
RESULTS AND DISCUSSION
CHAPTER IV

4.1 Composition of Hydrogels

In this work AMPS-Na+ hydrogels were prepared by both UV-curing and 
Gamma radiation technique, the composition of AMPS-Na+ hydrogels that produced 
by Ultraviolet radiation technique and Gamma radiation technique was showed in 
Table 4.1

Table 4.1 Compositions of poly(AMPS-Na+) hydrogels produced by uv and 
Gamma radiation

Sample Weight
MBA (g) Photoinitiator (mg)

30% AMPS-Na+ 0.1 mol% MBA 0.02 3
0.5 mol% MBA 0.11 3

1 mol% MBA 0.22 3
40% AMPS-Na+ 0.1 mol% MBA 0.03 4

0.5 mol% MBA 0.15 4
1 mol% MBA 0.30 4

50% AMPS-Na+ 0.1 mol% MBA 0.04 5
0.5 mol% MBA 0.18 5
1 mol% MBA 0.37 5

Aqueous solutions of AMPS-Na+ in the presenced of N-N’- 
methylenebisacrylamide (MBA) crosslinker and 1-Hydroxycycloxehyl phenyl ketone 
photoinitiator crosslink on irradiation and form gels. In case of uv radiation, when 
aqueous solution of AMPS-Na+, MBA crosslinker and 1 -Hydroxycycloxehyl phenyl 
ketone photoinitiator is expose to Ultraviolet radiation, photoinitiators decomposed 
on exposure to uv light to produce initiating free radicals and these free radicals 
reacted further with monomer and crosslinker to start the polymerization reaction. 
But in case of Gamma radiation when aqueous solution of AMPS-Na+ and MBA 
crosslinker is exposed to radiation, hydroxy free radicals (»OH), hydrogen free 
radicals (*H) and hydrated electrons are produced. •OH radicals are mostly
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responsible for crosslinking of monomer with crosslinker and form into three- 
dimensional crosslinking network or hydrogel structure.

Chemical structures of monomer and possible binding mechanism between 
AMPS-Na+ and MBA crosslinker was showed in Scheme 4.1
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Scheme 4.1 Synthesis of poly AMPS-Na+ hydrogels.

4.2 Chemical Structure Analysis of Chitin Whiskers

The preparation of chitin whiskers by hydrolysis of chitin flakes with 3 N 
HC1 resulted in colloidal solution. Chitin, which is a poly-N-acetyl-D-glucosamine as 
shown in Figure 4.1, is never fully acetylated, and amino groups (NH2) are always 
present on the chitin crystallite surface, in acid media they are protonated to form 
NH3\  The protonation of these amino groups is resulting in electrostatic repulsive 
force in suspension. Therefore, chitin whisker displayed colloidal behavior; 
according to Equation 7.
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Figure 4.1 Chemical structure of chitin (ท > 50%).

The FTIR spectrum of chitin whiskers (Fig. 4.2a) demonstrates a typical 
type of chitin. When compared to the FTIR spectrum of chitin flake (Fig 4.2b), chitin 
whiskers shows sharp characteristic peak in all ranges, as seen from the peaks at 
3500-3300 cm"1 (-OH); 2900-2800 cm"1 (C-H stretching); and 1660,1621,1557 cm"1 
(C=0 stretching of amide I and II). This might be due to the highly crystalline chitin 
whiskers which can confirm the successful hydrolysis of chitin. The different 
wavenumbers of amide I and II could be due to the differences of interaction effects. 
Amide I was described to the effect of the intermolecular hydrogen bonding of c= 0- 
—OHCH2 (Lavall, R.L. et al, 2006). In case of amide II, the band at 1557 cm"1 arose 
from the deformation of the intermolecular hydrogen bonding, N-H bond in the plane 
of the CONH group (Nge, T.T. et al., 2003).

Figure 4.2 FTIR spectras o f chitin whiskers (a), and chitin flakes (b).
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T h e  e f fe c t  o f  u v  an d  G a m m a  ra d ia tio n  to  c h e m ic a l stru ctu re o f  ch it in  
w h isk e r s  ca n  b e  in v e s t ig a te d  b y  irra d ia tio n  c h it in  w h isk e r s  s u s p e n s io n  w ith  บ V  
rad ia tion  and G a m m a  rad ia tio n  an d  th en  c h a r a c ter ized  w ith  F T IR . T h e  o b ta in  resu lts  
s h o w e d  that F T IR  sp ec tru m  d em o n str a te d  s im ila r  p e a k s  a s  in  a s-  p rep ared  c h it in  
w h isk e r s  a s  sh o w n  in  F ig u re  4 .3 .  T h is  c a n  b e  c o n c lu d e d  th at c h e m ic a l stru ctu re o f  
c h it in  w h isk e r s  w a s  n o t  c h a n g e d  a fter  irrad ia tion .
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Figure 4 .3  F T IR  sp e c tra s  o f  c h it in  w h is k e r s  (a ) , an d  c h it in  w h is k e r s  a fter  u v  
irrad iation  (b ) , c h it in  w h isk e r s  a fter  G a m m a  irra d ia tio n  (c ) .

4.3 Morphological Appearance and Size of Chitin Whiskers

Figure 4.4 TEM images of chitin whiskers.
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T r a n sm iss io n  e le c tr o n  m ic r o s c o p y  (T E M ) g iv e s  th e  in fo r m a tio n  to  
d ete r m in e  s iz e  o f  ch it in  w h isk e r s . T h e  T E M  im a g e s  o f  c h it in  w h is k e r s  fro m  a  d ilu te  
su s p e n s io n  o f  c h it in  w h is k e r s  are sh o w n  in  F ig u re  4 .4 . T h e  su s p e n s io n  c o n ta in e d  
c h it in  fra g m en ts  c o n s is t in g  o f  b o th  in d iv id u a l c r y s ta l lite s  an d  cry sta l b u n d le s . T h e  
s iz e  d is tr ib u tio n  o f  th e  c h it in  w h isk e r s  is  s h o w n  in  F ig u re  4 .5  an d  4 .6 . T h e  w id th  o f  
th e se  c h it in  fr a g m e n ts  ra n g e  fro m  1 2  to  6 6  n m  ,w h ile  th e  le n g th  ra n g e d  fro m  1 2 0  to  
9 9 0  n m . T h e  a v e r a g e  w id th  an d  le n g th  o f  th e s e  w h isk e r s  w e r e  3 1 .1 9  n m  an d  4 9 9 .9  
n m , r e s p e c t iv e ly . T h e  a sp e c t  ratio  (a v e r a g e  le n g th  to  w id th  ra tio  L/D) o f  th e se  
w h is k e r s  w a s  c a lc u la te d  to  b e  a b o u t 16. T h e  s o l id  c o n te n t  o f  th e  a s -p rep a red  ch it in  
w h isk e r s  su s p e n s io n  w a s  a b o u t 6 .1 7  % w /v . T h e s e  d im e n s io n s  are in  th e  sa m e  ran g e  
o f  th e  p r e v io u s ly  rep orted  v a lu e s  for  c h it in  w h is k e r s  o b ta in e d  fro m  th e  sh r im p  sh e ll  
(L  =  1 8 0  to  8 2 0  n m  an d  d  =  8 - 7 4  n m  (P . W o n g p a n it  et al.,2 0 0 7 ) .
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Figure 4.5 H isto g r a m  o f  th e  le n g th  d is tr ib u tio n  o f  c h it in  w h isk e r s .

Figure 4.6 Histogram of the width distribution o f chitin whiskers.
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T h e c o m p o s it io n  o f  C h itin  w h isk e r s -r e in fo r c e d  h y d r o g e ls  th at p r o d u c e d  b y  
U ltr a v io le t  rad ia tion  te c h n iq u e  and  G a m m a  rad ia tion  te c h n iq u e  w e r e  s h o w e d  in  
T a b le  4 .2 .

Table 4.2 C o m p o s it io n s  o f  C h itin  w h isk e r s -r e in fo r c e d  H y d r o g e ls  p r o d u c e d  b y  u v  
and  G a m m a  rad ia tion

4.4 Composition of Chitin Whiskers-Reinforced Hydrogels

S a m p le M B A C h itin  w h isk e r s PI (m g )
% W e ig h t  (g ) W e ig h t  (g ) V o lu m e

3 0 %  A M P S -N a +
3 w t% 0 .9 15
5 w t% 0 .5 0 . 1 1 1.5 2 5 3
8  w t% 2 .4 4 0

4 0 %  A M P S -N a +
3 w t% 1 . 2 2 0

5 w t% 0 . 1 0 .0 3 2 33 4
3 w t% 2 . 8 4 5

H y d r o g e ls  p ro d u ced  fro m  30 %  ('พ/พ) A M P S -N a + w ith  0 .1 % M B A  w a s  
g lu t in o u s , so ft , ta c k y  an d  d id  n o t  s ta y  in  th e  s h e e t  fo rm  w h ile  h y d r o g e ls  fr o m  50%  
( w /v )  A M P S -N a + h ad  le s s  f le x ib i l i ty  an d  e a s y  to  la cera te . A ls o ,  fro m  an  e c o n o m ic  
p e r sp e c t iv e , th e  c o s t  o f  th e  m o n o m e r  n e e d s  to  b e  tak en  in to  a c c o u n t  s in c e  a  h ig h e r  
m o n o m e r  c o n c e n tr a tio n  w i l l  in c r e a se  th e  p r o d u c tio n  c o s t  o f  th e  h y d r o g e l, th ere fo re  
o n ly  2  c o n d it io n s , w h ic h  w e r e  3 0 % A M P S -N a + w ith  0 .5  % M B A  an d  4 0 %  A M P S -  
N a + w ith  0 .1 %  M B A , w a s  su ita b le  fo r  im p r o v e  d im e n s io n a l s ta b ility  b y
in co rp o ra ted  w ith  c h it in  w h isk e r s .

T h e  c h it in  w h is k e r s /A M P S -N a + s o lu t io n s  w e r e  p rep ared  b y  n e u tr a liz e  
A M P S  so lu t io n  w ith  N a O H  so lu t io n  u n til p H  =  7 .0 0  an d  th e n  m ix e d  w ith  
h o m o g e n iz e d  c h it in  w h isk e r  su sp e n s io n . D u e  to  th e  s o l id  c o n te n t  o f  a s -p rep a red  
c h it in  w h isk e r s  w a s  6 .1 7  w t% , w h ic h  th is  s u sp e n s io n  v o lu m e  m u st  b e  c o n s id e r  w ith  
th e  f in a l v o lu m e  a fter  n e u tra lize  A M P S  so lu t io n  w ith  N a O H  so lu t io n . S o , th e  
m a x im u m  c o n te n t o f  c h it in  w h isk e r s  in  30 %  an d  4 0 %  A M P S -N a + s o lu t io n  w a s  
l im ite d  to  b e  o n ly  8  an d  7  w t% , r e sp e c tiv e ly .
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A M P S -N a + h y d r o g e ls  a n d  c h it in  w h isk e r s -r e in fo r c e d  A M P S -N a + h y d r o g e ls  
w e r e  fo rm ed  b y  U ltr a v io le t  r a d ia tio n  an d  G a m m a  rad ia tion  te c h n iq u e . T h e  p u re  
A M P S -N A + h y d r o g e ls  w e r e  tran sp aren t w h ic h  is  th e  a d v a n ta g e  fo r  u s in g  A M P S -N a + 
h y d r o g e ls  a s  a  w o u n d  d r e ss in g  b e c a u s e  it a l lo w  e a s y  in sp e c t io n  o f  w o u n d , w h e r e a s  
c h it in  w h isk e r s -r e in fo r c e d  h y d r o g e ls  w e r e  m o r e  tra n slu cen t a s  c h it in  w h isk e r s  
c o n te n t  in c r e a se  a s  s h o w e d  in  F ig u re  4 .7

4.5 Appearance of AMPS-Na+ Hydrogels and Chitin Whiskers-Reinforced
AMPS-Na+ Hydrogels

Figure 4 .7  A p p e a r a n c e  o f  n ea t A M P S -N a + h y d r o g e l (a )  A M P S -N a + h y d r o g e l  
r e in fo r c e d  w ith  3 w t%  c h it in  w h is k e r s  (b ) , 5 w t%  c h it in  w h isk e r s  (c )  an d  8  w t%  
c h it in  w h isk e r s  (d ) .

4.6 Structural Characterization

F T IR  sp e c tr a  o f  n ea t A M P S -N a + h y d r o g e l an d  h y d r o g e l th at c o n ta in e d  
c h it in  w h isk e r s  in  v a r io u s  a m o u n t (3 -8 %  พ /พ )  are s h o w n  in  F ig u r e  4 .8  F T IR  
sp ec tru m  o f  n e a t  A M P S -N A + h y d r o g e l r e v e a l c h a ra c ter is tic  a b so r p tio n  b a n d s o f  
a c r y la m id e s . T h e  m a in  b an d s in  th e  A M P S -N a + h y d r o g e l sp ectru m  w e r e  a s  fo l lo w s :  
3 4 2 0 - 3 0 9 0  c m ' 1 (N H -  and  O H - s tr e tc h in g  v ib r a t io n s ) , 1 6 5 5  c m ' 1 ( C = 0  s tr e tc h in g  o f  
A m id e  I), 1 5 5 0  c m ' 1 ( C = 0  s tr e tc h in g  o f  A m id e  II) and  th e iso p r o p y l m e th y l  
d e fo r m a tio n  b a n d s  at 1 3 8 6  an d  1 3 6 6  c m ' 1 (C .A la r c o n  et al.,2 0 0 5  a n d  R .M .
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S ilv e r s te in  et al., 2 0 0 5 )  T h e  b a n d s  d u e  to  th e  p r e se n c e  o f  su lfo n ic  a c id  g r o u p s  w e r e  
in  th e  ran g e  1 1 9 2 -1 0 4 0  c m ' 1 (a sy m m e tr ic  an d  sy m m e tr ic  0 = s = 0  s tr e tc h in g )  and  
6 3 0  c m ' 1 (C -S  str e tc h in g ). (R .M . S ilv e r s te in  et ah, 2 0 0 5  an d  S .D u r m a z  an d  O .O k a y ,
2 0 0 0 )

T h e  sp ectra  o f  r e in fo r c e d  h y d r o g e l are u n e ffe c t . A l l  ch a ra c te r is tic  p e a k s  o f  
n eat h y d r o g e l w e r e  o b se r v e d  in  a ll sp e c tr a  o f  re in fo r c e d  h y d r o g e l. N o  p e a k s  sh if t  and  
n o  n e w  p e a k s  are o b se r v e d . T h is  in v e s t ig a t io n , m a y  p o s s ib ly  e x p la in  th at th e  
in tera ctio n  o f  c h it in  w h isk e r s  and  A M P S -N a + m a tr ix  is  o n ly  p h y s ic a l in tera c tio n  v ia  
h y d r o g e n  b o n d in g .

4000 3500 3000 2500 2000 1500 1000 500
W a v e n u m b e r  (cm *1)

Figure 4.8 F T IR  sp e c tr a s  o f  A M P S -N a + h y d r o g e l (a )  and  A M P S -N a + h y d r o g e l  
c o n ta in in g  (b )  3% , ( c )  5% , and  (d )  8 %  พ /พ  c h it in  w h isk e r s .
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Table 4.3 S e le c te d  S E M  Im a g e s  o f  3 0 %  A M P S -N a + n ea t h y d r o g e l w ith  0 .5  %  M B A  
C ro ss lin k e r  an d  h y d r o g e l C o n ta in in g  8 %  พ /พ  C h itin  W h isk e r s

4.7 Morphology of Neat Hydrogels and Chitin Whiskers-Reinforced Hydrogels

N e a t  h y d r o g e l (  30 %  A M P S -N a +) 8 %  c w  re in fo r c e d  h y d r o g e l

T o p  su r fa c e  o f  fr e e z e -d r ie d  h y d r o g e l T r a n sv e r se  an d  to p  s e c t io n  o f  
fr e e z e -d r ie d  H y d r o g e l

S e le c te d  S E M  im a g e s  o f  n ea t  A M P S -N a + h y d r o g e ls  an d  c h it in  w h is k e r s -  
re in fo r c e d  h y d r o g e ls  that c o n ta in  8 %  พ /พ  o f  c h it in  w h isk e r s  are s h o w n  in  T a b le  4 .3  ; 
It further p r o v e d  th at a ll h y d r o g e ls  fo r m e d  h o m o g e n e o u s  stru ctu re in  irra d ia tio n  
p r o c e ss . T h e  su r fa c e  o f  n ea t h y d r o g e l w a s  s m o o th  b u t fo r  c h it in  w h isk e r s -r e in fo r c e d  
h y d r o g e l th e  su r fa ce  o f  h y d r o g e l w a s  q u ite  ro u g h , w ith  th e  e v id e n c e  o f  a g g r e g a te s  o f  
th e  w h isk e r s  a p p ea r in g  o n  th e ir  su r fa c e . T h e  S E M  p h o to g r a p h s  o f  fr e e z e -d r ie d  
h y d r o g e l s h o w e d  h ig h ly  p o r o u s  stru ctu re a s  s e e n  in  to p  an d  tr a n sv erse  s e c t io n . W e ll  
d e fin e d  p o re  stru ctu re c o u ld  b e  d u e  to  th e  e v a p o r a tio n  o f  w a te r  fro m  b a s ic  n e tw o r k  
stru ctu re o f  h y d r o g e l a fter  irrad iation .
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4.8 Gel Fraction

Irrad iation  o f  A M P S -N a + a q u e o u s  s o lu t io n  le a d s  to  th e  fo r m a tio n  o f  
in so lu b le  p o ly m e r  n e tw o r k  (g e l) .  A  ty p ic a l d e p e n d e n c e  o f  g e l  fr a c tio n  o n  th e  
m o n o m e r  c o n c e n tr a tio n  and  p e r c e n ta g e  o f  c r o s s l in k e r  a fter  u v  irra d ia tio n  and  
G a m m a  irrad ia tion  (2 5  k G y )  is  sh o w n  in  F ig u re  4 .9  an d  4 .1 0 ,  r e s p e c t iv e ly . It c a n  b e  
se e n  that th e  g e l fra c tio n  in c r e a se s  w ith  in c r e a s in g  m o n o m e r  c o n c e n tr a t io n  an d  M B A  
c r o ss lin k e r  an d  it s e e m s  n e v e r  to  rea ch  1 0 0%  o f  g e l . W h en  a  h ig h e r  c o n c e n tr a t io n  o f  
m o n o m e r  an d  c r o ss lin k e r  are e m p lo y e d , th e  n u m b er  o f  c r o s s l in k  p o in ts  in  th e  
p o ly m e r  n e tw o r k  in c r e a se s , th e  g e l fr a c tio n  o f  h y d r o g e l a ls o  in c r e a se s . T h is  is  
su p p o rted  b y  th e  o b se r v a t io n  that th e  lo w  c r o s s l in k  d e n s ity  g iv e s  so f te r  an d  m o r e  
e la s t ic  h y d r o g e l sh e e ts . T h e  o b ta in e d  resu lts  s h o w n  that 50 %  A M P S -N a + h y d r o g e ls  
at e v e r y  p e r c e n ta g e  o f  M B A  c r o ss lin k e r  g iv e  th e  h ig h e s t  g e l fr a c t io n  v a lu e s  w h ic h  
w a s  a b o u t 96 %  an d  98 %  fo r  u v  ra d a ition  an d  G a m m a  r a d ia tio n  p r o c e s s ,  
r e s p e c t iv e ly . A n d  th e  r e su lts  a lso  sh o w n  that h y d r o g e l p ro d u c e d  b y  G a m m a  rad ia tio n  
te c h n iq u e  at r a d ia tio n  d o s e  o f  2 5  k G y  c a n  fo rm  m o r e  c r o s s l in k in g  stru ctu re than  
u s in g  U V  rad ia tion  te c h n iq u e .

Figure 4.9 Gel fraction of 30% , 40% and 50% AMPS-Na+ hydrogel at various
percentage o f MBA crosslinker produced by u v  radiation technique.
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Figure 4.10 G e l fra c tio n  o f  30 %  , 40 %  an d  50 %  A M P S -N a + h y d r o g e l at v a r io u s  
p e r c e n ta g e  o f  M B A  c r o ss lin k e r  p ro d u ced  b y  G a m m a  ra d ia tio n  te c h n iq u e .

4.9 Swelling Behavior of Hydrogels

T h e d e g r e e  o f  s w e l l in g  in  s tim u la te d  b o d y  f lu id  (S B F , p H  7 .4 0 )  o f  n ea t  
A M P S -N a + h y d r o g e ls  w h ic h  p ro d u ced  from  b oth  te c h n iq u e  w e r e  p lo tte d  a s  a  
fu n c t io n  o f  th e  im m e r s io n  t im e , a s  sh o w n  in  F ig u re  4 .1 1  an d  F ig u r e  4 .1 2 .  T h e  
p e r c e n ta g e  o f  s w e l l in g  g r a d u a lly  in c r e a se d  w ith  t im e  an d  rea ch  e q u ilib r iu m  p o in t  
after  an im m e r s io n  t im e  o f  a b o u t 1 d ay . T h e  resu lts  s h o w e d  that e q u ilib r iu m  d e g r e e  
o f  s w e l l in g  o f  A M P S -N a + h y d r o g e l d e c r e a se d  w ith  in c r e a s in g  m o n o m e r  c o n te n t  an d  
p e r c e n ta g e  o f  M B A  cro ss lin k e r . A s  d is c u s s e d  in  th e  g e l fra c tio n  part th a t h y d r o g e ls  
w ith  h ig h e r  m o n o m e r  c o n c e n tr a tio n  and  M B A  c r o ss lin k e r  h a v e  h ig h e r  c r o s s l in k in g  
d e n s ity , r e su lt in g  in  m o re  c o m p a c t  and  d e n se r  structure. T h e r e fo r e , it h a s  le s s  o f  fr e e  
v o lu m e  in s id e  th e ir  stru ctu re an d  it is  d if f ic u lt  fo r  w a ter  m o le c u le s  to  d if fu s e  in s id e  
th e  h y d r o g e l stru ctu re. S o , d e g r e e  o f  s w e l l in g  o f  h y d r o g e ls  d e c r e a se s .
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Figure 4.11 Percentage of swelling of 30% (a), 40% (b) and 50% AMPS-Na+ from
u v  radiation technique.
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Figure 4.12 Percentage of swelling o f 30% (a), 40% (b) and 50% AMPS-Na+ from
Gamma radiation technique.
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A ls o ,  th e  h y d r o g e l ta k e s  a  sh orter  t im e  to  ap p ro ach  e q u ilib r iu m  a s th e  %  
c r o ss lin k e r  is  in c r e a se d  to  1 m o l% . T h is  is  b e c a u s e  a h y d r o g e l w ith  a  h ig h e r  c r o ss lin k  
d e n s ity  s h o w s  m o re  r e s is ta n c e  to  e x p a n s io n  an d  a b so r b s  le s s  a m o u n ts  o f  w a ter . B u t  
for  h y d r o g e l w ith  0 . 1  m o l% , w a te r  c a n  d if fu s e  in s id e  th e  c r o s s l in k in g  stru ctu re e a s i ly  
and  s h o w  th e  la rge  e x p a n s io n  o f  h y d r o g e l sh e e t.

H o w e v e r , it w a s  o b se r v e d  that th e se  s y n th e tic  h y d r o g e ls  c a n  ab so rb  
r e la tiv e ly  la rge  a m o u n ts  o f  w a ter . O n  im m e r s io n  in  S B F , th e  h y d r o g e ls  e x p a n d e d  
d ra m a tic a lly  from  a p p r o x im a te ly  5 X 5 X 0.1 c m 3 to  12 X 1 2 .5  X 0 .3  c m 3, a s  sh o w n  in  
F ig u r e  4 .1 3 . T h e ir  h y d r o p h ilic  p ro p erty  h a v e  a  h ig h  a ff in ity  fo r  w a te r  b u t th eir  
h y d r o p h o b ic  m a in  c h a in s  and  c r o s s l in k s  p r e v e n t th e m  fro m  d is s o lv in g . H e n c e , th e y  
s w e l l  rather than  d is s o lv e  w h e n  im m e r se d  in  w a te r  or  S B F .

Figure 4.13 Hydrogel sheets synthesized from 30% AMPS-Na" crosslinked with 0.5
% MBA (a) hydrogel sheet before immersion in SBF (5 X 5 X 0.1 cm) and (b)swollen
hydrogel sheet after immersion in SBF to an equilibrium state (12 X 12.5 X 0.3 cm).
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A n d  it w a s  c le a r ly  s e e n  that h y d r o g e ls  p ro d u c e d  from  u v  ra d ia tio n  
te c h n iq u e  rea ch  h ig h e r  e q u iliu m  d e g r e e  o f  s w e l l in g  th a n  h y d r o g e ls  p ro d u c e d  fro m  
G a m m a  rad ia tion  te c h n iq u e . T h is  a g ree  w ith  th e  s e s u lts  in  g e l fra c tio n  o f  h y d r o g e l  
that G a m m a  rad ia tion  te c h n iq u e  at a  d o s e  rate o f  2 5  k G y  g iv e  h y d r o g e l w ith  h ig h e r  
d e g r e e  o f  c r e s s lin k in g  th a n  u v  rad ia tio n . S w e l l in g  v a lu e  r e a c h ed  th e  h ig h e s t  p o in t  
w ith  U V  rad ia tion  p r o d u c tio n  o f  n eat 30 %  A M P S -N a +, 0 .1 %  M B A  (4 7 1 7 % ).

F ig u re  4 .1 4  s h o w e d  th e  s w e l l in g  ra tio  o f  c h it in  w h isk e r s -r e in fo r c e d  
h y d r o g e l p ro d u ced  b y  u v  rad ia tion  te c h n iq u e . T h e  n a n o c o m p o s ite  h y d r o g e ls  
p r o v id e d  a  lo w e r  p e r c e n ta g e  o f  s w e l l in g  th an  th e  p ure A M P S -N a + h y d r o g e l. T h e  
e q u ilib r iu m  d e g r e e  o f  s w e l l in g  w e r e  c o n t in u e o u s ly  d e c r e a se  w ith  th e  in c r e a se  in  th e  
c h it in  w h isk e r  c o n te n t, in c lu d in g  2 5 5 0 % , 2 3 9 9 %  an d  2 2 3 4 %  o f  3% , 5%  an d  8 %  
c h it in  w h isk e r s -r e in fo r c e d  30%  A M P S -N a + and  2 8 7 2 % , 2 6 1 1 %  o f  3% , 5%  and  7%  
c h it in  w h isk e r -r e in fo r c e d  40 %  A M P S -N a + h y d r o g e ls . A  s im ila r  trend  w a s  o b se r v e d  
in  c h it in  w h isk e r s -r e in fo r c e d  h y d r o g e l p ro d u ced  b y  G a m m a  rad ia tio n  te c h n iq u e  
(F ig u r e  4 .1 5 ) .

T h e  s w e l l in g  b e h e a v io r  o f  h y d r o g e ls  in  th is  stu d y  s u g g e s te d  that it is  
d e p e n d e n t  o n  th e  p r e se n c e  o f  c h it in  w h isk e r , w h ic h  is  in v e r se ly  p ro p o rtio n a l to  th e  
d e g r e e  o f  s w e l l in g . T h is  m ig h t  c o m e  fro m  th e  fa c t that c h it in  w h isk e r s  a c ts  a s  a  w a te r  
barrier fo r  w a te r  d if fu s io n  in to  h y d r o g e l stru ctu re.
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Figure 4.14 P e r c e n ta g e  o f  s w e l l in g  o f  c h it in  w h isk e r -r e in fo r c e d  3 0 %  (a ) , a n d  4 0 %  
(b )  A M P S -N a + from  u v  rad ia tion  te c h n iq u e .
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Figure 4.15 P e r c e n ta g e  o f  s w e l l in g  o f  c h it in  w h isk e r -r e in fo r c e d  30 %  (a ) , an d  40 %  
(b )  A M P S -N a + fro m  G a m m a  r a d ia tio n  te c h n iq u e .
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4.10 Mechanical Properties of Hydrogels
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Figure 4.16 T e n s ile  stren g th  (M P a ) o f  n ea t  A M P S -N a + h y d r o g e ls  p ro d u ced  from  
U V  and  G a m m a  rad ia tion  te c h n iq u e  at v a r io u s  c o n c e n tr a tio n  o f  M B A  c r o ss lin k e r  
fro m  0 . 1 - 1  m o l% .

Figure 4.17 %  E lo n g a tio n  o f  n ea t A M P S -N a + h y d r o g e ls  p r o d u c e d  fro m  u v  and  
G a m m a  rad ia tio n  at v a r io u s  c o n c e n tr a tio n  o f  M B A  c r o ss lin k e r  fro m  0 .1 -1  m o l% .



47

T e n s ile  stren g th  and  % E lo n g a tio n  o f  n ea t  A M P s -N a + h y d r o g e ls  a t e a c h  
co n ce n tr a tio n  o f  m o n o m e r  an d  M B A  c r o ss lin k e r  fr o m  tw o  te c h n iq u e s  w e r e  
in v e s t ig a te d  and  s h o w e d  in  F ig u r e  4 .1 6  and  4 .1 7 .  T h e  d ata  fo r  30% A M P S -N a T w ith
0.1% M B A  fro m  u v  and  G a m m a  te c h n iq u e s  w a s  n o t  s h o w e d  h e r e  b e c a u s e  
h y d r o g e ls  from  th is  c o n d it io n  w e r e  to o  s o f t  an d  to o  s t ic k y  c a n n o t  cu t  in to  th e  te st  
sh a p e  to  m e a su re  th e ir  m e c h a n ic a l p ro p er tie s  fro m  te s t in g  m a c h in e .

H o w e v e r , T h e  r e su lts  o f  o th er  c o n d it io n s  fo u n d  th a t in c r e a s in g  o f  m o n o m e r  
co n ce n tr a tio n  fro m  30 %  to  50 %  tren d  to  h ig h e r  te n s i le  stren g th . In c a s e  o f  u v  
rad ia tion  p r o c e ss  in it ia lly  fro m  3 0 %  A M P S -N a + w ith  0 .5 %  M B A  te n s i le  s tre n g th  o f  
h y d r o g e l w a s  0 .0 2 9 ± 0 .0 0 4  M P a . F o r  4 0 %  A M P S -N a + w ith  0 .5 %  M B A  te n s i le  
stren g th  o f  h y d r o g e l w a s  0 .0 5 4 ± 0 .0 1 4  M P a  an d  fo r  5 0 %  A M P S -N a + w ith  0 .5 %  
M B A  te n s ile  stren g th  o f  h y d r o g e l w a s  0 .0 6 6 ± 0 .0 1  M P a . A n d  p e r c e n ta g e  o f  M B A  
c r o ss lin k e r  fro m  0 .1 % , 0 .5 %  t o l  m o l%  a ls o  e f fe c t  th e  te n s i le  s tre n g th  o f  h y d r o g e ls ,  
w h ic h  h ig h er  p e r c e n ta g e  o f  c r o s s lin k e r  h y d r o g e ls  s h o w e d  h ig h e r  t e n s i le  stren g th . O n  
th e  o th er  o f  te n s i le  stren g th , % E lo n g a tio n  d e c r e a se d  s te a d ily  a s  in c r a se  m o n o m e r  
c o n cen tra tio n  an d  M B A  c r o ss lin k e r . T h e  % E lo n g a tio n  o f  4 0 %  A M P S -N a + w ith  0 .5 %  
M B A  sh o w e d  th e  h ig h e s t  v a lu e  w h ic h  w a s  7 5 3 .1 ± 3 5 .3 % .

T h e  rad ia tio n  that u se d  to  fo r m in g  h y d r o g e l a ls o  e f fe c t s  th e  m e c h a n ic a l  
p ro p er tie s  o f  h y d r o g e ls . H y d r o g e ls  p r o d u c e d  fro m  G a m m a  r a d ia tio n  a t d o s e  rate o f  
25 K G y  sh o w n  h ig h e r  v a lu e  o f  te n s i le  s tre n g th  an d  lo w e r  v a lu e  o f  p e r c e n ta g e  o f  
e lo n g a t io n  ( ie . 0.037±0.01 M P a  an d  164.13±51.8 %  r e s p e c t iv e ly  fo r  30% A M P S -  
N a + w ith  0.1% M B A  h y d r o g e l)  than  h y d r o g e ls  th a t p r o d u c e d  fr o m  u v  ra d ia tio n  
te c h n iq u e  ( ie . 0.02914±0.004 M P a  and  277.2±96.3% r e s p e c t iv e ly  fo r  30% A M P S -  
N a + w ith  0.1% M B A  h y d r o g e l)  at th e  s a m e  c o n d it io n , th is  i s  d u e  to  th e  c r o s s l in k in g  
d e n s ity  o f  h y d r o g e ls  a s  d is c u s s e d  b e fo r e .
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F ig u re . 4 .1 8  and  4 .1 9  s h o w e d  te n s i le  s tren g th  an d  p e r c e n ta g e  o f  e lo n g a t io n  
at b reak  o f  p u re  A M P S -N a + h y d r o g e ls  and  c h it in  w h isk e r e d  r e in fo r c e d  A M P S -N a + 
h y d r o g e ls  h a v in g  w h isk e r  c o n te n t in  th e  ran g e  o f  3 -8  w t% . T h e  te n s i le  stre n g th  o f  
r e in fo rced  h y d r o g e ls  in c r e a se d  from  that o f  p ure h y d r o g e l ( ie . 0 . 0 2 9 Ü 0 .0 0 4  M P a  for  
p u re 3 0 %  A M P S -N a + h y d r o g e l)  w ith  in c r e a s in g  c h it in  w h isk e r  c o n te n t  from  
3 , 5 to  8  w t%  ( ie . 0 .0 7 3 5 ± 0 .0 1 2 2  M P a , 0 .0 8 2 8 ± 0 .0 1 3 0  M P a  a n d  0 .0 9 6 2 ± 0 .0 2 0 1  
M P a , r e s p e c t iv e ly ) . T h e  p e r c e n ta g e  o f  e lo n g a t io n  tren d  to  f o l lo w  in  th e  sa m e  w a y  o f  
te n s i le  s tren g th  , th e  %  e lo n g a t io n  o f  c h it in  w h isk e r s  re in fo r c e d  h y d r o g e ls  ( ie .  
4 1 5 .7 3 ± 5 2 .5  M P a  for  3 0 %  A M P S -N a + h y d r o g e l r e in fo r c e d  w ith  3 w t%  c h it in  
w h isk e r s )  w a s  h ig h e r  th a n  th e  p u e  o n e  ( ie . 2 7 7 .2 ± 9 6 .3  M P a  fo r  p u re 3 0 %  A M P S -N a + 
h y d r o g e l) . A n d  th e r e su lts  a ls o  sh o w e d  that h y d r o g e l p ro d u ced  b y  G a m m a  ra d ia tio n  
te c h n iq u e  at rad ia tion  d o s e  o f  2 5  k G y  can  fo r m s  m o r e  c r o s s l in k in g  stru ctu re than  
u s in g  u v  rad ia tion  te c h n iq u e  a s  its  sh o w e d  h ig h e r  te n s i le  stre n g th  an d  lo w e r  
p e r c e n ta g e  o f  e lo n g a tio n .

T h e  in c r e a se  in  th e  te n s i le  stren g th  and  % E lo n g a tio n  o f  c h it in  w h isk e r e d  
re in fo r c e d  h y d r o g e ls  m ig h t  d u e  to  th e  h y d r o g e n  b o n d in g  b e tw e e n  p o ly m e r  a n d  c h it in  
w h isk e r s  r e in fo r c in g  f ille r . T h is  ca n  b e  c o n c lu d e d  that c h it in  w h is k e r s  f i l le r s  h e lp s  
im p r o v e d  th e  m e c h a n ic a l p ro p erties  o f  n ea t h y d r o g e ls .

4.11 Water Vapor Transmission Rate of Hydrogel (WVTR)

T h e h y d r o g e l w o u n d  d r e s s in g  m u st a v o id  o r  at le a s t  r e d u c e  th e  b o d y  liq u id  
lo s t  b y  c o n tr o llin g  a b so rp tio n  an d  tr a n sm iss io n  as w e l l  a s  b y  m a in ta in in g  th e  h ig h  
h u m id ity  in  th e  w o u n d  area . T a b le  4 .4 ,  4 .5 ,  4 .6  an d  4 .7  s h o w e d  th e  w a te r  v a p o r  
tr a n sm iss io n  rate o f  n ea t h y d r o g e l an d  ch it in  w h isk e r -r e in fo r c e d  h y d r o g e ls  p ro d u c e d  
fro m  U V  an d  G a m m a  r a d ia tio n  te c h n iq u e .
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Table 4.4 T h e  v a lu e  o f  W V T R  o f  A M P S -N a + h y d r o g e ls  fro m  uv ra d ia tio n

S a m p le
W V T R  (g /h .m 2)

0 .1 %  M B A 0 .5 %  M B A 1%  M B A

3 0 %  A M P S -N a + 14 1 .1  ± 4 .1 1 2 9 .1  ± 1 .9 1 1 5 .5  ± 4 .4
4 0 %  A M P S -N a + 1 2 0 . 8  ± 1 . 0 1 0 7 .5  ± 3 .1 1 0 2 .3  ± 0 .9
5 0 %  A M P S -N a + 10 6 .1  ± 4 .0 9 7 .9  ± 1 .7 8 4 .0  ± 1 .1

Table 4 .5  T h e  v a lu e  o f  W V T R  o f  A M P S -N A + h y d r o g e ls  fro m  G a m m a  rad ia tio n

S a m p le
W V T R  (g /h .m 2)

0 .1 %  M B A 0 .5 %  M B A 1%  M B A

3 0 %  A M P S -N a + 1 2 5 .9  ± 2 .8 1 2 1 . 2  ± 0 . 6 1 1 1 .4  ± 2 .9
4 0 %  A M P S -N a + 1 1 2 .9  ± 0 .8 1 0 4 .7  ± 4 .2 9 3 .9  ± 3 .1
5 0 %  A M P S -N a + 8 0 .8  ± 2 .4 7 5 .7 6  ± 3 .2 6 9 .4  ± 2 .3

Table 4.6 T h e  v a lu e  o f  W V T R  o f  C h itin  w h isk e r s -r e in fo r c e d  A M P S -N a + h y d r o g e ls  
fro m  U V  ra d ia tio n

S a m p le W V T R  (g /h .m 2)

3 0 %  A M P S -N a + (0 .5 %  M B A )

0%  c w 1 2 9 .1  ± 1 .9
3%  C W 1 2 4 .9  ± 3 .0
5%  C W 1 1 0 .8  ± 3 .0
8 % C W 1 0 2 .6  ± 3 .2

4 0 %  A M P S -N a + (0 .1 %  M B A )

0%  C W 1 2 0 . 8  ± 1 . 0

3%  C W 1 0 0 .4  ± 7 .4
5%  C W 9 9 .6  ± 5 .7
7%  C W 8 5 .8  ± 3 .7
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Table 4 .7  T h e  v a lu e  o f  W V T R  o f  C h itin  w h isk e r s -r e in fo r c e d  A M P S -N a + h y d r o g e ls  
fro m  G a m m a  rad ia tion

S a m p le W V T R  (g /h .m 2)

30 %  A M P S -N a + (0 .5 %  M B A )

0%  c w 1 2 1 . 2  ± 0 . 6

3%  C W 1 0 9 .8  ± 1 .4
5%  C W 1 0 5  ± 0 .9
8 %  C W 9 7 .5  ± 0 .7

4 0 %  A M P S -N a + (0 .1 %  M B A )

0%  C W 1 1 2 . 8  ± 0 . 8

3%  C W 9 5 .3  ± 1 .4
5%  C W . 9 0 .3  ± 1 .7
7%  C W 8 8  ± 1 .5

It can  b e  s e e n  that th e  W V T R  v a lu e s  o f  n eat A M P S -N a + h y d r o g e l are  
arou n d  6 9  to  141 g /h .m 2, w h e r e a s  th e  c h it in  w h isk e r s -r e in fo r c e d  h y d r o g e ls  s h o w  a  
lo w e r  W V T R  v a lu e  w ith  an in c r e a se  in  c h it in  w h isk e r  c o n te n t. T h is  r e su lts  su g g e t  
th at th e  a d d itio n  o f  c h it in  w h isk e r s  o b stru c ts  th e  p e r m e a b ility  o f  w a te r  th ro u g h  th e  
h y d r o g e ls . T h o u g h  th ere  is  n o t  an  e x a c t  id ea l v a lu e  o f  W V T R  fo r  w o u n d  d r e ss in g ,  
th e  v a lu e  m u st n o t  b e  s o  h ig h  b e c a u s e  it w i l l  c a u se  a dry c o n d it io n  in  th e  w o u n d  area. 
O n  th e  o th er  h an d , i f  th e  W V T R  v a lu e  is  s o  lo w , th e n  it w i l l  m a k e  th e  a c c u m u la tio n  
o f  e x u d a te s  w h ic h  m a y  c a u se  th e  d e c e le r a tio n  o f  h e a lin g  p r o c e s s  an d  o p e n s  u p  th e  
r isk  o f  b a cter ia l g ro w th .

T h e  W V T R  v a lu e s  o f  A M P S -N a + h y d r o g e ls  s e e m  to b e  lo w e r  than  
e v a p o r a tiv e  w a te r  lo s s  o f  s e c o n d  and third  d e g r e e  o f  b u m  sk in  (T a b le  4 .8 )  w h ic h  
h a v e  v a lu e  o f  178.1  ะเะ 5 .5  g /h .m 2 and  1 4 3 .2  ±  4 .5  g /h .m 2, r e s p e c t iv e ly . (N ils s o n ,  
G .E .,1 9 9 7 )  S o , th e se  c a n  b e  c o n c lu d e d  that h y d r o g e ls  fro m  A M P S -N a + c a n  co n tro l  
th e  lo s s  o f  b o d y  f lu id  and  ca n  k e e p  m o is t  e n v ir o n m e n t to  w o u n d .
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Table 4.8 E v a p o ra tiv e  w a ter  lo s s  o f  n o rm a l sk in  and  e a c h  d e g r e e  o f  b u m  sk in  
(N ils s o n , G .E ., 1 9 9 7 )

S k in  ty p e s E v a p o r a tiv e  w a ter  lo s s  (g /h .m 2)

H e a lth y  sk in 8 .5  ± 0 . 5
F irst d e g r e e  b u m 1 1 . 6  ±  1 . 1

S e c o n d  d e g r e e  b u m 17 8 .1  ± 5 . 5
T h ird  d e g r e e  b u m 1 4 3 .2  ± 4 . 5

4.12 Moisture Retention Capability and Equilibrium Degree of Swelling

B e in g  an  im p o rtan t fa c to r  o f  w o u n d  d r e s s in g , M o is tu r e  r e ten tio n  c a p a b ility  
and E q u ilib r iu m  d e g r e e  o f  s w e l l in g  (E D S )  in  s tim u la te d  b o d y  f lu id  ( S B F )  o f  
h y d r o g e ls  w e r e  in v e s t ig a te d  and  sh o w n  in  T a b le  4 .9 ,  4 .1 0 ,  4 .1 1 ,  4 .1 2 .  M o is tu r e  
re ten tio n  ca p a b ility  o f  a ll h y d r o g e ls  te n d s  to  b e  lin ear  w ith  th e s lo p e  (w a te r  lo s in g  
rate) o f  a b o u t -3  to  -5  X1 O'4  g /m in , an d  th e ra tio  o f  w a ter  h o ld in g  in  th e  h y d r o g e l  
s lic e  (R h ) in  3 h  w a s  a b o u t 77%  . A M P S -N a + h y d r o g e ls  w ith  lo w e r  E D S  v a lu e s  are  
o b se r v e d  in  h ig h er  p e r c e n ta g e  o f  c r o ss lin k e r  th an  th e  lo w e r  o n e  d u e  to  h ig h e r  
c r o ss lin k  d e n s ity  a c h ie v a b le  u n der th e  e x p e r im e n ta l c o n d it io n s .

Table 4 .9  E D S  and  m o is tu r e  r e te n tio n  c a p a b ility  o f  A M P S -N a + h y d r o g e ls  b y  u v  
rad ia tion

30 %  A M P S -N a + 40 %  A M P S -N a + 5 0 %  A M P S -N a +

% M B A 0 . 1 0 .5 1 0 . 1 0 .5 1 0 . 1 0 .5 1

E D S  in  S B F 9 8 6 801 6 3 2 8 6 5 6 3 9 4 8 2 8 2 0 5 6 7 4 3 1

W ater lo s in g  

( 1 0 ^  g /m in )
-4 .7 -3 .7 -3 .7 -4 .4 -4 .4 -4 .1 - 3 .4 -3 .2 -3 .0

Rh,3h (% ) 7 3 .9 8 7 1 .9 1 7 1 .6 2 7 8 .1 9 7 8 .0 0 7 8 .9 1 8 2 .5 7 8 2 .6 1 8 1 .6 6
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Table 4.10 E D S  and  m o is tu r e  re ten tio n  c a p a b ility  o f  A M P S -N a + h y d r o g e ls  b y  u v  
r a d ia tio n

30 %  A M P S -N a + 4 0 %  A M P S -N a + 5 0 %  A M P S -N a +
%  M B A 0 . 1 0 .5 1 0 . 1 0 .5 1 0 . 1 0 .5 1

E D S  in  
S B F 1 0 0 2 7 4 0 5 5 8 8 1 8 7 2 9 4 5 1 8 0 5 6 1 3 4 6 6

W ater  
lo s in g  rate 

( 1 ๙  
g /m in )

-5 .3 -4 .6 -4 .1 -4 .5 -3 .7 -3 .2 -4 .3 -3 .8 -3 .1

Rh,3h(% ) 7 6 .2 3 7 5 .7 1 7 0 .2 5 7 8 .7 4 7 5 .6 3 7 5 .6 0 8 2 .0 1 8 1 .0 1 8 0 .0 4

Table 4.11 E D S  an d  m o is tu r e  re ten tio n  c a p a b ility  o f  c h it in  w h isk e r s  r e in fo r c e d  
A M P S -N a + h y d r o g e ls  b y  u v  R a d ia tio n

3 0 %  A M P S -N a + +  0 .5  M B A 4 0 %  A M P S -N a + +  0.1 M B A
% c h it in  w h isk e r s 0 3 5 8 0 3 5 8

E D S  in  S B F 80 1 9 0 6 891 6 5 0 8 6 5 1 0 2 6 9 8 0 9 5 4
W ater  lo s in g  rate  

( 1 0 -4  g /m in ) - 3 .7 -3 .7 -3 .5 -3 .4 -4 .4 -3 .7 -3 .4 -3 .4

Rh,3h(% ) 7 1 .9 1 7 1 .8 8 7 1 .4 1 7 1 .1 9 7 8 .1 9 7 8 .9 7 7 8 .6 2 7 8 .0 8

Table 4.12 E D S  and  m o is tu r e  r e ten tio n  c a p a b ility  o f  c h it in  w h is k e r s  r e in fo r c e d  
A M P S -N a + h y d r o g e ls  b y  G a m m a  R a d ia tio n

3 0 %  A M P S -N a + +  0 .5  M B A 4 0 %  A M P S -N a + +  0 .1  M B A
%  c h it in  w h isk e r s 0 3 5 8 0 3 5 8

E D S  in  S B F 7 4 0 6 6 3 6 3 9 5 4 0 8 1 8 8 7 2 8 1 8 7 7 2
W ater  lo s in g  rate  

( 1 0 " 4 g /m in ) - 4 .6 -4 .5 -4 .1 -4 .6 -4 .5 -4 .4 -4 .8 - 3 .6

Rh,3h(% ) 7 5 .7 1 7 5 .8 7 5 .8 7 4 .9 7 8 .7 4 7 8 .4 7 8 .6 7 8 .6
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4.13 Release of Chitin Oligomers from Hydrogels

C h itin  is  k n o w n  to  b e  a b io p o ly m e r  that c a n  b e  d eg ra d ed  in  a  su ita b le  
e n z y m e . L y s o z y m e  fro m  h en  e g g  w h ite  c o u ld  b e  u sed  to  d eg ra d e  c h it in  to  o l ig o c h it in  
an d  la ter  to  N -a c e ty lg lu c o s a m in e  (C H O , Y.w. et al., 1 9 9 9 ) . T o  e v a lu a te  th e  r e le a se  
o f  c h it in  w h isk e r s  from  c h it in  w h isk e r s -r e in fo r c e d  h y d r o g e ls , th e  h y d r o g e l sa m p le s  
w e r e  in cu b a ted  in  P B S  b u ffer  and  P B S  b u ffe r  c o n ta in in g  ly s o z y m e  at 37°c fo r  5 
d a y s  and  c o m p a r e  th e  w e ig h t  a fter  dry to  a  co n sta n t w e ig h t . F ig u r e  4 .2 0 ,  4 .2 1 ,  
4 .2 2 ,and  4 .2 3  s h o w s  the p e r c e n ta g e  o f  w e ig h t  lo s s  o f  h y d r o g e l a fter  e n z y m a tic  
h y d r o ly s is . T h e  o b ta in ed  r e su lts  s h o w  that m o s t  o f  c h it in  w h isk e r  r e in fo r c e d  
h y d r o g e ls  c o u ld  r e le a se  c h it in  w h isk e r  b y  e n z y m a tic  h y d r o ly s is  w ith in  5 d a y s . T h e  
w e ig h t  r e d u ctio n  o f  th e  g e ls  p ro b a b ly  d u e  to  th e  lo s s  o f  c h it in  w h isk e r s  in  h y d r o g e ls  
an d  w e ig h t  lo s s  o f  h y d r o g e l in c r e a se  w ith  c h it in -w h isk e r  c o n te n t  in c r e a se d .

Time (day)

Figure 4.20 P e r c e n ta g e  o f  w e ig h t  lo s s  a fter  e n z y m a tic  h y d r o ly s is  in  P B S  b u ffer  
so lu t io n  c o n ta in in g  ly s o z y m e  o f  30 %  A M P S -N a + h y d r o g e ls  w ith  0 .5 %  o f  M B A  
c r o ss lin k e r  c o n ta in in g  3 ,5 ,and  8 %  พ /พ  c h it in  w h isk e r s  p ro d u c e d  b y  u v  rad ia tio n .
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Figure 4.21 P e r c e n ta g e  o f  w e ig h t  lo s s  a fter  e n z y m a tic  h y d r o ly s is  in  P B S  b u ffe r  
so lu t io n  c o n ta in in g  ly s o z y m e  o f  4 0 %  A M P S -N a + h y d r o g e ls  w ith  0 .1 %  o f  M B A  
c r o ss lin k e r  c o n ta in in g  3 ,5 ,and  7%  พ /พ  c h it in  w h is k e r s  p r o d u c e d  b y  u v  ra d ia tio n .

0 1 2 3 4 5 6
Time (day)

Figure 4.22 P e r c e n ta g e  o f  w e ig h t  lo s s  a fter  e n z y m a tic  h y d r o ly s is  in  P B S  b u ffe r  
s o lu t io n  c o n ta in in g  ly s o z y m e  o f  3 0 %  A M P S -N a + h y d r o g e ls  w ith  0 .5 %  o f  M B A  
c r o ss lin k e r  c o n ta in in g  3 ,5 ,an d  8 % พ /พ  c h it in  w h is k e r s  p r o d u c e d  b y  G a m m a .
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F ig u r e  4 .2 3  P e r c e n ta g e  o f  w e ig h t  lo s s  a fter  e n z y m a tic  h y d r o ly s is  in  P B S  b u ffe r  
so lu t io n  c o n ta in in g  ly s o z y m e  o f  4 0 %  A M P S -N a T h y d r o g e ls  w ith  0 .1 %  o f  M B A  
c r o ss lin k e r  c o n ta in in g  3 ,5 ,a n d  7%  พ /พ  c h it in  w h isk e r s  p ro d u ced  b y  G a m m a .

T o  c o n fir m  th e  e n z y m a tic  h y d r o ly s is , th e  m o r p h o lo g y  o f  h y d r o g e ls  w a s  
a n a ly z e d  b y  S E M . T h e  resu lts  s h o w  th at th e  su r fa c e  m o r p h o lo g y  o f  h y d r o g e ls  w a s  
sm o o th e r  an d  th e  e v id e n c e  o f  th e  a g g r e g a te s  o f  th e  w h isk e r s  w a s  d isa p p e a r e d  from  
th e  su r fa c e  a fter  5 d a y s  o f  e n z y m a tic  h y d r o ly s is  a s  sh o w n  in  T a b le  4 .1 3 .
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Table 4.13 S e le c te d  S E M  Im a g e s  o f  30 %  A M P S -N a + 
C r o ss lin k e r  C o n ta in in g  8 %  พ /พ  C h itin  W h isk e r s  A fte r  
S o lu t io n  C o n ta in in g  L y s o z y m e  at 1 ,3 ,an d  5 D a y s

h y d r o g e l w ith  0 .5  %  M B A  
S u b m e r s io n  in  P B S  B u ffe r
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4.14 Indirect Cytotoxicity Test (MTT assay)

T o x ic i ty  te s t  is  an  im p o rtan t a sp e c t  o f  b io m a te r ia ls . M T T  a ssa y  w a s  u se d  to  
d e term in e  th e  v ia b il ity  o f  l iv in g  L 9 2 9  f ib r o b la s ts  fo r  d e te c t in g  to x ic  p r o d u c ts  or  
a d v e r se  r e a c tio n s , w h ic h  c o u ld  b e  e v a lu a te d  th ro u g h  in  v itro  c y to to x ic  te s ts . M T T  
rea g en t is  a  y e l lo w  té tr a z o liu m  sa lt  th at p r o d u c e s  a  d ark -b lu e  fo r m a z a n  cry sta l w h e n  
in cu b a ted  w ith  v ia b le  c e l l s .  T h e r e fo r e , th e  le v e l  o f  th e  r e d u c tio n  o f  M T T  in to  
fo rm a za n  c a n  r e f le c t  th e  le v e l  o f  c e l l  m e ta b o lism . F ig . 4 .2 4  an d  4 .2 5  s h o w e d  p ercen t  
v ia b il ity  o f  c e l l s  o b ta in e d  fro m  M T T  a s s a y  fo r  L 9 2 9  c e l l s .

1 2 0

>xP

1 0 0

80 -
สิ 60

40
2 0

[ i n
Control 
3 0 % AMPS- 
3 0 % AMPS- 
3 0 % AMPS- 
4 0 % AMPS- 
4 0 % AMPS- 
4 0 % AMPS- 
5 0 % AMPS- 
5 0 % AMPS- 
5 0 % AMPS-

Na+ (0 .1 % MBA) 
Na+ (0 .5 % MBA) 
Na+ (1% MBA) 
Na+ (0 . 1% MBA) 
Na+ (0 .5 % MBA) 
Na+ (1% MBA) 
Na+ (0 .1% MBA) 
Na+ (0 .5 % MBA) 
Na+ (1% MBA)

uv G am m a

Figure 4.24 T h e  p e r c e n t v ia b il ity  o f  L 9 2 9  f ib ro b la st  fo r  c o n tr o l an d  e x tra c t  s o lu t io n s  
fro m  A M P S -N a + h y d r o g e ls  that p ro d u c e d  b y  u v  an d  G a m m a  ra d ia tio n .
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Figure 4.25 T h e  p ercen t v ia b il ity  o f  L 9 2 9  fib ro b la st fo r  co n tro l an d  e x tra c t  s o lu t io n s  
from  C h itin  W h isk e r -r e in fo r c e d  A M P S -N a + h y d r o g e ls  that p ro d u ced  b y  U V  and  
G a m m a  rad ia tion .

A l l  o f  th e  o b ta in e d  resu lts  s h o w  that th e  v ia b il ity  o f  L 9 2 9  f ib r o b la s ts  
cu ltu red  in  all h y d r o g e l ex tra c ted  so lu t io n  w e r e  lo w e r  th an  co n tr o l b u t g rea ter  th a n  
75%  o f  v ia b il ity . T h is  w a s  n o t s ig n if ic a n t ly  d iffe r e n t from  that o f  th e  c o n tr o l an d  its  
in d ic a te d  that h y d r o g e l sa m p le s  w e r e  n o n - to x ic  to  L 9 2 9  f ib ro b la st  an d  A M P S -N a + 
h y d r o g e ls  and  ch it in  w h isk e r  re in fo r c e d  h y d r o g e l in  a ll c o n d it io n  w e r e  a  g o o d  
ca n d id a te  to  b e  u se d  a s  w o u n d  d r e ss in g .
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4.15 Treatment of Open Wounds on Dog Using AMPS-Na+ Hydrogel Dressing; 
Case Report*
* Small Animal Hospital, Faculty of Veterinary Science, Chulalongkom Universiry

A  s e v e n -y e a r -o ld  f e m a le  S c h n a u z e r  d o g  h a s  g a n g r e n o u s  sk in  le s io n s  o n  its  
le f t - s id e  o f  b o d y  c a u se d  b y  m o is t  g a n g r e n e  w ith  th e  s iz e  o f  2 0 x 4 0  c m 2.

O n  d a y  0  su rg ica l d e b r id e m e n t w a s  p er fo r m e d  o n  g a n g r e n o u s  sk in  le s io n s  
fo l lo w e d  b y  w o u n d  irr iga tio n  w ith  0 .9 %  n o rm a l sa l in e  an d  c o v e r e d  w ith  w e t- to  dry  
b a n d a g e  and  c h a n g e d  th e  d r e s s in g  e v e r y d a y .

O n  w e e k  1, g ra n u la tio n  t is s u e s  o c cu rred  o n  th e  to p -h a lf  o f  w o u n d , th e  
b o t to m -h a lf  s ti ll h ad  g a n g r e n o u s  sk in  le s io n s  an d  th e  w o u n d  h a s  b e e n  treated  w ith  
th e  sa m e  p ro ced u re  b u t b e g in  to  u se d  In tra S ite  G e l™  (S m ith  &  N e p h e w )  w ith  n o n 
ad h eren t d r e ss in g .

O n w e e k  2 , a ll g a n g r e n o u s  sk in  le s io n s  w e r e  d isa p p e a r e d . T h e  w o u n d  h a s  
b e e n  treated  w ith  th e  sa m e  p ro ced u re  b u t th is  t im e  b e g in  to  u se d  A M P S -N a + 
h y d r o g e ls  o n  th e  to p -h a lf  o f  w o u n d  and  In tra S ite  G e l™  (S m ith  &  N e p h e w )  o n  th e  
b o t to m -h a l f  o f  w o u n d  w ith  n o n -a d h eren t d r e s s in g  an d  c h a n g e d  th e  d r e s s in g  e v e r y  
o th er  d ay .

O n w e e k  3 , 4  and  5 S iz e  w o u n d  red u ced  to  6 5 % , 50 % , 4 5 %  an d  30 % , 
r e s p e c t iv e ly  (a b o u t 7 x 1 7  c m 2.)

O n  w e e k  6 , n o  e x u d a te s  fro m  w o u n d  an d  w o u n d  s iz e  r e d u c e d  c o n t in u o u s ly  
an d  fu lly  h e a le d  o n  w e e k  8 .

T h is  c a s e  rep ort fr o m  S m a ll A n im a l H o sp ita l, F a c u lty  o f  V ete r in a r y  
S c ie n c e , C h u la lo n g k o m  U n iv e r s ir y  in d ic a te s  an  a lte r n a tiv e  u s e  o f  A M P S -N a + 
h y d r o g e ls  a s  a  d r e ss in g  to  p r o m o te  w o u n d  h e a lin g . T h e  r e su lts  s h o w  th a t A M P S -N a + 
h y d r o g e ls  fo u n d  to  b e  c o m p a r a b le  to  th e  In traS ite  G e l™  (S m ith  &  N e p h e w )  
c o m m e r c ia l d r e s s in g s .
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Figure 4 .2 6  W o u n d s  o n  sk in , a: O n  d a y  0  b e fo r e  trea tm en t w ith  d r e ss in g ;  b , c , d , e  
an d  f: w o u n d  c h a r a c te r is tic s  in w e e k s  1  th ro u g h  8  o f  trea tm en t, r e s p e c t iv e ly .
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