
CHAPTER III
EXPERIMENTAL

3.1 Materials

3.1 .1  M a te ria 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  fro m  th e  sh e lls  o f  M etapenaeus dobsoni 

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  (HC1) 3 7  % พ /พ  a n d  a n a ly tic a l g ra d e  a n h y d ro u s  
so d iu m  h y d ro x id e  p e lle ts  (N a O H ) w e re  p u rc h a se d  f ro m  R C I L a b s c a n  L im ite d  
(T h a ila n d ) . P lu ro n ic  F -1 2 7  an d  p h o sp h a te -b u ffe re d  s a 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 s e d  f ro 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 a s  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 eth y l o ra n g e  C .I. 13025 (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 . T h e  c h e m ic a l s tru c tu re s  o f  th e  d y e s  an d  in su lin  
a re  il lu s tra te d  in F ig u re  3 .1 .
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Figure 3.1 T h e  c h e m ic a l s tru c tu re s  o f  (a ) m e th y le n e  b lu e  (c a tio n ic  d y e ) , (b ) m e th y l 
o ra n g e  (a n io n ic  d y e ) an d  (c ) in su lin .
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3.2 Methodology

3.2 .1  P re p a ra t io n  o f  C h itin
C h itin  w as  p re p a re d  fro 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  an d  p ro te in , re sp e c tiv e ly . T h ese  
p ro c e s se 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 sc r ib e d  b y  S h im a h a ra  and  
T a k ig u s h 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 irs t c le a n e d  a n d  d r ie d  u n d e r  
s u n lig h t fo r a  fe w  d a y s . T h e n , c h itin  w as g ro u n d  in to  sm a ll p ie c e s . 1 k g  o f  d ried  
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 so lu tio n  w ith  o c c a s io n a l 
s t i r 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  s h 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  a n d  d ried  
a t 6 0  °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 r a 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  a t 80 ๐c  fo r  4 h o u rs . T h e  o b ta in e d  c h itin  w a s  f ilte re d , n e u tra liz e d  
b y  d is ti l le d  w a te r , an d  d rie d  a t 6 0  ๐c  in a c o n v e c tiv e  o v e n  fo r  2 4  h o u rs .

3 .2 .2  P re p a ra tio n  o f  C h itin  W h isk e r  (C T W ) S u sp 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  by  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  et 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  3 N  HC1, w h ic h  th e  ra tio  o f  c h itin  to HC1 w a s  1 g  o f  c h i tin  to  30  m l o f  HC1, 
u n d e r  v ig o ro u s  s ti r r in g  a t 104°c fo r  6 h o u rs . T h e  s u sp e n s io n  w as  la te r  d i lu te d  w ith  
d is ti l le d  w a te r , fo llo w e d  by  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 s s  w a s  re p e a te d  fo r th re e  t im e s  to  re m o v e  HC1. A f te rw a rd , th e  s u s p 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 th e  
s u s p e n s io n  w a s  a c c o m p lish e d  b y  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  u se .

3 .2 .3  P re p a ra tio n  o f  P lu ro n ic  S o lu tio n  a n d  P lu ro n ic /C h itin  W h isk e r  
C o m p o s ite  G el

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 , 19 72 ). 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 as 
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 ita tio n  u s in g  m a g n e tic  stirre r. 
A f te r  th a t th e  s o lu tio n  w a s  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
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s u s p 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 i t in  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 is k e r  s u sp e n s io n  w a s  in c u b a te d  a t 37 °c to  in d u c e  gel fo rm a tio n .

3 .2 .4  P re p a ra tio n  o f  d y e s  s to c k s
T h e  d y es  u se d  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 eth y l o ra n g e , an  a n io n ic  dye. T h e  dy e  s to c k  s o lu tio n s  w e re  p re p a re d  by  d is so lv in g  
dy es in th e  so lv e n t to  th e  c o n c e n tra t io n  o f  1000 m g/1. T h e  e x p e r im e n ta l so lv e n t is th e  
d is til le d  w a te r . T h e  k n o w n  c o n c e n tra t io n s  o f  th e  d y e s  w e re  d i lu te  fro m  th e  dyes 
s to c k s  to  m a k e  th e  c a lib ra tio n  c u rv e . T h e  a b so rb a n c e  o f  e a c h  so lu tio n  w as  m e a su re d  
at th e  m a x im u m  w a v e le n g th  o f  e a c h  so lv e n t. C o n s e q u e n tly , th e  dy e  s to c k  w as 
d ilu te d  to  1 p p m  as a n  in itia l c o n c e n tra tio n .

3 .2 .5  E v a lu a tio 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  p lu ro n ic /c h itin  w h isk e r  c o m p o s ite  gel w a s  a d d e d  0.5 m l o f  dye 

so lu tio n s  a t lo w  te m p e ra tu re  to  p re p a re  the  sa m p le . T h e  in vitro  re le a se  s tu d ie s  w ere  
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  sa lin e  (P B S )  so lu tio n  p H  7 .4  a t 37  °c. A  1 
m l o f  re le a se  m e d ia  w a s  tak en  o u t a t  a sp e c ific  tim e  in te rv a l a n d  re p la c e d  w ith  th e  
sam e  v o lu m e  o f  f re sh  m ed ia . T h e  c o n c e n tra t io n s  o f  d y e  s o lu tio n s  w e re  d e te rm in e d  
b y  th e  U V -V 1S  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  s e p a ra te d  c o m p a rtm e n ts  
w as u se d  to  s tu d y  th e  re le a se  o f  d ru g  fro m  th e  g e ls  as sh o w n  in F ig u re  3 .2 , (P a a v o la  
et a h , 19 97 ). 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  
eq u a l to  3 5 0 0  D a, w a s  u se d  to  s e p a ra te  th e  gel in th e  d o n o r  c o m p a r tm e n t f ro m  th e  
P B S  so lu tio n . T h e  a re a  o f  th e  m e m b ra n e  w as  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 rtm e n t w as  s tirred  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  fro m  dy e  s o 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 is k 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 rtm 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 rtm e n t w e re  ta k e n  to  d e te rm in e  th e  re le a se d  d y e  c o n c e n tra t io n s  
at th e  s p e c if ic  tim e  in te rv a l un til 72 h o u rs .
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Figure 3 .2  E x p e r im e n ta l se t-u p  fo r  th e  d y e  re lea se  m e a su 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 r tm 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  s o 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  : S a m p lin g  p o rt.

3.3 Characterization

3.3 .1  F o u rie r  T ra n s fo rm  In fra re d  S p e c tro sc o p y  (F T IR )
C h e m ic a l s tru c tu re s  o f  c h itin , c h itin  w h is k e r  w e re  c o n f irm e d  b y  F T IR . 

T h e  c h a ra c te r iz a t io n  w a s  p e rfo rm e d  w ith  T h e rm o  N ic o le t  N e x u s  6 7 0  
sp e c tro p h o to m e te r  u s in g  to ta l 64  sc a n s  a t a re so lu tio n  o f  4  c m '1 fo r  ea c h  sa m p le . A  
fre q u e n c y  ra n g e  o f  4 0 0 0 -4 0 0  cm "1 w a s  o b se rv e d . D e g re e  o f  d e a c e ty la tio n  o f  c h i tin  
w as d e te rm in e d  fo llo w in g  th e  m e th o d  o f  S an n an  et al. (1 9 7 7 )  w h ic h  e s tim a te d  fro m  
th e  a b s o rb a n c e  ra tio  o f  a m id e  II b a n d  a t 1550 cm "1 a n d  C -H  b a n d  a t 2 8 7 8  c m "1 as 
fo llo w in g  e q u a tio n :

D D= 101-35.71 (Absi55o/Abs2878) (1 )

3 .3 .2  S o l-g e l T ra n s it io n  (S o l-g e l T e m p e ra tu re )
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 i f fe re n t te m p e ra tu re s . T h e  so l-g e l p h a s e  tr a n s i t io n  te m p e ra tu re  
w as  re c o rd e d  u s in g  a  v ia l t i l t in g  m e th o d . A  10 m l te s t  tu b e  w ith  a d ia m e te r  o f  13 m m  
w e re  u se d  to  p re p a re  v a r io u s  c o n c e n tra t io n s  o f  p lu ro n ic  s o lu tio n . T h e  gel s ta te  w as  
d e te rm in e d  b y  t i l t in g  th e  te s t tu b e  a t 4 5  d e g re e  fro m  th e  g ro u n d . I f  th e  s o lu tio n  d id  
n o t f lo w  in 1 m in , it w a s  re g a rd e d  a s  "gel p h ase"  a n d  i f  it f lo w e d , it c a lle d  "so l 
p h ase" .
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3 .3 .3  S c a n n in g  E le c tro n  M ic ro s c o p y  fS E M )
F o r  th e  m o rp h o lo g ic a l s tu d y , sa m p le  so lu tio n s  w e re  d ro p p e d  on 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  s a 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 JE O L  J F C - 1 100 s p u tte r in g  d e v ic e , a n d  o b se rv ed  
fo r  th e ir  m ic ro s c o p ic  m o rp h o lo g y  u s in g  JE O L  J S M -5 2 0 0  sc a n n in g  e lec tro n  
m ic ro s c o p y  (S E M ).

3 .3 .4  T ra n s m is s io n  E le c tro n  M ic ro s c o p y  (T E M )
T h e  tra n s m is s io n  e le c tro n  m ic ro sc o p e  o b s e rv a tio n s  w e re  o b se rv e d  by  

J E O L  m o d e l J E M  2 1 0 0  o p e ra t in g  v o lta g e  o f  2 0 0  k v .  T h e  C T W  su sp e n s io n  w e re  
d ilu te  w ith  d is ti l le d  w a te r  in to  th e  c o n c e n tra t io 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  an d  a ir-d rie d .

3 .3 .5  S ta b ili ty  o f  C o m p o s ite  G el
T h e  sa m p le s  w e re  th en  d r ie d  in c o n v e c tio n  o v e n  an d  m e a su re d  th e  

w e ig h t r e m a in in g  a f te r  im m e rs io n  in P B S  so lu tio n  pH  7 .4  a t  3 7  °c. T h e  g e l s ta b ili 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  b y  th e  
fo llo w in g  e q u a tio n s :

W eig h t r e m a in in g  (% ) =  1 0 0 -  {[-— -^-— — ] X100} (2)
พ 0

w h e re  พ 0 is o r ig in a l d ry  w e ig h t and  w t is th e  w e ig h t o f  th e  d ry  gel 
a f te r  in c u b a tio n  fo r a  g iv e n  tim e  p e rio d .

3 .3 .6  LTV-VIS S p e c tro sc o p y
T h e  U V -V IS  S p e c tro p h o to m e te r  w as  u se d  to  e x a m in e  th e  m o d e l d ru g  

c o n c e n tra t io n  a t th e  v a r io u s  tim e s  by  u s in g  a w a v e le n g th  6 6 4  n m , 4 6 5  n m  and  26 0  
n m  fo r  te s t in g  M B , M O  an d  in su lin , re sp e c tiv e ly . T h e  a b s o rb a n c e s  w e re  c o n v e r te d  to 
th e  a m o u n t o f  d ru g  re le a se d  u s in g  a c a lib ra tio n  cu rv e  b a se d  o n  s ta n d a rd  so lu tio n  in 
P B S  pH  7 .4 . T h e  re le a se  d a ta  o f  d ru g  w e re  p lo t te d  a g a in s t th e  re le a s in g  tim e .
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