io n  w h i c h  c a n  b e  d e f in e d  ( R o s ia k  et a l ,  1 9 9 5 ,  R o s ia k  et a l ,  1 9 9 9 ) :

2 .4 .1  S o l i d
I r r a d ia t io n  o f  h y d r o p h i l i c  p o ly m e r  in  d r y  s ta te  h a s  s o m e  d r a w b a c k s .  It 

d i f f i c u l t  t o  fo r m  h o m o g e n e o u s  g e l s  a n d  r e m o v e  th e  o x y g e n ,  th a t  c a n  p r o m o t e  u n 
w a n t e d  s id e  r e a c t io n s .  It r e q u ir e s  m u c h  h ig h e r  d o s e s  to  o b t a in  a  g e l  a s  c o m p a r e d  to  

ir r a d ia t io n  in  s o lu t io n  b e c a u s e  o f  th e  r a d ia t io n - c h e m ic a l  y i e ld  o f  r a d ic a l  i s  l o w e r  th a n  

a q u e o u s  s o lu t io n  c o n d i t io n .  T h is  m e t h o d  h a s  l im i t s  in  m o t i o n  o f  th e  r a d ic a l  c h a in s  

th a t  e f f e c t  to  e f f i c i e n c y  o f  c r o s s l in k in g .

2 .4 .2  A q u e o u s  S o lu t io n
Ir r a d ia t io n  o f  p o ly m e r s  in  a q u e o u s  s o lu t io n ,  it  i s  l o w e r  n u m b e r  o f  u n 

w a n t e d  p r o c e s s e s  o c c u r r e d . W h e n  p o ly m e r  s o lu t i o n  i s  i o n i z e d  b y  r a d ia t io n , r e a c t iv e  

in t e r m e d ia t e s  a re  f o r m e d . T h is  r e s u lt  c o m e s  f r o m  d ir e c t  a c t io n  o f  r a d ia t io n  o n  th e  

p o ly m e r  c h a in s  a n d  in d ir e c t  e f f e c t  w h ic h  i s  t h e  r e a c t io n  o f  th e  r a d io ly s i s  o f  w a te r  

w it h  th e  p o ly m e r  m o le c u l e s .  T h e  r a d io ly s i s  o f  w a t e r  s h o w n  in  f o l l o w i n g  ( W a n g  et a l ,
2 0 0 8 ) :

y -r a y
H 2 O  ---------- ►  'O H , 'H ,  e  aq
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T h e  w a t e r - p o ly m e r  s y s t e m  a b s o r b e d  e n e r g y  fr o m  r a d ia t io n  t o  p r o d u c e  th e  

r e a c t iv e  s p e c ie s  th a t  c o n s i s t  o f  h y d r a te  e le c t r o n s ,  h y d r o x y l  r a d ic a ls  a n d  h y d r o g e n  

a t o m s .  H y d r o x y l  r a d ic a ls  a re  th e  m a in  s p e c i e s  fo r  r e a c t iv i t y  t r a n s fe r r e d  f r o m  w a t e r  to  

th e  p o ly m e r  c h a in s .  T h e y  c a n  a tta c k  p o ly m e r  c h a in s ,  r e s u l t in g  in  th e  f o r m a t io n  o f  

m a c r o r a d ic a ls  ( H e n n in k  et a l ,  2 0 0 2 ) .  R e c o m b in a t io n  o f  th e  m a c r o r a d ic a ls  o n  d i f f e r 
e n t  c h a in  r e s u lt in g  in  th e  fo r m a t io n  o f  c o v a le n t  b o n d s  a n d  c r o s s l i n k e d  s tr u c tu r e . T h e  

c r o s s l in k in g  r a t io  is  th e  m o s t  im p o r ta n t  fa c t o r s  th a t  a f f e c t s  t h e  s w e l l i n g  a n d  m e c h a n i 
c a l  p r o p e r t ie s  o f  h y d r o g e ls  (P e p p a s  et a l ,  2 0 0 0 ) .  H ig h e r  c r o s s l in k e d  h y d r o g e ls  h a v e  

d e n s e  s tr u c tu r e , i t  w i l l  s w e l l  l i t t le  w h e n  c o m p a r e d  t o  th e  s a m e  h y d r o g e ls  w i t h  l o w e r  

c r o s s l in k in g  r a t io . C r o s s l in k in g  o b s tr u c t s  th e  m o b i l i t y  o f  p o ly m e r  c h a in s  s o  lo w e r  

s w e l l i n g  r a t io . T h e  m o r e  d e g r e e  o f  c r o s s l in k in g  o f  th e  h y d r o g e ls ,  th e  s t r o n g e r  g e l s  

a re .
P o l y ( v i n y l  a l c o h o l ) ,  p o l y ( v in y l  p y r r o l id o n e ) ,  p o l y e t h y l e n e  o x id e ) ,  

p o ly ( la c t ic  a c id ) ,  p o ly a c r y la m id e ,  p o l y ( v in y l  m e t h y l  e t h e r ) ,  c h i t in ,  c h i t o s a n  o r  a lg i 
n a te  w e r e  p r e p a r e d  to  h y d r o g e ls  fo r  u s in g  a s  w o u n d  d r e s s in g  d u e  t o  w h i c h  c a n  b e  

c r o s s l in k e d  w i t h  h ig h  e n e r g y  ir r a d ia t io n .

(  C o n c e p t  o f  P V A  H y d r o g e l  )

Crosslinkage

Figure 2 .4  C r o s s - l in k in g  o f  P V A  b y  g a m m a  r a d ia t io n .

R e c e n t l y ,  n a tu r a l p o ly s a c h a r id e s ,  c h it in ,  c h i t o s a n  w e r e  u s e d  fo r  e n h a n c in g  

th e  p r o p e r t ie s  o f  h y d r o g e ls  b y  a d d in g  th e m  t o  th e  h y d r o g e ls ,  w h i c h  a r e  u s u a l ly  c a l le d
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“th e  b le n d  h y d r o g e l s ” . T h e  l ite r a tu r e  r e v ie w s  a b o u t  th e  b le n d  h y d r o g e ls  a re  g iv e n  

b e lo w .
S a lm a w i ,  ( 2 0 0 7 )  w a n te d  to  im p r o v e  h e m o s t a t i c  p r o p e r t ie s  a n d  p r e v e n t  m i 

c r o b io lo g ic a l  g r o w t h  o n t o  th e  P V A  h y d r o g e ls  b y  a d d in g  c h i t o s a n  t o  th e  P V A  h y d r o 
g e l s .  T h e  b le n d e d  h y d r o g e ls  w e r e  p r e p a r e d  b y  g a m m a  ir r a d ia t io n  t e c h n iq u e  a t d i f f e r 
e n t  r a t io  a n d  d i f f e r e n t  d o s e s  o f  g a m m a  ir r a d ia t io n . It w a s  f o u n d  th a t  th e  g e l  f r a c t io n  

in c r e a s e d  w i t h  in c r e a s in g  ir r a d ia t io n  d o s e s  a n d  P V A  c o n t e n t  d u e  t o  th e  h y d r o g e ls  

fo r m  c r o s s l in k  n e tw o r k . T h e  s w e l l i n g  a ls o  in c r e a s e d  w i t h  in c r e a s in g  c h i t o s a n  c o n t e n t  

b u t th e  s w e l l i n g  d e c r e a s e d  w i t h  in c r e a s in g  ir r a d ia t io n  d o s e s .  A  w a t e r  a b s o r p t io n  in 
c r e a s e d  w i t h  in c r e a s in g  th e  P V A  c o n t e n t  d u e  to  P V A  i s  a  w a t e r  s o lu b l e  p o ly m e r  b u t  

o n  in c r e a s e  ir r a d ia t io n  d o s e s ,  th e r e  is  d e c r e a s e  in  w a te r  a b s o r p t io n . T h e  t e n s i l e  

s tr e n g th  o f  h y d r o g e ls  in c r e a s e d  w i t h  in c r e a s in g  P V A  c o n t e n t  b u t  th e  e l o n g a t i o n  a t  

b r e a k  d e c r e a s e d  w i t h  in c r e a s in g  P V A  c o n t e n t  a n d  ir r a d ia t io n  d o s e .
V a r s h n e y ,  ( 2 0 0 7 )  s tu d ie d  th e  p r e p a r a t io n  o f  P V A /p o ly s a c c h a r i d e s  h y d r o g e ls  

b y  g a m m a  ir r a d ia t io n  t e c h n iq u e .  In  o r d e r  to  im p r o v e  th e  p r o p e r t ie s  o f  P V A  h y d r o 
g e l s  w i t h o u t  a d d in g  p la s t i c iz e r s  o r  a d d it iv e s  a n d  r e d u c e  th e  c o s t  o f  p r o d u c t io n .  T h e  

m e c h a n ic a l  p r o p e r t ie s ,  s w e l l i n g  b e h a v io r  a n d  g e l  f r a c t io n  w e r e  in v e s t ig a t e d .  T h e  h y 
d r o g e l s  c o n t a in in g  v a r y in g  a m o u n ts  o f  P V A ,  a g a r  a n d  c a r r a g e e n a n , th a t  h y d r o g e ls  

w e r e  p r e p a r e d  a t d i f f e r e n t  d o s e  o f  g a m m a  r a d ia t io n . W h e n  a d d e d  0 .5 - 2 %  p o l y s a c c h a 
r id e s  in t o  P V A  h y d r o g e ls  le a d e d  t e n s i l e  s tr e n g th  t o  in c r e a s e  fr o m  4 5  g / c m 2 t o  4 1 1  

g /c m 2 d u e  to  c a r r a g e e n a n  c o n t r ib u te  m o r e  m e c h a n ic a l  s t r e n g th , e l o n g a t i o n  in c r e a s e d  

fr o m  3 0 %  t o  4 1 0 %  d u e  t o  P V A  m o le c u l e s  w e r e  s e p a r a te d  b y  a g a r  g e l s  a n d  w a t e r  u p 
ta k e  fr o m  2 5 %  t o  1 5 7 %  d u e  t o  io n ic  c a r r a g e e n a n  w e r e  w a t e r  s o lu b l e  p o ly m e r .

Y a n g  et a l ,  ( 2 0 0 8 )  s y n t h e s iz e d  P V A /w a t e r  s o lu b le  c h i t o s a n  ( w s - c h i t o s a n )  

h y d r o g e ls  b y  g a m m a  ir r a d ia t io n  a n d  f r e e z e - t h a w in g  f o r  w o u n d  d r e s s in g .  T h e  p r o p e r 
t i e s  o f  h y d r o g e ls  w e r e  in v e s t ig a t e d .  T h e  h y d r o g e ls  p r e p a r e d  b y  p u r e  f r e e z e - t h a w in g  

a n d  f r e e z e - t h a w in g  f o l l o w e d  b y  ir r a d ia t io n  w e r e  o p a q u e  d u e  t o  f r e e z e - t h a w i n g  m e 
th o d  w a s  r e s u lt e d  in  th e  m ic r o p h a s e  s e p a r a t io n , w h i l e  t h o s e  p r e p a r e d  b y  ir r a d ia t io n  

f o l l o w e d  f r e e z e - t h a w in g  a n d  b y  p u r e  ir r a d ia t io n  w e r e  t r a n s lu c e n t  a n d  tr a n sp a r e n t ,  
r e s p e c t i v e ly .  B e c a u s e  o f  ir r a d ia t io n  w a s  r e s u lt e d  in  th e  h o m o g e n e o u s  n e t w o r k  s tr u c 
tu r e . T h e  g e l  f r a c t io n  d e c r e a s e d  w i t h  in c r e a s in g  w s - c h i t o s a n  c o n t e n t  d u e  to  lo w e r  

c r o s s l in k  d e n s i t y  h y d r o g e ls  w a s  p r e s e n t e d  w h e n  a d d  m o r e  c h i t o s a n  c o n t e n t .  H y d r o 
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g e l s  w i t h  m o r e  w s - c h i t o s a n  s h o w e d  h ig h e r  p H  s e n s i t i v i t y  a n d  s w e l l i n g  c a p a c i t y  

w h i l e  p u r e  P V A  h y d r o g e l  d id  n o t  s h o w  p H  s e n s i t i v i t y  a n d  h a d  t h e  s m a l l e s t  s w e l l i n g  

c a p a c i t y .  T h e  h ig h e r  s w e l l i n g  c a p a c i t y  w a s  d u e  t o  t h e  l o w e r  c r o s s l in k  d e n s i t y  a n d  

h ig h e r  h y d r o p h i l i c i t y  w h i l e  h ig h e r  p H  s e n s i t i v i t y  w a s  d u e  t o  t h e  m o r e  a m in o  g r o u p  

o f  w s - c h i t o s a n  in  th e  h y d r o g e l  w h i c h  c a n  b e  p r o t o n a te d . T h e  p r o t o n a t io n  in tr o d u c e d  

e l e c t r o s t a t i c  r e p u l s io n s  b e t w e e n  t h e  p o ly m e r  s e g m e n t .  T h e  a n t ib a c te r ia l  a c t iv it y  

(.E.coli)  o f  h y d r o g e ls  c o n t a in in g  w s - c h i t o s a n  w a s  d u e  to  th e  p o s i t i v e l y  c h a r g e  o f  

w s - c h i t o s a n  c a n  b in d  to  th e  n e g a t i v e l y  c h a r g e  o f  b a c te r ia .

Figure 2.5 T h e  m o r p h o lo g i e s  o f  h y d r o g e ls  m a d e  b y  (a )  p u r e  ir r a d ia t io n , ( b )  ir r a d ia 
t io n  f o l l o w e d  b y  f r e e z e - t h a w i n g ,  ( c )  p u r e  f r e e z e - t h a w in g ,  a n d  ( d )  f r e e z e - t h a w in g  

f o l l o w e d  b y  ir r a d ia t io n .

Z h a i  et a l ,  ( 2 0 0 2 )  s t u d ie d  th e  e f f e c t  o f  c o m p o n e n t  o f  s ta r c h  o n  t h e  p r o p e r 
t i e s  o f  P V A /s t a r c h  h y d o r g e ls  b y  in v e s t ig a t in g  t h e  in f l u e n c e  o f  d o s e s  a n d  t h e  p r o p e r 
t i e s  o f  h y d r o g e ls .  P V A /s t a r c h  b le n d  h y d r o g e l  w e r e  p r e p a r e d  b y  g a m m a  a n d  e le c t r o n  

b e a m  ir r a d ia t io n . A f t e r  a d d in g  s ta r c h  in to  P V A  h y d r o g e ls ,  i t  w a s  f o u n d  th a t  h y d r o 
g e l s  fo r m  s ta r c h  g r a f t in g  o n t o  th e  c r o s s l in k  P V A  n e tw o r k .  S t a r c h  c o n s i s t s  o f  a m y lo s e  

a n d  a m y lo p e c t i n  a f t e r  s t u d ie d  in te r a c t io n  b e t w e e n  s ta r c h  a n d  P V A ,  it  f o u n d  th a t  a m y 
l o s e  w a s  a  im p o r ta n t  c o m p o n e n t  th a t  in f lu e n c e d  th e  p r o p e r t ie s  o f  h y d r o g e ls  d u e  to  

a m y lo s e  c a n  m i x  w i t h  P V A  s o lu t i o n  fo r m  h o m o g e n e o u s  m ix t u r e  b u t  a m y lo p e c t in  

w a s  d i f f i c u l t  t o  fo r m  h o m o g e n e o u s  m ix t u r e  w i t h  P V A  s o lu t io n .  G e l  s t r e n g th  a n d  

e l o n g a t i o n  a t b r e a k  w e r e  in c r e a s e d  w i t h  in c r e a s in g  o f  th e  s ta r c h  c o n t e n t  a n d  th e  d o s 
e s  o f  r a d ia t io n  b u t  d e c r e a s e d  s l i g h t ly  a t h ig h  d o s e  d u e  to  th e  d e g r a d a t io n  o f  th e  c o m 
p o n e n t s .  S w e l l i n g  b e h a v io r  o f  h y d r o g e ls  d e c r e a s e d  w i t h  in c r e a s in g  d o s e  o f  r a d ia t io n
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a n d  d e c r e a s e d  s l i g h t ly  a f t e r  a d d e d  th e  s ta r c h  in t o  th e . T h e  g e l  f r a c t io n  o f  h y d r o g e ls  

d e c r e a s e d  w i t h  in c r e a s in g  o f  th e  s ta r c h  c o n t e n t .
Z h a o  et a l ,  ( 2 0 0 3 )  w a n t e d  to  i m p r o v e  o r  m o d i f y  th e  p r o p e r t ie s  o f  P V A  

h y d r o g e ls  b y  a d d in g  c a r b o x y m e t h y l  c h i t o s a n  ( C M - c h i t o s a n )  in to  th e  P V A  h y d r o g e ls .  
D u e  to  C M - c h i t o s a n  e x h i b i t s  g o o d  m i s c i b i l i t y  w i t h  P V A  in  a q u e o u s  m e d ie a .  T h e  

b le n d  h y d r o g e l  w e r e  p r e p a r e d  b y  e le c t r o n  b e a m  ir r a d ia t io n . T h e y  in v e s t ig a t e d  m e 
c h a n ic a l  p r o p e r t ie s ,  g e l  f r a c t io n ,  s w e l l i n g  b e h a v io r  a n d  a n t ib a c te r ia l  a c t iv i t y  o f  h y 
d r o g e l .  W h e n  a d d e d  th e  C M - c h t io s a n  in to  P V A  h y d r o g e l s ,  i t  w a s  f o u n d  th a t  C M -  

c h it o s a n  m o l e c u l e s  w e r e  g r a f te d  o n to  th e  c r o s s l in k  P V A  n e t w o r k .  C M - c h i t o s a n  c a n  

im p r o v e d  th e  e l a s t ic i t y  a n d  f l e x i b i l i t y  o f  h y d r o g e l s ,  th e n  e q u i l ib r iu m  d e g r e e  o f  s w e l 
l in g  in c r e a s e  w i t h  in c r e a s in g  C M - c h i t o s a n  c o n t e n t  d u e  t o  h ig h  h y d r o p h i l i c i t y  o f  C M -  

c h it o s a n .  T h e  g e l  f r a c t io n  d e c r e a s e  w i t h  in c r e a s e  o f  C M - c h i t o s a n  c o n t e n t  b e c a u s e  o f  

at l o w  c o n c e n t r a t io n  o f  C M - c h i t o s a n  a q u e o u s  s o lu t io n ,  i t s  c h a in s  fo r m  m a c r o r a d ic a ls  

w h i c h  w e r e  s e p a r a te d  b y  w a t e r  a n d  p la c e d  a t a  d i s t a n c e  f r o m  e a c h  o t h e r  w h ic h  p r e 
v e n t e d  th e ir  in t e r m o le c u la r  in te r a c t io n . T h e  a n t ib a c te r ia l  a c t iv i t y  ( E .c o l i )  in c r e a s e  

w it h  C M - c h i t o s a n  d u e  to  C M - c h i t o s a n  w a s  p o l y a m p h o l y t e  th e n  it  c a n  c o n t a c t  w i t h  

th e  n e g a t i v e l y  c h a r g e  o f  b a c te r ia .

—  P V A
........  C M - c h i t o s a n
•  c r o s s l i n k i n g

Figure 2.6 S c h e m a t ic  i l lu s t r a t io n  o f  s tr u c tu r e s  fo r  g r a ft  h y d r o g e l .

2.5 Water-Soluble Derivatives of Chitosan

C h it o s a n  i s  a  c o p o l y m e r  o f  P - ( l , 4 )  - l i n k e d  2 - a c e t a m i d o - 2 - d e o x y - D -  

g lu c o p y r a n o s e  a n d  2 - a m in o - 2 - d e o x y - D - g l u c o p y r a n o s e .  C h i t o s a n  is  p r e p a r e d  b y  th e  

p a r t ia l  d e a c e t y a t io n  o f  c h i t in  in  a  h o t  a lk a l i  s o lu t io n .  G e n e r a l ly ,  c h i t o s a n  h a s  th r e e  

t y p e s  o f  r e a c t iv e  f u n c t io n a l  g r o u p s  th a t  c o n s i s t  o f  a n  a m in o  g r o u p , p r im a r y  h y d r o x y l  

g r o u p  a n d  s e c o n d a r y  h y d r o x y l  g r o u p  a t C ( 2 ) ,  C ( 3 )  a n d  C ( 6 )  p o s i t i o n ,  r e s p e c t iv e ly
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( K im  et a i ,  2 0 0 8 ) .  R e c e n t l y ,  c h i t o s a n  is  u s e d  in  m e d ic a l  a n d  p h a r m a c e u t ic a l  f i e l d s  

( B e r g e r  et a i ,  2 0 0 4 )  d u e  t o  i t s  b io c o m p a t ib i l i t y ,  b io d e g r a d a t io n  a n d  n o n - t o x ic  p r o p 
e r t ie s .  C h i t o s a n  c a n  im p r o v e  w o u n d  h e a l in g ,  th e n  it  s u i t a b le  m a te r ia l  f o r  w o u n d  

d r e s s in g  , it  w a s  in d ic a t e d  t o  a b s o r b  p la s m a  p r o t e in  le a d in g  t o  p la t e l e t  a d h e s io n  a n d  

a c t iv a t io n  t o  b lo o d  c o a g u la t io n  ( B e n e s c h  et a i ,  2 0 0 2  a n d  H o v e n  et a i ,  2 0 0 7 ) .  
C h it o s a n  i s  n o r m a l ly  i n s o lu b le  in  a q u e o u s  s o lu t io n  a b o v e  p H  7 . O n  th e  o th e r  h a n d , it 

i s  s o lu b le  in  d i lu t e  a c id s ,  m a y  n o t  d e s ir a b le  in  m a n y  o f  i t s  a p p l ic a t io n .  T h e r e  h a v e  

b e e n  t w o  k in d s  o f  c h i t o s a n  d e r iv a t iv e ,  c h i t o s a n  a re  im p r o v e d  a q u e o u s  s o lu b i l i t y  o f  

c h it o s a n  w h i c h  c a n  b e  d e f in e :

2 .5 .1  C a r b o x y m e t h y l  D e r iv a t iv e  o f  C h it o s a n
C a r b o x y m e t h y l  c h i t o s a n  ( C M - c h i t o s a n )  is  w a t e r - s o lu b le  c h i t o s a n  d e 

r iv a t iv e s ,  w h i c h  is  a n  a m p h o t e r ic  p o l y e l e c t r o l y t e  c o n t a in in g  b o t h  c a t io n ic  a n d  a n i o 
n ic  g r o u p s .  C h i t o s a n  i s  c h a n g e d  in to  C M - c h i t o s a n  b y  in t r o d u c in g  - C H 2 C O O H  

g r o u p s  o n t o  - O H  a lo n g  c h i t o s a n  m o le c u la r  c h a in s  ( C h e n  et a i ,  2 0 0 4 ) .  C M - c h it o s a n  

c a n  g e n e r a te  th e  n e g a t iv e  c h a r g e s  o f  th e  c a r b o x y l  g r o u p s  b y  i t s e l f  a n  e x c e l l e n t  c h e la t 
in g  h o s t  fo r  m e t a l  c a t io n  s u b s tr a te  (ร น ท  et a i ,  2 0 0 6 ) .  C M - c h i t o s a n  p r o m o t e d  th e  p r o 
l i f e r a t io n  o f  t h e  n o r m a l  s k in  f ib r o b la s t  b u t  in h ib it e d  th e  p r o l i f e r a t io n  o f  k e lo i d  f ib r o b 
la s t  ( C h e n  et a i ,  2 0 0 2 ) .  I t a l s o  s t im u la t e s  th e  e x t r a c e l lu la r  l y s o z y m e  a c t iv i t y  o f  s k in  

f ib r o b la s t .  It a l s o  h a s  m a n y  a t tr a c t iv e  p h y s ic a l  a n d  b i o l o g i c a l  p r o p e r t ie s  s u c h  a s  n o n 
t o x ic i t y ,  g o o d  b io c o m p a t ib i l i t y ,  h ig h  w a t e r  a b s o r p t io n  c a p a c i t y ,  h ig h  p la s m id  p r o t e in  

a b s o r p t io n ,  g o o d  b lo o d  c o m p a t ib i l i t y ,  n o  a n t ig e n ic i t y ,  w e a k  m i t o g e n t i c  a c t iv i t y ,  a d 
j u v a n t  a c t iv i t y  ( s h o r t  l i f e ) ,  a n t i - tu m o r  i n f l u e n c e ,  a n d  a n t ib a c te r ia l  a c t i v i t y  ( L u  et a i ,  
2 0 0 7 ,  S h i  e t  a l . ,  2 0 0 6  a n d  Z h a o  et a i ,  2 0 0 6 ) .  S o ,  i t  i s  s u i t a b le  fo r  th e  a p p l ic a t io n  o f  

b io m a t e r ia l .  T h e  l it e r a tu r e  r e v ie w s  a b o u t  c a r b o x y m e t h y l  c h i t o s a n  ( C M - c h i t o s a n )  a re  

g iv e n  b e lo w .
C h e n  et a i ,  ( 2 0 0 3 )  s y n t h e s iz e d  C M - c h t io s a n  b y  im p r o v in g  th e  s o lu b i l i t y  o f  

c h it o s a n .  C M - c h t io s a n  w a s  p r e p a r a te d  v ia  c h e m ic a l  r e a c t io n  w i t h  C I C H 2 C O O H  

u n d e r  v a r io u s  c o n d i t io n s  b y  u s in g  i s o p r o p a n o l /w a t e r  a s  a  s o l v e n t  a n d  s t u d ie d  th e  

w a te r  s o lu b i l i t y  p r o p e r t ie s  o f  C M - c h i t o s a n  a t v a r io u s  p H s .  It w a s  f o u n d  th a t , th e  fr a c 
t io n  o f  c a r c o x y m e t h y la t io n  in c r e a s e  w i t h  in c r e a s in g  th e  r e a c t io n  t e m p e r a tu r e .  
In  c o n t r a s t ,  th e  f r a c t io n  o f  c a r b o x y m e t h la t io n  in c r e a s e  w i t h  in c r e a s in g  th e  i s o p r o p a 



11

n o l /w a t e r  r a t io . C M - c h i t o s a n  w a s  p r e p a r e d  a t 0-10 ๐c  w e r e  s o lu b l e  in  w a t e r  b u t  C M -  

c h it o s a n  p r e p a r e d  b e t w e e n  20 a n d  60 °c w e r e  i n s o lu b le  in  t h e  w a t e r  a t n e a r  n e u tr a l  
p H .

2 .5 .2  Q u a te r n a r y  a m m o n iu m  d e r iv a t iv e  o f  c h i t o s a n
Q u a te r n a r y  a m m o n iu m  c h it o s a n s  a re  w a t e r - s o lu b le  p o ly m e r  th a t  c a n  

b e  s y n t h e s iz e d  b y  e i th e r  c o v a le n t  a d d it io n  o f  a  s u b s t i t u e n t  c o n t a in in g  a  q u a te r n a r y  

a m m o n iu m  g r o u p , o r  b y  q u a t e m iz a t io n  o f  th e  a m in o  g r o u p s  o f  th e  p a r e n t  p o ly m e r  

(B r it to  et a l ,  2 0 0 7 ) .  Q u a t e m iz e d  c h i t o s a n s  h a v e  b e e n  a c h i e v e d  b y  r e a c t in g  c h i t o s a n  

w it h  i o d o m e t h a n e  in  th é  p r e s e n c e  o f  Ar- m e t h y l - 2 - p y r r o l id o n e .  It h a s  b e e n  f o u n d  to  

h a v e  a n t ib a c te r ia l  a c t iv i t y .  I ts  a n t im ic r o b ia l  a c t iv i t y  a g a in s t  a  v a r ie t y  o f  b a c t e r ia  a n d  

fu n g i  c o m i n g  f r o m  it s  p o l y c a t i o n i c  n a tu r e  p e r m a n e n t  p o s i t i v e  c h a r g e s  ( - N +R.3)  in  

c h a in s  a s  a  c o n s e q u e n c e  C - 2  p o s i t i o n  o f  th e  c h i t o s a n  s tr u c tu r e . T h e  ta r g e t  s i t e  o f  th e  

c a t io n ic  i s  th e  n e g a t i v e l y  c h a r g e d  c e l l  s u r f a c e  o f  th e  b a c t e r ia  th a t  is  th e  c y t o p la s m ic  

m e m b r a n e s  o f  m i c r o b e s  ( K im  et a l ,  1 9 9 7  a n d  K im  et a l ,  2 0 0 2 ) .  T h e  m a in  

c o m p o s i t io n s  o f  th e  c y t o p l a s m ic  m e m b r a n e  a re  m e m b r a n e  p r o t e in s  a n d  p h o s p h o l i 
p id s  ( T h e  p h o s p h o l ip id s  o f  b a c t e r ia  a re  p h o s p h o l y c e r i d e s  w h i c h  h a v e  b o th  a  

h y d r o p h i l i c  a n d  h y d r o p h o b ic  e n d ) .  Q u a te r n a r y  a m m o n iu m  c h i t o s a n s  c a n  in te r a c t  a n d  

fo r m  p o l y e l e c t r o l y t e  c o m p l e x e s  w i t h  a c id ic  p o ly m e r s  p r o d u c e d  a t th e  b a c t e r ia l  c e l l  

s u r f a c e  ( G u o  et a l ,  2 0 0 7 ,  J ia  et a l ,  2 0 0 1  a n d  P e n g  et a l ,  2 0 1 0 ) ,  a n d  n o t  l im i t e d  to  

a c id ic  e n v ir o n m e n t s  d u e  t o  it  i s  w a t e r - s o lu b le  o v e r  a  w id e r  p H  r a n g e . T h e  

a n t im ic r o b ia l  a c t i v i t y  o f  q u a te r n a r y  a m m o n iu m  c h i t o s a n s  w a s  d e p e n d e d  o n  its  

m o le c u la r  w e i g h t  a n d  th e  c a t io n ic  c h a r g e  o f  s u b s t i t u e n t  ( K im  et a l ,  1 9 9 7 ) .  T h e  

c h a r g e  d e n s i t y  o f  q u a te r n a r y  a m m o n iu m  c h i t o s a n s  i n c r e a s e  w i t h  in c r e a s in g  th e  

m o le c u la r  w e i g h t  o f  i t s  s in g le  c o i l ,  le a d  t o  e n h a n c e  a b s o r p t io n  p r o p e r t ie s  o f  q u a te r 
n a r y  a m m o n iu m  c h i t o s a n s  o n t o  th e  n e g a t i v e l y  c h a r g e d  c e l l  s u r f a c e .  T h e  l ite r a tu r e  

r e v i e w s  a b o u t  th e  q u a te r n a r y  a m m o n iu m  c h it o s a n s  a re  g i v e n  b e lo w .
K im  et.al, ( 1 9 9 7 )  w a n t e d  to  im p r o v e  th e  s o lu b i l i t y  o f  th e  c h i t o s a n  b y  

p r e p a r in g  th e  s e r i e s  o f  th e  w a t e r  s o lu b le  c h i t o s a n  d e r iv a t iv e s  w i t h  q u a te r n a r y  

a m m o n iu m  s a lt s .  TV -alkyl c h i t o s a n  d e r iv a t iv e s  w e r e  p r e p a r e d  b y  in t r o d u c in g  a lk y l  

g r o u p s  in to  th e  a m in e  g r o u p s  o f  c h i t o s a n  v ia  S c h i f f s  b a s e  in t e r m e d ia t e s  th e n  

q u a t e m iz e d  c h i t o s a n  d e r iv e t iv e s  w e r e  c a r r ie d  o u t  u s in g  m e t h y l  io d id e  t o  p r o d u c e d
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w a te r  s o lu b l e  c a t io n ic  p o l y e l e c t r o l y t e s  (F ig u r e  2 .7 ). T h e y  s t u d ie d  th e  a n t ib a c te r ia l  

a c t iv i t y  o f  q u a t e m iz e d  c h i t o s a n  d e r iv a t iv e s  a g a in s t  s .aureus. It w a s  f o u n d  th a t  th e  

a n t ib a c te r ia l  a c t i v i t y  o f  q u a t e m iz e d  c h i t o s a n  d e r iv a t iv e s  in c r e a s e d  w i t h  in c r e a s in g  in  

th e  c h a in  le n g t h  o f  th e  a lk y l  s u b s t itu e n t .  T h e  q u a t e m i z e d  c h i t o s a n  d e r iv a t iv e s  w i t h  a  

l o n g  a lk y l  c h a in  in te r a c t  s t r o n g ly  w i t h  th e  c y t o p l a s m ic  m e m b r a n e s ,  d u e  t o  a  

h y d r o p h o b ic  a f f in i t y  b e t w e e n  th e  a lk y l  c h a in  a n d  th e  p h o s p h o l i p i d s  l e a d in g  to  h ig h e r  

a n t ib a c te r ia l  a c t iv i t y .

CHjCH
NaBH 4 
------- ►

CH£H

CH
O— CH,I

NaOH, N al CH

l\H
ay*

-O—

C h it o s a n S c h i f f  s  b a s e jV -a lk y l .c h ito s a n Q u a te r n a r y  
A - a l k y l  c h i t o s a n

F ig u re  2 .7  T h e  s y n t h e s i s  o f  q u a t e m iz e d  jV -a lk y l c h i t o s a n .

S ie v a l  et al., ( 1 9 9 8 )  s t u d ie d  th e  m o d i f i c a t i o n  o f  th e  c h i t o s a n  b y  im p r o v in g  

s o lu b i l i t y  o f  c h io t s a n  v ia  a d d in g  m e t h y l  i o d id e  t o  p r o d u c e d  N ,N ,N -  t r im e t h y l  c h i t o s a n  

c h lo r id e  ( T M C )  a n d  c o m p a r e d  w i t h  th e  n a t iv e  c h i t o s a n .  T h e  d e g r e e  s u b s t i t u t io n  o f  

T M C  c a n  b e  c o n t r o l l e d  b y  th e  a m o u n t  o f  m e t h y l  i o d id e  a s  r e a g e n t  a n d  a  n u m b e r  o f  

r e a c t io n  s t e p s  th a t  m e a n  th e  p r o d u c t s  o f  f ir s t  s t e p  a re  r e a c ta n ts  o f  s e c o n d  s t e p  b y  u s 
in g  th e  s a m e  r e a c t io n .  C o m p a r is o n  o f  th e  ' h  N M R  s p e c t r a  o f  T M C  w i t h  o n e  s t e p  a n d  

t w o  s te p  o f  r e a c t io n s .  T h is  s p e c tr a  s h o w n  N ( C H 3) 3+ a n d  N ( C H 3 )2  a t 3 .1  a n d  3 .4  p p m  

(F ig u r e  2 .8 ). A  t w o  s t e p  r e a c t io n  g a v e  th e  h ig h  d e g r e e  o f  s u b s t i t u t io n  4 0 - 8 0  %  b u t  

th e  o n e  s t e p  r e a c t io n  h a s  3 5 %  d e g r e e  o f  s u b s t i t u t io n .

CH£H

CH
RCHO  
— ►

CHjCH

CH

1*4, N=CHR
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F ig u re  2 .8  ' h  N M R  s p e c tr u m  o f  jV ,A y V -tr im e th y l c h i t o s a n  c h lo r id e  ( a )  o n e  s t e p  

r e a c t io n  a n d  (b )  t w o  s t e p  r e a c t io n .

J ia  et al., ( 2 0 0 1 )  s tu d ie d  th e  r e la t io n s h ip  b e t w e e n  a n t ib a c te r ia l  a c t i v i t i e s  o f  

q u a te r n a r y  a m m o n iu m  s a lt  o f  c h i t o s a n  a n d  it s  m o le c u la r  w e i g h t  a n d  d e t e r m in e d  th e  

m in im u m  in h ib it o r y  c o n c e n t r a t io n  ( M I C )  a n d  m in im u m  b a c t e r ic id a l  c o n c e n t r a t io n  

( M B C )  o f  q u a te r n a r y  a m m o n iu m  s a lt  o f  c h i t o s a n  a g a in s t s  E.coli. T h e y  p r e p a r e d  

q u a te r n a r y  a m m o n iu m  s a lt  o f  c h i t o s a n  b y  u s in g  S c h i f f  ร b a s e  r e a c t io n  t o  p r o d u c e d
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A-alkyl chitosan derivatives and quatemized chitosan were obtained by the reaction 
o f yV-alkyl chitosan derivatives with methyl iodide. Results showed the antibacterial 
activity o f quatemized chitosan was related to its molecular weight. At the same 
degree o f quatemization, the high molecular weight (H-MW) quatemized chitosans 
had stronger antibacterial activity than the low molecular weight (L-MW) 
quatemized chitosans due to higher positive charges in the chains, then higher 
reaction between quatemized chitosan and cell surfaces. The length o f alkyl groups 
in the quatemized chitosan molecules strongly affected the antibacterial activity of 
the quatemized chitosan, longer alkyl groups in the molecule with more high 
antibacterial activity in good agreement with the previous studied by Kim et al., 1997

Kim et al., (2002) wanted to improve the antibacterial activity o f chitosan 
by preparing the chitosan derivatives with quaternary ammonium salt which have 
different methylene spacers. They produced the A-alkyl chitosan via S ch iff ร base 
intermediates and used methyl iodide to introduced quatemized chitosan derivatives. 
They measured the antibacterial activity o f quatemized chitosan derivatives against 
ร.aureus and E. coli by cell counting method in acetate buffer pH 6.0. Results 
showed the antibacterial activity o f quatemized chitosan derivatives increased with 
increase in the chain length o f the alkyl substituent or increase with hydrophobic 
properties o f quatemized chitosan derivatives. According, the hydrophobicity, catio
nic charge o f substituent and flexible movement o f alkyl chain introduced to chitosan 
affected the antibacterial activity o f quatemized chitosan derivatives against ร. aureus 
and E. coli (Kim et. al, 1997).

Guo et al., (2007) synthesized the chitosan derivatives that consist o f Schiff 
bases o f chitosan, iV-substituted chitosan and quaternary ammonium chitosan by us
ing Schiff base reaction. They modified the chitosan by adding the alkyl groups at 
amino groups onto the chitosan chains to produce antifungal polymer. They investi
gated the antifungal activity o f chitosan derivatives and measured their antifungal 
activitys against B.cinerea Pers and c. lagenarium  (Pass) Ell.et halst. It was found 
that at the same concentration (10 0 0  ppm) o f chitosan derivatives, chitosan inhibited 
the growth o f B.cinerea Pers 45.5%, the Schiff bases o f chitosan and the 
jV-substitued chitosan derivatives had slight activity against B.cinerea Pers 26.8% 
and 39.3%, respectively. Moreover, the inhibitory o f quaternary chitosan derivatives
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were 81.2% at 1000 ppm. The quatemized chitosan derivatives had a better antifun
gal activity than chitosan, Schiff bases o f chitosan, and A-substitued chitosan deriva
tives due to the cationic groups or ammonium groups o f the chitosan interaction with 
the anionic groups on the microbial cell surface which forms a layer around the cell 
to prevents nutrients from entering.

Guo et a l, (2007) synthesized the quatemized chitosan derivatives by 
improving the chitosan to the water-soluble chitosan and antifungal chitosan via 
S ch iff ร base reaction. They prepared iV-(2-hydroxy-phenyl)-A,A-dimethyl chitosan 
(NHPDCS), jV-(5-chloro-2-hydroxy-phenyl)-AA-dimethyl chitosan (NCHPDCS), 
7V-(2 -hydroxy-5 -nitro-phenyl)-A^TV-dimethyl chitosan (NHNPDCS) and A-(5-bromic-
2-hydroxy-phenyl)-/V,iV-dimethyl chitosan (NBHPDCS) and investigated their anti- 
fungalactivity againsted B.cinerea Pers and c. lagenarium  (Pass) Ell.et halst. At 
10 0 0  pg/ml o f chitosan derivatives, chitosan had antifungal activity againsted 
B.cinerea Pers 45.5% , the quatemized chitosan derivatives had better antifungal ac
tivity than chitosan, the antifumgal activity o f NHPDCS, NCHPDCS, NHNPDCS 
and NBHPDCS are 58.6%, 86.7%, 68 .8% and 66 .6%, respectively. For c. lagena
rium  (Pass) Ell.et halst, the quatemized chitosan derivatives had better antifungal ac
tivity than chitosan, the antifumgal activity o f NHPDCS, NCHPDCS, NHNPDCS 
and NBHPDCS are 55.8%, 72.6%, 63.6% and 79.5%, respectively.

Guo et a /.,(2007) studied the influence o f molecular weight o f the quater- 
nized chitosan on the antifungal activity. They prepared the quatemized chitosan de
rivative from high molecular weight and low molecular weight o f chitosan via 
S ch iff ร base reaction. Then they investigated the antifungal activity o f chitosan de
rivative againsted B.cinerea pers. and c.lagenarium  (Pass) Ell.et halst. It was found 
that the quatemized chitosan derivatives with high molecular weight (H-MW ) had 
stronger antifungal activity than those with low molecular weight (L-MW ) because 
o f growth inhibition o f the fungi which consist o f two mechanism: first, the positive 
charges o f H-MW quatemized chitosan derivatives interacted with negative charges 
on cell surface o f the fungi, lead to the cell permeability changed. Second, L-MW 
quatemized chitosan derivatives can enter the fungal cells because o f its small size 
and then essential nutrients are absorbed which inhibit the synthesis o f mRNA and
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protein. As for the quatemized chitosan derivatives, the first mechanism occur on 
cell surface that are the major role.

Belalia et al., (2008) studied the quatemization o f A-alkyl chitosan deriva
tives. They modified the chitosan to produce the water-soluble cationic polyelectro
lyte by using methyl iodide, which is the A,A,A-trimethyl chitosan(TMC). In order to 
improve its antimicrobial activity and physicochemical properties. TMC was 
prepared in two step via S ch iff ร base reaction: first, monoalkylation o f amine group 
and second, quatem ization o f the alkyl chitosan. Antibacterial activity o f the TMC 
was investigated in the liquid medium, TMC and chitosan were measured against L. 
im ocua  growth. It was found that TMC exhibited more antibacterial activity than 
chitosan, at the same time o f incubation. The higher antibacterial activity o f TMC 
could be due to the positive charges on the chitosan chains. The quatemization led a 
reduction in molecular weight o f chitosan due to alkaline and temperature systhesis 
condition. So, TMC could penetrated through the cellular membrane o f bacteria 
leading to higher antibacterial activity.

From the theories and the literature reviews which are used to improve and 
develop the research. In order to improve the properties and enhance the wound 
healing o f the PVA hydrogels, the CM-chitosan were added into the PVA hydrogels. 
We synthesized A-trimethyl chitosan for applying the antibacterial activity o f the 
PVA hydrogels by blending A-trimethyl chitosan into the PVA hydrogels. Then the 
blend hydrogels consist o f three components that are PVA, CM-chitosan and 
A-trimethyl chitosan. Subsequently experiments, the properties, gel fraction, swelling 
behavior and the antibacterial activity o f the blend hydrogels against skin bacterias 
were investigated.
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