
CHAPTER I 
INTRODUCTION

W o u n d  h e a lin g  is  a s p e c if ic  b io lo g ic a l  p r o c e s s  in v o lv in g  th e  g en era l  
p h e n o m e n o n  o f  t is s u e  reg e n era tio n  (B o a te n g , et al, 2 0 0 8 ) .  T h e  en tire  p r o c e s s  o f  
w o u n d  h e a lin g  is  a  c o m p le x  an d  ord ered  c a sc a d e  o f  e v e n ts , w h ic h  c a n  b e  d iv id e d  
in to  fou r  d is t in c t, but o v e r la p p in g , p h a se s  o f  h e m o s ta s is , in f la m m a tio n , p ro lifer a tio n  
an d  m atu ra tion  (M a c K a y  and M ille r , 2 0 0 3 ;  E n o c h  and  L ea p er , 2 0 0 5 ;  D e n g , et al, 
2 0 0 7 ;  S to ja d in o v ic , et al., 2 0 0 8 ) .  A d d it io n a lly , w o u n d  h e a lin g  in v o lv e s  a c o m p le x  
se r ie s  o f  in te r a c tio n s  a m o n g  d ifferen t c e ll  ty p e s , c y to k in e  m e d ia to r s  and  th e  
e x tr a c e llu la r  m a tr ix  (E C M ) c o m p o n e n ts  (M a c K a y  and M ille r , 2 0 0 3 ;  E n o c h  and  
L ea p er , 2 0 0 5 ;  S to ja d in o v ic , et al, 2 0 0 8 ) .

A lth o u g h  w o u n d  h e a lin g  is  th e  natu ral p r o c e s s  o f  r e g e n e r a tin g  d a m a g e d  
a n d /o r  lo s t  t is s u e s , an  ap p rop riate  w o u n d  d r e s s in g  sh o u ld  b e  a b le  to  e n h a n c e  th e  
h e a lin g  p r o c e s s  c o n s id e r a b ly , b y  m e d ia tin g  at th e  r ig h t s ta g e  o f  or  p r o v id in g  
e x c e lle n t  c o n d it io n s  fo r  w o u n d  h e a lin g  (K o k a b i, et al, 2 0 0 7 ) .  G e n e r a lly , an  e f fe c tu a l  
w o u n d  d r e s s in g  sh o u ld  m a in ta in  a m o is t  e n v ir o n m e n t u p o n  a b so r p tio n  o f  th e  w o u n d  
e x u d a te s , p ro tec t th e  w o u n d  from  se c o n d a r y  in fe c t io n , r e d u c e  n e c r o s is  o f  th e  w o u n d  
b e d , p r o v id e  a d eq u a te  g a se o u s  e x c h a n g e , r e g u la te  a n d /o r  m e d ia te  th e  r e le a se  o f  
cer ta in  g r o w th  fa c to r s  and  c y to k in e s , and  a lso  b e  e la s t ic , b io c o m p a t ib le  w ith  t is s u e s  
and  b lo o d , n o n - to x ic  and  n o n -a n tig e n ic  (P u m a  and  B a b u , 2 0 0 0 ;  L in , et al, 2 0 0 1 ;  
K o k a b i, et al, 2 0 0 7 ;  B o a te n g , et al, 2 0 0 8 ;  S in g h  and  P a l, 2 0 0 8 ) .  M o r e o v e r , an  
e f fe c tu a l w o u n d  d r e s s in g  sh o u ld  p r o m o te  a rap id  h e a lin g  o f  th e  w o u n d  a n d , o n c e  
h e a le d , th e  d e ta c h m e n t o f  th e  d r e ss in g  sh o u ld  n o t c a u se  s e c o n d a r y  trau m a to  th e  n e o ­
t is s u e s  (M a c K a y  and  M ille r , 2 0 0 3 ;  B o a te n g , et al, 2 0 0 8 ) .

B a se d  o n  th e se  req u irem en ts , b io c o m p a t ib le  p o ly m e r ic  h y d r o g e ls  are  
p r o m is in g  m a te r ia ls  for  u se s  a s  w o u n d  d r e s s in g s , s in c e  th e y  c a n  b e  ta ilo r -m a d e  w ith  
s p e c if ic  n e e d s  (K o k a b i, et al, 2 0 0 7 ;  B o a te n g , et al, 2 0 0 8 ;  S in g h  and  P a l, 2 0 0 8 ) .  
S u c h  n e e d s , in  a d d it io n  to  th e  g en era l r e q u irem en ts  fo r  an e f fe c tu a l w o u n d  d r e ss in g ,  
in c lu d e  n o n -irr ita tin g  and  n o n -a d h e r in g  p ro p er tie s , im m e d ia te  p a in  r e lie f , e a se  o f  
h a n d lin g  and  r e p la c in g  w ith o u t  c o m p r o m is in g  p a t ie n ts ’ c o m fo r t , tra n sp a ren cy  to  
a l lo w  e a s y  m o n ito r in g  o f  th e  w o u n d  b ed , and  fa c il ita t io n  o f  th e  m ig r a tio n  an d  m ito s is
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o f  e p ith e lia l c e l l s  (K o k a b i, et al, 2 0 0 7 ;  B o a te n g , et al, 2 0 0 8 ;  S in g h  and  P a l, 2 0 0 8 ) .  
B y  d e f in it io n , h y d r o g e ls  are th r e e -d im e n s io n a l, h y d r o p h ilic , w a te r - in so lu b le  
p o ly m e r ic  n e tw o r k s  (P e p p a s , et al, 2 0 0 0 ;  H o ffm a n , 2 0 0 2 ;  L iu , et al, 2 0 0 5 ;  
S o k o ls k y -P a p k o v , et al, 2 0 0 7 ;  H a m id i, et al, 2 0 0 8 ;  S in g h  an d  P a l, 2 0 0 8 ) .  T h e  
in tern a l n e tw o r k s  m a y  r e su lt  from  p h y s ic a l an d /o r  c h e m ic a l d o m a in s  that retain  their  
in te g r ity , e ith er  in  w h o le  o r  in  part, w h e n  b e in g  su rrou n d ed  b y  a la rg e  am o u n t o f  
w a te r  m o le c u le s .  T h e  fu n c t io n s  o f  h y d r o g e ls  in  b io m e d ic a l a p p lic a t io n s , in c lu d in g  
w o u n d  d r e s s in g s , re su lt  fro m  th eir  a b ility  to  ab so rb  a la rg e  q u a n tity  o f  w a ter  (L iu , et 
al, 2 0 0 5 ;  S in g h  an d  P a l, 2 0 0 8 ) .  -

A m o n g  n u m e r o u s  p o ly m e r s  c a p a b le  o f  fo r m in g  in to  h y d r o g e ls , a lg in a te  and  
g e la t in , an a b u n d an t natu ral b io -c o p o ly m e r  o b ta in e d  fro m  th e c e l l  w a ll o f  b row n  
a lg a e  (A u g s t , et al, 2 0 0 6 )  and p rep ared  b y  p artia l h y d r o ly s is  o f  c o l la g e n s ,  
r e s p e c t iv e ly , are id ea l m a ter ia ls  to  fa b r ica te  in to  w o u n d  d r e s s in g s . B e c a u se  o f  
in tr in s ic  p r o p e r tie s  o f  a lg in a te  and g e la tin , su c h  as natural a b u n d a n c e , r e la t iv e ly  lo w  
m a ter ia l and  p ro d u c tio n  c o s t s ,  h ig h  w a ter  a b so r b a n c e , io n -e x c h a n g e  c a p a b ility , 
b io c o m p a t ib il ity  and  n o n - im m u n o g e n ic ity  (G r o v e s  an d  L a w r e n c e , 1 9 8 6 ; Sartori, et 
al, 1 9 9 7 ; A u g s t , et al, 2 0 0 6 ;  D o n g , et al, 2 0 0 6 ;  C o v ie l lo ,  et al, 2 0 0 7 ;  P o n g ja n y a k u l  
an d  P u ttip ip a tk h a c h o m , 2 0 0 7 ;  H o n g , et al., 2 0 0 8 ;  P ie le s z  and  B a k , 2 0 0 8 ) ,  a lg in a te -  
an d  g e la t in -b a se d  h y d r o g e ls  h a v e  b e e n  w id e ly  u se d  in  p h a r m a c e u tic a l and  m e d ic a l  
a p p lic a t io n s , p a rticu la r ly  a s  w o u n d  d r e ss in g  m a te r ia ls  (G r o v e s  an d  L a w r e n c e , 19 86 ;  
A lm e id a  and  A lm e id a , 2 0 0 4 ;  A u g s t , et al, 2 0 0 6 ;  D o n g , et al, 2 0 0 6 ;  C o v ie l lo ,  et al, 
2 0 0 7 ;  G e o r g e  an d  A b ra h a m , 2 0 0 7 ;  P o n g ja n y a k u l and  P u ttip ip a tk h a c h o m , 2 0 0 7 ) .

N o w a d a y s , th e  d e v e lo p m e n t  o f  w o u n d  d r e s s in g s  h a s c h a n g e d  from  th e  
tra d itio n a l p a s s iv e  to  th e  m o r e  fu n c t io n a lly  a c t iv e  ty p e s , w ith  an  a im  o f  im p a rtin g  
s p e c if ic  fu n c t io n s  (P u m a  an d  B a b u , 2 0 0 0 ;  K o k a b i, et al, 2 0 0 7 ) .  T h e r e fo r e , in th is  
s tu d y  th e  c o n c e p t  o f  in te r a c t iv e  b io m a te r ia l-b a se d  h y d r o g e ls  w a s  u se d  to  a c h ie v e  th e  
m o s t  d e s ir a b le  p ro p er tie s  for  w o u n d  d r e ss in g s . T h e  p u r p o se  o f  th e  p resen t  
c o n tr ib u tio n  is  to  d e v e lo p  w o u n d  d r e ss in g s  w ith  e n h a n c e d  w o u n d  h e a lin g  p rop erty , 
th ro u gh  th e  u se  o f  p h a r m a c o lo g ic a l a g e n ts  or w ith  a n tim ic r o b ia l a c t iv ity  th rou gh  th e  
u se  o f  n A g . A m o n g  v a r io u s  p h y to -c h e m ic a ls , ex tra c ts  from  Centella asiatica L inn . 
U rb a n  or B u a b o k  (in  T h a i)  h a v e  tr a d it io n a lly  b e e n  u se d  to  h ea l w o u n d s , b u m s  and  
u lc e r o u s  a b n o r m a lit ie s  o f  th e  sk in  (K a rtn ig , 1 9 8 8 ; C h e n g  an d  K o o , 2 0 0 0 ) .  T h e
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in f lu e n c e  o f  th e  p la n t e x tra c ts  o n  w o u n d  repair h a s  b e e n  a ttr ib u ted  to  th e  p r e se n c e  o f  
fou r  m ajor  tr isa c c h a r id e  tr iterp en o id  c o m p o n e n ts  in  th e  e x tr a c ts  ( i .e . ,  a s ia t ic  a c id , 
a s ia t ic o s id e , m a d e c a s s ic  ac id  and  m a d e c a s so s id e )  (In a m d a r , et ai, 1 9 9 6 ). A m o n g  
th e se  c o m p o n e n ts , a s ia t ic o s id e  is  th e  m o s t  a c t iv e  c o m p o n e n t  a s so c ia te d  w ith  the  
h e a lin g  o f  w o u n d s  (M aq u art, et ai, 1 9 9 0 ).

In th is  w a y , th e  s c o p e  o f  th is  resea rch  w o r k  is  to  d e v e lo p  th e  g e la tin -  b a sed  
( in  th e  fo rm  o f  e ith er  n a n o fib e r s  or h y d r o g e l p ad ) an d  a lg in a te -b a se d  (in  th e  form  o f  
h y d r o g e l f i lm )  w o u n d  d r e ss in g s  c o n ta in in g  a c t iv e  su b sta n c e s . T h e s e  su b sta n c e s  are 
h erb a l e x tra c t  or th e  m o s t  a c t iv e  in g r e d ie n t from  Centella asiatica, a s ia t ic o s id e  and  
th e  e f fe c tu a l a n tim ic r o b ia l agen t; n A g . In a d d it io n , th e  p o te n tia l u s e  o f  th e  p rep ared  
g e la t in -  an d  a lg in a te -b a se d  h y d r o g e ls  as w o u n d  d r e s s in g s  w a s  e v a lu a te d . V a r io u s  
p ro p er tie s  ( i .e . ,  m o r p h o lo g y , m e c h a n ic a l in teg r ity , p h y s ic a l p ro p er tie s , a n tib acter ia l 
a c t iv ity  an d  in d irec t c y to to x ic ity )  o f  b o th  o f  the n ea t and  th e  a c t iv e  su b sta n c e - lo a d e d  
g e la t in -  an d  a lg in a te -b a se d  w o u n d  d r e s s in g s , a s  w e l l  as th e  r e le a se  c h a ra c ter is tic  o f  
a c t iv e  su b s ta n c e s  fro m  g e la t in -  an d  a lg in a te -b a se d  w o u n d  d r e s s in g s , w e r e  
in v e s t ig a te d .
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