
CHAPTER II 
LITERATURE REVIEW

2.1 Chitin

Chitin, poly(P~( 1 —>4)-N-acetyl-D-glucosamine), is the second most 
abundant natural polysaccharide in the world after cellulose. The major sources are 
discovered in the shells o f crustaceans such as crabs, shrimps and squid pens, the 
cuticles o f  insects, and the cell walls o f fungi (Jayakumar e t  al., 2010). Chitin 
molecules consist o f 2-acetamido-2-deoxy-D-glucopyranose while chitosan is an N -  
deacetylated derivative o f chitin. Chitin may be noticed as cellulose with hydroxyl at 
position C-2 replaced by an acetamido group. The structure o f cellulose ,chitin and 
chitosan are shown in Figure 2.1.

Chitin

Figure 2.1 Structure o f cellulose, chitin and chitosan (Kumar, 2000).
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Chitin can be found in one o f the three crystalline forms: a-chitin, P-chitin 
and y-chitin, respectively. The molecules o f a-chitin are arranged very tightly in an 
anti-parallel form, a-chitin is mainly present in shells o f crabs, lobsters and shrimps. 
P-chitin obtain from squid pens, which the chains are arranged in a parallel form, 
while y-chitin which the molecules are arranged in both parallel and anti-parallel 
form. As a result o f  the molecular packing, intermolecular interactions in P-chitin are 
weaker than a-chitin, making P-chitin being more liable to dissolution in a number o f  
solvents. Thus P-chitin being more reactive and versatile (Peesan e t  al., 2003).

In the case o f  crabs or shrimp shells, the chitin manufacture is involved with 
food industries such as shrimp canning. The typical procedure for the processing o f  
chitin from the shells as follows: the shells o f crab or shrimp were cleaned, cut it into 
small flakes and treated with diluted hydrochloric acid at room temperature to 
remove calcium carbonate. After decalcified shells, heated in sodium hydroxide at 
100 °c to decompose proteins and pigments. This a-Chitin extracted from these 
shells was obtained as colorless to off-white powdery materials (Shimahara and 
Takigushi, 1988).

Chitin is in commercial interest because o f their high percentage o f nitrogen 
(6.89%) compared to synthetically substituted cellulose (1.25%). This makes chitin 
become new functional material o f high capability in various fields and recent 
progress in chitin chemistry is quite important. Most o f natural sources were 
occurred in polysaccharides, e.g. cellulose, dextran, pectin, alginic acid, agar, 
agarose and carragenans, are neutral or acidic in nature, whereas chitin and chitosan 
are examples o f basic polysaccharides. Moreover, chitin and chitosan have many 
unique properties include polyoxysalt formation, ability to form films, chelate metal 
ion and optical structural characteristics (Larry, 1998).

Chitin possess excellent biological properties, such as antiviral activity, low- 
toxicity, low-allergy, high radiation resistance, biodegradability, and etc. (Kumar, 
2000) Furthermore, Chitin has an advantage in biocompatibility, which better than 
chitosan, because an acetamide group o f chitin is similar to an amide group o f  
protein in living body (Muzzareli, 1985) which made it attractive to use as 
biomedical applications. Many studies have reported the use o f  chitin and its
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derivatives for pharmaceutical purposes, such as the drug delivery system (Nsereko 
and Amiji, 2002). However, the existence of hydroxyl and amino groups in the 
monomer unit of chitin produce strong hydrogen bonds provided highly crystalline 
structure, resulting in chitin presents a problem of difficult process-ability and 
limited in organic solvent. The solubility problem of chitin limits its application, 
therefore, chemical modification of chitin to enlarge its solubility in common 
solvents is necessary to extend its utilization (Jeong et ah, 1999).

2.1.1. Chitin whiskers
Whiskers are very hopeful reinforcing materials for composites, 

because of their high stiffness and strength (Tjong et ah, 1999). Besides, whiskers 
have a small diameter and nearly free of internal defects, thereby yielding strength 
near to the maximum theoretical value predicted by the theory of elasticity 
(Courtney, 1990). It was found that the enhancement of their reinforcement depends 
on many factors (Chazeau et ah, 2000) such as the nature of the matrix, the aspect 
ratio, the generation of a strong fiber-matrix interface through physicochemical 
bonding and dispersion of the whiskers in the matrix. Moreover, whiskers from 
renewable resources have many advantages such as renewability, low cost, easy 
availability, good biocompatibility and easy chemically and mechanically 
modification, compared with inorganic whiskers (Zinai et ah, 1996).

Figure 2.2 shows the hierarchical structure of chitin microfibrils in 
the shell of a lobster (Raabe et ah, 2005). The epicuticle (outer layer) is characterized 
by a very fine woven structure of the fibrous chitin-protein matrix (‘twisted 
plywood’ structure) and by a high stiffness. There is possibility of the improving the 
mechanical properties of composites was occurred by a parallel array of microfibrils 
of chitin fibers (Revol and Marchessault, 1993).
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Figure 2.2 The hierarchical structure o f cuticles showing the ordered structure of  
chitin.

Chitin whisker is ordered nanocrystallites embedded into low-ordered 
nano-domains, as shown in Figure 2.3a, which mostly found in the exoskeleton of  
crustacean. Chitin whisker is prepared by acid hydrolysis to remove low-ordered 
region, then high crystalline chitin is obtained as shown in Figure 2.3b. The vigorous 
mechanical shearing will generate individual chitin fibril or called chitin whisker as 
illustrate in Figure 2.3c (Nair and Dufresne, 2003). The nanocrystallites o f  chitin are 
obtained which having aspect ratio ranges between 10-120, depending on the sources 
(Wongpanit e t  al., 2007).
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Figure 2.3 Illustration o f (a) chitin, (b) crystallite chitin, and (c) chitin whisker.

Chitin whisker have been successfully prepared from squid pens 
(Paillet and Dufresne, 2001), tube o f Riftia pachyptila tubeworms (Morin and 
Dufresne, 2002), crab shells (Nair and Dufresne, 2003) and shrimp shells o f Penaeus 
merguiensis shrimps (Sriupayo e t  al., 2005).

In 2001, Paillet and Dufresne prepared chitin whisker suspensions 
were extracted from squid pen by acid hydrolysis o f chitin with the average aspect 
ratio closed to 15, to reinforcing the copolymer o f styrene and butyl acrylate. The 
propose o f this treatment was to eliminate regions o f low order so that the water- 
insoluble o f highly crystalline residue may be converted into a stable suspension by 
vigorous mechanical shearing action. Samples were firstly boiled and then stirred in 
a KOH solution for 6 hours to remove o f the proteins. This suspension was 
subsequently kept at room temperature overnight under stirring, filtered, and washed 
several times with distilled water. Chitin samples were then bleached with NaC102 
solution which containing sodium acetate buffer for 6 hours at 80 °c. The bleaching 
solution was changed every 2 hours followed by abundant rinsing the sample with 
distilled water. After bleaching, the suspension was kept in KOH solution for 72 
hours to remove residual protein. The resulting suspension was centrifuged to 
separate the product (Paillet and Dufresne, 2001).

Chitin whisker suspensions were prepared by hydrolyzing the purified 
chitin sample with 3 N HC1 at the boil for 1.5 hours under stirring. The ratio o f 3 N 
HC1 to chitin was 30 ml/g. After acid hydrolysis, the suspensions were diluted with 
distilled water followed by centrifugation at 10,000 rpm for 5 minutes. This process 
was repeated for three times. And then, the suspensions were transferred to a dialysis 
bag and dialyzed for 24 hours against distilled water until neutral. The dispersion of
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w h is k e rs  w a s  c o m p le te d  b y  a fu r th e r  2 .5  m in u te s  u ltra so n ic  tr e a tm e n t an d  k e p t in a 
re f r ig e ra to r  u n til u se d . T h e  a d d in g  so d iu m  a z id e  in c h itin  w h is k e r  s u sp e n s io n s  a c ts  as 
p ro te c ta n t  fo r  a g a in s t  m ic ro o rg a n is m s  (P a ille t an d  D u fre s n e , 2 0 0 1 ). T h e se  
s u s p e n s io n s  d is p la y  a c o llo id a l b e h a v io r , w h ic h  s ta b ili ty  w a s  a ttr ib u te d  to  the  
p re s e n c e  o f  p o s it iv e  c h a rg e  ( N H 3+) a t th e  su rfa c e  o f  th e  c ry s ta l l i te s , re su lt in g  from  
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 sa u lt et a l., 1959).

In  2 0 0 2 , M o rin  a n d  D u fre sn e  p re p a re d  n a n o c o m p o s ite  m a te r ia ls  from  
a c o l lo id a l s u s p e n s io n  o f  h ig h  a s p e c t ra tio  P -c h itin  w h is k e rs  to  re in fo rc e  w ith  
p o ly (c a p ro la c to n e )  a s  th e  m a tr ix . T h e  c h itin  w h isk e rs  p re p a re d  b y  a c id  h y d ro ly s is  o f  
R if tia  tu b e s  ( tu b e s  s e c re te d  by  a  v e s t im e n tife ra n  w o rm  c a lle d  R if tia .) , c o n s is te d  o f  
s le n d e r  p a ra lle l ro d s  w ith  th e  a s p e c t ra tio  c lo se  to  120. T h e  c h e m ic a l an d  m e c h a n ic a l 
tr e a tm e n ts  o f  R if tia  tu b e s  fo r  th e  p re p a ra tio n  o f  c h i tin  w h isk e rs  c a n  be  seen  in F ig u re  
2 .4

F ig u r e  2 .4  C h e m ic a l an d  m e c h a n ic a l tre a tm e n ts  o f  R iftia  tu b e s  fo r  th e  p re p a ra tio n  
o f  c h i tin  w h is k e rs  (M o r in  an d  D u fre sn e , 20 02 ).
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In  th e  F ig u re  2 .5 , tra n s m is s io n  e le c tro n  m ic ro g ra p h  (T E M ) re p re se n ts  
c h itin  w h is k e rs  w h ic h  o b ta in e d  f ro m  a  d ilu te  s u sp e n s io n . T h e  su sp e n s io n  w as  c o n s is t 
o f  in d iv id u a l c h i tin  f ra g m e n ts  w h ic h  h ad  a s le n d e r  p a ra lle l ro d s  th a t h a d  a b ro ad  
d is tr ib u tio n  in s ize . T h e se  f ra g m e n ts  h a d  a  len g th  ra n g in g  f ro m  5 0 0  nm  up  to  10 p m , 
an d  th e y  h a d  a  w id th  a ro u n d  18 n m . T h e  d im e n s io n s  o f  th e  w h is k e rs  w e re  a v e ra g e d  
on  2 4 0  re p re se n ta t iv e  item s.

Figure 2.5 T ra n s m is s io n  e le c tro n  m ic ro g ra p h  fro m  a d ilu te  su s p e n s io n  o f  c h itin  
w h isk e rs  fro m  R if tia  tu b e s  (M o rin  a n d  D u fre sn e , 2 0 0 2 ).

B e c a u se  o f  th e  g re a t m e c h a n ic a l a n d  b io lo g ic a l p ro p e rtie s  o f  c h itin  
w h isk e rs , th e re fo re , th e y  h as  b e e n  e x te n s iv e ly  in c o rp o ra te d  in v a r io u s  in te re s tin g  
b io m a te r ia ls  su c h  a s  so y  p ro te in  (L u  et a l., 2 0 0 4 ), c h i to sa n  (S r iu p a y o  et a l., 2 0 0 5 ) 
and  s ilk  f ib ro in  (W o n g p a n it  et a l., 2 0 0 7 ).

E n v iro n m e n ta lly  f r ie n d ly  th e rm o p la s t ic  n a n o c o m p o s ite s  w e re  
su c c e s s fu l ly  d e v e lo p e d  u s in g  o f  c h i tin  w h isk e rs  as a  f ille r  to  re in fo rc e  so y  p ro te in  
iso la te  (S P I)  p la s tic s  (L u  et a l., 2 0 0 4 ). T h e  c h itin  w h is k e rs  h a d  a  le n g th s  fro m  5 0  to  
50 0  nm  a n d  an  a v e ra g e  d ia m e te rs  o f  10 to  50 nm  a n d  th e y  w e re  p re p a re d  fro m  c h itin  
b y  a c id  h y d ro ly s is . T h e  re su lts  in d ic a te d  th a t th e  s tro n g  in te ra c tio n s  b e tw e e n  S P I 
m a tr ix  a n d  fille rs  p la y  an  im p o rta n t ro le  in re in fo rc in g  th e  c o m p o s ite s  w ith o u t 
in te rfe r in g  w ith  th e ir  b io d e g ra d a b ili ty . T h e  S P I/c h it in  w h is k e r  n a n o c o m p o s ite s  
in c re a se d  in b o th  te n s ile  s tre n g th  an d  Y o u n g ’s m o d u lu s . F u r th e rm o re , im p le tio n  o f
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c h itin  w h is k e r  in to  th e  m a tr ix  lead s  to  im p ro v e  w a te r  r e s is ta n c e  o f  c o m p o s ite s . In 
F ig u re  2 .4  sh o w s  th e  F T -IR  s p e c tru m  o f  c h itin  w h is k e rs . T h e  c h a ra c te r is t ic  
a b so rp tio n  b a n d s  o f  R -c h itin  w e re  a t 1662 , 1625 an d  1580  cm "1 in th e  c a rb o n y l 
re g io n . T h e  a b se n c e  o f  th e  a b so rp tio n  p e a k s  a t 1540  c m '1 c o r re sp o n d in g  to  th e  
p ro te in s  p ro v e s  th a t th e  su c c e ss iv e  tr e a tm e n ts  w e re  s tro n g  e n o u g h  to  e lim in a te  a ll th e  
p ro te in s  a n d  to  o b ta in  p u re  c h itin  (B ru g n e ro tto , 2 0 0 3 ).

3601) 2X 00 2 0 0 0  12 00  4 0 0

W avenum ber /  cm 1

Figure 2.6 F T -IR  s p e c tru m  o f  ch itin  w h isk e rs  (L u  et a l., 2 0 0 4 ).

a - c h i t in  w h isk e rs  as re in fo rc in g  a g en t fo r  th e  m a tr ix  o f  p o ly (v in y l 
a lc o h o l)  n a n o c o m p o s ite  f ilm s  w as s tu d ie d  o n  w ith  an d  w ith o u t h e a t  tr e a tm e n t b y  
u s in g  s o lu tio n -c a s tin g  te c h n iq u e  (S r iu p a y o  et a l., 2 0 0 5 a ) . T h e  le n g th  o f  th e  a s-  
p re p a re d  w h is k e rs  o b ta in e d  fro m  sh r im p  sh e lls  ra n g e d  b e tw e e n  150 an d  800  n m , 
w h ile  th e  w id th  ra n g e d  b e tw e e n  5 an d  7 0  nm , w ith  th e  a v e ra g e  v a lu e s  b e in g  a b o u t 
4 1 7  a n d  33  n m , re sp e c tiv e ly . T h e  a d d it io n  o f  c h itin  w h is k e rs  d id  n o t a ffe c t m u c h  th e  
th e rm a l s ta b il i ty  an d  th e  a p p a re n t d e g re e  o f  c ry s ta l l in ity  o f  th e  P V A  m a tr ix . T h e  
te n s ile  s tre n g th  an d  th e rm a l s ta b ility  in c re a se d  fro m  th a t o f  th e  p u re  P V A  film  w ith  
in itia l in c re a se  in th e  w h is k e r  c o n te n t, w h ile  the  p e rc e n ta g e  o f  e lo n g a tio n  a t b re a k  
d e c re a se d  f ro m  th a t o f  th e  p u re  P V A  film  w ith  in itia l in c re a se  in th e  w h is k e r  c o n te n t
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a n d  le v e le d  o f f  w h e n  th e  w h is k e r  c o n te n t w a s  g re a te r  th a n  o r  e q u a l to  2 .9 6  w t% . T h e  
a d d it io n  o f  a - c h i t in  w h isk e rs  as w ell as h e a t t re a tm e n t c a n  im p ro v e  th e  w a te r  
re s is ta n c e , le a d in g  to  d e c re a s e  th e  p e rc e n ta g e  o f  d e g re e  o f  s w e llin g , o f  th e  
n a n o c o m p o s ite  f ilm s .

F u r th e rm o re , th e  sam e  a -c h it in  w h isk e rs  w e re  a lso  re in fo rc e d  in 
c h ito sa n  f ilm s  b y  u s in g  s o lu tio n -c a s tin g  te c h n iq u e  (S r iu p a y o  e t  a l., 2 0 0 5 b ) . T he  
re su lts  in d ic a te d  th a t th e  te n d e n c y  o f  m e c h a n ic a l p ro p e r t ie s  s im ila r  to  a -c h itin  
w h is k e rs /P V A  n a n o c o m p o s ite  f ilm s. W h ile  th e  p re se n c e  o f  c h i tin  w h is k e rs  d id  no t 
a f fe c t m u c h  o n  th e  th e rm a l s ta b ili ty , like  a - c h it in  w h is k e rs /P V A  n a n o c o m p o s ite  
f ilm s .

N a n o c o m p o s i te  sp o n g e s  a t v a r io u s  c h itin  w h is k e rs  as n a n o f il le r  to  silk  
f ib ro in  as a  m a tr ix  w e re  p re p a re d  b y  u s in g  a  f re e z e -d ry in g  te c h n iq u e  (W o n g p a n it et 
a l., 2 0 0 7 ). C h itin  w h isk e rs  e x h ib ite d  th e  a v e ra g e  len g th  a n d  w id th  o f  4 2 7  an d  43 n m , 
re sp e c tiv e ly . T h e  p re se n c e  o f  c h itin  w h isk e rs  e m b e d d e d  in to  s ilk  f ib ro in  sp o n g e  n o t 
o n ly  im p ro v e d  d im e n s io n a l s ta b ili ty  o f  th e  s p o n g e  du e  to  th e  p* sh e e t fo rm a tio n  o f  
s ilk  f ib ro in  b u t a lso  e n h a n c e d  c o m p re s s io n  s tre n g th . It w a s  fo u n d  th a t  th e  p e rc e n t 
s h r in k a g e  d e c re a s e d  w ith  an  in c re a s in g  o f  th e  w h isk e r  c o n te n t.

T h e n , th e  c h itin  w h isk e rs  re in fo rc e d  a lg in a te  n a n o c o m p o s ite  f ibers  
w e re  in v e s tig a te d  in th e  o b je c t iv e  o f  b io d e g ra d a b ili ty  (W a tta n a p h a n it  et a l., 2 0 0 8 ). 
T h e  c h itin  w h is k e rs  w e re  p re p a re d  fro m  sh r im p  sh e lls  w h ic h  h ad  th e  a v e ra g e  a sp e c t 
ra tio  a b o u t 7 .5 . T h e  m e c h a n ic a l and  th e  th e rm a l p ro p e r t ie s  o f  th e  n a n o c o m p o s ite  
f ib e rs  s ig n if ic a n tly  in c re a se d  a t th e  low  c o n te n t o f  c h itin  w h isk e rs . T h e  in v e s tig a tio n  
o f  b io d e g ra d a b i li ty  u s in g  ly so z y m e /T ris -H C l so lu tio n  fo u n d  th a t th e  c h itin  w h isk e rs  
in th e  n a n o c o m p o s ite  f ib e rs  a c c e le ra te d  th e  b io d e g ra d a tio n  p ro c e s s .

2.2 Pluronic F127

T e m p e ra tu re - r e s p o n s iv e  p o ly m e rs  h a v e  b e c o m e  in c re a s in g ly  a ttra c tiv e  as 
c a r r ie rs  fo r  th e  in je c ta b le  d ru g  d e liv e ry  sy s te m s  o v e r  th e  p a s t  d e c a d e . P lu ro n ic  o r  th e  
tr a d e  n a m e  o f  P o lo x a m e r , a tr i-b lo c k  A B A  ty p e  c o p o ly m e r  c o m p o se d  o f  
p o ly (o x y e th y le n e ) -b lo c k -p o ly (o x y p ro p y le n e ) -p o ly (o x y e th y le n e ) , (P E O x-P P O y-P E O z),
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w a s  w id e ly  e m p lo y e d  to  c h e m ic a lly  d e c o ra te  b io m e d ic a l m a te r ia ls  w ith  the 
m a c ro m o le c u la r  su r fa c ta n t fo r  b io - fu n c tio n a liz a t io n . T h e se  b lo c k  c o p o ly m e rs  sh o w s 
h y d ro p h il ic  p ro p e r ty  in th e  f la n k  o f  p o ly e th y le n e  o x id e )  an d  h y d ro p h o b ic  p ro p e r ty  in 
th e  c e n te r  o f  p o ly p r o p y le n e  o x id e )  (P P O )  b lo c k s  as s h o w n  in F ig u re  2 .7 . A t 
c o n c e n tra t io n s  a b o v e  c r itic a l m ic e lle  c o n c e n tra t io n  (C M C ), th e  a q u e o u s  so lu tio n s  o f  
th e se  c o p o ly m e rs  fo rm  s e lf -a s s e m b le  in to  m ic e lle s . T h e  d ia m e te rs  o f  P lu ro n ic  m ic e lle s  
u s u a lly  v a ry  f ro m  10 n m  to  100 nm . T h e  c o re  o f  th e  m ic e lle s  c o n s is ts  o f  h y d ro p h o b ic  
P P O  b lo c k s  th a t a re  s e p a ra te d  fro m  th e  a q u e o u s  o u ts id e  b y  th e  sh e ll h y d ra te d  o f  
h y d ro p h il ic  P E O  c h a in s . T h e  co re  o f  m ic e lle s  re p re se n ts  a “ c a rg o  h o ld ” fo r 
in c o rp o ra tio n  o f  v a r io u s  th e ra p e u tic  o r  d ia g n o s tic  re a g e n ts  (F ig u re 2 .7 b ) . T h e  P E O  
sh e ll c o n firm s  th a t th e  m ic e lle s  re m a in  in a  d is p e rs e d  s ta te  a n d  re d u c e s  u n d e s ira b le  
d ru g  in te ra c tio n s  w ith  c e lls  an d  p ro te in s  in th e  b o d y . F o r  th e  d e s c r ib in g  in te rm  o f  
c r it ic a l  s o lu tio n  te m p e ra tu re  (C S T ). P lu ro n ic  is th e  te m p e ra tu re  re sp o n s iv e  tr ib lo c k  
c o p o ly m e r  w h ic h  sh o w s  s tru c tu ra l tra n s i tio n s  b e tw e e n  r e la x e d  an d  c o lla p se d  sta tes 
a c c o rd in g  to te m p e ra tu re  c h a n g e s  a c ro ss  th e ir  lo w e r  c r itic a l s o lu tio n  te m p e ra tu re  
(L O S T ). A b o v e  th e  L O S T , th e se  sp h e ric a l m ic e lle s  a re  c lo s e ly  p a c k e d  to g e th e r  to 
p h y s ic a lly  c ro s s lin k  in d iv id u a l m ic e lle s , th e  h y d ro p h o b ic  c e n tra l o f  P P O  b lo c k s  fo rm  
in to  m ic e lle  c o re s , w h e re a s  th e  f la n k  o f  P E O  b lo c k s  fo rm  in to  th e  sh e lls , w h ich  
e x h ib i ts  so l-g e l tra n s i t io n  b e h a v io rs  w ith  v a ry in g  g e la tio n  te m p e ra tu re . F o r  th e  
p r im a ry  d a ta  o f  P lu ro n ic  F - 127, c o n s is ts  o f  e th y le n e  o x id e  7 0  %  an d  p ro p y le n e  o x id e  
30  %  b y  w e ig h t a n d  it h ad  an  a v e ra g e  m o le c u la r  w e ig h t o f  11 50 0 . T h e  p o ly m e r  
s o lu tio n s  are  f lu id  b e lo w  ro o m  te m p e ra tu re  b u t b e c o m e  a  h y d ro g e l a t p h y s io lo g ic a l 
te m p e ra tu re  a f te r  in je c tio n  in to  th e  b o d y  (O h  e t  a l., 2 0 1 2 ). T h e se  th e rm o -se n s i tiv e  
h y d ro g e ls  h av e  to  b io c o m p a tib le  an d  b io d e g ra d a b le , th u s  th e y  had  b e e n  use  fo r 
in je c ta b le  d ru g  d e l iv e ry  sy s te m . H o w e v e r, th e ir  u se  fo r  b io m e d ic a l a p p lic a tio n s  is 
g re a tly  lim ite d  d u e  to  p o o r  c h e m ic a l m o d if ic a tio n  s tu d y  w ith o u t  e n d -c a p p e d  h y d ro x y l 
g ro u p  o f  P lu ro n ic , lo w  m e c h a n ic a l s tre n g th , fa s t  d is s o lu tio n  an d  ra p id  d ru g  re lea se  
u n d e r  p h y s io lo g ic a l c o n d itio n , p r im a r ily  c a u se d  b y  th e  im m e d ia te  d ilu tio n  o f  p o ly m e r  
c o n c e n tra t io n  w ith  th e  b o d y  f lu id  b e lo w  a c r it ic a l  g e la tio n  c o n c e n tra t io n  (L e e  et al., 
2011).
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Figure 2 .7  P lu ro n ic  b lo c k  c o p o ly m e r  m o le c u le  (a ) a n d  m ic e lle  w i th  a  so lu b iliz e d  
d ru g  (b ), (B a tra k o v a  an d  K a b a n o v , 2 0 0 9 ).

T o  s tu d ie d  a b o u t th e  d ru g  re le a se  b e h a v io r  f ro m  its  d ru g - lo a d e d  
n a n o p a r t ic le s . P o ly (e -c a p ro la c to n e ) , (P C L ) is a w e ll-k n o w n  F D A -a p p ro v e d  
b io d e g ra d a b le  and  b io c o m p a tib le  m a te r ia l w ith  h y d ro p h o b ic  p ro p e r t ie s ,  w h ic h  h as  
b een  w id e ly  u sed  in b io m e d ic a l f ie ld s . D u e  to  th e  b le n d e d  g re a t  a d v a n ta g e s  o f  
P lu ro n ic  a n d  P C L , P C L -P lu r o n ic -P C L  c o p o ly m e r  h a v e  g re a t p o te n tia l  a p p lic a tio n  in 
b io m e d ic a l f ie ld s . L iu  e t  a l., (2 0 0 7 ) w a s  s u c c e s s fu l ly  p re p a re d  P C L - P lu r o n ic - P C L  
b lo c k  c o p o ly m e r  fro m  e -c a p ro la c to n e  and  lo w  m o le c u la r  w e ig h t  P lu ro n ic  (L 3 5 , 
B A S F ) b y  r in g -o p e n in g  p o ly m e r iz a t io n  m e th o d . L e e  e t  a l., (2 0 1 1 )  p re p a re d  P lu ro n ic  
F -1 2 7  c o p o ly m e rs  w h ic h  d im e riz e d  b y  in tro d u c in g  ty ra m in e  m o ie tie s  a t bo th  
te rm in a l e n d s  o f  P lu ro n ic  u s in g  ty ro s in a se . T h e  e n z y m e -m e d ia te d  c ro s s - l in k in g  o f  
P lu ro n ic  h y d ro g e ls  sh o w e d  c o n tro lle d  e ro s io n  w ith  s u s ta in e d  r e le a s e  o f  a  m o d e l 
m a c ro m o le c u la r  d ru g . T h e y  a lso  sh o w e d  b io -a d h e s iv e , th e rm o -s e n s i t iv e , an d  
in je c ta b le  p ro p e rtie s . In a n o th e r  s tu d y , te m p e ra tu re - s e n s i t iv e  h y a lu ro n ic  ac id  
(H A ) h y d ro g e ls  w e re  sy n th e s iz e d  by  p h o to p o ly m e r iz a t io n  o f  v in y l g ro u p  
m o d if ie d  H A  w ith  d i-a c ry lo y l P lu ro n ic  F -1 2 7 . H A /P lu ro n ic  h y d ro g e ls  sh o w e d  
re v e rs ib le  c y c lic  sw e llin g  and  d e -s w e llin g  o f  th e  h y d ro g e ls  w e re  in d u c e d  b y  
c y c lin g  te m p e ra tu re s  b e tw e e n  13°c an d  40°c in a s te p -w ise  fu n c tio n  (K im  an d  
P a rk , 2 0 0 2 ) . P lu ro n ic /h e p a rin  n a n o c a p su le s  p re p a re d  b y  c ro s s - l in k in g  b e tw e e n  
h e p a rin  a n d  a c tiv a te d  P lu ro n ic  F -1 2 7  w ith  p -n i tro p h e n y lc h lo ro fo rm a te . T h e y
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e x h ib ite d  a  1 0 0 0 -fo ld  v o lu m e  tra n s i t io n  an d  a re v e rs ib le  s w e l lin g  an d  d e ­
s w e llin g  b e h a v io r  b e tw e e n  20°c an d  37°c (C h o i e t  a l., 2006).

2.3 Drug delivery System (DDS)

D ru g  d e liv e ry  sy s te m  is th e  c o n tro l o f  th e  d ru g  in to  a b o d y  a t a  d e s ire d  
ta rg e t w ith  an  a p p ro p r ia te  a m o u n t o f  d ru g  fo r  th e  b e s t  tre a tm e n t. A  d ru g  d e liv e ry  
sy s te m  h a s  tw o  fu n c tio n s . T h e  firs t fu n c tio n  is th e  in tro d u c in g  o f  th e  d ru g  to  a 
p a r tic u la r  p a r t  o f  th e  b o d y  an d  th e  s e c o n d  fu n c tio n  is c o n tro ll in g  th e  d ru g  re le a se . 
T h e  c o n tro l- re le a s e d  d ru g  d e l iv e ry  is n e c e ssa ry  b e c a u se  i f  th e  d ru g  c o n c e n tra t io n  is 
v e ry  h ig h , it c o n tr ib u te s  to  a d v e rse  s id e  e ffe c ts . A n d  i f  th e  d ru g  c o n c e n tra t io n  is to o  
low , it p ro v id e s  lo w  th e ra p e u tic  b e n e fit (N ik a m  et a l., 2 0 1 1 ).

D ru g  d e liv e ry  te c h n o lo g ie s  m o d ify  d ru g  re le a se  p ro f ile , a b s o rp tio n , 
d is tr ib u tio n  a n d  e lim in a tio n  fo r th e  b e n e fit o f  im p ro v in g  p ro d u c t e f f ic a c y  an d  sa fe ty , 
as w e ll as p a t ie n t  c o n v e n ie n c e  an d  c o m p lia n c e .

D iffu s io n , sw e llin g  an d  e ro s io n  a re  th e  m o s t im p o rta n t ra te -c o n tro ll in g  
m e c h a n is m s  o f  c o m m e rc ia lly  c o n tro lle d  re le a se  m e c h a n ism s  (L a n g e  a n d  P e p p a s , 
1983).

F o r  e ro s io n  sy s te m  o r  d e g ra d a b le  sy s tem  lo a d e d  w ith  th e  c o m p o u n d  o f  
in te re s t, r e le a s e  w ill be  c o n tro lle d  by  th e  c le a v a g e  o f  th e  p o ly m e r  b o n d s  w ith in  th e  
n e tw o rk , T h e  m o s t c o m m o n  re a c tio n s  th a t o c c u r  w ith in  m a tr ix  d e l iv e ry  sy s te m s  are  
c le a v a g e  o f  p o ly m e r  c h a in s  v ia  h y d ro ly tic  o r  e n z y m a tic  d e g ra d a tio n  e v e n  th o u g h  th e  
d iffu s io n  o f  th e  re le a se d  th e ra p e u tic  c o m p o u n d  m ay  b e  ra te - l im it in g  (G u p ta  et a l.,
2 0 0 2 ). In th is  sy s tem  w ith  su rfa c e  e ro s io n  (h e te ro g e n e o u s  e ro s io n )  d ru g  re le a se  is 
c a u se d  b y  d e g ra d a tio n  o f  th e  p o ly m e r  su rfa c e  (F ig u re  2 .8 a ) . E ro s io n  o c c u rs  m o s tly  in 
th e  o u te r  la y e rs  o f  th e  p o ly m e r  m a tr ix . T h e  d e g ra d a tio n  ta k e s  p la c e  o n ly  on  the  
su rfa c e  o f  th e  m a tr ix . T h e  sy s te m  o f  d ru g  re le a se  o c c u rs  o n ly  in e n z y m a tic -d e g ra d in g  
sy s te m s  in w h ic h  th e  ra te  o f  e n z y m a tic  d e g ra d a tio n  is m u c h  fa s te r  th a n  th e  tra n sp o r t  
o f  e n z y m e  in to  th e  in s id e  o f  p o ly m e r  (G ra ss i et a l ., 2 0 0 5 ; S ie p m a n n  an d  G o p fe ric h , 
2001) .
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Surface erosion

Figure 2.8 S c h e m a tic  il lu s tra tio n  o f  (a) s u r fa c e  an d  (b ) b u lk  e ro s io n .

In b u lk  e ro s io n  sy s te m s , th e  d ru g  re le a se  is c o n tro lle d  by  d e g ra d a tio n  o f  th e  
n e tw o rk  an d  m o le c u le  d if fu s io n  (F ig u re  2 .8 b ) . B u lk  e ro d in g  p o ly m e rs  s lo w ly  
d e g ra d e  an d  w a te r  in fu se  in to  th e  sy s tem  is m u c h  fa s te r  th a n  th e  d e g ra d a tio n  o f  
p o ly m e r  (G ra ss i et al., 2 0 0 5 ; L in  an d  M e tte rs , 2 0 0 6 ; S ie p m a n n  a n d  G o p fe ric h , 2 0 0 1 ). 
T h u s , th e  w h o le  d ru g  d e liv e ry  sy s tem  is r a p id ly  h y d ra te d  a n d  p o ly m e r  c h a in s  b reak  
o f f  th ro u g h o u t th e  sy s tem . E ro s io n  ta k e s  p la c e  in th e  e n tire  sy s te m .

F o r n o n -b io d e g ra d a b le  sy s te m s , re le a se  w ill be  d if fu s io n -c o n tro l le d  an d  w ill 
d e p e n d  on  th e  c o n c e n tra t io n  g ra d ie n t. H o w e v e r , re le a se  m a y  a lso  d e p e n d  o n  o sm o tic  
p re s su re  an d  m a tr ix  sw e llin g  (L e o n g  an d  L a n g e r , 1988; M a rk la n d  et a l., 19 99 ).

S w e llin g  sy stem  o c c u rs  w h en  d if fu s io n  o f  d ru g  is fa s te r  th a n  hy d ro g e l 
sw e llin g . T h e  m o d e lin g  o f  th is  m e c h a n ism  u su a lly  in v o lv e s  m o v in g  b o u n d a ry  
c o n d itio n s  w h e re  m o le c u le s  a re  re le a se d  a t th e  in te rfa c e  o f  ru b b e ry  and  g la s sy  p h ases  
o f  sw o lle n  h y d ro g e ls . T h e  ra te  o f  d ru g  re le a se  is c o n tro lle d  b y  th e  v e lo c i ty  and  
p o s itio n  o f  th e  f ro n t d iv id in g  th e  g la s sy  (d ry )  an d  ru b b e ry  (sw e lle d )  p o rtio n s  o f  th e  
p o ly m e r  as sh o w n  in F ig u re  2 .9  (C o v ie llo  e t  a l., 2 0 0 5 ). T h is  tra n s i tio n  o c c u rs  w h en  
th e  c h a ra c te r is t ic  p o ly m e r  tra n s itio n  te m p e ra tu re  is lo w e r  th a n  te m p e ra tu re  o f  
so lu tio n  w h ic h  e n c lo se s  th e  d ru g  d e liv e ry  m a tr ix . In th e  g la s sy  s ta te , e n tra p p e d  
m o le c u le s  re m a in  im m o b ile . In th e  ru b b e ry  s ta te  d is s o lv e d  d ru g  m o le c u le s  ra p id ly  
d if fu se  to  th e  so lu tio n  th ro u g h  th e  s w o lle n  layer o f  p o ly m e r . R e le a se d  flu id  
m o le c u le s  c o n ta c t th e  o u te r  la y e r  o f  h y d ro g e l. T h is  fo rm s  a m o v in g  fro n t th a t d iv id e s
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h y d ro g e l m a tr ix  in to  a g la ssy  an d  sw o lle n  re g io n . In th e s e  sy s te m s  th e  ra te  o f  
m o le c u le  re le a se  d e p e n d s  o n  th e  ra te  o f  ge l sw e llin g  (Z a rz y c k i e t  a h , 2 0 1 0 ). In  the  
s w e l lin g -c o n tro lle d  d e l iv e ry  sy s tem  fo llo w in g  p h e n o m e n a  h a p p e n s  (S ie p m a n n  e t  ah ,
2 0 0 8 ): 1) T h e  le n g th  o f  d ru g  d if fu s io n  w ay  in c re a se s . T h is  c a u s e s  a d e c re a se  o f  d ru g  
c o n c e n tra t io n  g ra d ie n t (d riv in g  fo rc e  o f  d iffu s io n )  an d  a d e c re a s e  o f  d ru g  re lea se  
ra te s . A n d  2 ) T h e  m o b ili ty  o f  d ru g  m o le c u le s  in c re a se s . T h is  c a u s e s  an  in c re a se  o f  
d ru g  re le a se  ra te s .

z
A

Glassy state Rubbery state

Figure 2 .9  S c h e m a tic  il lu s tra tio n  o f  d ru g  d e liv e ry  d e v ic e  in g la s s y  an d  ru b b e ry  s ta te  
m a tr ix .

F o r d if fu s io n  sy s te m , F ig u re  2 .1 0  sh o w s  p h y s ic a l ly  c o n tro lle d  re le a se , 
w h ic h  is th e  m o s t w id e ly  a p p lic a b le  m e c h a n ism  fo r  d e s c r ib in g  d ru g  re le a se  a n d  is 
c la s s if ie d  in to  tw o  ty p e s , d e p e n d in g  o n  its m o d e  re le a se : (a )  r e se rv o ir - ty p e  d iffu s io n  
o r  (b )  m a tr ix - ty p e  d if fu s io n  (H e  e t  a h , 2 0 0 4 ; Ju n ta n o n  et a h , 2 0 0 8 ) . R e se rv o ir- ty p e : 
In th e s e  h y d ro g e ls , th e ra p e u tic  c o m p o u n d s  (so lid  o r  liq u id )  a re  e n tra p p e d  in a 
re se rv o ir  w ith in  a m ic ro p o ro u s  o r  n o n -p o ro u s  p o ly m e ric  n e tw o rk . I f  th e  th e ra p e u tic  
a g e n t is s a tu ra te d , its tra n sp o r t w ill be c o n s ta n t (o r  fo llo w  z e ro -o rd e r  re le a se  
k in e t ic s ) . M a tr ix - ty p e : T h e se  h y d ro g e ls , w h e re  th e  d ru g  is d is s o lv e d  o r  d isp e rse d  
w ith in  a  p o ly m e r  n e tw o rk , te n d  to  be  th e  m o s t c o m m o n . A  d e c re a s e d  re le a se  ra te  
o v e r  t im e  d u e  to  th e  in c reased  d iffu s io n  d is ta n c e  is a c h a ra c te r is t ic  o f  th e se  sy s te m s  
( Is ik la n  et a h , 2 0 0 8 ). R e se rv o ir  sy s te m s  c o n s is t  o f  a p o ly m e r ic  m e m b ra n e  
su r ro u n d in g  a c o re  c o n ta in in g  th e  d ru g . In m a tr ix  d e v ic e s , th e  d ru g  is d isp e rse d  
th ro u g h o u t the  th re e -d im e n s io n a l s tru c tu re  o f  th e  h y d ro g e l. D ru g  re le a se  fro m  each  
ty p e  o f  sy s te m  o c c u rs  b y  d iffu s io n  th ro u g h  th e  m a c ro m o le c u la r  m e sh  o r  th ro u g h  th e
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w a te r  f ille d  p o re s . F ic k 's  la w  o f  d if fu s io n  is c o m m o n ly  u se d  in m o d e lin g  d iffu s io n -  
c o n tro l le d  re le a se  s y s te m s  (L in  an d  M e tte rs , 2 0 0 6 ).

Figure 2.10 S c h e m a tic  i l lu s tra tio n  o f  tw o  ty p e s  o f  d if fu s io n  sy s te m  (a )  re se v o ir  ty p e  
an d  (b )  m a tr ix  ty p e  (Z a rz y c k i et a l., 2 0 1 0 ).

P a a v o la  et a l., (1 9 9 8 )  p re p a re d  in je c ta b le  p o lo x a m e r  ge l in c o n tro ll in g  th e  
d ru g  re le a se . P o lo x a m e r  gel w ith  th e  c o n c e n tra t io n  o f  2 5 %  b le n d e d  w ith  
h y d ro x y p ro p y lm e th y lc e l lu lo s e  (H P M C ), so d iu m  c a rb o x y m e th y lc e llu lo se  (C M C ) an d  
d e x tra n  (D E )  w a s  s tu d ie d  in v itro  d ru g  re le a se  o f  l id o c a in e -H C l an d  ib u p ro fe n -N a  
an d  fo u n d  th a t th o se  c e llu lo s e  a d d it iv e s  s ig n if ic a n tly  p ro lo n g e d  ib u p ro fe n  re le a se , 
w h e re a s  a d d it iv e s  w e re  fo u n d  to  h a v e  s lig h t re le a s e - in c re a s in g  e f fe c t  as c o m p a re d  
w ith  th e  P O  gel.

K im  et a h , (2 0 0 0 )  s y n th e s iz e d  P lu ro n ic /P C L  b y  r in g -o p e n in g  
p o ly m e r iz a t io n  o f  e -c a p ro la c to n e  to  s tu d y  th e rm o -re sp o n s iv e  d ru g  re le a se  b e h a v io rs . 
T h e y  sh o w e d  th a t P lu ro n ic /P C L  c o p o ly m e ric  n a n o sp h e re s  w h ic h  lo a d e d  
in d o m e th a c in  ( IM C ) h a d  s ig n if ic a n t s u s ta in e d  re le a se  c h a ra c te r is t ic s  o f  less th a n  
3 0 %  fo r  100 h o u rs .

N s e re k o  an d  A m iji ,  (2 0 0 2 ) p re p a re d  P a c lita x e l (T a x o l)-c o n ta in in g  c h itin  
an d  c h itin -P lu ro n ic  F -1 0 8  m ic ro p a r tic le s  w e re  fo rm u la te d  as b io d e g ra d a b le  sy s te m s  
fo r  lo c a liz e d  a d m in is t ra tio n  in so lid  tu m o rs . T o  s tu d ie s  s w e l lin g  p ro p e rty  in 
p h o s p h a te  b u ffe re d  s a lin e  (P B S , p H  7 .4 ) . L y so z y m e -in d u c e d  d e g ra d a tio n  an d  in v itro  
re le a se  o f  p a c lita x e l w a s  e x a m in e d  in P B S  a t 37°c. A fte r  4 8 h ,th e  A m o u n t o f
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p a c lita x e l w a s  re le a se d  f ro m  c h i tin -P lu ro n ic  m ic ro p a r tic le s  m o re  th a n  p u re  c h itin  
m ic ro p a rtic le s .

X io n g  e t  a l., (2 0 0 5 )  p re p a re d  p o ly ( la c tic  a c id ) ,(P L A ) g ra f te d  to  b o th  en d s  o f  
P lu ro n ic  b lo c k  c o p o ly m e r  (P L A -F 8 7 -P L A ) to  s tu d y  d ru g  r e le a s e  by  u s in g  a 
h y d ro p h ilic  m o d e l d ru g  p ro c a in  h y d ro c h lo r id e  (P rH y ). F ro m  p re lim in a ry  re su lts  
sh o w  a c o n s ta n t  in itia l re le a se  ra te  a n d  n o  b u rs t  re le a se  w a s  o b se rv e d .

G o u  e t  ah , (2 0 0 8 )  p re p a re d  an  in je c ta b le  h y d ro p h o b ic  d ru g  d e liv e ry  sy stem  
(h o n o k io l)  lo ad ed  w ith  p o ly (s -c a p ro la c to n e )-p o ly (e th y le n e  g ly c o l)-p o ly (e -  
c a p ro la c to n e )  (P C E C ) as a n a n o p a rtic le  by  e m u ls io n  s o lv e n t e v a p o ra tio n  m e th o d , 
a n d  th e n  w e re  in c o rp e ra te d  in to  th e rm o -s e n s i t iv e  F 127 m a tr ix . In th is  w o rk  o b ta in e d  
in je c ta b le  d ru g  d e liv e ry  sy s te m  w h ic h  su s ta in e d  re le a se  o f  h o n o k io l.

L e e  e t  a h , (2 0 1 0 )  p re p a re d  th e rm o -s e n s i t iv e  an d  in je c ta b le  H A /P lu ro n ic  
F 127 c o m p o s ite  h y d ro g e ls . FIA c o n ju g a te d  w ith  d o p a m in e  (H A -D N )  a n d  w as m ix e d  
w ith  th io l e n d -c a p p e d  P lu ro n ic  F 1 2 7  c o p o ly m e r  (P lu -S H )  to  p ro d u c e  a lig h tly  
c ro s s lin k e d  c o m p o s ite  g e l sy n th e s is  M ic h a e l- ty p e  c a te c h o l- th io l a d d it io n  re ac tio n  
an d  b e s id e s  c o u ld  be  in je c te d  in v iv o  b y  u s in g  a sy rin g e .
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