
C H A P T E R  I 
I N T R O D U C T I O N

H y d r o g e ls  are th re e -d im e n s io n a l h y d r o p h ilic  p o ly m e r ic  n e tw o r k s  that can  
ab sorb  large  a m o u n ts  o f  w a ter  w ith o u t ch a n g in g  th eir  sh a p es. E arly  in v e s t ig a t io n s  on  
sy n th e tic  h y d r o g e ls  had b e e n  co n cen tra ted  in th e  f ie ld  o f  co n ta c t  le n s e s  a p p lica tio n  
(C ork h ill and T ig h e , 1 9 9 0 ). C urrently, stu d ies  o n  h y d r o g e ls  h a v e  b e e n  d iv e r s ifie d  
in to  sev era l o th er  areas, su ch  as m e d ic a l and agricu ltu ra l a p p lic a tio n s . O n e  o f  the  
m ain  in terests  co n c e r n s  sy n th e s is  and ch a ra cter iza tio n  o f  h y d r o g e ls  as m atr ices  for  
c o n tro lled  r e le a se  o f  d ru gs d u e to  th e  a b ility  o f  th e se  h y d r o g e ls  to  re lea se  an  
en trap ped  drug in  a q u eo u s  m ed iu m  and to  r eg u la te  th e  r e le a se  o f  su ch  drug b y  
co n tro l o f  s w e llin g . R e le a s in g  o f  d ru gs from  h y d r o g e ls  d e p en d s o n  se v era l factors , 
su ch  as th e  h y d ro p h ilic /h y d r o p h o b ic  b a la n ce  o f  h y d r o g e ls , d e g r e e  o f  c r o ss lin g k in g  
and, e sp e c ia lly , th e  d e g r e e  o f  s w e l l in g  w h ic h  is  an im p o rtan t p aram eter  to  co n sid er  in  
th e  d e s ig n  o f  h y d r o g e ls  for  drug d e liv e r y  sy s te m  (L lo y d  e t a l., 1 9 9 8 ). U s in g  
h y d r o g e ls  as p o ten tia l c a n d id a tes  fo r  drug d e liv ery  h a s m an y  a d v a n ta g es , su ch  as 
their  b io c o m p a tib ility , a b ility  to  resp on d  to  ex tern a l s tim u li u n d er  v a r io u s  
p h y s io lo g ic a l c o n d it io n s , im p o rtin g  p a tien t c o m p lia n c e  and d e c r e a s in g  in c id e n c e  o f  
a d v erse  drug reac tio n s. In ad d ition , w a te r  reten tion  in h y d r o g e ls  p r o v id e s  a su itab le  
d ru g d if fu s io n  p artw ay  b y a p o re  m ech a n ism  (Y in  e t a l ., 2 0 0 2 ) . M o reo v er , p H -  
se n s it iv e  h y d r o g e ls  h a v e  a p o ten tia l u s e  in  th e  s ite -s p e c if ic  d e liv e r y  o f  d ru gs to  
s p e c if ic  r e g io n s  o f  th e  g a stro in testin a l tract (G IT ) attributed  to  p H  ch a n g es  
th ro u g h o u t th e  g a stro in testin a l tract. E ith er  sy n th e tic  or natural h y d r o p h ilic  p o ly m ers  
su ch  as p o ly v in y l a lc o h o l, p o ly e th y le n e  o x id e , p o ly v in y l p y rr o lid o n e , c e llu lo se , 
ch itin  and its d e r iv a tiv e s , etc . h a v e  b e e n  u sed  to  p repare h y d r o g e ls  (Y o s h ii  e t a i ,
2 0 0 2 ).

C a r b o x y m e th y l-c h itin  (C M -c h it in ) , a w a te r -so lu b le  c h itin  d e r iv a t iv e  and o n e  
o f  h y d r o g e l- fo r m in g  p o ly m ers , can  b e  prepared  b y  c a r b o x y m e h y la tio n  o f  ch itin  
u n d er a lk a lin e  c o n d it io n s . C M -c h itin  is  a p o ly e le c tr o ly te  w ith  p ro p erties  re se m b lin g  
to  th o se  o f  c a r b o x y m e th y l-c e l lu lo s e  (C M C ). C M -c h itin  is  s o lu b le  n o t  o n ly  in w a ter  
but a lso  in  m ed ia  at any p H s that m a k es  it an a ttractive  o p tio n  fo r  its  u se  in  drug  
d e liv e r y  sy s te m  (N a k a n o  e t a l ,  1 9 8 0 ), c o sm e tic  in g r e d ie n ts  fo r  hair and sk in  cares
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(Im am u ra  e t a l ,  1 9 9 1 ), w o u n d  h e a lin g  (M u z z a r e lli e t al., 1 9 8 8 ), ch e la tin g  agen t  
(T o k u ra  e t a l ,  1 9 9 3 ). C M -ch itin  h as b een  c o n s id e r e d  to  b e  o n e  o f  a d v a n ced  carriers 
fo r  th e  p o ly m e r ic  drug, s in c e  C M -c h itin  w a s  rep orted  as h ig h ly  b io d e g r a d a b le  and  
n o n -to x ic  m u c o p o ly sa c c h a r id e  in  a n im al b o d y  (N ish im u r a  e t a l ,  1 9 8 4 ). In ad d ition , 
in trap er iton ea l in je c tio n  o f  C M -c h itin  w a s  rep orted  to  a c tiv a te  m o u s e  p eriton ea l 
m a c r o p h a g e s  for  sh ort p er io d s and to  in d u ce  th e  m ito g e n ic  a c t iv ity  fa in tly  
(N ish im u r a  e t a l ,  1 9 8 3 ). B e c a u se  o f  its in terestin g  p rop erties , C M -c h itin  h as b een  
in v e s t ig a te d  as a p o ten tia l carrier for  co n tro lled  r e le a se  o f  th e  d ru g ( พ atan ab e et a l ,  
1 9 9 2 ).

S ilk  f ib ro in  is  a linear p o ly p e p tid e  w h ic h  its m ain  c o m p o n e n ts  are n on p olar  
a m in o  a c id s  su ch  as a lan in e , g ly c in e  and serin e. S ilk  f ib r o in  h a s tw o  con form a tio n s:  
th e  ran d om  c o il and th e P -sh ee t structures. S ilk  f ib ro in  w ith  a P -sh e e t  structure is  
resistan t to  w a ter  and has b etter  m ech a n ica l p rop erties  th an  s ilk  f ib r o in  w ith  th e  
ran d o m  c o il  c o n fo r m a tio n  (D em u ra  e t a l ,  1 9 9 2 ). B e s id e s  its  t e x t ile  u se , s ilk  h as  
recen tly  b e e n  in v e s tig a te d  as a starting m aterial for  p rep aration  o f  n atu rally  b ased  
p o ly m e r ic  m ater ia ls  for  a p p lica tio n s  in  b io te c h n o lo g ic a l and b io m e d ic a l f ie ld s  su ch  
as an e n z y m e - im m o b iliz a t io n  m ateria l that can  b e  u sed  as a g o o d  b io se n so r  (L iu  a t 
a l ,  1 9 9 6 ), a ce ll cu ltu re  su b strate  (T su k a d a  e t a l ,  1 9 9 4 ), an oral d o sa g e  form  
(A sa k a ra  a t a l ,  1 9 9 2 )  and so  on . M o reo v er , s ilk  fib ro in  f ilm  h as g o o d  o x y g e n  
p erm ea b ility  in th e  w e t  state, s im ilar  to  that o f  h u m an  sk in , w h ic h  s u g g e s ts  p ro m isin g  
a p p lic a tio n s  o f  s ilk  f ib ro in  as w o u n d  d ress in g  and  artific ia l sk in  (M in o u ra  e t a l ,  
1 9 9 0 ). H o w e v e r , th e  silk  f ib ro in  f ilm  is to o  brittle  to  b e  u se d  b y  itse lf. P o o r  
m e c h a n ic a l p ro p erties  o f  s ilk  fib ro in  c o u ld  b e  im p ro v ed  b y  b le n d in g  it w ith  o th er  
sy n th e tic  or  natural p o ly m e r s  su c h  as p o ly (e h ty le n e  g ly c o l)  (P E G ) (K w e o n  et a l ,
2 0 0 1 ) ,  p o ly (v in y l a lc o h o l)  (P V A ) (L iu  e t a l ,  1 9 9 6 ), c e l lu lo s e  and c h ito sa n  (T su k u d a  
e t a l ,  1 9 9 4 ). K w e o n  e t al. 2 0 0 1  rep orted  that m ec h a n ic a l p ro p erties  o f  s ilk  
f ib r o in /c h ito sa n  b len d  f ilm s  co n ta in in g  10 -4 0%  c h ito sa n  w e r e  fo u n d  to  b e  im p ro ved  
as co m p a red  to  th o se  o f  s ilk  fib ro in  itse lf . In ad d itio n , C h en  e t al. ( 1 9 9 7 )  reported  
that th e  co n fo r m a tio n a l tran sition  o f  s ilk  fib ro in  fro m  ran d om  c o il  c o n fo r m a tio n  to  P- 
sh ee t  structure c o u ld  b e  in d u ced  b y  b le n d in g  w ith  ch ito sa n .
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B o th  C M -c h itin  and s ilk  f ib ro in  are b io p o ly m e r s  that h a v e  p o ten tia l 
a p p lic a tio n s  in th e  b io m e d ic a l f ie ld . In th is  stu d y , th e  b len d  f ilm s  w ith  v a r io u s  b len d  
ratio s o f  C M -c h itin  and silk  fib ro in  w e r e  p repared  and drug r e le a se  ch a ra cter is tics  o f  
C M -c h it in /s ilk  f ib ro in  b len d  f ilm s  w e r e  in v estig a ted .

1.1 T h e o r e t ic a l  B a c k g r o u n d

1.1 .1  D ru g  D e liv e r y  S y s te m s
O f  th e  severa l p o s s ib le  rou tes  o f  in tro d u c in g  co n tr o lle d  re lea se  

m e d ic a tio n  in to  th e  b od y , th e  oral ad m in istra tio n  o f  s in g le  d o s e  m e d ic in a ls  is o n e  o f  
th e  s im p le s t  and sa fest;  s in c e  it d o e s  n ot p o se  th e  ster ility  p ro b lem  and  the risk  o f  
d a m a g e  at th e  s ite  o f  a d m in istra tio n  is  at m in im a l. H o w e v e r , an oral co n tro lled  
r e le a se  fo rm u la tio n  is  su b jected  to  freq u en tly  c h a n g in g  e n v ir o n m e n ts  during transit 
th ro u gh  th e g a stro in testin a l tract as it p a sse s  from  th e  stro n g ly  a c id ic  to  th e  w e a k ly  
a lk a lin e  m ed iu m  in th e  lo w e r  part o f  th e  sm all in te stin e . T h e  v a r ia b le  ab sorb in g  
su r fa ces  o v e r  th e  len g th  o f  th e  g a stro in testin a l tract ad d s further con stra in t to  th e  
d e s ig n  o f  oral d o s a g e  form s. M o r e o v e r , th e  s to m a ch  e m p ty in g  p er io d  va r ies  from  
p e rso n  to  p erson . T h e se  fa c to rs  c o l le c t iv e ly  in tro d u ce  c o n s id e r a b le  v a r ia b ility  in  th e  
p er fo rm a n ce  o f  oral co n tro lled  d e liv e r y  sy s te m s. S ev era l a p p ro a ch es  h a v e  b een  tak en  
in  th e  p ast to  p ro lo n g  th e  reten tion  o f  th e  d o sa g e  form  in  th e  s to m a ch

1 .1 .2  P o ly m e r ic  D ru g  D e liv e r y
T h e  p o ly m e r ic  c o n tro lled  d e liv e r y  s y s te m s  are b e in g  u se d  for  a w id e  

ran ge o f  r e a g en ts  in  v a r io u s  e n v ir o n m e n ts  (T o k u ra  e t a l ,  1 9 9 2 ). T h e  m o st  p op u lar  
a p p lic a tio n  is  th e  d ru g d eliv ery , in  w h ic h  th e  m ain  o b je c tiv e  is  to  a c h ie v e  an e f fe c t iv e  
th era p eu tic  ad m in istra tio n  for  an ex ten d ed  p erio d  o f  tim e. T h e  te c h n iq u e  is  a lso  
term ed  as su sta in ed  re lea se .

In recen t years, th ere  h as b e e n  a rapid g r o w th  in  th e  area o f  drug  
d isc o v e r y , fa c ilita te d  b y n o v e l t e c h n o lo g ie s  su ch  as c o m b in a to r ia l c h em istry  and  
h ig h -th ro u g h p u t screen in g . T h e se  n o v e l a p p ro ach es h a v e  led  to  d ru gs w h ic h  are 
g e n e r a lly  m o re  p o te n t p oo rer  so lu b ility  than  d ru gs d e v e lo p e d  fro m  trad ition al 
a p p ro a ch es o f  m e d ic in a l ch em istry . T h e  d e v e lo p m e n t o f  th e se  c o m p le x  d ru gs has
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resulted in a more urgent focus on developing novel techniques, to deliver these
drugs more effectively and efficiently.

D ru g
C o n cen tra tio n  

in B lo o d

F ig u r e  1.1  C o n v e n tio n a l and id ea l d ru g re lea se  p r o file s .

A s  can  b e s e e n  in F ig u re  1.1, th e  co n v e n tio n a l ora l and in tra v en o u s r o u tes  o f  drug  
ad m in istra tio n  d o  n o t p rov id e  id ea l p h a rm a co k in e tic  p r o f ile s  e s p e c ia l ly  th e  drugs  
w h ic h  d isp la y  h ig h  to x ic ity  an d /o r  n arrow  th era p eu tic  w in d o w s . F or  su ch  drugs, th e  
id ea l p h a rm a co k in e tic  p ro file  w i l l  b e  o n e  w h e r e in  th e  drug co n ce n tr a tio n  reach es  
th era p eu tic  le v e ls  w ith o u t  e x c e e d in g  th e  m a x im u m  to le r a b le  d o s e  and m ain ta in s  
th e se  co n ce n tr a tio n s  fo r  ex ten d ed  p er io d s  o f  t im e  u n till th e  d es ired  th era p eu tic  e f fe c t  
is  reach ed . O n e  o f  th e  w a y s  su ch  a p r o file  can  b e  a c h ie v e d  in an id ea l c a se  scen ario  
w o u ld  b e  b y  e n c a p su la tin g  th e  drug in a p o ly m er  m atrix .

T h e  th ree  k ey  a d v a n ta g es  that p o ly m e r ic  drug d e liv e r y  p ro d u cts  can
o ffe r  are:

1. L o c a liz e d  d e liv e r y  o f  drug: T h e  p rod u ct can  b e  im p la n te d  d irectly
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at th e  site  w h e r e  drug actio n  is  n e e d e d  and h e n c e  sy s te m ic  
e x p o su r e  o f  th e  drug can  b e  red u ced . T h is  b e c o m e s  e sp e c ia lly  
im p o rtan t for  to x ic  d ru gs w h ic h  are re la ted  to  v a r io u s  sy s te m ic  s id e  
e f fe c t s  (su ch  as th e  c h em o th era p eu tic  d ru gs).

2 . S u sta in ed  d e liv e r y  o f  drugs: T h e d ru g e n c a p su la ted  is  r e lea sed  ov er  
ex te n d e d  p er io d s  and h en c e  e lim in a te s  th e  n eed  fo r  m u ltip le  
in jec tio n s . T h is  fea tu re  can  im p r o v e  p a tien t c o m p lia n c e  e sp e c ia lly  
fo r  d ru gs for  ch ro n ic  in d ica tio n s , req u ir in g  freq u en t in jec tio n s  
(su c h  as for  d e f ic ie n c y  o f  certa in  p ro te in s).

3. S ta b iliza tio n  o f  th e  drug: T h e  p o ly m e r  can  p ro tect th e  d ru g  from  the  
p h y s io lo g ic a l e n v iro n m en t and h e n c e  im p r o v e  its s ta b ility  in  vivo. 
T h is  p articu lar fea tu re  m ak es th is  te c h n o lo g y  a ttractive  for  th e  
d e liv e r y  o f  la b ile  d ru gs su ch  as p rotein s.

1 .1 .3  C o n tro lled  D ru g  D e liv e r y

C o n tro lled  drug d e liv e r y  o ccu rs  w h e n  a p o ly m er , w h e th e r  natural or  
sy n th e tic , is  ju d ic io u s ly  co m b in e d  w ith  a drug or o th er  a c tiv e  a g en t in  su ch  a w a y  
that th e  a c t iv e  a g e n t is  re lea sed  fro m  th e m ateria l in  a p r e d e s ig n e d  m an n er. T h e  
r e le a se  o f  th e  a c tiv e  a g e n t m ay  b e  c o n sta n t o v e r  a lo n g  p er io d , it m ay  b e  c y c l ic  ov er  
a lo n g  p er io d , or it m ay  b e tr igg ered  b y  th e e n v iro n m en t or o th er  ex tern a l e v en ts . In 
an y c a se , th e  p u rp o se  b eh in d  c o n tr o llin g  th e  drug d e liv e r y  is  to  a c h ie v e  m ore  
e f fe c t iv e  th era p ies  w h ile  e lim in a tin g  th e  p o ten tia l fo r  b o th  u n d er- and  o v erd o sin g . 
O th er a d v a n ta g es  o f  u s in g  c o n tr o lle d -d e liv e r y  s y s te m s  can  in c lu d e  th e  m a in ten a n ce  
o f  d ru g le v e ls  w ith in  a d esired  range, th e  n eed  for  fe w e r  a d m in istra tio n s , op tim a l u se  
o f  th e  drug in  q u e stio n , and in crea sed  p atien t c o m p lia n c e . W h ile  th e s e  a d v a n ta g es  
can  b e  s ig n if ic a n t, th e  p oten tia l d isa d v a n ta g e s  c a n n o t b e  ig n ored : th e  p o ss ib le  
to x ic ity  or n o n b io c o m p a tib ility  o f  th e  m ateria ls  u sed , u n d e s ir a b le  b y -p r o d u c ts  o f  
d egra d ation , any su rgery  req u ired  to  im p lan t or r e m o v e  th e  sy s te m , th e  ch a n ce  o f  
p atien t d isc o m fo r t  from  th e d e liv e r y  d e v ic e , and th e  h ig h e r  c o s t  o f  c o n tr o lle d -r e le a se  
sy s te m s  co m p a red  w ith  trad itional p h arm aceu tica l fo rm u la tio n s .
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P ro v id in g  co n tro l o v er  th e  drug d e liv ery  ca n  b e  th e  m o st  im p o rtan t factor  at 
t im e s  w h e n  trad ition a l oral or in jec ta b le  drug fo r m u la tio n s  c a n n o t b e  u sed . T h ese  
in c lu d e  s itu a tio n s  req u ir in g  th e s lo w  re lea se  o f  w a te r -so lu b le  d ru gs, th e  fa st re lea se  
o f  lo w -s o lu b il ity  d ru gs, drug d e liv e r y  to  sp e c if ic  s ite s , drug d e liv e r y  u s in g  
n an o p a rticu la te  sy s te m s , d e liv e r y  o f  tw o  or m o re  a g e n ts  w ith  th e  sa m e  form u la tio n , 
and sy s te m s  b ased  o n  carriers that can  d is s o lv e  or d egra d e  and b e  r ea d ily  e lim in a ted . 
T h e id ea l drug d e liv e r y  sy s te m  sh o u ld  b e  inert, b io c o m p a tib le , m e c h a n ic a lly  stron g, 
co m fo r ta b le  fo r  th e  p atien t, ca p a b le  o f  a c h ie v in g  h ig h  d ru g lo a d in g , sa fe  from  
a c c id e n ta l r e le a se , s im p le  to  ad m in ister  and r e m o v e , and e a sy  to  fab rica te  and  
ster ilize .

T h e  g o a l o f  m an y  o f  th e  o r ig in a l c o n tr o lle d -r e le a se  sy s te m s  is  to  a c h ie v e  a 
d e liv e r y  p r o f ile  that w o u ld  y ie ld  a h ig h  le v e l o f  th e  drug o v e r  a lo n g  p er io d  o f  tim e. 
W ith  trad ition a l ta b le ts  or in jec tio n s , th e  drug le v e l in  th e  b lo o d  f o l lo w s  th e p ro file  
sh o w n  in F ig u re  1 .1 , in  w h ic h  th e  le v e l  r ise s  after each  a d m in istra tio n  o f  th e  drug and  
th en  d e c r e a se s  u n til th e  n ex t ad m in istra tion . T h e k e y  p o in t w ith  trad ition a l drug  
a d m in istra tio n  is  that th e  b lo o d  le v e l o f  th e  agen t sh o u ld  rem ain  b e tw e e n  a m a x im u m  
v a lu e , w h ic h  m ay  rep resen t a to x ic  le v e l, and a m in im u m  v a lu e , b e lo w  w h ic h  the  
drug is n o lo n g e r  e f fe c t iv e . In co n tro lled  drug d e liv e r y  s y s te m s  d e s ig n e d  for  lo n g ­
term  ad m in istra tio n , th e  drug le v e l in  th e  b lo o d  f o l lo w s  th e  p r o f ile  s h o w n  in F ig u re
1.1 , rem a in in g  co n sta n t, b e tw e e n  th e  d esired  m a x im u m  and m in im u m , for  an  
ex te n d e d  p er io d  o f  tim e . D e p e n d in g  o n  the fo rm u la tio n  and th e  a p p lica tio n , th is  t im e  
m a y  b e  a n y w h e r e  from  2 4  hours.

In recen t years, co n tro lled  d ru g d e liv e r y  fo rm u la tio n s  and th e  p o ly m e r s  u sed  
in  th e se  s y s te m s  h a v e  b e c o m e  m u ch  m ore  so p h is t ic a te d , w ith  th e  a b ility  to  do m ore  
th an  s im p ly  ex te n d  th e  e f fe c t iv e  r e le a se  p eriod  for  a particu lar drug. F o r  e x a m p le , 
current c o n tr o lle d -r e le a se  sy s te m s  can  resp on d  to  ch a n g e s  in  th e  b io lo g ic a l  
en v ir o n m e n t and d e liv e r — or c e a se  to  d e liver— d ru gs b a se d  o n  th e se  ch a n g es. In 
ad d itio n , m ater ia ls  h av e  b e e n  d e v e lo p e d  that sh o u ld  lead  to  ta rg eted  d e liv ery  
sy s te m s , in w h ic h  a particu lar fo rm u la tio n  can  b e  d irec ted  to  th e  s p e c if ic  ce ll, t is su e ,  
or s ite  w h ere  th e  d ru g it co n ta in s is  to  b e  d e liv ered . W h ile  m u ch  o f  th is  w o r k  is  still 
in  its  ear ly  s ta g e s , e m erg in g  te c h n o lo g ie s  o ffer  p o s s ib ilit ie s  that s c ie n t is ts  h av e  o n ly  
b e g u n  to  ex p lo re .
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1 .1 .4  C o n tro lled  - R e le a s e  M e c h a n ism
T h ere  are three p rim ary m e c h a n ism s b y  w h ic h  a c t iv e  a g e n ts  can  b e  

re le a se d  from  a d e liv e r y  system :
a) D if fu s io n  C o n tro lled  R e le a se

D if fu s io n  o c cu rs  w h e n  a drug or o th er  a c t iv e  a g en t p a sse s  throu gh  
th e  p o ly m e r  that fo rm s th e  c o n tr o lle d -r e le a se  d e v ic e . T h e  d if fu s io n  can  occu r  o n  a 
m a c r o sc o p ic  s c a le — a s th rou gh  p o res  in  th e  p o ly m e r  m atrix— or o n  a m o lecu la r  
le v e l, b y  p a ss in g  b e tw e e n  p o ly m er  ch a in s. E x a m p le s  o f  d if fu s io n -r e le a s e  sy s te m s  are 
sh o w n  in F ig u res  1.2. In th is F igu re, a p o ly m e r  and a c t iv e  a g en t h a v e  b e e n  m ix ed  to  
form  a h o m o g e n e o u s  sy stem , a lso  referred  to  as a m atr ix  sy s te m . D if fu s io n  occu rs  
w h e n  th e  drug p a sse s  fro m  th e p o ly m e r  m atrix  in to  th e  ex tern a l e n v iro n m en t. A s  the  
r e le a se  c o n tin u e s , its rate n orm a lly  d e c r e a se s  w ith  th is  ty p e  o f  sy s te m , s in c e  th e  
a c t iv e  a g en t h as a p r o g r e ss iv e ly  lo n g e r  d ista n ce  to  travel and th ere fo re  req u ires a 
lo n g e r  d if fu s io n  t im e  to  re lease .

F ig u r e  1 .2  D ru g  d e liv e r y  from  a ty p ica l m atrix  drug d e liv e r y  sy stem .

F o r  th e  d if fu s io n -c o n tr o lle d  sy s te m s  d escr ib ed  th u s far, th e  d ru g d e liv ery  
d e v ic e  is  fu n d a m e n ta lly  s ta b le  in  th e  b io lo g ic a l e n v iro n m en t and d o e s  n o t ch an g e  its  
s iz e  e ith er  th ro u gh  sw e llin g  or d egrad ation . In th e se  sy s te m s , th e  c o m b in a tio n s  o f  
p o ly m e r  m a tr ices  and b io a c t iv e  a g e n ts  c h o se n  m u st a llo w  fo r  th e  d ru g to  d iffu se  
th ro u gh  th e p o res  or m a cro m o lecu la r  structure o f  th e  p o ly m e r  u p o n  in trod u ction  o f  
th e  d e liv e r y  sy s te m  in to  th e  b io lo g ic a l en v iro n m en t w ith o u t  in d u c in g  an y  ch a n g e  in  
th e  p o ly m e r  itse lf .
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b ) S w e llin g  C o n tro lled  R e le a se
It is a lso  p o ss ib le  for  a drug d e liv e r y  sy s te m  to  b e  d e s ig n e d  so  that 

it is  in ca p a b le  o f  r e le a s in g  its ag en t or a g en ts  un til it is  p la ced  in  an  appropriate  
b io lo g ic a l e n v iro n m en t. S w e llin g -c o n tr o lle d  r e le a se  s y s te m s  are in it ia lly  dry and, 
w h e n  p la ced  in  th e  b od y , w ill ab sorb  w a ter  or  o th er  b o d y  f lu id s  and  sw e ll. T h e  
s w e l l in g  in c r e a se s  th e  a q u eo u s  so lv e n t  con ten t w ith in  th e  fo r m u la tio n  as w e l l  as the  
p o ly m e r  m e sh  s iz e , en a b lin g  th e d ru g to  d iffu se  th ro u g h  th e  s w o lle n  n e tw o r k  in to  the  
extern a l en v iro n m en t. M o st  o f  th e  m ateria ls  u sed  in  s w e llin g -c o n tr o lle d  re lea se  
sy s te m s  are b a sed  o n  h y d ro g e ls , w h ic h  are p o ly m e r s  that w ill s w e l l  w ith o u t  
d is s o lv in g  w h e n  p la c e d  in w a te r  or o th er b io lo g ic a l f lu id s . T h e se  h y d r o g e ls  can  
ab sorb  a grea t d ea l o f  f lu id  and, at eq u ilib r iu m , ty p ic a lly  c o m p r ise  6 0 -9 0 %  flu id  and  
o n ly  1 0 -3 0 %  p o ly m er . F ea tu res o f  a p o ly m er's  s w e l l in g  ab ility , O n e  o f  th e  m o st  
rem ark ab le  and u se fu l, fea tu res o f  a p o ly m er's  s w e l l in g  ab ility  m a n ife s ts  i t s e l f  w h e n  
that s w e llin g  ca n  b e  tr igg ered  b y  a ch a n g e  in th e  en v ir o n m e n t su rrou n d in g  th e  
d e liv e r y  sy s te m . D e p e n d in g  u p o n  th e  p o ly m er , th e  e n v iro n m en ta l c h a n g e  can  in v o lv e  
pH , tem p era tu re, or io n ic  strength , and th e sy s te m  can  e ith er  sh rin k  or  sw e ll  u p o n  a 
c h a n g e  in an y  o f  th e se  en v iro n m en ta l factors. A  n u m b er o f  th e se  e n v ir o n m e n ta lly  
se n s it iv e  or " in telligen t"  h y d r o g e l m ater ia ls  are lis te d  in  T a b le  1. F o r  m o st  o f  th e se  
p o ly m e r s , th e  structural c h a n g e s  are r ev e rsib le  and rep ea ta b le  u p o n  ad d ition a l 
c h a n g e s  in th e  ex tern a l en v iro n m en t.

T h e d ia gram s in F ig u re  1.3 illu stra te  th e  b a s ic  c h a n g e s  in  stru ctu re o f  th ese  
s e n s it iv e  sy s te m s . O n c e  aga in , for  th is  ty p e  o f  sy s te m , th e  d ru g  re le a se  is 
a c c o m p lish e d  o n ly  w h e n  th e p o ly m e r  sw e lls . B e c a u se  m an y  o f  th e  p o te n tia lly  m o st  
u se fu l p H -s e n s it iv e  p o ly m e r s  sw e ll  at h ig h  p H  v a lu e s  and c o lla p s e  at lo w  pH  v a lu e s , 
th e  tr ig g ered  d ru g d e liv e r y  o c c u r s  u p o n  an in crea se  in  th e  p H  o f  th e  en v iron m en t. 
S u ch  m ater ia ls  are id ea l for  sy s te m s  su ch  as oral d e liv e r y , in w h ic h  th e  drug is n o t  
r e lea sed  at lo w  p H  v a lu e s  in  th e  s to m a c h  but rather at h ig h  pH  v a lu e s  in th e  u p per  
sm a ll in testin e .
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Table 1.1 Environmentally sensitive polymers for drug delivery

Stimulus Hydrogel Mechanism

pH Acidic or basic hydrogel
Change in pH

------ swelling---------
Release o f drug

Ionic strength Ionic hydrogel

Change in ionic strength, 
change in concentration o f 

ions inside gel 
— change in swelling—  

release o f drug

Chemical species
Hydrogel containing 

electron accepting groups

Electron donating 
compounds, formation o f 
change/ transfer complex 
— change in swelling— 

release o f drug

Enzyme-substrate
Hydrogel containing 
immobilized enzymes

Substrate present, 
enzymatic conversion 

product changes 
— change in swelling— 

release o f drug

Figure 1.3 Drug delivery from environmentally sensitive release systems.
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c) Erosion Controlled Release
A ll o f the previously described systems are based on polymers that 

do not change their chemical structure beyond what occurs during swelling. 
However, a great deal o f attention and research effort are being concentrated on 
biodegradable polymers. These materials degrade within the body as a result o f 
natural biological processes, eliminating the need to remove a drug delivery system 
after therelease o f the active agent has been completed. Most biodegradable 
polymers are designed to degrade as a result o f hydrolysis o f the polymer chains into 
biologically acceptable, and progressively smaller compounds. Degradation may 
take place through bulk hydrolysis, in which the polymer degrades in a fairly 
uniform manner throughout the matrix, as shown schematically in Figure 1 4a. For 
some degradable polymers, the degradation occurs only at the surface o f the 
polymer, resulting in a release rate that is proportional to the surface area o f the drug 
delivery system (see Figure 1.4b).

Figure 1.4 Drug delivery from (a) bulk erosion and (b) surface erosion systems.

The release o f drug depends on several factors such as the hydrophilicity and 
the degree o f swelling o f supporting materials. One o f widely used materials is based 
on hydrogels.
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1.1.5 Hydrogel
Hydrogels are highly swollen, hydrophilic polymer networks that can 

absorb large amounts o f water and drastically increase in volume. It is well known 
that the physicochemical properties o f the hydrogel depend not only on the molecular 
structure, the gel structure, and the degree o f crosslinking but also on the content and 
state o f water in the hydrogel. Hydrogels have been widely used in controlled release 
systems.

Recently, hydrogels, which swell and contract in response to external pH, are 
being explored. The pH sensitive hydrogels have a potential use in site-specific 
delivery o f drugs to specific regions o f gastrointestinal tract and have been prepared 
for low molecular weight and protein drug delivery. It is known that the release o f 
drugs from the hydrogels depends on their structures or their chemical properties in 
response to environmental pH. These polymers, in certain cases, are expected to 
reside in the body for a longer period and respond local environmental stimuli to 
modulate drug release. On the other hand, it is some times expected that the 
polymers are biodegradable to obtain a desirable device to control drug release. 
Thus, to be able to design hydrogels for a particular application, it is important to 
know the nature o f systems in their environmental conditions to design them in 
proper situation.

Some o f the recently developed modes o f drug delivery are summarized
below:

1. Transdermal Drug Delivery
As the name suggests, transdermal drug delivery involves the 

delivery o f drugs through the skin pores. The commonly used mechanism o f drug 
delivery in this case is diffusion. However the skin pore size limits the use o f this 
technique to small drugs. Hence various techniques such as Iontophoresis (which 
uses an electrical gradient as a driving force for the delivery o f the drug) and 
Sonication (which uses ultrasound techniques to increase the pore size) are being 
investigated.

2. Pulmonary Drug Delivery
Pulmonary drug delivery mainly includes aerosol based systems 

wherein drug delivery is carried out using nasal sprays.
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3. Polymeric Implants
Polymeric drug delivery is the most widely studied area o f drug 

delivery in the recent past. A  polymeric implant which consists o f the drug imbedded 
in a polymer matrix is surgically planted into the body (in the affected area). The 
drug is then released directly into the affected site via diffusion or surface erosion.

1.1.6 Silk Fibroin
Silk fibroin {B om byx m o ri) is a fibrous protein obtained from the 

cocoon o f the silk worms. Silk fibers consist primarily o f two components, fibroin 
and sericin. Fibroin is the structural protein o f the silk fiber and sericin is the water- 
glue soluble that serves to bond fiber together. The majority o f the fibroin is highly 
periodic with simple repeating sections broken by more complex regions containing 
amino acids with bulkier side chains. The compositions o f amino acid are glycine 
45%, alanine 30%, and serine 12%. The primary structure arising from this 
characteristic amino acid composition contains many - (gly-ala)n- repeating units, 
which form the highly specific secondary structure, known as antiparallel P-sheet 
structure.

Fibroin HyAvgen-fconded

Ssncin Chain Ends, Flods, and
Low เฟ ่พ  Fibroin

Figure 1.5 Model o f microstructure o f silk fibroin.
Besides its textile application, silk fibroin is considered an interesting 

starting material for biotechnological and biomedical utilization. Silk fibroin can be 
prepared in the form o f powder, gel, compact and porous membrane after dissolution 
with suitable solvents. Silk membranes have proved to be an excellent substrate for 
enzyme immobilization, because o f their good physical and mechanical properties,
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thermal stability, microbial resistance, and absence o f interactions with the enzyme 
immobillized. Asakura e t a l ,  1990 prepared a glucose biosensor by immobilizing 
glucose oxidase (GOD) within silk fibroin membranes. A noticeable increase in 
biosensor sensitivity has recently been reported concerning GOD immobilized on the 
surface o f nonwoven fabrics by means o f silk fibroin gel. Silk fibroin membranes 
can be used to separate water from water-methanol solutions by pervaporation. The 
high oxygen permeability in the wet state, similar to that o f other synthetic hydrogel 
membranes currently used to produce contact lenses, makes silk fibroin attractive as 
a biomaterial. Moreover, the good in v ivo  blood compatibility o f silk fibroin has 
recently been reported.

Crystallization o f silk fibroin films cast from aqueous solution is promoted by 
suitable thermal, mechanical, and chemical treatments, which induce the 
conformational transition from random coil to P-sheet structure. Fibroin films in the 
dry state are very brittle and almost unsuitable for practical use, while in the wet state 
the elongation is considerably higher, in such a way that they can be applicable as 
biomaterials in the medical fields. The inferior tensile properties o f silk fibroin films 
can be improved by blending with other natural or synthetic polymers (Shen e t a l ,  
1998).
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