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4.1 Abstract
P lu ro n ic  F -1 2 7  (P F -1 2 7 ) , a tr ib lo c k  c o p o ly m e r  o f  p o ly e th y le n e  o x id e -p o ly p ro p y le n e  
o x id e -p o ly e th y le n e  o x id e , is a  th e rm a l- re sp o n s iv e  p o ly m e r  th a t  can  c h a n g e  from  sol 
to  gel a t an e le v a te d  te m p e ra tu re . R e g a rd in g  to  th is  p ro p e r ty , P F -1 2 7  h as  been  
in v e s tig a te d  as a  c a r r ie r  fo r  an  in je c ta b le  d ru g  d e l iv e ry  s y s te m . H o w e v e r , th e  s ta b ility  
o f  P F -1 2 7  gel u n d e r  th e  p h y s io lo g ic a l c o n d itio n s  is p o o r . C h itin  w h isk e r , a 
n a n o f ib r il la r  fo rm  o f  ch itin , w ith  c o n te n t v a ry in g  fro m  0 .4  %  to  7 % . w a s  a d d e d  to 
P F -1 2 7  so lu tio n  a t ro o m  te m p e ra tu re  and  th e n  in c u b a te d  a t 37  ๐c  to  a llo w  gel 
fo rm a tio n . T h e  s ta b ili ty  o f  P F -1 2 7  gel w as  e v a lu a te d  in te rm s  o f  w e ig h t lo ss. F ro m  
th e  re su lt o f  w e ig h t lo ss, th e  s ta b ili ty  o f  p lu ro n ic  gel w as  in c re a se d  w ith  in c re a s in g  
th e  c h itin  w h isk e r  c o n te n t. T h e  in c re a se  in g e l s ta b il i ty  m ig h t be  d u e  to  th e  p h y s ic a l 
in te ra c tio n s  b e tw e e n  th e  p lu ro n ic  m ic e lle s  an d  c h itin  w h isk e r . T h e  re lea se  
c h a ra c te r is t ic  o f  v a r io u s  ty p e s  o f  d y es  and  in su lin  p ro te in , u se d  as th e  m o d e l d ru g  fo r 
th e  c h itin  w h is k e r- in c o rp o ra te d  P F -1 2 7  gel h a v in g  d if fe re n t c h i tin  w h is k e r  ra tio s , 
w a s  in v e s tig a te d  as a fu n c tio n  o f  re le a s in g  tim e  fo r th e  p u rp o s e  o f  d ru g  c a rrie r  
a p p lic a tio n s .
K eyw ords:  P lu ro n ic ; C h itin  w h isk e r; T h e rm a l re sp o n s iv e  g e l; In je c ta b le  d ru g

4.2 Introduction

D ru g  a d m in is tra tio n  is an  in tro d u c tio n  o f  a d ru g  in to  an  a p p ro p r ia te  p a r t o f  
th e  b o d y  d u r in g  a re q u ire d  p e r io d  w ith  a sp e c if ic  a m o u n t o f  d ru g . It is n e c e ss a ry  th a t 
th e  d ru g  c o n c e n tra t io n  in th e  b lo o d  is m a in ta in e d  a t a  lev e l th a t  p ro v id e s  th e  h ig h e s t
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th e ra p y  a n d  th e  lo w e s t to x ic ity . T h e re  a re  th re e  m a in  ro u te s  o f  d ru g  a d m in is tra tio n : 
to p ic a l, o ra l an d  p a re n te ra l  a d m in is tra tio n . F o r  th e  to p ic a l s y s te m , a d ru g  is a p p lie d  
d ire c t ly  to  a  su rfa c e  a re a  o f  th e  b o d y , w h ic h  h a s  a  lim ita tio n  to  o n ly  sm a ll d ru g  
m o le c u le s  th a t a re  sm a ll e n o u g h  to  p e n e tra te  th ro u g h  sk in . T h e  o ra l a d m in is tra tio n  
re fe rs  to  a ro u te  o f  d ru g  a d m in is tra tio n  th a t in v o lv e s  th e  d ig e s tiv e  tra c t. H o w e v e r , th e  
o ra l a d m in is tra tio n  h a s  so m e  lim ita tio n s  o n  p o o r  d ru g  a b so rp tio n  a n d  d e g ra d a tio n  o f  
d ru g  in a c id ic  e n v iro n m e n t. In  c a se  o f  th e  p a re n te ra l  sy s te m , a  d ru g  is in tro d u c e d  
in to  th e  b o d y  th ro u g h  th e  b lo o d  c irc u la tio n  w h ic h  c o n s e q u e n tly  p ro v id e s  an  e ffe c tiv e  
th e ra p y .

In  re c e n t y e a rs , b io d e g ra d a b le  p o ly m e rs , e sp e c ia lly  n a tu ra l  p o ly m e rs , h a v e  
re c e iv e d  m o re  a tte n tio n  in b io m e d ic a l a p p lic a tio n s . N a tu ra l p o ly m e rs  a re  a ttra c t iv e  in 
th is  a re a  d u e  to  th e ir  b io c o m p a tib il ity , b io d e g ra d a b ili ty , a n d  n o n - to x ic ity . 
F u r th e rm o re , n a tu ra l p o ly m e rs  d e r iv e  fro m  re n e w a b le  so u rc e s  w h ic h  c a n  b e  o b ta in e d  
in a la rg e  su p p ly . C h itin , p o ly  ( /T ( l-4 )- jV -a c e ty l-D -g lu c o sa m in e ) , is a p o ly s a c c h a r id e  
th a t h a s  b e e n  fo u n d  in v a r io u s  n a tu ra l so u rc e s  s u c h  a s  th e  sh e lls  o f  c ru s ta c e a n s , th e  
c u t ic le s  o f  in sec ts  a n d  th e  ce ll w a ll o f  fu n g i ( J a y a k u m a r  et a l., 2 0 1 0 ) . In c o m m e rc ia l 
p ro d u c tio n  o f  c h itin , c h i t in  is m a in ly  p re p a re d  f ro m  th e  sh e lls  o f  c ru s ta c e a n s  su c h  as 
c ra b s  a n d  s h r im p s  w h ic h  a re  re a d ily  a v a ila b le  as w a s te s  from  s e a fo o d  in d u s trie s .

C h itin  w h is k e r , o r  c h itin  in th e  fo rm  o f  c ry s ta l l in e  n a n o f ib r ils , is o b ta in e d  by  
a c id  h y d ro ly s is  o f  c h itin . C h itin  w h isk e r  has b e e n  in v e s tig a te d  a s  r e in fo rc e m e n t in 
s e v e ra l m a te r ia ls  (P a i l le t  et a l., 2 0 0 1 ). W h en  c h itin  w h is k e r  h a s  b e e n  u se d  in 
c o m p o s ite s , th e  im p ro v e m e n t o f  th e  m e c h a n ic a l p ro p e r t ie s  (S r iu p a y o  e t  a l., 2 0 0 5 ) 
an d  d im e n s io n a l s ta b il i ty  o f  th e  c o m p o s ite s  (W o n g p a n it  et a l., 2 0 0 7 )  h a v e  b een  
re p o r te d .

P lu ro n ic  o r  P o lo x a m e r  is a tr ib lo c k  c o p o ly m e r  o f  p o ly e th y le n e  o x id e -  
p o ly p ro p y le n e  o x id e -p o ly e th y le n e  o x id e . P lu ro n ic  is c o m m e rc ia lly  a v a ila b le  in  se rie s  
w ith  th e  d if fe re n c e  in m o le c u la r  w e ig h t. P lu ro n ic  F 127 h as  a  m o le c u la r  w e ig h t o f  
1 1 ,5 0 0 , 7 0 -7 9 %  o f  w h ic h  is a c c o u n te d  fo r  b y  th e  h y d ro p h il ic  e th y le n e  o x id e  p o rtio n . 
P lu ro n ic  F 127 is a th e rm o -re sp o n s iv e  p o ly m e r  th a t  c h a n g e s  f ro m  so l to  g e l a t an  
e le v a te d  te m p e ra tu re . A c c o rd in g  to  th is  p ro p e r ty , p lu ro n ic  F 127 h as  b een  
in v e s tig a te d  as a c a r r ie r  fo r  in je c ta b le  d ru g  d e l iv e ry  sy s te m . In a d d it io n , p lu ro n ic  
F 127 in a q u e o u s  s o lu tio n s  e x h ib its  re v e rs ib le  th e rm a l g e la tio n  a t a c o n c e n tra t io n
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b e tw e e n  2 0  a n d  3 0 %  (พ /พ ). T h e  th e rm o -re sp o n s iv e  b e h a v io r  o f  p lu ro n ic  w as  
h y p o th e s iz e d  to  be  c a u s e d  b y  e n tro p ic a ily  d r iv e n  h y d ro p h o b ic  in te ra c tio n s  b e tw e e n  
p o ly p ro p y le n e  b lo c k s  o f  p lu ro n ic  c h a in s . W h en  th e  te m p e ra tu re  o f  a n  a q u e o u s  
s o lu tio n  o f  p lu ro n ic  F 127 is in c re a se d , th e  c o p o ly m e r  m o le c u le s  a g g re g a te  in to  
sp h e ric a l m ic e lle s , w h ic h  c o n ta in  a d e h y d ra te d  p o ly p ro p y le n e  o x id e  co re  an d  an 
o u te r  sh e ll o f  h y d ra te d  p o ly e th y le n e  o x id e . T h e  m ic e lle s  o f  p lu ro n ic  F 1 2 7  in an  
a q u e o u s  e n v iro n m e n t h a v e  b een  sh o w n  to  be  s u i ta b le  fo r  th e  in c o rp o ra tio n  o f  b o th  
h y d ro p h il ic  an d  h y d ro p h o b ic  d ru g s  a n d  to  p ro lo n g  d ru g  re le a se .

In th is  s tu d y , c h i t in  w h isk e r- in c o rp o ra te  p lu ro n ic  F 127 c o m p o s ite  g e l w ith  
d if fe re n t c h i t in  w h isk e r  c o n te n t w as p re p a re d  in o rd e r  to  o b ta in  th e rm a l- re sp o n s iv e  
gel fo r  b e in g  u sed  a s  a c a r r ie r  fo r  in je c ta b le  d ru g  d e l iv e ry  s y s te m . T h e  re le a se  
c h a ra c te r is t ic  o f  c h i tin  w h isk e r- in c o rp o ra te d  p lu ro n ic  F 127 c o m p o s ite  gel w a s  
in v e s tig a te d  b y  u s in g  c a tio n ic  d y e , a n io n ic  dy e  a n d  in su lin  as m o d e l d ru g s . T h e  
e ffe c ts  o f  c h i tin  w h is k e r  c o n te n t, re le a s in g  tim e , in itia l d y e  c o n c e n tra t io n , an d  ty p e  o f  
dy e  o n  th e  re le a s in g  b e h a v io r  o f  m o d e l d ru g s  w a s  d e te rm in e d . M o re o v e r , th e  e ffec t 
o f  c h itin  w h is k e r  on  th e  g e l s ta b ili ty  w as  a lso  e v a lu a te d .

4.3 Experiment

4.3 .1  M a te r ia ls  a n d  c h e m ic a ls
C h itin  w h is k e r  w as  p re p a re d  from  th e  s h e l ls  o f  M etapenaeus dobson i 

sh r im p , w h ic h  w e re  k in d ly  p ro v id e d  b y  S u ra p o n  F o o d s  P u b lic  C o ., L td . (T h a ila n d ) . 
A n a ly tic a l g ra d e  h y d ro c h lo r ic  ac id  (H C1) an d  so d iu m  h y d ro x id e  (N a O H ) p e lle ts  
w e re  p u rc h a s e d  fro m  R C I L a b sc a n  L im ite d  (T h a ila n d ) . P lu ro n ic  F -1 2 7  and  
p h o s p h a te -b u ffe re d  sa lin e  (P B S ) w e re  p u rc h a se d  fro m  S ig m a  A ld r ic h  an d  d ia ly s is  
tu b e  fo r  d ru g  re le a se  w a s  p u rc h a se d  fro m  S p e c tru m  L a b o ra to r ie s  (sp e c tra ) , w h ic h  h as  
a m o le c u la r  w e ig h t c u to f f  o f  3 ,5 0 0  D a . M e th y le n e  b lu e  C .I. 5 2 0 1 5  (U N IL A B ), 
m e th y l o ra n g e  C .I. 1 3 0 2 5  (L A B C H E M ) an d  in su lin  w e re  u se d  as th e  m o d e l 
c o m p o u n d s .

4 .3 .2  P re p a ra tio n  o f  ch itin
C h itin  w a s  p re p a re d  f ro m  sh r im p  sh e ll b y  d é c a lc if ic a tio n  and  

d e p ro te in iz a t io n  to  re m o v e  c a lc iu m  c a rb o n a te  a n d  p ro te in , re sp e c tiv e ly . T h e se
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p ro c e sse s  w e re  c a r r ie d  o u t a c c o rd in g  to  th e  p ro c e d u re  d e s c r ib e d  b y  S h im a h a ra  an d  
T a k ig u sh i, (1 9 8 8 ) . T o  p re p a re  c h itin , sh r im p  sh e lls  w e re  f ir s t  c le a n e d  a n d  d r ie d  u n d e r  
su n lig h t fo r  a  fe w  day s. T h e n , c h itin  w a s  g ro u n d  in to  s m a ll p ie c e s . 1 k g  o f  d r ie d  
sh r im p  s h e lls  w a s  im m e rse d  in 10 lite rs  o f  a 1 N  HC1 s o lu tio n  w ith  o c c a s io n a l 
s tir r in g  a t ro o m  te m p e ra tu re  fo r  2 d ay s. T h e  a c id ic  s o lu tio n  w a s  c h a n g e d  d a ily . T h e  
d e c a lc if ie d  sh r im p  sh e lls  w e re  su b se q u e n tly  n e u tra liz e d  b y  d is ti l le d  w a te r  and  d rie d  
a t 60  ° c  fo r  4 8  h o u rs . T h e  d e c a lc if ie d  sh r im p  sh e lls  w e re  fu r th e r  d e p ro te in iz e d  in a  4 
%  w /v  N a O H  so lu tio n  a t a ra tio  o f  N a O H  s o lu tio n  to  sh r im p  sh e lls  o f  10:1 w ith  
c o n tin u o u s  s ti r r in g  at 80 ° c  fo r  4  h o u rs . T h e  o b ta in e d  c h i t in  w a s  f ilte re d , n e u tra liz e d  
b y  d is til le d  w a te r , an d  d r ie d  a t 6 0  ° c  in a  c o n v e c tiv e  o v e n  f o r  2 4  h o u rs .

4 .3 .3  P re p a ra tio n  o f  c h itin  w h is k e r  (C T W ) s u s p e n s io n
C h itin  w h isk e r  su sp e n s io n  w a s  p re p a re d  b y  a c id  h y d ro ly s is  b a se d  on 

th e  m e th o d  o f  D u fre sn e  e t  a l., (2 0 0 1 , 2 0 0 2 . 2 0 0 3 ). C h itin  f la k e s  w e re  h y d ro ly z e d  
w ith  3N  HC1, w h ic h  th e  ra tio  o f  ch itin  to  HC1 w as  1 g o f  c h i t in  to  3 0  m l o f  HC1, 
u n d e r  v ig o ro u s  s tir r in g  a t 1 0 4 ° c  fo r  6 h o u rs . T h e  s u s p e n s io n  w a s  la te r  d i lu te d  w ith  
d is til le d  w a te r , fo llo w e d  b y  c e n tr ifu g a tio n  a t 10 ,000  rp m  fo r  10 m in u te s . T h is  
p ro c e ss  w a s  re p e a te d  fo r th re e  tim e s  to  re m o v e  HC1. A f te rw a rd , th e  su sp e n s io n  w as 
d ia ly z e d  in d is ti l le d  w a te r  u n til n eu tra l. T h e  d isp e rs io n  o f  c h i tin  w h isk e rs  in the  
su sp e n s io n  w a s  a c c o m p lish e d  by  u l tra so n ic a tio n  fo r  10 m in u te s . T h e  s u s p e n s io n  w as  
s to re d  in a re fr ig e ra to r  b e fo re  use .

4 .3 .4  P re p a ra tio n  o f  p lu ro n ic  so lu tio n  an d  p lu ro n ic /c h itin  w h is k e r  c o m p o s ite  
g e l

P lu ro n ic  so lu tio n  w as p re p a re d  b y  S c h m o lk a 's  c o ld  m e th o d  
(S c h m o lk a , 1972). B rie f ly , an  a p p ro p r ia te  a m o u n t o f  th e  p lu ro n ic  c o p o ly m e r  w a s  
s lo w ly  a d d e d  in to  co ld  d is til le d  w a te r  w ith  c o n s ta n t a g i ta t io n  u s in g  m a g n e tic  s tirre r . 
A f te r  th a t th e  so lu tio n  w as  k e p t in a re fr ig e ra to r  fo r  a t  le a s t 2 4  h o u rs  to  e n su re  
c o m p le te  d is s o lu tio n . T h e n  th e  p lu ro n ic  so lu tio n  w as  m ix e d  w ith  c h itin  w h isk e r  
s u sp e n s io n  b y  v a ry in g  th e  w e ig h t ra tio  o f  c h itin  w h is k e r  to  p lu ro n ic . T h e  
p lu ro n ic /c h itin  w h isk e r  s u sp e n s io n  w as  in c u b a te d  a t 37 °c to  in d u c e  gel fo rm a tio n .
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4 .3 .5  C h a ra c te r iz a tio n  o f  p lu ro n ic /C T W  c o m p o s ite  ge l
C h e m ic a l s tru c tu re s  o f  c h itin  an d  c h itin  w h is k e r  w e re  d e te rm in e d  by  

F T IR . T h e  m o rp h o lo g y  o f  C T W  w a s  o b se rv e d  b y  T E M . T h e  C T W  s u sp e n s io n  w e re  
d i lu te  w ith  d is ti l le d  w a te r  in to  th e  c o n c e n tra tio n  a t 0 .0 0 6  % w /v . T h e  s a m p le s  w e re  
p re p a re d  b y  a ir -d ry in g  th e  p a r tic le s  o n to  a c a rb o n -c o a te d  c o p p e r  g rid  a n d  a ir -d rie d . 
T h e  m o rp h o lo g y  o f  c o m p o s ite  gel w as  o b se rv e d  by  S E M . S a m p le  so lu tio n s  w ere  
d ro p p e d  o n to  fo il, fo llo w e d  b y  d ry in g  in c o n v e c tio n  o v e n . A f te r  th a t, d ry  sa m p le s  
w e re  p la c e d  o n to  s tu b s , c o a te d  w ith  p la tin u m  u s in g  a J E O L  J F C -1 1 0 0  sp u tte r in g  
d e v ic e . F o r  th e  s ta b il i ty  o f  c o m p o s ite  gel, T h e  s a m p le s  w e re  th e n  d rie d  in c o n v e c tio n  
o v e n  an d  m e a s u re d  th e  w e ig h t re m a in in g  a f te r  im m e rs io n  in  P B S  so lu tio n  p H  7 .4  a t 
37 °c. T h e  ge l s ta b il i ty  o f  s a m p le s  in w e t s ta te  w a s  a lso  e v a lu a te d  in te rm  o f  w e ig h t 
r e m a in in g  by  th e  fo llo w in g  e q u a tio n s :

W e ig h t r e m a in in g  (% ) =  1 0 0 -  {[-—— ■— — ] X100} (1 )พ 0

w h e re  Wo is o r ig in a l d ry  w e ig h t an d  w t is th e  w e ig h t o f  th e  d ry  g e l a f te r  in c u b a tio n  
fo r  a  g iv e n  tim e  p e r io d  (N se re k o  an d  A m iji, 2 0 0 2 ).

4 .3 .6  P re p a ra t io n  o f  d y e  so lu tio n s  a n d  e v a lu a t io n  o f  m o d e l d ru g  re le a se  
c h a ra c te r is t ic s

T h e  d y e s  u sed  in th is  s tu d y  w e re  m e th y le n e  b lu e , a c a tio n ic  d y e , and  
m e th y l o ra n g e , a n  a n io n ic  dy e . T h e  dy e  s to c k  so lu tio n s  w e re  p re p a re d  b y  d is so lv in g  
d y e s  in d is til le d  w a te r  to  th e  c o n c e n tra tio n  o f  1000  mg/1. C o n s e q u e n tly , th e  d y e  s to c k  
w a s  d ilu te d  to  th e  d e s ire d  in itia l dy e  c o n c e n tra tio n s . T h e  p lu ro n ic /c h itin  w h isk e r  
c o m p o s ite  g e l w a s  a d d e d  0 .5  m l o f  dy e  so lu tio n s  a t lo w  te m p e ra tu re  to  p re p a re  the  
s a m p le . T h e  in vitro  re le a se  s tu d ie s  w e re  c a r r ie d  o u t in 100 m l o f  p h o sp h a te  b u ffe r  
s a lin e  (P B S ) s o lu tio n  pH  7 .4  a t 37  ๐c .  A  1 m l o f  re le a se  m e d ia  w a s  ta k e n  o u t a t a 
s p e c if ic  tim e  in te rv a l an d  re p la c e d  w ith  th e  sam e  v o lu m e  o f  fresh  m e d ia . T h e  
c o n c e n tra t io n s  o f  d y e  so lu tio n s  w e re  d e te rm in e d  b y  th e  U V -V IS  S p e c tro p h o to m e te r . 
A  sy s te m  h a v in g  tw o  se p a ra te d  c o m p a rtm e n ts  w a s  u se d  to  s tu d y  the  re le a se  o f  d ru g  
f ro m  th e  g e ls  as sh o w n  in F ig u re  4 .1 , (P a a v o la  et a h , 1997 ). In  th is  sy s te m , c e llu lo se  
m e m b ra n e , w ith  th e  m o le c u la r  w e ig h t c u t o f f  e q u a l to  3 5 0 0  D a , w as  u sed  to  se p a ra te
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th e  ge l in  th e  d o n o r  c o m p a rtm e n t f ro m  th e  P B S  s o lu tio n . T h e  a re a  o f  th e  m e m b ra n e  
w a s  4 .9 0  c m 2 an d  th e  P B S  so lu tio n  in th e  a c c e p to r  c o m p a r tm e n t w a s  s tirre d  w ith  a 
m a g n e tic  b a r  a t 2 5 0  rp m . T h e  re le a se  b e h a v io rs  o f  d y es  f ro m  d y e  so lu tio n , n ea t 
p lu ro n ic  g e l, an d  p lu ro n ic /c h itin  w h isk e r  c o m p o s ite  g e ls  c o n ta in in g  in th e  d o n o r  
c o m p a r tm e n t w e re  e v a lu a te d . T h e  so lu tio n s  in th e  a c c e p to r  c o m p a r tm e n t w e re  ta k e n  
to  d e te rm in e  th e  re le a s e d  dy e  c o n c e n tra t io n s  a t th e  sp e c ific  tim e  in te rv a l u n til 72  
h o u rs .

Figure 4.1 E x p e r im e n ta l se t-u p  fo r  th e  d y e  re le a se  m e a s u re m e n t. A  : G la ss  c y lin d e r  
(d o n o r  c o m p a rtm e n t)  ; B : P le x ig la s s  c o v e r  ; c  : M e m b ra n e  ; D  : P B S  so lu tio n  
(a c c e p to r  c o m p a r tm e n t)  ; E  : S tir r in g  m a g n e tic  ; F  ะ S a m p lin g  p o rt.

4.4 Results and discussion
4 .4 .1  C h a ra c te r iz a tio n  o f  c h itin  w h is k e r

4.4.1.1 Y ields P roduction
In g e n e ra l, c h i tin  fro m  a n im a ls  o c c u rs  a s s o c ia te d  w ith  o th e r  e le m e n ts , su ch  

as l ip id s , c a lc iu m  c a rb o n a te , p ro te in s  an d  p ig m e n ts  so  th e  sh r im p  sh e lls  w e re  tre a te d  
w ith  c h e m ic a ls  to  e x tra c t  ch itin . T h e  sh r im p  sh e lls  w e re  f irs t c le a n e d  a n d  tre a te d  w ith  
HC1 a n d  N a O H  to  re m o v e  c a lc iu m  an d  p ro te in s , re sp e c tiv e ly . D e m in e ra liz a t io n  
o c c u rs  a c c o rd in g  to  th e  fo llo w in g  re a c tio n  (B e lg a c e m  et a l., 2 0 0 8 ):

A f te rw a rd s , c h i tin  w as  c ru sh e d  to  be  th e  sm a ll f la k e s  fo r  u se  in c h itin  
w h is k e r  p re p a ra tio n . T h e  y ie ld s  o f  c h itin  a n d  c h itin  w h is k e r  p ro d u c tio n  w as  
re p re se n te d  in T a b le  4 .1 .

C a C 0 3 +  H C l C 0 2 +  C a C l2 +  H 20
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Table 4.1 Y ie ld s  o f  c h i t in  an d  ch itin  w h is k e r  p ro d u c tio n

Substances Dry Weight (g)

S h rim p  sh e lls 100

D e m in e ra liz e d  sh r im p  sh e lls 4 5 .0 0

C h itin 3 0 .8 3

C h itin  w h isk e r 15.04

4 .4 .1 .2  C haracteriza tion  o f  ch itin  a n d  ch itin  w hisker  
F T -IR  sp e c tra  o f  c h i tin  and  c h itin  w h is k e r  a re  d e p ic te d  in F ig u re  4 .2 . T h e  

a m id e  I b a n d s  a t 1655 c m ” 1 (so m e tim e s  to g e th e r  w ith  th e  a m id e  I b a n d  a t 1630 cm  ')  
o r  th e  a m id e  II b an d  a t  1560  c m ” 1 a re  u se d  a s  th e  c h a ra c te r is t ic  b a n d (s )  o f  N - 
a c e ty la tio n . In g e n e ra l, th e  c h a ra c te r is t ic  b a n d s  o f  c h i tin  a re  th e  O H  s tre tc h in g  b a n d  
a t 3 4 5 0  c m ” 1, the  C-FI s tre tc h in g  b a n d  a t 2 8 7 0 - 2 8 8 0  c m ” 1, th e  - C H 2 b e n d in g  
c e n te re d  a t 1420 c m ” 1, th e  am id e  III b a n d  a t  1 3 1 5 -1 3 2 0  c m ” 1, th e  a n ti- sy m m e tr ic  
s tre tc h in g  o f  th e  C -O -C  b r id g e  a t a ro u n d  1160  c m ” 1, th e  sk e le ta l v ib ra t io n s  in v o lv in g  
th e  C -O -C  s tre tc h in g  b a n d s  at 1070 o r  1030  cm  1 a n d  th e  b a n d  a t 8 9 7  c m  1 (C -O -C  
b rid g e  a s  w e ll as g ly c o s id ic  lin k a g e ) . In F ig u re  2 , th e  p e a k  a t 1540 cm" 
'c o r r e s p o n d in g  to  p ro te in  co u ld  n o t b e  se e n , in d ic a tin g  th e  e f fe c t iv e  re m o v a l o f  
p ro te in  f ro m  c h itin  (B ru g n e ro tto  et a l., 2 0 0 1 ). In a d d it io n , th e  c h a ra c te r is t ic  p e a k s  o f  
a m id e  I ( - C O N H - )  w e re  o b se rv e d  a t 1660  an d  1621 c m "1 (a m id e  I b a n d s ; s in g ly  H - 
b o n d e d  a n d  d o u b ly  H -b o n d e d , re sp e c tiv e ly )  an d  p e a k  o f  a m id e  II w a s  a t 1558 c m '1. 
T h e  d e g re e  o f  d e a c e ty la tio n  (% D D ) o f  c h i tin  an d  c h itin  w h is k e r  w e re  d e te rm in e d  b y  
fo llo w in g  th e  m e th o d  o f  S a n n a n  et a l., 1977 w h ic h  e s tim a te s  % D D  fro m  the ra tio  o f  
th e  a b s o rb a n c e  o f  a m id e  II b an d  a t 15 50  cm "1 an d  C -H  b a n d  a t 2 8 7 8  c m ’1. In th is  
s tu d y , % D D  o f  c h itin  a n d  ch itin  w h is k e r  w e re  fo u n d  to  be  3 4  %  an d  38 % , 
re sp e c tiv e ly .
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Figure 4 .2  F T -IR  sp e c tra  o f  (a )  ch itin  and  (b ) c h itin  w h isk e r .

T E M  im a g e  o f  c h i tin  w h isk e r  is sh o w n  in  F ig u re  4 .3 . It c a n  b e  se e n  th a t the  
in d iv id u a l c h i t in  w h isk e r  h a s  a ro d -sh a p e d  s tru c tu re . T h e  p ro to n a tio n  o f  th e  a m in o  
g ro u p s  ( -N H 3+) in ch itin  a f te r  a c id  h y d ro ly s is  u s in g  h y d ro c h lo r ic  a c id  re su lte d  in 
p o s it iv e  c h a rg e s  a p p e a r in g  a t th e  su rfa c e s  o f  c h itin  w h isk e r . H e n c e , th e  re p u ls io n  
fo rc e s  o f  th e s e  c a tio n ic  c h a rg e s  led to th e  s ta b le  c o llo id a l s u s p e n s io n  o f  ch itin  
w h is k e r  in w a te r  (M a rc h e s s a u lt  et al., 1959). T h e  c h lo r id e  io n s (C T ) f ro m  HC1 d id  
n o t p la y  im p o rta n t ro le  o n  c h a rg e s  b e c a u se  c h lo r id e  io n s w e re  e a s ily  e lim in a te d  b y  
w a sh in g  w ith  d is til le d  w a te r  fo r  sev e ra l tim e s  (A k ira  et a l., 1999 ).

Figure 4.3 T E M  im a g e s  o f  a  d ilu te  c h itin  w h isk e r  su sp e n s io n  0 .0 0 6  % w /v  a t th e  
m a g n if ic a tio n  o f  (a )  4 0 0 0 X  a n d  (b ) 70 00 X .
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F ig u re  4 .4  is sh o w s  th e  d is tr ib u tio n  o f  th e  h is tro g ra m  g ra p h  o f  c h i t in  w h isk e r  
fro m  115 re p re se n ta t iv e s  o f  c h i t in  w h isk e r  f ib r ils . T h e  le n g th  o f  c h itin  w h isk e rs  
ra n g e d  fro m  3 0 0  to  7 3 0  n m  w h ile  th e  w id th  ra n g e d  fro m  2 0  to  7 0  nm . T h e  a v e ra g e  
len g th  an d  w id th  o f  c h itin  w h is k e rs  w e re  a b o u t 4 6 8  an d  3 9  n m , re sp e c tiv e ly . T he  
a v e ra g e  le n g th  to  w id th  ra tio  (L /d )  o f  c h itin  w h is k e r  w a s  a b o u t 12.

Figure 4.4 H is tro g ra m  sh o w in g  th e  len g th  a n d  th e  w id th  d is tr ib u tio n  o f  ch itin  
w h isk e rs .

4 .4 .2  C h a ra c te r iz a tio n  o f  p lu ro n ic  so lu tio n
T h e  p ro p e r ty  o f  p lu ro n ic  so lu tio n  s tu d y  in te rm  o f  s o l-g e l p h a se  tr a n s i t io n  in 

th e  d if fe re n c e  o f  te m p e ra tu re . T h e  p lu ro n ic  in w a te r  w a s  o b se rv e d  b y  v ia l tiltin g  
m e th o d  as sh o w n  in F ig u re  4 .5 . E a c h  o f  p lu ro n ic  so lu tio n  w a s  v a r ie d  w ith  d iffe re n t 
c o n c e n tra t io n s . T h e  gel s ta te  w a s  d e te rm in e d  b y  in v e r tin g  th e  v ia l. I f  th e  so lu tio n  did 
n o t f lo w  in 1 m in , it w a s  c a lle d  g e l p h ase . T h e  tra n s p a re n t f lo w  liq u id  w a s  c a lle d  sol 
p h a se . W ith  th e  in c re a s in g  in te m p e ra tu re  to  37  ๐c ,  th e  so lu tio n  o f  2 0  an d  25 %  o f  
p lu ro n ic  s o lu tio n  c h a n g e  fro m  so l p h a se  a t 5 ๐c  to  gel p h a se  a t  3 7  ๐c .  T h e  fo rm a tio n  
o f  th e  gel w a s  a p p e a re d  fro m  th e  h y d ro p h o b ic  c o re  o f  p o ly p ro p y le n e  b lo c k  is 
p a r tia lly  d e h y d ra te d , c a u s in g  th e  m ic e lle  to  b e  m o re  r ig id  an d  p a r tia l e n ta n g le m e n t 
b e tw e e n  m ic e lle s  o ccu r. F in a lly , th e  p lu ro n ic  s tru c tu re  fo rm  in to  3 -d im e n tio n a l 
s tru c tu re  o f  th e  g e l.
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Figure 4.5 T h e  a p p e a ra n c e  o f  p lu ro n ic  so lu tio n  w ith  th e  v a r io u s  c o n c e n tra t io n s  a f te r  
in c u b a te d  a t d if fe re n t te m p e ra tu re s .

4 .4 .3  C h a ra c te r iz a tio n  o f  p lu ro n ic /C T W  c o m p o s ite  gel
F o r  th e  c h a ra c te r iz a t io n  o f  th e  p lu ro n ic /C T W  c o m p o s ite  ge l, fro m  F ig u re

4 .6  sh o w s  th e  w e ig h t re m a in in g  a f te r  in c u b a te d  in P B S  so lu tio n  fo r  6 h o u rs  an d  12 
h o u rs . T h e  re su lt sh o w s  th a t th e  w e ig h t re m a in in g  o f  c o m p o s ite  gel in c re a se  w h en  
th e  c o n te n t o f  c h itin  w h isk e r  in c re a se . F u r th e rm o re , th e  in c re a s in g  o f  w e ig h t 
r e m a in in g  in d ic a te s  a b o u t the  s ta b il i ty  o f  the  g e l. T h e  s ta b il i ty  o f  th e  gel in c re a se  
w ith  th e  c h itin  w h is k e r  in c re a se  d u e  to  th e  re in fo rc e m e n t o f  th e  c h itin  w h is k e r  in  the
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c o m p o s ite  g e l an d  th e  p h y s ic a l in te ra c tio n s  b e tw e e n  th e  p lu ro n ic  m ic e lle s  an d  c h itin  
w h isk e r . M o re o v e r , th e  in c u b a tio n  t im e  in c re a se  f ro m  6  h o u rs  to  12 h o u rs  re su lt in g  
in th e  d e c re a s in g  v a lu e s  o f  th e  w e ig h t re m a in in g .

Figure 4.6 T h e  p e rc e n ta g e  o f  w e ig h t re m a in in g  o f  c o m p o s ite  g e l a f te r  in c u b a te d  in 
P B S , 37  ° c  fo r  6 h r  an d  12 hr.

S E M  im a g e s  su rfa c e  o f  p lu ro n ic /c h itin  w h is k e r  c o m p o s ite  ge l at d i f fe re n t 
ra tio s  is s h o w  in F ig u re  4 .7 . T h e  in c re a s in g  o f  c h itin  w h is k e r  c o n te n t  a lso  in c re a se s  
th e  ro u g h n e s s  in to  th e  s u r fa c e  o f  c o m p o s ite  gel.
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Figure 4 .7  S E M  im a g e s  o f  su rface  o f  P lu ro n ic /C h itin  W h is k e r  c o m p o s ite  gel a t 
d iffe re n t ra tio s .

F ro m  th e  d ru g  te s t in g  o f  the  p lu ro n ic /C T W  c o m p o s ite  ge l, sh o w  th e  g rap h  
p lo ttin g  b e tw e e n  th e  c u m u la tiv e  d ru g  r e le a s e  an d  th e  re le a s in g  tim e . T h e  c o m p a riso n  
o f  p e rc e n t c u m u la t iv e  re le a se  o f  p u re  m e th y le n e  b lu e  (M B ) so lu tio n , M B  in n ea t 
p lu ro n ic  gel a n d  M B  in p lu ro n ic /c h itin  w h is k e r  gel w ith  d if fe re n t c h i tin  w h isk e r  
c o n te n t v a ry in g  fro m  0 .4 %  to  7 %  is sh o w n  in F ig u re  4 .8 . It w a s  fo u n d  th a t the  p u re  
M B  s o lu tio n  h a d  th e  h ig h e s t re le a se  ra te  d u e  to  th e  b u rs t re le a se  o f  M B  an d  had  a 
c u m u la tiv e  re le a se  c lo se  to  100 %  w ith in  16 h o u rs . S in c e  th e  n e a t p lu ro n ic  gel 
g ra d u a lly  c h a n g e d  to  s o lu tio n  u n d e r  th e  s tu d ie d  c o n d itio n , th e  p e rc e n t c u m u la tiv e  
re le a se  o f  a lm o s t  100%  w a s  e v e n tu a lly  o b ta in e d . T h e  c h a n g e  from  g e l to  so lu tio n  o f  
th e  n ea t p lu ro n ic  gel o c c u rre d  du e  to th e  d if fu s io n  o f  th e  b u ffe r  s o lu tio n  from  th e  
a c c e p to r  c o m p a r tm e n t to  th e  d o n o r  c o m p a r tm e n t r e su lt in g  in d i lu tin g  p lu ro n ic  
c o n c e n tra t io n  to  lo w e r  th a n  th e  c r itic a l v a lu e  fo r  th e  g e la tio n  o f  p lu ro n ic . 
F u r th e rm o re , th e  n e a t p lu ro n ic  gel had a s lo w e r  re le a se  ra te  th a n  th a t o f  th e  p u re  M B  
so lu tio n . T h is  is b e c a u se  o f  th e  tim e  re q u ire d  fo r th e  d if fu s io n  o f  m e th y le n e  b lu e  
fro m  th e  p lu ro n ic  gel to  th e  so lu tio n  o u ts id e . C o m p a re d  w ith  th e  n e a t p lu ro n ic  gel, 
th e  in c o rp o ra tio n  o f  c h itin  w h is k e r  in to  p lu ro n ic  gel c o u ld  s lo w  d o w n  th e  re le a se  ra te  
o f  M B . It w a s  fo u n d  th a t th e  p e rc e n t c u m u la tiv e  re le a se  o f  p lu ro n ic /c h itin  w h isk e r
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gel w ith  an y  c h itin  w h isk e r  c o n te n t w e re  in  th e  ra n g e  o f  5 0 %  to  7 0 %  th a t  w a s  m u ch  
lo w e r  th a n  th a t o f  th e  n e a t p lu ro n ic  gel. T h is  m ig h t  be c a u s e d  b y  th e  in te ra c tio n  o f  
M B  an d  c h itin  w h isk e r , r e su lt in g  in b e tte r  g e l s ta b il i ty  an d  c o n s e q u e n tly  le a d in g  to  a 
lo w e r  re le a s in g  a m o u n t o f  M B  fro m  th e  p lu ro n ic /c h itin  w h is k e r  g e l. M o re o v e r , T h e  
in c re a s in g  o f  c h i t in  w h isk e r  c o n te n ts  in d u c e s  to  th e  in c re a s in g  o f  th e  s ta b ili ty  o f  
c o m p o s ite  gel. T h e se  re su lt is c o n fo rm  to  th e  re su lt  o f  w e ig h t r e m a in in g . N o tic e  in 
th e  lo w e r  c u m u la tiv e  re le a se  w h ile  th e  c h itin  w h is k e r  in c re a s in g . T h e  d y e  o f  M B  is 
th e  re p re se n ta t iv e  o f  c a tio n ic  d ru g  m o le c u le  fo r  s tu d y  th e  r e le a s in g  b e h a v io r  o f  the  
d ru g . M o re o v e r , เท th is  re se a rc h  h ad  b een  s tu d ie d  in v a r io u s  ty p e s  o f  m o d e l d rug s. 
T h e  m e th y l o ra n g e , is th e  a n io n ic  d y e , u sed  a s  th e  re p re se n ta t iv e  o f  a n io n ic  d ru g .
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Figure 4.8 T h e  c u m u la tiv e  re le a se  o f  1000 mg/1 o f  m e th y le n e  b lu e  so lu tio n , 
m e th y le n e  b lu e  in n e a t p lu ro n ic  an d  m e th y le n e  b lu e  in p lu ro n ic /c h itin  w h is k e r  
c o m p o s ite  gel as a fu n c tio n  o f  re le a s in g  tim e  a n d  c h itin  w h is k e r  c o n te n t.

A f te r  d e c re a s e  th e  in itia l c o n c e n tra tio n  o f  M B  fro m  10 00  mg/1 to  5 0 0  m g/1, 
th e  c u m u la tiv e  re le a se  o f  lo w e r in itia l c o n c e n tra t io n  M B  (F ig u re  4 .9 )  s h o w s  th e  
h ig h e r  d ru g  re le a se  ra te  as c o m p a re d  w ith  th e  h ig h e r  in itia l c o n c e n tra t io n  o f  M B .
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B e c a u se  th e  m o re  M B  m o le c u le s  in th e  sy s te m , th e  m o re  in te ra c tio n s  o f  M B  w ith  the  
m a tr ix .

F ig u r e  4 .9  T h e  c u m u la tiv e  re le a se  o f  500  mg/1 o f  m e th y le n e  b lu e  s o lu tio n , 
m e th y le n e  b lu e  in n e a t p lu ro n ic  an d  m e th y le n e  b lu e  in p lu ro n ic /c h itin  w h isk e r  
c o m p o s ite  gel as a fu n c tio n  o f  re le a s in g  tim e  an d  c h itin  w h isk e r  c o n te n t.

F ro m  th e  F ig u re  4 .1 0 , it can  be seen  th a t th e  re le a s in g  g ra p h  is s im ila r  to  
M B  re le a s e  g ra p h . T h e  p u re  M O  so lu tio n  had  th e  h ig h e s t re le a se  ra te  d u e  to  th e  b u rs t 
re le a se  o f  M O  an d  h ad  a c u m u la tiv e  re le a se  c lo se  to  100 %  w ith in  2 4  h o u rs . T h e  n ea t 
p lu ro n ic  gel h ad  a s lo w e r  re le a se  ra te  th an  th e  p u re  M O  so lu tio n . T h e  in c o rp o ra tio n  
o f  c h i t in  w h is k e r  in to  p lu ro n ic  gel c o u ld  s lo w  d o w n  th e  re le a se  ra te  o f  M O . It w as 
fo u n d  th a t th e  p e rc e n t c u m u la tiv e  re le a se  o f  p lu ro n ic /c h itin  w h is k e r  g e l w ith  any  
c h itin  w h is k e r  c o n te n t w e re  in th e  ra n g e  o f  15%  to  2 5 %  th a t w a s  m u c h  lo w e r  th an  
th e  n e a t p lu ro n ic  gel d u e  to  th e  in te ra c tio n  o f  M O  an d  ch itin  w h is k e r  an d  lo w e r  th an  
in c a s e  o f  M B  re le a se . C h itin  w h isk e r  p re s e n t p o s itiv e  c h a rg e  o f  a m in o  g ro u p s  (- 
N H 3+) o n  th e  su r fa c e  o f  th e  c ry s ta llite s  and  in te ra c t w ith  n e g a tiv e  c h a rg e  o f  M O  
m o le c u le s  m o re  th a n  M B  m o le c u le s  (P o s itiv e  c h a rg e ) , r e su lt in g  fro m  th e  p ro to n a tio n  
o f  a m in o  g ro u p s  (M a rc h e s s a u l t  et a l., 1959). T h e  in te ra c tio n  b e tw e e n  M B  a n d  c h itin
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w h is k e r  is r e p u ls io n  fo rc e  an d  th e  in te ra c tio n  b e tw e e n  M O  a n d  c h itin  w h isk e r  is 
a tt ra c t iv e  fo rc e  o r  io n ic  in te ra c tio n  fro m  th e  n e g a tiv e  c h a rg e  a n d  p o s it iv e  c h a rg e . B y  
th e  w a y , in c a se  o f  th e  n e a t p lu ro n ic . T h e  p e rc e n t c u m u la tiv e  re le a se  o f  M O  is lo w er 
th a n  M B . It m ig h t b e  th e  h y d ro g e n  b o n d in g  f ro m  th e  m o le c u le  o f  M O . M O  h a v e  3 
o x y g e n  a to m s  in e a c h  m o le c u le . C o n se q u e n tly , th e  M O  m o le c u le  h a d  a  h ig h e r  
c h a n c e  to  fo rm in g  h y d ro g e n  b o n d in g  w ith  p lu ro n ic  c o p o ly m e r.

F ig u r e  4 .1 0  T h e  c u m u la tiv e  re le a se  o f  1000 mg/1 o f  m e th y l o ra n g e  s o lu tio n , m e th y l 
o ra n g e  in n e a t p lu ro n ic  a n d  m e th y l o ra n g e  in p lu ro n ic /c h itin  w h is k e r  c o m p o s ite  gel 
as a fu n c tio n  o f  r e le a s in g  tim e  an d  c h itin  w h is k e r  c o n te n t.

F ig u re  4.11 sh o w s  th e  c u m u la tiv e  re le a se  o f  M O  w h e n  re d u c e  th e  in itia l 
c o n c e n tra t io n  o f  M O  in to  50 0  m g/1. T h e  re su lt s h o w s  th a t th e  re le a se  p ro f ile  h a d  the 
sam e  tre n d  w ith  1000 mg/1 o f  in itia l c o n c e n tra t io n  o f  M O . T h e  b u rs t  re le a se  o f  n ea t 
d y e , th e  lo w e r  p e rc e n t c u m u la tiv e  re le a se  o f  M O  fro m  th e  m a tr ix  a f te r  in c o rp o ra te d  
w ith  c h itin  w h isk e r . T h e  m o re  c o n te n t o f  ch itin  w h is k e r  from  0 .4 % , 3 %  u n til 7 % , 
re sp e c tiv e ly , it a lso  p ro lo n g  re le a se  an d  h a s  a s lo w e r  re le a s in g  ra te  o f  dy e .
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F ig u r e  4 .1 1  T h e  c u m u la tiv e  re lea se  o f  m e th y l o ra n g e  s o lu tio n  a t 5 0 0  m g/1, m e th y l 
o ra n g e  in n e a t p lu ro n ic  a n d  m e th y l o ra n g e  in p lu ro n ic /c h itin  w h is k e r  c o m p o s ite  gel 
as a fu n c tio n  o f  re le a s in g  tim e  an d  c h itin  w h isk e r  c o n te n t.

F ro m  th e  p ro te in  re le a se . In su lin , th e  d ru g  fo r  th e  d ia b e te s  tre a tm e n t, as th e  
r e p re se n ta t iv e  o f  th e  p ro te in  d ru g  th a t s h o w s  th e  re le a s in g  c h a ra c te r is t ic  in th e  F ig u re  
4 .1 2 . T h e  re su lt  sh o w s  th e  c u m u la tiv e  re le a se  o f  n e a t in su lin  h a d  a  h ig h e s t d ru g  
re le a se  ra te  m o re  th a n  in su lin  in p lu ro n ic  so lu tio n  a n d  th e  in c o rp o ra te d  w ith  c h itin  
w h isk e r  h a d  a lso  im p ro v e  th e  d ru g  re le a se  o f  in su lin  as th e  sam e  as in c a se  o f  m o d e l 
o f  d y es  re le a se . T h e  p e rc e n ta g e  o f  in su lin  c u m u la tiv e  re le a se  h ad  a lo w e r  v a lu e  th a n  
th e  d y e  s y s te m  b e c a u se  th e  m o le c u la r  w e ig h t o f  in su lin  has a  h ig h e r  m o le c u la r  
w e ig h t m o re  th a n  bo th  o f  M O  an d  M B . P o ss ib ly  b e c a u s e  o f  th e  re su lt  o f  th e  
fo rm a tio n  o f  in te rm o le c u la r  h y d ro g e n  b o n d s  b e tw e e n  a m in o  g ro u p  o f  c h i t in  w h isk e r  
and  th e  c a rb o x y l g ro u p  o f  in su lin . M o re o v e r , d u e  to  th e  p re se n c e  o f  C O O " o n  in su lin  
m o le c u le s  a n d  N H 3+on  c h itin  w h isk e rs , th e  e le c tro s ta tic  in te ra c tio n  b e tw e e n  th e  
c h itin  w h is k e rs  an d  th e  in su lin  m o le c u le s  m ig h t be  a lso  o c c u r.
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Figure 4.12 The cumulative release of 20 unit/1 of insulin in pluronic/chitin whisker 
composite gel with various chitin whisker contents as a function of releasing time.

The increasing concentration of insulin has a lower percent cumulative 
release as shown in Figure 4.13. It shows that the higher concentration of insulin had 
more interaction in the matrix more than the lower concentration. Indicating that the 
higher concentration of insulin might be occur the interaction between drug molecule 
and the matrix. From the structure of insulin, both amino groups and carboxyl groups 
can increase the oppotunities to forming the intermolecular hydrogen bond between 
insulin and matrix.
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Figure 4.13 The cumulative release of 40 unit/1 of Insulin in pluronic/chitin whisker 
composite gel with various chitin whisker contents as a function of releasing time.

The releasing rate of model drug from the composite gel of pluronic/chitin 
whisker was determined by linear regression analysis. The zero order rates constant 
was obtained from the slope of straight line describing the releasing rate which 
related with the concentration of model drug. As shown in Figure 4.14a, the amount 
of releasing model drug at various times of MB dye from 30 to 240 min. The 
cumulative dye release graph show the initial releasing rate from the initial straight 
line. The initial releasing rate of neat of MB and pluronic were 0.2803 and 0.1639, 
respectively. Compared with the incorporating of chitin whisker, the initial releasing 
rate of 0.4% CTW/pluronic was 0.592, while 3% and 7% of chitin whisker were 
0.282 and 0.231, respectively. The releasing together with the correlation coefficient 
(R2) was 0.991, 0.954, 0.962, 0.974, and 0.929 respectively. The releasing rate of 
MB decreased with increasing chitin whisker content. The higher content of chitin 
whisker exhibit slower down released. For MO dye as shown in Figure 4.14b, The 
initial releasing rate of neat of MO and pluronic were 0.119 and 0.0545, respectively.
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Compared with the incorporating of chitin whisker, the initial releasing rate of 0.4%, 
3% and 7% of CTW in pluronic were 0.0365, 0.0273 and 0.0106, respectively. The 
correlation coefficient (R2) was 0.972, 0.938, 0.959, 0.931, and 0.958 respectively.

Figure 4.14 The releasing rate of (a) MB and (b) MO of the model drug release 
from composite gel.

The mechanism of model drug released was investigated by Korsmeyer- 
Peppus model. The relationship between the amount of model drug released at time t 
(M,) and the amount of model drug release at time infinite (Mot) can be expressed by 
Korsmeyer-Peppus equation, as follows: M(/Mot-  ktn. The ท value is a diffusion 
release exponent which indicating of the releasing mechanism. The releasing 
mechanism can be defined as Fickian, non-Fickian (anomalous), linear (zero order), 
and super case 11 transport when ท is equal to 0.5, 0.5<ท<1.0, ท=1 and ท>1, 
respectively (Korsmeyer, 1983). From the plotted between ln(Mt/Moo) and เท time for 
determined the ท values, The ท values of neat MB and pluronic were 0.868 and 0.859 
and the ท values of composite gel incorporated chitin whisker having chitin whisker 
content ranged from 0.4%, 3%, and 7% were 0.814, 0.982 and 0.932, respectively. 
The correlation coefficient (R2) was 0.991, 0.953, 0.967, 0.985, 0.989, respectively. 
The ท values of composite gel of any chitin whisker contents were identified as non- 
Fickian (Anomalous transport) mechanism which is superposition of both
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phenomena of diffusion controlled and swelling controlled release. The dye release 
mechanism divided into 2 paths. Some of dyes in the sample exhibit the diffusion 
controlled release because the difference in MB concentration between composite gel 
and in PBS buffer solution. Therefore, the dye in composite gel with high 
concentration inside exhibites the burst release of MB into the PBS buffer medium. 
And some of dyes released by gel swelling. However, The ท value of MO dye system 
was also in the case of Anomalous transport which is the superposition of both 
phenomena (diffusion controlled and swelling controlled release). This may be due 
to the amount of dye incorporation in sample is quite low, so the releasing 
mechanism cannot occur only through the diffusion mechanism by the difference in 
concentration gradient of dye between inside and outside of the composite gel. Thus, 
the releasing mechanism was controlled by using both and diffusion controlled and 
swelling controlled release.

Figure 4.18 Korsmeyer-Peppus model of mechanism of (a) MB release and (b) MO 
release.

4.5 Conclusions
The incorporation of chitin whisker into the pluronic gel resulted in the improvement 
in gel stability and slow release of the model drugs by the interaction between polar 
functional groups of chitin whiskers and model drugs. In conclusion, pluronic/chitin 
whisker composite gels showed a potential to be used as a carrier for injection drug 
delivery system for the purpose of prolongation of the drug release and the 
improvement in the efficiency of the medical therapy.
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