
CHAPTER IV
R ESU LTS AND D ISCUSSION

4.1 C harac teriza tio n  of iV-trim ethyl C hitosan  C hloride (TM C )

4.1.1 Fourier-Transformed Infrared Spectrophotometer (FT-IR)
The functional groups o f TMC were investigated by using FTIR 

spectroscopy. Fig. 4.1 shows the FTIR spectra o f chitosan and TMC. Fig. 4.1a 
represents the basic characteristic peaks o f chitosan at ะ 3446 cm ' 1 (O -H  stretch), 
2885 cm ' 1 (C -H  stretch), 1596 cm ' 1 (N -H  bend), 1153 cm ' 1 (b rid g e -0  stretch), and 
1094 cm ' 1 ( C - 0  stretch) (Lu et al, 2007). Fig. 4.1b shows the new characteristic 
absorption peaks o f TMC spectrum that peak appeared at 1472 cm ' 1 (Chang et al,
2009) which is attributed to the methyl groups (-C H 3) o f the ammonium, indicating 
the existence o f -N (C H 3)2 and -N +(CH3)3 groups in TMC. The peak o f hydroxyl and 
secondary hydroxyl groups between 960 and 1200 cm ' 1 which found in both chitosan 
and TMC were not changed that confirm the lack o f alkyl groups at C-3 and C -6  in 
the chitosan.

F igure 4.1 The FTIR spectra o f : (a) chitosan and (b) TMC.
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4.1.2 Proton Nuclear Magnetic Resonance Spectrometer ( 'h  NMR)
' h  NMR analysis is used to investigated the functional groups and 

structures o f TMC. Moreover, this technique is used to determine the degree o f 
quatemization o f TMC. Fig. 4.2 shows the ' h  NM R spectrum o f chitosan and TMC. 
Proton assignment o f chitosan was ะ ô\ ,%2 = CH3 (acetyl groups); ^2.90 = CH (carbon 2 
o f sugar); <53.1-3 4 = CH + CH2 (carbon 3-6 o f sugar); and <53.66 = CH (carbon o f sugar) 
(Pang et a i ,  2007). Proton assignment o f TMC was : <5i 87 = CH3(acetyl groups); c>2.69 

= CH (carbon 2 o f sugar); <52.89 = -N(CH3)2 (dimethyl ammonia); <53.16 = -N+(CH3)3 

(trimethyl ammonium); and <54.94 = H-1. The degree o f quatem ization ( D 0  is about 
33.79 % and the degree o f di-methylation (DM) is about 83.12 % (Chàng et al.5 

2009). These were calculated according to the following equation:

(8) 

(9)

Where [(CH3)3] is the integral o f trimethyl amino group at 3.16 ppm,
[(CH3)2] is the integral o f dimethyl amino group at 2.89 ppm.
[H] is the integral o f the *H peaks between at 4.94 ppm.

DQ = * 9 ]* 100

DM =  X i];1: 100

-N ( C H 3)2

PP»(Î1)
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F igure 4.2 The *H-NMR spectrum o f : (a) chitosan and (b) TMC.

4.2 C harac teriza tion  of C arboxym ethyl C hitosan (C M -chitosan)

4 .2 .1 Fourier-Transformed Infrared Spectrophotometer (FT-IR)
The FTIR spectrums o f  chitosan, CM -chitosan-Na salt and CM- 

chitosan are shown in Fig. 4.3. CM-chitosan (Fig. 4.3c) shows the characteristic 
absorption peaks o f CM-chitosan that are the peak at 1615 cm ' 1 (-CO O H ), 1093 cm ' 1 

( - C - 0 - ) ,  and 1519 cm ' 1 (-N H 3+ ) (Chen et al., 2003, Lu et al, 2007). These were the 
characteristics o f O-CM-chitosan that indicated the -C O O H  groups which were 
introduced at -O H  positions o f the native chitosan. Fig. 4.3b is the FTIR spectrum o f 
CM-chitosan-Na. The peak o f -C O O H  was changed to -C O O N a (1592 cm '1), and 
the -N H 3+ was changed to -N H2(1419 cm '1).
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F igure 4.3 The FTIR spectra o f : (a) chitosan, (b) CM-chitosan-Na salt and (c) CM- 
chitosan.

4.2.2 Proton Nuclear Magnetic Resonance Spectrometer ('lI-N M R )
'H-NM R spectrometer is used to investigate the functional groups and 

the structure o f CM-chitosan and this instrument can be used to determine the 
carboxymethylation fraction o f the CM-chitosan. Proton assignment o f CM-chitosan 
was (Fig. 4.4a) ะ ô\ 85 = CH3 (acetyl groups); ^2.97 = CH (carbon 2 o f sugar); <5ร 11 = 
CH2 (carboxymethyl group on carbon 2 o f sugar, -N-CH2-COOD); ^3 .30-3.80 = CH + 
CH2 (carbon 3-6 o f sugar); <53.90-4.20 = CH2 (carboxymethyl groups on carbon 3,6 o f 
sugar, -O-CH2-COOD); <54 21 = CH2 (carboxymethyl groups on carbon 3 o f  sugar, -O- 
CH2-COOD); Ô4.79 4 .9 4 = CH (carbon 1 o f sugar) (Pang et al.. 2007 and Lu e t  a l . ,
2007). The degree o f substitution o f carboxymethyl groups on primary hydroxyl 
(Cô), secondary hydroxyl (C3,0-position), and amino (C2, N-position) sites were 
about 0.55, 0.36, and 0.28, respectively which was calculated according to the 
following equation (Chen e t a l . ,  2003).:



(10)

(11) 

(12)

where / 15 is the fractions o f carboxymethylation at the position 6-0-.
/ 3 is the fractions o f carboxymethylation at the position 3-0-. 
f 2 is the fractions o f carboxymethylation at the 2-N-.
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Figure 4.4 The 'H-NM R spectrum o f : (a) chitosan, (b) CM-chitosan-Na salt and

(c) CM-chitosan.
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4.3 C harac teriza tio n  o f the blended hydrogels

4.3.1 Appearance o f the Blended Hydrogels
The appearance o f the blended hydrogels was shown in Fig. 4.5. The 

blended hydrogels were prepared by using y-irradiation technique that was attributed 
to the homogeneous network structure (Yang et al, 2008). The blended hydrogels at 
25 kGy irradiation were not complete hydrogels. They were in a very sticky form of 
hydrogels. The blended hydrogels were stuck in the nylon bag, that caused by low 
energy o f y-irradiation. The blended hydrogels at 35 and 45 kGy irradiation were 
complete hydrogels but these hydrogels had bubbles inside o f hydrogles due to high 
energy o f y-irradiation.

F igure 4.5 The appearance o f the blended hydrogels made by y-irradiation. The 
compositions o f the blended hydrogels were 0, 5, 10, 15, and 20 % CM- 
chitosan.

4.3.2 Gel Fraction o f the Blended Hydrogels
The effect o f CM-chitosan content in aqueous solution on the gel 

fraction o f the blended hydrogels at different irradiation doses was also studied. The 
results were shown in Fig. 4.6. It showed the gel fraction o f the blended hydrogels 
against irradiation doses at various concentration o f CM -chitosan (5-20% ). Gel 
fractions o f PVA hydrogels was in the range o f 89-92% , and gel fractions o f the
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b le n d e d  h y d r o g e l s  c o n t a in in g  C M - c h i t o s a n  w e r e  in  th e  r a n g e  o f  7 9 - 9 2 % .  T h e  g e l  

f r a c t io n  o f  t h e  b le n d e d  h y d r o g e ls  d e c r e a s e s  w i t h  in c r e a s in g  th e  C M - c h i t o s a n  c o n t e n t  

w h i l e  th e  g e l  f r a c t io n  i n c r e a s e s  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  f o r  a l l  b le n d e d  

c o m p o s i t io n s  d u e  t o  th e  f o r m a t io n  o f  t h e  b le n d e d  h y d r o g e l s  i s  th e  c r o s s - l in k i n g  o f  

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

in  th e  p o ly m e r  c h a in s .  T h o s e  r a d ic a ls  c a n  in te r a c t  w i t h  o th e r  c h a in s  to  fo r m  c r o s s -  

l in k in g  n e t w o r k .  S o ,  in  th e  s y s t e m s  c o n t a in in g  th e  h ig h  ir r a d ia t io n  d o s e s  w i l l  p r o v id e  

m o r e  m a c r o r a d ic a ls  th a n  l o w  ir r a d ia t io n  d o s e s ,  r e s u l t in g  in  t h e  f a c i l i t a t e  c r o s s - l in k i n g  

P V A  m o l e c u l e s  a n d  h y d r o g e ls  a ls o  h a v e  h ig h  g e l  f r a c t io n .  O n  th e  o t h e r  h a n d , th e  

h ig h  C M - c h i t o s a n  c o n t e n t  p r o v id e  th e  l o w  a t tr ib u t io n  o f  g e l  f r a c t io n  d u e  t o  C M -  

c h i t o s a n  m o l e c u l e s  p e n e tr a t e  t o  P V A  n e t w o r k s  w h i c h  p r e v e n t  in t e r m o le c u la r  

r e c o m b in a t io n  o f  P V A  m o l e c u l e s  l e a d in g  t o  l o w  g e l  f r a c t io n .  L i k e w is e ,  th e  p r e s e n c e  

o f  w a t e r  e n h a n c e s  th e  m o b i l i t y  o f  t h e  r ig id  m o l e c u l e s  o f  p o ly m e r  a l l o w i n g  

m a c r o r a d ic a ls  t o  r e c o m b in e  w i t h  e a c h  o t h e r s  w h e n  a d d in g  C M - c h i t o s a n  in t o  th e  

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

s y s t e m .

Figure 4.6 T h e  g e l  f r a c t io n  o f  th e  b le n d e d  h y d r o g e ls  a s  a  f u n c t io n  o f  C M - c h i t o s a n  

c o n t e n t s  a n d  ir r a d ia t io n  d o s e s  o f  y -r a y s .
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4 .3 .3  S w e l l i n g  B e h a v io r  o f  t h e  B le n d e d  H y d r o g e ls
T h e  s w e l l i n g  fa c to r s  o f  th e  b le n d e d  h y d r o g e ls  a r e  th e  c r o s s - l in k in g  

d e n s i t y ,  th e  i o n i c  s t r e n g th  o f  th e  m e d ia ,  th e  h y d r o p h i l i c i t y  o f  th e  b le n d e d  h y d r o g e ls  

a n d  p H  o f  th e  m e d ia ,  ir r a d ia t io n  d o s e ,  c o n c e n t r a t io n  o f  p o ly m e r ,  a n d  th e  te m p e r a tu r e  

o f  e n v ir o n m e n t .  T h e  b le n d e d  h y d r o g e ls  w e r e  p o l y e l e c t r o l y t e  c o m p l e x  b e c a u s e  th e  

o p p o s i t e  c h a r g e d  g r o u p s  o f  C M - c h i t o s a n  th a t  c o n t a in s  b o th  c a r b o x y l  a n d  a m in o  

g r o u p s ,  a n d  th u s  f o r m s  a  n e t w o r k  w i t h  o p p o s i t e l y  c h a r g e d  s t r u c tu r e s ,  o c c u r r in g  a  

s t r o n g  e le c t r o s t a t i c  a t tr a c t io n  in  th e  b le n d e d  n e t w o r k  s y s t e m s  a n d  le a d  t o  a  h ig h e r  

e le c t r o s t a t ic  f o r c e .  T h e  d e g r e e  o f .  s w e l l i n g  o f  th e  b le n d e d  h y d r o g e l s  w i t h  d i f f e r e n t  

C M - c h it o s a n  c o n t e n t  w a s  a s  a  f u n c t io n  o f  y - ir r a d ia t io n  d o s e s .  F ig .  4 .7  w a s  s h o w n  th e  

s w e l l i n g  b e h a v io r  o f  t h e  b le n d e d  h y d r o g e ls  in  d i s t i l l e d  w a te r  a t 4 8  h . It w a s  f o u n d  

th a t , th e  b l e n d e d  h y d r o g e ls  h a v e  th e  d e g r e e  o f  s w e l l i n g  in  th e  r a n g e  o f  1 9 9 - 6 0 6 % ,  
1 8 9 - 6 0 4 % , a n d  1 7 9 - 4 8 2 %  a t 2 5  k G y ,  3 5  k G y , a n d  4 5  k G y  r e s p e c t i v e ly .  T h a t  r e s u lt s  

in d ic a t e d  th e  s w e l l i n g  b e h a v io r  in c r e a s e s  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  to  

th e  h y d r o p h i l i c i t y  o f  C M - c h i t o s a n  ( R o s ia k  et al., 1 9 9 9 ) .  F ig .  4 .8  w a s  s h o w n  th e  

s w e l l i n g  b e h a v io r  o f  th e  b le n d e d  h y d r o g e ls  in  S B F  p H  7 .4  at 4 8  h . T h e  s w e l l i n g  o f  

th e  h y d r o g e ls  s h o w e d  a  t y p ic a l  b e h a v io r  o f  p o l y e l e c t r o l y t e  u n d e r  i o n ic  s t r e n g th  o f  

S B F  s o lu t io n .  It w a s  f o u n d  th a t  th e  b le n d e d  h y d r o g e ls  h a v e  th e  d e g r e e  o f  s w e l l i n g  in  

th e  r a n g e  o f  1 5 7 - 3 0 7 % , 1 4 8 - 2 9 2 % , a n d  1 4 3 - 2 3 5 %  a t 2 5  k G y , 3 5  k G y ,  a n d  4 5  k G y  

r e s p e c t iv e ly .  In  th is  c o n d i t io n  th e  s w e l l i n g  b e h a v io r  w a s  th e  s a m e  a s  th e  s w e l l i n g  

b e h a v io r  in  d i s t i l l e d  w a te r ,  b u t  th e  b le n d e d  h y d r o g e ls  in  S B F  a r e  l e s s  s w e l l i n g  th a n  

th e  b le n d e d  h y d r o g e ls  in  d i s t i l l e d  w a te r .  D u e  t o  S B F  c o n s i s t s  o f  m a n y  t y p e s  o f  io n s  

s u c h  a s  s o d iu m ,  p o t a s s iu m , m a g n e s iu m , c a lc iu m ,  a n d  c h lo r id e .  A c c o r d in g  t o  Z h a o  et 
al., ( 2 0 0 6 ) .  t h e y  r e p o r te d  th e  in c r e a s e  o f  io n ic  s t r e n g th  in  th e  m e d ia  le d  t o  in c r e a s in g  

th e  o s m o t i c  p r e s s u r e  o f  th e  m e d ia  a n d  d e c r e a s in g  th e  o s m o t i c  p r e s s u r e  o f  th e  n e t w o r k  

i o n s  r e s u lt e d  in  d e s w e l l i n g  o f  th e  b le n d e d  h y d r o g e ls .  F ig .  4 .9  w a s  s h o w n  th e  

d im e n s io n a l  s w e l l i n g  o f  th e  b le n d e d  h y d r o g e ls  ( 1 5  % พ /พ  C M - c h i t o s a n  a t 3 5  k G y )  

w h i c h  w e r e  im m e r s e d  in  d i s t i l l e d  w a te r .  T h e  h o r iz o n t a l  a n d  v e r t ic a l  d i m e n s io n  o f  th e  

h y d r o g e ls  c h a n g e d  a b o u t  5 7  %  a n d  1 0 0  %  r e s p e c t iv e ly .
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Figure 4.7 T h e  s w e l l i n g  b e h a v io r  o f  th e  b le n d e d  h y d r o g e ls  in  d i s t i l l e d  w a t e r  a t  4 8  h

a s  a  f u n c t io n  o f  C M - c h i t o s a n  c o n t e n t s  a n d  ir r a d ia t io n  d o s e s  o f  y -r a y s .

Figure 4.8 T h e  s w e l l i n g  b e h a v io r  o f  th e  b le n d e d  h y d r o g e ls  in  S B F  p H  7 .4  a t 4 8  h  

a s  a  f u n c t io n  o f  C M - c h i t o s a n  c o n t e n t s  a n d  ir r a d ia t io n  d o s e s  o f  y -r a y s .

T  า'
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( 0 : H  =  1 0  m m : 2  m m )  ( 0 : H  = 1 5  m m : 4 .5  m m )

Figure 4.9 T h e  d im e n s io n a l  s w e l l i n g  o f  t h e  b le n d e d  h y d r o g e l s  a t  3 5  k G y ,  im m e r s e d  

in  d i s t i l l e d  w a t e r  : ( a )  0  h  a n d  ( b )  4 8  h .

4 .3 .4  W e ig h t  L o s s  o f  th e  B le n d e d  H y d r o g e ls
T h e  w e i g h t  l o s s  o f  th e  b le n d e d  h y d r o g e ls  in  d i s t i l l e d  w a t e r  a n d  S B F  

p H  7 .4  s o lu t i o n s  w i t h  v a r io u s  C M - c h it o s a n  c o n t e n t  a t d i f f e r e n t  ir r a d ia t io n  d o s e s  

w h i c h  w a s  s t u d ie d .  F ig .  4 .1 0  w a s  r e p r e s e n t e d  t h e  w e i g h t  l o s s  o f  th e  b le n d e d  

h y d r o g e ls  in  d i s t i l l e d  w a t e r  a t 4 8  h . It w a s  f o u n d  th a t  t h e  w e i g h t  l o s s  o f  th e  b le n d e d  

h y d r o g e ls  in  th e  r a n g e  o f  8 - 1 9 ,  7 - 1 7 ,  a n d  5 - 8  %  at 2 5 ,  3 5 ,  a n d  4 5  k G y  r e s p e c t iv e ly .  
F ig .  4 .1 1  w a s  r e p r e s e n te d  th e  w e i g h t  l o s s  o f  t h e  b le n d e d  h y d r o g e ls  in  S B F  p H  7 .4  a t 

4 8  h . It w a s  f o u n d  th a t  th e  w e i g h t  l o s s  o f  t h e  b le n d e d  h y d r o g e l s  in  t h e  r a n g e  o f  4 - 7 ,
3 - 6 ,  a n d  3 - 5  %  a t 2 5 ,  3 5 ,  a n d  4 5  k G y  r e s p e c t i v e ly .  T h e s e  r e s u l t s  in d ic a t e d  th e  w e i g h t  

l o s s  o f  th e  b l e n d e d  h y d r o g e ls  in c r e a s e s  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  in  b o th  

c o n d i t io n  d u e  t o  th e  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 .  O n  t h e  o th e r  h a n d ,  t h e  w e i g h t  

l o s s  o f  th e  b l e n d e d  h y d r o g e ls  d e c r e a s e s  w i t h  in c r e a s in g  t h e  y - ir r a d ia t io n  d o s e s  

b e c a u s e  o f  th e  d e g r e e  o f  c r o s s - l in k in g  n e t w o r k  in  th e  b le n d e d  h y d r o g e ls .  T h e  w e i g h t  

l o s s  in  S B F  p H  7 .4  is  l o w e r  th a n  th e  w e i g h t  l o s s  in  d i s t i l l e d  w a t e r  b e c a u s e  S B F  i s  

h ig h  i o n ic  s t r e n g th  a n d  o s m o t i c  p r e s s u r e  le d  to  d e c r e a s e  t h e  o s m o t i c  p r e s s u r e  o f  th e  

n e t w o r k  io n s  r e s u lt e d  in  d e c r e a s in g  th e  s o lu b i l i t y  o f  C M - c h i t o s a n  in  t h e  b le n d e d  

h y d r o g e ls .
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Figure 4.10 T h e  w e i g h t  l o s s  o f  th e  b le n d e d  h y d r o g e ls  in  d i s t i l l e d  w a t e r  a t  4 8  h

a s  a  f u n c t io n  o f  C M - c h it o s a n  c o n t e n t s  a n d  ir r a d ia t io n  d o s e s  o f  y -r a y s .

Figure 4.11 T h e  w e i g h t  l o s s  o f  th e  b le n d e d  h y d r o g e ls  in  S B F  p H  7 .4  a t 4 8  h  

a s  a  f u n c t io n  o f  C M - c h it o s a n  c o n t e n t s  a n d  ir r a d ia t io n  d o s e s  o f  y -r a y s .
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4 .3 .5  W a t e r  A b s o r p t io n  o f  th e  B le n d e d  H y d r o g e ls
A b s o r p t io n  a b i l i t y  i s  th e  r e q u ir e m e n t  o f  w o u n d  d r e s s in g ,  t h e n  a  g o o d  

w o u n d  d r e s s in g  s h o u ld  b e  a b le  to  a b s o r b  th e  e x u d a t e s  a n d  t o x i c  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  ( R o s ia k  et a l,  1 9 9 5 ) .  W a te r  a b s o r p t io n  o f  t h e  b le n d e d  h y d r o g e l s  w a s  

s t u d ie d  a s  a  f u n c t io n  o f  C M - c h i t o s a n  c o n t e n t  a t  d i f f e r e n t  y - ir r a d ia t io n  d o s e s .  T h e  

r e s u lt s  s h o w e d  in  F ig .  4 .1 2 ,  th e  w a te r  a b s o r p t io n  in c r e a s e s  w i t h  in c r e a s in g  th e  C M -  

c h i t o s a n  c o n t e n t  d u e  t o  C M - c h it o s a n  a n d  P V A  w e r e  a  w a t e r  s o lu b l e  p o ly m e r .  C M -  

c h it o s a n  c o u ld  b e  d i s s o l v e d  in  w a te r  e a s ie r  th a n  P V A  a n d  t h e  a b s o r p t io n  a b i l i t y  c o u ld  

b e  im p r o v e d  b y  a d d in g  C M - c h it o s a n  in to  P V A  h y d r o g e ls .  O n  th e  o th e r  h a n d , w a te r  

a b s o r p t io n  d e c r e a s e d  w i t h  in c r e a s in g  th e  ir r a d ia t io n  d o s e .  T h a t  a t tr ib u te d  t o  a n  

in c r e a s e  in  th e  d e g r e e  o f  c r o s s - l in k in g  b e t w e e n  p o ly m e r  c h a in s  ( S a l m a w i ,  2 0 0 7 ) .
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g
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0 5 10 15 20 25

C o n te n t o f C M -ch ito sa n  (%w/w o f P V A )

Figure 4.12 T h e  w a t e r  a b s o r p t io n  o f  th e  b le n d e d  h y d r o g e ls  a s  a  f u n c t io n  o f  C M -  

c h it o s a n  c o n t e n t s  a n d  ir r a d ia t io n  d o s e s  o f  y -r a y s .

4 . 3 .6  M o le c u la r  W e ig h t  B e t w e e n  C r o s s l in k  o f  t h e  B l e n d e d  H y d r o g e ls
T h e  m o le c u la r  w e i g h t  b e t w e e n  c r o s s l in k  ( M e )  o f  th e  b le n d e d  

h y d r o g e ls  w i t h  v a r io u s  C M - c h it o s a n  c o n t e n t  a t d i f f e r e n t  ir r a d ia t io n  d o s e s  w a s  

s t u d ie d .  T h is  r e s u lt  w a s  th e  im p o r ta n t  p a r a m e te r  fo r  c h a r a c t e r iz in g  th e  c r o s s l in k e d  

p o ly m e r ,  w h ic h  r e la te d  to  th e  c r o s s l in k e d  d e n s i t y  o f  p o ly m e r .  M e  w a s  d e t e r m in e d  b y  

u s in g  th e  e q u i l ib r iu m  s w e l l i n g  d a ta . T h e  F lo r y - R e h n e r  e q u a t io n .  v xr e p r e s e n te d  t o  th e
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m o la r  v o lu m e  o f  w a te r  ( 1 8 .1  c m 3/ m o l  fo r  w a t e r )  w h i l e  X  r e p r e s e n te d  to  t h e  F lo r y -  

H u g g in s  c o n s t a n t  ( x  =  0 . 4 9 4  fo r  P V A  g e l s  a n d  w a te r )  (D h a r a  et a l., 1 9 9 9  a n d  

G u d e m a n  et a l., 1 9 9 5 ) .  In  t h is  w o r k  u s e d  X o f  P V A  to  c a l c u la t e  M e  o f  t h e  b le n d e d  

h y d r o g e ls .  A c c o r d in g  to  Z h a o  et a i ,  ( 2 0 0 3 )  t h e  ir r a d ia t io n  c a n n o t  e f f e c t  o n  th e  

c r o s s l in k in g  o f  C M - c h i t o s a n  in  a q u e o u s  s o lu t i o n s  w i t h  c o n c e n t r a t io n  lo w e r  th a n  

1 0  % w /v  o f  C M - c h it o s a n .  T h e  r e s u lt s  w e r e  s h o w n  in  T a b le  4 .1 .  It w a s  f o u n d  th a t th e  

m o le c u la r  w e i g h t  b e t w e e n  c r o s s l in k  ( M e )  o f  th e  b le n d e d  h y d r o g e ls  d e c r e a s e d  w it h  

in c r e a s in g  y - ir r a d ia t io n  d o s e s  d u e  t o  h ig h  r a d ic a ls  o n  th e  p o ly m e r  c h a in s  a n d  h ig h  

p r o b a b i l i t y  f o r  c r o s s - l in k i n g  P V A  m o le c u l e s .  O n  th e  o th e r  h a n d , th e  m o le c u la r  

w e i g h t  b e t w e e n  c r o s s l in k  ( M e )  o f  th e  b le n d e d  h y d r o g e ls  in c r e a s e d  w i t h  C M - c h it o s a n  

c o n t e n t  b e c a u s e  C M - c h i t o s a n  m o l e c u l e s  p e n e tr a t e  to  P V A  n e t w o r k s  w h i c h  p r e v e n t  

in t e r m o le c u la r  r e c o m b in a t io n  o f  P V A  m o le c u l e s .  T h e  c r o s s l in k  d e n s i t y  o f  th e  

b le n d e d  h y d r o g e ls  in c r e a s e d  w i t h  d e c r e a s in g  y - ir r a d ia t io n  d o s e s .  O n  th e  o t h e r  h a n d ,  
th e  c r o s s l in k  d e n s i t y  o f  th e  b le n d e d  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  C M -  

c h it o s a n  c o n t e n t .  T h e  r e s u lt s  c a n  b e  c o n c lu d e d  th a t th e  m o le c u la r  w e i g h t  b e t w e e n  

c r o s s l in k  ( M e )  o f  th e  b le n d e d  h y d r o g e ls  w a s  t r a n s v e r s e  p r o p o r t io n a l  to  th e  c r o s s l in k  

d e n s i t y  o f  th e  b l e n d e d  h y d r o g e ls .

T a b le  4.1 M o le c u la r  w e i g h t  b e t w e e n  c r o s s l i n k  a n d  th e  c r o s s l in k  d e n s i t y  o f  th e  

b le n d e d  h y d r o g e ls

C M -c h ito sa n  c o n ten t
(% w /w  o f  P V A )

Me (g /m o l) V e  (X  10 21 m l 1)
25  k G y 35  k G y 45  k G y 25  k G y 35  k G y 45 k G y

0 3 3 .3 7 2 9 .7 5 2 9 .2 7 2 .0 0 2 .2 5 2 .2 8

5 5 2 .5 0 4 2 .3 6 4 0 .2 2 1 .2 8 1 .5 9 1 .6 8

10 6 6 .4 5 5 0 .6 2 4 3 .4 9 1 .0 2 1 .3 3 1 .5 5

15 1 6 3 .1 8 1 1 8 .8 9 6 2 .0 8 0 .4 2 0 .5 7 1 .1 0

20 2 9 5 .6 5 2 0 1 .4 1 9 5 .4 1 0 .2 3 0 .3 4 0 .7 2
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4 . 3 .7  M o is t u r e  R e t e n t io n  C a p a b i l i t y  o f  th e  B l e n d e d  H y d r o g e ls
M o is t u r e  r e t e n t io n  c a p a b i l i t y  is  a n  im p o r ta n t  f a c t o r  o f  th e  w o u n d  

d r e s s in g .  T h e  w o u n d  d r e s s in g  s h o u ld  b e  a b le  t o  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  a n d  k e e p  th e  m o is t u r e  o f  t h e  w o u n d  ( S t a s h a k  et al., 2 0 0 4 ) .  
T h e  m o is t u r e  r e te n t io n  c a p a b i l i t y  a n d  w a t e r  l o s i n g  ra te  o f  th e  b le n d e d  h y d r o g e ls  

w e r e  s t u d ie d .  T h e  r e s u lt s  w e r e  s h o w n  in  T a b le  4.1 a n d  T a b le  4.2. M o is t u r e  r e te n t io n  

c a p a b i l i t y  (Rh) o f  a l l  b l e n d e d  h y d r o g e ls  in  6 h  is  in  th e  r a n g  o f  56.1-69.9%. T h e  

w a t e r  l o s i n g  ra te  o f  a l l  b le n d e d  h y d r o g e ls  w a s  d e t e r m in e d  f r o m  th e  s lo p e s  o f  

m o is t u r e  r e t e n t io n  c a p a b i l i t y ,  th a t  r a te s  w e r e  a b o u t  -5.0 X  10’4 g /m in .

T a b le  4 .2  M o is t u r e  r e t e n t io n  c a p a b i l i t y  o f  th e  b le n d e d  h y d r o g e ls  a t 37 ๐c  fo r  6 h

C M -c h ito sa n  co n ten t  
(% พ /พ  o f  P V A )

Rh, 6h  (% )
25  k G y 3 5  k G y 45  k G y

0 60.65 ± 4.47 66.62 ± 1.32 64.14 ± 1.56
5 56.48 ±3.35 69.83 ± 1.19 67.14 ± 1.23

10 57.99 ±3.82 63.62 ± 2.03 64.71 ±2.19
15 51.94 ± 3.12 69.90 ±2.69 60.45 ±4.91
20 56.10 ±3.92 65.62 ±2.53 65.39 ±4.07

( M e a n  ±  S . D . , ท =  5 )

T a b le  4 .3  W a te r  l o s i n g  ra te  o f  th e  b le n d e d  h y d r o g e l s  a t 37 °c f o r  4 8  h

C M -c h ito sa n  co n ten t W a te r  lo s in g  ra te  (10~4 g /m in )
(% พ /พ  o f  P V A ) 25 k G y 3 5  k G y 45  k G y

0 -5.60 -5.14 -5.35
5 -5.90 -4.84 -5.20
10 -5.77 -5.30 -5.42
15 -6.04 -4.62 -5.74
20 -6.04 -5.18 -5.44
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T h e  w a t e r  v a p o r  t r a n s m is s io n  r a te  ( W V T R )  is  t h e  s ig n i f ic a n t  a b i l i t y  

o f  a n  id e a l  w o u n d  d r e s s in g ,  th a t  w o u n d  d r e s s in g  m u s t  b e  c o n t r o le d  th e  l o s s  o f  b o d y  

f lu id  a n d  m a in ta in  a  h u m id i t y  a t th e  w o u n d  s u r f a c e  d u e  to  e v a p o r a t io n  a n d  e x u d a t io n  

a re  o c c u r r e d  a t th e  w o u n d  a r e a  ( P e p p a s  et a i ,  1 9 8 7 ) .  T h e  w a t e r  v a p o r  t r a n s m is s io n  

ra te  ( W V T R )  o f  t h e  b le n d e d  h y d r o g e ls  w i t h  v a r io u s  C M - c h i t o s a n  c o n t e n t s  at 

d i f f e r e n t  y - ir r a d ia t io n  d o s e s  w a s  in v e s t ig a t e d .  W V T R  w a s  r e p r e s e n t e d  in  T a b le  4 .3 .  
F r o m  t h is  t a b le ,  th e  r e s u lt s  w e r e  s h o w n  W V T R  o f  th e  b le n d e d  h y d r o g e ls  in  th e  r a n g  

o f  3 4 9 - 3 8 4  , 2 7 4 - 3 4 2 ,  a n d  1 4 0 - 1 8 6  g m 2/h  a t 2 5 ,  3 5  a n d  4 5  k G y  r e s p e c t i v e ly .  T h e  

v a lu e s  o f  W V T R  o f  th e  b le n d e d  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  th e  y - ir r a d ia t io n  

d o s e  th a t  m a y  b e  a t tr ib u te d  to  th e  in c r e a s in g  in  th e  d e g r e e  o f  c r o s s l in k  n e t w o r k .  T h e  

d e n s i t y  h y d r o g e ls ,  le a d  t o  th e  w a t e r  v a p o r  in  d i f f i c u l t y  t o  t r a n s m it  th r o u g h  th e  

h y d r o g e ls .  T h e  W V T R  v a lu e  m u s t  n o t  b e  h ig h  b e c a u s e  it  w i l l  c a u s e  a  d r y  c o n d i t io n  

in  t h e  w o u n d  a r e a . O n  th e  o th e r  h a n d , i f  th e  W V T R  v a lu e  is  t o o  l o w ,  t h e n  it  w i l l  

m a k e  th e  a c c u m u la t io n  o f  e x u d a t e s  w h ic h  m a y  c a u s e  th e  d e c e le r a t io n  o f  h e a l in g  

p r o c e s s  a n d  o p e n s  u p  th e  r isk  o f  b a c t e r ia l  g r o w t h  ( B r u in  et ill.. 1 9 9 0 ) .

T a b le  4 .4  W a te r  v a p o r  t r a n s m is s io n  ra te  o f  th e  b le n d e d  h y d r o g e l s  a t 37 °c f o r  24 h

4 . 3 . 8  W a t e r  V a p o r  T r a n s m i s s i o n  R a t e  o f  t h e  B l e n d  H y d r o g e l s

C M -c h ito sa n  c o n te n t  
( % w / w  o f  P V A )

W a te r  v a p o r  tr a n sm iss io n  r a te  (g m 2/h )
25  k G y 35  k G y 45  k G y

0 3 4 9 .9 9  ± 2 1 . 0 7 3 2 8 .8 1  ± 3 2 . 8 8 1 4 0 .3 4  ± 7 . 2 1

5 3 6 1 .9 4  ± 3 1 . 2 1 2 8 6 .9 3  ± 2 3 . 9 3 1 7 0 .6 7  ±  1 7 .6 9

1 0 3 8 4 .8 9  ± 2 5 . 5 7 3 4 2 .3 5  ± 3 8 . 5 9 1 8 6 .0 0  ±  1 3 .6 1

15 3 8 4 .3 8  ± 2 8 . 2 6 2 7 4 . 3 0  ± 2 9 . 4 6 1 7 5 .2 4  ± 5 . 3 2

2 0 3 5 2 .3 6  ± 3 8 . 1 3 2 9 2 .5 6  ±  1 9 .4 6 1 8 3 .8 0  ±  1 4 .1 6

( M e a n  ±  S . D . , ท =  5 )

4 .3 .9  M o r p h o lo g y  o f  th e  B le n d  H y d r o g e ls

M o r p h o lo g y  o f  th e  b le n d e d  h y d r o g e ls  w a s  i n v e s t ig a t e d  b y  u s in g  

S c a n n in g  E le c t r o n  M ic r o s c r o p e  ( S E M ) .  T h e  S E M  im a g e s  o f  c r o s s  s e c t i o n s  a n d  th e
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in n e r  s u r f a c e  o f  th e  b le n d e d  h y d r o g e ls  w i t h  d i f f e r e n t  c o n d i t io n s  w e r e  s h o w n  in  T a b le
4 .4 - 4 .6 .  F r o m  S E M  im a g e s ,  th e  p o r o s i t y  o f  th e  b le n d e d  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  C M - c h i t o s a n  c o n t e n t  fo r  th e  c r o s s  s e c t i o n .  It w a s  d u e  to  a n  in c r e a s in g  o f  a 

p o ly m e r  m a s s  a n d  a  d e c r e a s in g  o f  th e  w a t e r  c o n t e n t  in  th e  s y s t e m .  F o r  th e  in n e r  

s u r f a c e  o f  th e  b le n d e d  h y d r o g e ls ,  it  i s  a  v e r y  s m a ll  p o r o u s  s tr u c tu r e  a n d  v e r y  h ig h  

p o r o s i t y .  T h e  in n e r  s u r f a c e  o f  th e  b le n d e d  h y d r o g e ls  a t 2 5  a n d  3 5  k G y  w e r e  n o t  

d if f e r e n t .  O n  th e  o th e r  h a n d , in n e r  s u r f a c e  a t  4 5  k G y  w a s  d e n s e  a n d  l o w  p o r o s i t y  d u e  

to  h ig h  e n e r g y  o f  ir r a d ia t io n  le a d  to  o b t a in in g  th e  h ig h  d e n s i t y  a n d  th e  c r o s s - l in k e d  

n e t w o r k  h y d r o g e ls .
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C M - c h it o s a n
c o n t e n t

(%  พ / พ  o f  P  V A )

M a g n i f i c a t io n  =  2 0 0 X  

S c a le  b a r  =  1 0 0 p m

C r o s s  s e c t i o n

M a g n i f i c a t i o n  =  1 5 0 0 X

S c a l e  b a r  =  1 0 p m

In n e r  s u r f a c e

Table 4.5 M o r p h o l o g y  o f  t h e  b l e n d e d  h y d r o g e l s  a t  2 5  k G y



4 4

T able 4 . 6  M o r p h o l o g y  o f  t h e  b l e n d e d  h y d r o g e l s  a t  3 5  k G y

C M - c h it o s a n
c o n t e n t

( % w /w  o f  P V A )

M a g n i f i c a t io n  =  2 0 0 X  

S c a le  b a r  =  1 0 0 p m

C r o s s  s e c t io n

M a g n i f i c a t i o n  =  1 5 0 0 X

S c a l e  b a r  =  1 0 p m

I n n e r  s u r f a c e
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C M - c h i t o s a n
c o n t e n t

( % w /w  o f  P V A )

M a g n i f i c a t io n  =  2 0 0 X  

S c a le  b a r  =  1 0 0 p m

C r o s s  s e c t io n

M a g n i f i c a t i o n  =  1 5 0 0 X

S c a l e  b a r  =  1 0 p m

I n n e r  s u r f a c e

T able 4.7 M o r p h o l o g y  o f  t h e  b l e n d e d  h y d r o g e l s  a t  4 5  k G y
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4 .4  A n tib a c te r ia l A c tiv ity  A ssa y

4 .4 .1  M in im u m  I n h ib ito r y  C o n c e n t r a t io n  ( M I C )  o f  T M C  a n d  C M - c h it o s a n  

A f t e r  c h a n g in g  c h i t o s a n  to  T M C  a n d  C M - c h i t o s a n ,  it  m a d e  to  w a te r  

s o lu b l e  p o ly m e r  w i t h  a  h ig h  c h a r g e  d e n s i t y .  T M C  a n d  C M - c h i t o s a n  a re  th e  

a n t ib a c te r ia l  p o ly m e r s ,  w h i c h  h a v e  b e e n  w i d e l y  u s e d  in  m e d ic a l  a p p l ic a t io n s .  T h 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 )  is  th e  l o w e s t  c o n c e n t r a t io n  o f  a n t ib a c te r ia l  
a c t iv i t y  th a t  c a n  in h ib it  th e  g r o w t h  o f  b a c t e r ia  a f te r  o v e r n ig h t  in c u b a t io n  ( G o y  et al., 
2 0 0 9 ) .  In  th is  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  T M C  a n d  C M - c h i t o s a n  a g a in s t  

b a c t e r ia  in  s k in  i n f e c t io n  w a s  p e r fo r m e d  b y  a g a r  m e t h o d .  T h e  t e s t e d  b a c t e r ia  w e r e  

c o n s i s t e d  o f  A c im to b a c te r  Iwoffii A T C C  1 5 3 0 9  a n d  E scherichia  coli  A T C C  2 5 9 2 2  

w h i c h  a re  G r a m - n e g a t iv e  b a c t e r ia  a n d  Staphylococcus aureus  A T C C  2 5 9 2 3 ,  
Staphylococcus aureus  D M S T  2 0 6 5 4  ( M R S A ) ,  Staphylococcus epiderm idis  A T C C  

1 2 2 2 8 ,  a n d  L isteria  m onocytogenes  D M S T  1 7 3 0 3  w h i c h  a re  G r a m - p o s i t iv e  b a c te r ia .  
G r a m - n e g a t iv e  a n d  G r a m - p o s i t iv e  b a c te r ia  h a v e  th e  d i f f e r e n t  c e l l  w a l l s  (ร น ท  et al.,
2 0 0 6 ) .  G r a m - n e g a t iv e  b a c t e r ia ,  i t s  c e l l  w a l l  i s  b i la y e r  s tr u c tu r e  th a t  la y e r s  a re  m a d e  

u p  o f  th e  th in  m e m b r a n e  o f  p e p t id e  p o l y g l y c o g e n  a n d  o u te r  m e m b r a n e  c o n s i s t s  o f  

l ip o p o ly s a c c h a r id e ,  l ip o p r o t e in  a n d  p h o s p h o l ip id s .  G r a m - p o s i t iv e  b a c t e r iu m , i t s  c e l l  

w a ll  is  th e  p e p t id e  p o l y g l y c o g e n .  T h e  a n t ib a c te r ia l  m e c h a n i s m s  o f  T M C , th e  p o s i t i v e  

c h a r g e  o f  T M C  at C - 2  le a d  to  a  p o l y c a t i o n i c  w h ic h  c a n  in te r a c t  w i t h  a n  a n io n ic  

c h a r g e s  o f  m ic r o o r g a n i s m s  o n  m e m b r a n e  w h ic h  le a d s  to  l e a k a g e  o f  p r o t ie n a c e o u s  

a n d  o th e r  in tr a c e l lu la r  c o m p o n e n t s .  T h e  p e n e tr a t io n  o f  T M C  in to  th e  n u c le i  o f  th e  

m i c r o o r g a n i s m s  c a n  l e a d  T M C  t o  b in d s  w i t h  D N A  a n d  in h ib it s  th e  s y n t h e s i s  o f  

m R N A  a n d  p r o t e in s  ( S h a h id i  et a l ,  1 9 9 9 ) .  O n  th e  o th e r  h a n d , C M - c h it o s a n  h a s  

c a r b o x y m e t h y l  g r o u p s  a n d  a m m o n iu m  g r o u p s  a lo n g  th e  c h a in  th a t  c a n  o c c u r  th e  

c h e la t io n  o f  m e t a ls ,  s u p p r e s s io n  o f  s p o r e  e l e m e n t s  a n d  b in d in g  t o  e s s e n t ia l  n u tr ie n ts  

w h ic h  c a u s e  to  in h ib it  th e  p r o d u c t io n  o f  t o x in s  a n d  m ic r o b ia l  g r o w t h .  T h e s e  a r e  th e  

c a u s a t iv e  o f  c e l l  d e a t h  ( S h a h id i  et al.. 1 9 9 9  a n d  G o y  et al., 2 0 0 9 ) .  T a b le  4 .7  a n d  4 .8  

w e r e  s h o w n  th e  M I C  o f  T M C  a n d  C M - c h i t o s a n ,  r e s p e c t i v e ly .  T h e  r e s u lt s  s h o w e d ,  
th a t  M I C  v a lu e s  o f  T M C  a g a in s t  G r a m - n e g a t iv e  b a c t e r ia  w e r e  in h ib it e d  a t 1 .2 5 - 2 .5  

m g /m l  a n d  in h ib it e d  a t 2 .5 - 5  m g /m l  f o r  G r a m - p o s i t iv e  b a c te r ia .  T M C  s h o w e d  th e  

in h ib i t io n  a c t iv i t y  o f  G r a m - n e g a t iv e  b a c t e r ia  w a s  b e t te r  th a n  G r a m - p o s i t iv e  b a c te r ia .
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T h e  s im i la r  r e s u lt s  w e r e  o b ta in e d  w i t h  C M - c h i t o s a n  th a t M I C  v a lu e s  a g a in s t  G r a m ­
n e g a t iv e  b a c t e r ia  w e r e  in h ib it e d  a t 1 .2 5 - 2 .5  m g /m l ,  b u t i t s  w e r e  in h ib it e d  G r a m ­
p o s i t i v e  b a c t e r ia  a t 1 .2 5 - 2 .5  m g /m l .  T h e  in h ib i t io n  a c t iv i t y  o f  G r a m - p o s i t iv e  b a c te r ia  

o f  C M - c h i t o s a n  w a s  b e t t e r  th a n  T M C .

T a b l e  4 .8  M I C  o f  T M C  a g in s t  b a c t e r ia  in  s k in  i n f e c t io n

B a c t e r i a M I C  ( m g / m l )

A cinetobacter h vo ffii  A T C C  1 5 3 0 9 1 .2 5
E scherichia  coli  A T C C  2 5 9 2 2 2 .5 0
Staphylococcus aureus  A T C C  2 5 9 2 3 5 .0 0
Staphylococcus aureus  D M S T  2 0 6 5 4  ( M R S A ) 2 .5 0
Staphylococcus epiderm idis  A T C C  1 2 2 2 8 2 .5 0
Listeria  m onocytogenes  D M S T  1 7 3 0 3 2 .5 0

T a b l e  4 .9  M I C  o f  C M - c h i t o s a n  a g in s t  b a c t e r ia  in  s k in  i n f e c t io n

B a c t e r i a M I C  ( m g / m l )

A cinetobacter h vo ffii  A T C C  1 5 3 0 9 1 .2 5

E scherich ia  coli  A T C C  2 5 9 2 2 2 .5 0

S taphylococcus aureus  A T C C  2 5 9 2 3 2 .5 0

S taphylococcus aureus  D M S T  2 0 6 5 4  ( M R S A ) 2 .5 0

Staphylococcus epiderm idis  A T C C  1 2 2 2 8 1 .2 5

L isteria  m onocytogenes  D M S T  1 7 3 0 3 2 .5 0

N o t e  : In  th is  s t u d y ,  it  d id  n o t  i n v e s t ig a t e  M I C  o f  c h i t o s a n  b e c a u s e  th e  a c e t i c  a c id  

s o lu t io n  th a t  i s  th e  s o lv e n t  fo r  d i s s o lv e d  c h i t o s a n ,  a n d  it  i s  t o x ic  to  b a c te r ia .

4 .4 .2  C o lo n y  C o u n t  M e t h o d
F r o m  a ll  p r o p e r t ie s  o f  th e  b le n d e d  h y d r o g e l s ,  it  w a s  f o u n d  th a t  

b le n d e d  h y d r o g e l  c o n t a in in g  1 5 %  o f  C M - c h i t o s a n  i s  a  s u i t a b le  h y d r o g e ls  f o r  w o u n d  

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

a im  o f  th is  r e s e a r c h  i s  th e  im p r o v in g  o f  a n t ib a c te r ia l  a c t i v i t y  o f  th e  P V A  h y d r o g e ls  

th a t  h y d r o g e ls  c o n t a in in g  1 5 %  o f  C M - c h i t o s a n  a n d  5 - 1 5 %  o f  T M C  w e r e  t e s t e d  

a g a in s t  A cinetobacter Iwoffii A T C C  1 5 3 0 9 ,  E scherichia  coli  A T C C  2 5 9 2 2 ,  G r a m ­
p o s i t i v e  Staphylococcus aureus  A T C C  2 5 9 2 3 ,  S taphylococcus aureus  D M S T  2 0 6 5 4  

( M R S A ) ,  Staphylococcus epiderm idis  A T C C  1 2 2 2 8 ,  a n d  L isteria  m onocytogenes  
D M S T  1 7 3 0 3  b y  c o l o n y  c o u n t  m e th o d .  T h e  P V A  h y d r o g e ls  w e r e  u s e d  a s  th e  

n e g a t i v e  c o n t r o l .  T h e  c o l o n y  f o r m in g  u n it  p e r  m l  ( C F U /m l )  o f  th e  b le n d e d  h y d o r g e ls  

i s  s h o w e d  in  F ig .  4.13. It w a s  f o u n d  th a t , C F U  v a lu e s  o f  A cinetobacter Iw offii  A T C C  

1 5 3 0 9  a n d  S taphylococcus epiderm idis  A T C C  1 2 2 2 8  h a d  o n  th e  b a c t e r ia l  c o l o n i e s  

d id  n o t  a p p e a r  o n  th e  a g a r  p la t e .  F o r  E scherichia  coli A T C C  2 5 9 2 2 ,  Staphylococcus  
aureus  A T C C  2 5 9 2 3 ,  Staphylococcus aureus  D M S T  2 0 6 5 4 ,  a n d  Listeria  
m onocytogenes  D M S T ,  it  w a s  f o u n d  th a t  C F U  v a lu e s  d e c r e a s e  w i t h  in c r e a s in g  T M C  

c o n t e n t .  It i m p l ie d  th a t  h ig h  T M C  m o l e c u l e s ,  i n c r e a s e s  h ig h  p o s i t i v e l y  c h a r g e s  le a d  

t o  in c r e a s e s  a n t ib a c te r ia l  a c t iv i t y .  T h e  b a c t e r ia l  r e d u c t io n  r a te  ( B R R )  o f  t h e  b le n d e d  

h y d r o g e ls  is  s h o w n  in  F ig .  4.14. A c c o r d in g  to  F ig .  4.14, th e  B R R  v a lu e s  o f  th e  1 5 %  

C M - c h i t o s a n  h y d r o g e ls  c o n t a in in g  5 - 1 0 %  o f  T M C  a g a in s t  A cinetobacter Iwoffii 
A T C C  1 5 3 0 9 ,  E scherichia  coli  A T C C  2 5 9 2 2 ,  S taphylococcus aureus  A T C C  2 5 9 2 3 ,  
S taphylococcus aureus  D M S T  2 0 6 5 4  ( M R S A ) ,  S taphylococcus epiderm idis  A T C C  

1 2 2 2 8 ,  a n d  L isteria  m onocytogenes  D M S T  1 7 3 0 3  w e r e  a b o u t  9 9 .9 9  % , 3 .2 5 - 9 9  % , 
4 6 .0 8 - 9 9 .0 5  % , 2 . 2 0 - 9 9 . 9 6  % , 9 9 .9 6 - 1 0 0  % , a n d  9 9 . 9 9  %  r e s p e c t i v e ly .  T h e  r e s u lt s  

c o n f ir m e d  th a t  th e  b le n d e d  h y d r o g e ls  c a n  b e  u s e d  a s  a n t ib a c te r ia l  w o u n d  d r e s s in g .



F ig u re  4 .1 4  T h e  b a c t e r ia  r e d u c t io n  r a te  o f  th e  b l e n d e d  h y d r o g e ls .
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4.5 Cytotoxicity o f the B lended H ydrogels

4 .5 .1  I n d ir e c t  C y t o t o x i c  A s s a y
T h e  m o s t  c o n s id e r a t io n  o f  th e  m a te r ia l  t o  u s e  a s  t h e  w o u n d  d r e s s in g  is  

a t o x i c i t y  o f  th e  m a te r ia l .  T h u s ,  th e  t o x i c i t y  o f  t h e  b le n d e d  h y d r o g e ls  m u s t  b e  t e s t e d  

to  c e r t i f y  m a te r ia ls .  T o x i c i t y  o f  th e  b le n d e d  h y d r o g e ls  w e r e  in v e s t i g a t e d  v i a  in d ir e c t  

c y t o t o x ic i t y  t e c h n iq u e  b y  u s i n g  L 9 2 9  c e l l s  a n d  u s in g  M T T  a s s a y  t o  d e t e r m in e  th e  

n u m b e r  o f  r e la t iv e  c e l l  v ia b i l i t y .  In  t h is  w o r k ,  th e r e  a re  2  t y p e s  o f  t h e  b le n d e d  

h y d r o g e ls  w h i c h  a r e  P V A /C M - c h i t o s a n  h y d r o g e ls  a n d  P V A /C M - c h i t o s a n /T M C  

h y d r o g e ls .  F ig .4 .1 5  s h o w e d  p e r c e n t  v ia b i l i t y  o f  L 9 2 9  c e l l s  o f  P V A /C M - c h i t o s a n  

h y d r o g e ls .  T h e  r e s u lt s  s h o w e d  th a t  t h e  r e la t iv e  c e l l  v ia b i l i t y  o f  a l l  c o n d i t io n s  i s  m o r e  

th a n  th e  r e la t iv e  c e l l  v ia b i l i t y  o f  c o n t r o l  a t a l l  p e r io d s .  T h is  r e s u lt s  s im i la r ly  to  

r e la t iv e  c e l l  v ia b i l i t y  o f  P V A /C M - c h i t o s a n /T M C  h y d r o g e ls  ( F i g .  4 .1 6 ) .  A l l  o f  t h e s e  

r e s u lt s  s h o w e d  th a t  r e l e a s e d  C M  a n d  T M C  s u b s t a n c e s  w e r e  n o t  h a r m f u l  to  L 9 2 9  c e l l s ,  
a n d  t h e s e  h y d r o g e ls  m a y  e n c o u r a g e d  th e  p r o l i f e r a t io n  o f  c e l l s .  T h e r e f o r e ,  th e  

f a b r ic a te d  h y d r o g e ls  c a n  b e  u s e d  a s  a  w o u n d  d r e s s in g  fo r  m e d ic a l  a p p l ic a t io n .

ะ , ร .
๐
I  200
I
I  150 
rcffl
5  100l -
^  1d 2d 3d

Time (days)

F ig u re  4 .1 5  I n d ir e c t  c y t o t o x i c  e v a lu a t io n  o f  t h e  P V A /C M - c h i t o s a n  h y d r o g e ls  b a s e d  

o n  th e  v ia b i l i t y  o f  L  9 2 9  c u ltu r e d  w i t h  a  s e r u m - f r e e  m e d iu m  c o n t a in in g  D M E M  fo r  

1, 2  a n d  3 d a y s .

■ ■  Control W/M 0% CM-chitosan 
■ ra 5% CM-chitosan 10% CM-chitosan ■ ■  15% CM-chitosan ■ ■  20% CM-chitosan
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F i g u r e  4 .1 6  I n d ir e c t  c y t o t o x ic  e v a lu a t io n  o f  th e  P V A /C M - c h i t o s a n /T M C  h y d r o g e ls  

b a s e d  o n  th e  v ia b i l i t y  o f  L  9 2 9  c u ltu r e d  w i t h  a  s e r u m - f r e e  m e d iu m  c o n t a in in g  

D M E M  fo r  1 a n d  7  d a y s .
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