
THEORITICAL BACKGROUND AND LITERATURE
SURVEYS

CHAPTER II

2.1 Wound Dressing

2 .1 .1  W o u n d  H e a lin g  P r o c e ss
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  re la ted  to  th e  gen era l  

p h e n o m e n o n  o f  g r o w th  and  t is s u e  r e g e n era tio n . It is  a  c o m p le x  b io lo g ic a l  p r o c e ss  
in v o lv in g  h a e m o s ta s is  and  in f la m m a tio n , m ig r a tio n , p r o life r a tio n , an d  m atu ration  
(D e b r a , 1 9 9 8 ).

2.1.1.1 Haemostasis and Inflammation
B le e d in g  u su a lly  o c c u r s  w h e n  th e  sk in  is  in ju red  an d  se r v e s  

to  f lu sh  o u t b a c te r ia  an d /o r  a n tig e n s  from  th e  w o u n d . In  a d d it io n , b le e d in g  a c t iv a te s  
h a e m o s ta s is  w h ic h  is  in itia ted  b y  e x u d a te s  c o m p o u n d s  su c h  a s  c lo tt in g  factors. 
F ib r in o g e n  in  th e  e x u d a te s  e l ic i t s  th e  c lo tt in g  m e c h a n is m  r e su lt in g  in  c o a g u la t io n  o f  
th e  e x u d a te s  (b lo o d  w ith o u t  c e l l s  and  p la te le ts )  a n d , to g e th e r  w ith  th e  fo r m a tio n  o f  
fib r in  n e tw o rk , p r o d u c e s  a c lo t  in  th e  w o u n d  c a u s in g  b le e d in g  to  s to p . T h e  c lo t  d ries  
to  fo rm  a sc a b  an d  p r o v id e s  s tren g th  and  su p p o rt to  th e  in ju red  t is s u e . H a e m o sta s is  
th er e fo r e , p la y s  a p r o te c tiv e  r o le  a s  w e l l  a s  c o n tr ib u tin g  to  s u c c e s s fu l  w o u n d  h e a lin g .

T h e  in fla m m a to r y  p h a se  o c c u r s  a lm o s t  s im u lta n e o u s ly  w ith  
h a e m o s ta s is , s o m e t im e s  fro m  w ith in  a f e w  m in u te s  o f  in ju ry  to  2 4  h  an d  la s ts  for  
a b o u t 3 d a y s . It in v o lv e s  b o th  c e llu la r  and  v a sc u la r  r e s p o n s e s . T h e  r e le a se  o f  p ro te in -  
r ich  e x u d a te s  in to  th e  w o u n d  c a u s e s  v a s o d ila t io n  th ro u g h  r e le a se  o f  h is ta m in e  and  
se r o to n in , a l lo w s  p h a g o c y te s  to  en ter  th e  w o u n d  an d  e n g u l f  d e a d  c e l l s  (n e c r o tic  
t is s u e ) . N e c r o t ic  t is s u e , w h ic h  is  hard , is  l iq u e f ie d  b y  e n z y m a tic  a c t io n  to  p r o d u c e  a  
y e l lo w is h  c o lo r e d  m a ss  d e sc r ib e d  as s lo u g h y . P la te le ts  lib e r a te d  fro m  d a m a g e d  b lo o d  
v e s s e l s  b e c o m e  a c tiv a te d  as th e y  c o m e  in to  c o n ta c t  w ith  m atu re  c o l la g e n  an d  form  
a g g r e g a te s  as part o f  th e  c lo tt in g  m e c h a n ism .

2.1.1.2 Migration
T h e m ig r a tio n  p h a se  in v o lv e s  th e  m o v e m e n t  o f  e p ith e lia l  

c e l l s  an d  f ib r o b la s ts  to  th e  in ju red  area to  r e p la c e  d a m a g e d  and  lo s t  t is s u e , T h e se
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c e l l s  r e g e n e r a te  from  th e m a rg in s , ra p id ly  g r o w in g  o v e r  th e  w o u n d  u n d er  th e d ried  
sc a b  ( c lo t )  a c c o m p a n ie d  b y  e p ith e lia l th ic k e n in g .

2.1.1.3 Proliferation
T h e p r o life r a tiv e  p h a se  o c c u r s  a lm o s t  s im u lta n e o u s ly  or ju s t  

after  th e  m ig r a t io n  p h a se  (D a y  3 o n w a r d s)  and b a sa l c e l l  p r o life r a tio n , w h ic h  la sts  
b e tw e e n  2  an d  3 d a y s . G ran u la tio n  t is su e  fo rm ed  b y  th e  in -g r o w th  o f  c a p illa r ie s  and  
ly m p h a tic  v e s s e l s  in to  th e  w o u n d  and c o l la g e n  is  s y n th e s iz e d  b y  f ib r o b la s ts  g iv in g  
th e  sk in  s tre n g th  and form . B y  the fifth  d a y , m a x im u m  fo r m a tio n  o f  b lo o d  v e s s e l s  
an d  g r a n u la tio n  t is su e  h as o ccu rred . F u rth er e p ith e lia l th ic k e n in g  ta k e s  p la c e  u n til  
c o l la g e n  b r id g e s  th e  w o u n d . T h e  f ib r o b la st  p r o life r a tio n  an d  c o l la g e n  sy n th e s is  
c o n t in u e s  fo r  u p  to  2  w e e k s  b y  w h ic h  t im e  b lo o d  v e s s e l s  d e c r e a se  and  e d e m a  
r e c e d e s .

2.1.1.4 Maturation
T h is  p h a se  (a lso  c a lle d  th e “r e m o d e lin g  p h a s e ”) in v o lv e s  th e  

fo r m a tio n  o f  c e llu la r  c o n n e c t iv e  t is su e  an d  s tr e n g th e n in g  o f  th e  n e w  e p ith e liu m  
w h ic h  d e te r m in e s  th e  n atu re o f  th e  fin a l scar . C e llu la r  gra n u lar  t is s u e  is  c h a n g e d  to  a 
c e llu la r  m a s s  fro m  se v e r a l m o n th s  up  to  a b o u t 2 y ea rs.

2 .1 .2  T y p e s  and  P ro p er tie s  o f  W o u n d  D r e ss in g s
2.1.2.1 Ideal Wound Dressings

N e w  o c c lu s iv e  d r e s s in g  m a te r ia ls  c o n c e n tr a te  o n  c rea tin g  th e  
co r r e c t  e n v ir o n m e n t  for  w o u n d  h e a lin g  to  o ccu r . T h e  id e a l d r e s s in g  is  d e sc r ib e d  b y  
G r iffith s  (G r iff ith s , et al1 1 9 9 1 )  a s  b e in g  o n e  that p r o v id e s  a  m o is t  e n v ir o n m e n t;  is  
c o m fo r ta b le  for  the p a tien t; r e m o v e s  a n y  n e c r o tic  m a ter ia l;  p r o m o te s  th e  p r o d u ctio n  
o f  g r a n u la tio n  tis su e ;  s t im u la te s  r e -e p ith e lia liz a t io n ;  an d  is  c o s t - e f f e c t iv e .  B o lto n  and  
R ijsw ijk  (B o lto n  and R ijsw ijk , 1 9 9 1 )  sta te  that fo r  o p tim a l r e su lts  th e  w o u n d  
d r e ss in g  m u st  n o t o n ly  m e e t  th e  c lin ic a l n e e d s  o f  b o th  p a tien t  an d  n u r se , b ut a ls o  th e  
w o u n d ’ร p h y s io lo g ic a l  and  b io c h e m ic a l n e e d s . T h e y  b e l ie v e  that a  d r e s s in g  sh o u ld  
fu lf i l l  th e  f o l lo w in g  fu n c tio n s:  c o n fo r m a b ility , p a r ticu la r ly  w ith  u n e v e n  b o d y  
su r fa c e s , p a in  c o n tr o l, o d o r  c o n tr o l, c o s t  e f f e c t iv e n e s s ,  s a fe ty , a id  h e a lin g , 
c o n v e n ie n c e , e n v ir o n m e n ta l a c c e p ta b ility , q u a lity  o f  l i f e ,  and  r e s to r e s  n orm al d a ily  
a c t iv it ie s . N o t  o n ly  th e se  c lin ic a l r e q u irem en ts  h a v e  to  b e  m e t  b u t th e  s p e c if ic  
p h y s io lo g ic a l  and  b io c h e m ic a l req u irem en ts  o f  a w o u n d  sh o u ld  b e  a d d r e sse d , su ch  as
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e x u d a te s  m a n a g e m e n t, d e b r id e m e n t, m ic r o b ia l barrier, a n t im ic r o b ia l, c o m p r e ss io n  
and  a d h e r e n c e  ( B o lto n  an d  R ijsw ijk , 1 9 9 1 ).

N o  s in g le  d r e ss in g  is  s u ita b le  fo r  a ll ty p e s  o f  w o u n d s . O fte n  a 
n u m b er  o f  d iffe r e n t ty p e s  o f  d r e s s in g s  w ill  b e  u se d  d u r in g  th e  h e a lin g  p r o c e s s  o f  a 
s in g le  w o u n d . B r ie f ly ,  d r e s s in g s  sh o u ld  p erfo rm  o n e  or m o r e  o f  th e  fu n c t io n s  sh o w e d  
in  T a b le  2 .1 . T a b le  2 .2  s h o w s  c la s s if ic a t io n  o f  w o u n d  d r e ss in g s .

Table 2.1 P ro p er tie s  o f  id ea l w o u n d  d r e s s in g s

P ro p erties
- M a in ta in  a m o is t  e n v ir o n m e n t at th e  w o u n d /d r e s s in g  in te r fa c e
- A b so r b  e x c e s s  e x u d a te s  w ith o u t  le a k a g e  to  th e  su r fa c e  o f  th e  d r e s s in g
- P r o v id e  th erm al in su la tio n  and m e c h a n ic a l p r o te c tio n
- P r o v id e  b a cter ia l p r o te c tio n
- A l lo w  g a s e o u s  an d  f lu id  e x c h a n g e
- A b so r b  w o u n d  o d o r
- B e  n o n -a d h e r e n t to  th e  w o u n d  and  e a s i ly  r e m o v e d  w ith o u t  trau m a
- P r o v id e  s o m e  d e b r id e m e n t a c t io n  (r e m o v e  d ea d  t is su e  a n d /o r  fo r e ig n  p a r t ic le s)
- B e  n o n - to x ic ,  n o n -a lle r g e n ic  and n o n -s e n s it iz in g  (to  b o th  p a tie n t  an d  m e d ic a l sta ff)
- S te r ile

Table 2.2 C la s s if ic a t io n  o f  w o u n d  d r e s s in g s

T y p e P ro p er tie s
P a s s iv e  p ro d u cts T ra d itio n a l d r e s s in g s  that p r o v id e  c o v e r  o v e r  th e  w o u n d , e .g . 

g a u z e  and tu lle  d r e ss in g s
In te r a c tiv e  p ro d u cts P o ly m e r ic  f i lm s  and fo r m s  w h ic h  are m o s t ly  tran sp aren t, 

p e r m e a b le  to  w a ter  v a p o r  an d  o x y g e n , n o n -p e r m e a b le  to  
b acter ia , e .g . h y a lu r o n ic  a c id , h y d r o g e ls , fo a m  d r e ss in g s

B io a c t iv e  p ro d u cts D r e ss in g s  w h ic h  d e liv e r  su b s ta n c e s  a c t iv e  in  w o u n d  h e a lin g ,  
e .g . h y d r o c o llo id s , a lg in a te s , c o l la g e n s , c h ito sa n
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2 .1.2.2 Types o f Wound Dressings and Their Main Properties
T a b le  2 .3  d e s c r ib e s  d iffe r e n t ty p e s  o f  w o u n d  d r e s s in g s  and

th e ir  m a in  p ro p er tie s .

Table 2.3 T y p e s  o f  w o u n d  d r e s s in g s  and  th e ir  m a in  p r o p e r t ie s  (N g a n , et al, 2 0 0 7 )

D r e ss in g  ty p e P ro p erties E x a m p le
G a u z e  - D r e ss in g s  c a n  stick  to  th e  w o u n d  su r fa c e  

and  d isru p t th e  w o u n d  b ed  w h e n  r e m o v e d  
- O n ly  u s e  o n  m in o r  w o u n d s  or as  
se c o n d a r y  d r e s s in g s

T u lle  - D r e ss in g  d o e s  n ot s t ic k  to  w o u n d  su r fa c e
- S u ita b le  fo r  fla t, s h a l lo w  w o u n d
- U s e fu l in  p a tien t w ith  s e n s it iv e  sk in

Jelon et® , Paranet®
S e m ip e r m e a b le  - S ter ile  sh e e t  o f  p o ly u r e th a n e  c o a te d  w ith  

f ilm  a c r y lic  a d h e s iv e
- T ran sp aren t a l lo w in g  w o u n d  c h e c k s
- S u ita b le  fo r  s h a llo w  w o u n d  w ith  lo w  
e x u d a te s

H y d r o c o llo id s  - C o m p o s e d  o f  c a r b o x y m e th y lc e l lu lo s e ,  
g e la t in , p e c tin , e la s to m e r s  and  a d h e s iv e s  
that turn in to  a g e l w h e n  e x u d a te  is  
a b so rb ed . T h is  c r ea tes  a w a r m , m o is t  
e n v ir o n m e n t that p r o m o te s  d eb r id e m e n t  
and h e a lin g
- D e p e n d in g  o n  th e  h y d r o c o llo id  d r e s s in g  
c h o s e n , it ca n  b e  u sed  in  w o u n d s  w ith  
lig h t  to  h e a v y  e x u d a te , s lo u g h in g  or  
g r a n u la tin g  w o u n d s

O p S ite® , T egad erm ®

D u o D E R M ® ,
T eg asorb ®
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- A v a ila b le  in m a n y  fo rm s (a d h e s iv e  or  
n o n -a d h e s iv e  p ad , p a ste , p o w d e r )  but 
m o st c o m m o n ly  a s  s e lf -a d h e s iv e  p ad s

H y d r o g e ls  - C o m p o se d  m a in ly  o f  w a ter  in a c o m p le x
n etw o rk  or fib e r s  that k e e p  th e  p o ly m e r jÈf n |y ■
g e l in tact. W ater  is  r e le a se d  to  k e e p  th e
w o u n d  m o is t
- U s e d  for  n e c r o tic  or  s lo u g h y  w o u n d  b e d s  
to  reh yd ra te  and r e m o v e  d ea d  t is su e . D o  
n ot u s e  for  m o d era te  to  h e a v ily  e x u d a tin g  
w o u n d s

T e g a g e l® , In trasite ®

A lg in a te s  - G o o d  for  e x u d a tin g  w o u n d s  and  h e lp s  in  
d eb r id em en t o f  s lo u g h in g  w o u n d s
- D o  n o t u se  on  lo w  e x u d a tin g  w o u n d s  as  
th is  w i l l  c a u se  d r y n e ss  and sc a b b in g
- D r e ss in g  sh o u ld  b e  c h a n g e d  d a ily  

P o ly u r e th a n e  - D e s ig n e d  to ab so rb  la rg e  a m o u n ts  o f
or s i l ic o n e  e x u d a te s

fo a m s  - M a in ta in  a m o is t  w o u n d  e n v ir o n m e n t
but are n o t as u se fu l a s  a lg in a te s  or  
h y d r o c o llo id s  for  d eb r id e m e n t A lle v y n ® , L y o fo a m ®
- D o  n o t u se  o n  lo w  e x u d a tin g  w o u n d s  as  
th is  w i l l  c a u se  d r y n e ss  and  sc a b b in g

H y d r o fib e r  - S o ft  n o n -w o v e n  pad  or r ib b on  d r e s s in g  
m a d e  fro m  so d iu m  
c a r b o x y m e th y lc e llu lo s e  f ib ers
- In teract w ith  w o u n d  d ra in a g e  to  fo rm  a 
so f t  g e l
- A b so r b  ex u d a te  and  p r o v id e  a m o is t  
e n v ir o n m e n t in a d e e p  w o u n d  that n e e d s  
p a c k in g

à i n  ' ' '
K altostat® , Sorb san ®
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2 .1 .3  M o is t  W o u n d  H e a lin g
A s id e  from  th e  a d v en t o f  s te r ile  te c h n iq u e  an d  m a te r ia ls  p ro m u lg a ted  

b y  S e m m e lw e is s  an d  P asteu r in  th e  19th cen tu ry , p erh ap s o n e  o f  th e  m o s t  s ig n if ic a n t  
id e a s  to  c h a n g e  th e  n atu re o f  w o u n d  d r e ss in g  m a te r ia ls  is  th e  c o n c e p t  o f  m o is t  w o u n d  
h e a lin g . M o is t  w o u n d  h e a lin g  re fers  to  th e  p r o v is io n  and  m a in te n a n c e  o f  o p tim a l 
h y d ra tio n  o f  th e  e x p o s e d  t is s u e s  in  th e  w o u n d  a s o p p o s e d  to  a l lo w in g  or  e n c o u r a g in g  
th o s e  t is s u e s  to d eh y d ra te  an d  dry ou t. S in c e  th en  th e  u se  o f  d r e s s in g s  that k eep  
w o u n d  t is s u e s  m o is t  h a s b e e n  a sso c ia te d  w ith  in cr e a se d  h e a lin g  ra tes , im p ro v ed  
c o s m e s is ,  r ed u c e d  p a in , red u ced  in fe c tio n , and  r e d u c e d  o v e r a ll h e a lth c a r e  c o s ts .

2 .1 .4  M o is t  W o u n d  H e a lin g  D r e ss in g s
T o  a c h ie v e  or m a in ta in  m o is t  t is s u e s  d o e s  n o t m e a n  th at th e  w o u n d  

sh o u ld  b e  c o v e r e d  in  flu id . W o u n d  t is su e s  sh o u ld  b e  p h y s io lo g ic a l ly  m o is t , n ot dry  
but n o t  w e t . In th e  ear ly , in f la m m a to r y  p h a se  o f  h e a lin g , w o u n d  t is s u e s  m a y  b e  
o v e r ly  m oist' and  n o t o n ly  lo s e  f lu id  th rou gh  e v a p o r a tio n , b ut a ls o  th ro u g h  ex u d a te  
p ro d u c tio n . C h r o n ic  or n o n h e a lin g  w o u n d s  are o fte n  s ta lle d  in  th e  in fla m m a to r y  
p r o c e s s  an d  th e r e fo r e  p r o d u ce  ex u d a te  for lo n g  p e r io d s . E x c e s s iv e  w o u n d  ex u d a te  
le v e ls  m u st  b e  m a n a g e d  to  p r ev en t m a c era tio n  or  ‘w a te r  lo g g in g ’ o f  th e  t is s u e s  as  
w e l l  a s  p o te n tia l s o i l in g  o f  p a tien t c lo th e s  an d  lin e n s . In a d d it io n , c er ta in  W ound  
e t io lo g ie s  m a y  b e  a s so c ia te d  w ith  v e r y  h ig h  e x u d a te  le v e ls  su c h  as v e n o u s  le g  u lcers  
or w o u n d s  in  a  s e tt in g  o f  ly m p h e d e m a . In th is  c a s e , th e  d r e s s in g  m u st  b e  a b le  to  
m a n a g e  th e  e x u d a te  b y  a b so rp tio n  to  e s ta b lish  o p tim a l t is s u e  m o is tu r e  le v e ls .  I f  th e  
w o u n d  t is s u e s  are  a d e q u a te ly  m o is t  w ith  m in im a l e x u d a te  p r o d u c tio n , th en  th e  
d r e ss in g  sh o u ld  b e  c a p a b le  o f  m a in ta in in g  th e  t is s u e  h y d ra tio n  sta tu s w ith o u t  to o  
m u c h  a b so rp tio n  that c o u ld  d e s ic c a te  th e  w o u n d . A lte r n a tiv e ly , i f  t is s u e  m o is tu r e  
le v e ls  are a lrea d y  d e p le te d , th e  d r e ss in g  m u st b e  a b le  to  re sto re  o p tim a l t is su e  
h y d ra tio n  b y  d o n a tin g  m o is tu r e  to  th e  w o u n d .

2.1.4.1 Hydrocolloid Dressings
H y d r o c o llo id  d r e s s in g s  are a m o n g  th e  m o s t  w id e ly  u sed  

d r e ss in g s . T h e  term  ‘h y d r o c o llo id ’ d e sc r ib e s  th e  fa m ily  o f  w o u n d  m a n a g e m e n t  
p ro d u cts  o b ta in e d  fr o m  c o l lo id a l (g e l fo r m in g  a g e n ts )  m a te r ia ls  c o m b in e d  w ith  o th er  
m a te r ia ls  su ch  a s  e la s to m e r s  and  a d h e s iv e s . T y p ic a l g e l fo r m in g  a g e n ts  in c lu d e  
c a r b o x y m e th y lc e l lu lo s e  (C M C ), g e la tin  an d  p e c tin . E x a m p le s  o f  h y d r o c o llo id
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d r e ss in g s  in c lu d e  G ra n u fle x T M  and  A q u a c e l T M  (C o n v a  T e c , H o u n s lo w , U K ),  
C o m fe e l T M  (C o lo p la s t , P e terb o ro u g h , U K )  and  T e g a so r b  T M  (3 M  H ea lth ca re ,  
L o u g h b o r o u g h , U K ). T h e y  o c c u r  in  th e  fo rm  o f  th in  f i lm s  and  sh e e ts  or as c o m p o s ite  
d r e ss in g s  in  c o m b in a tio n  w ith  o th er m a ter ia ls  su c h  as a lg in a te s . H y d r o c o llo id  
d r e ss in g s  are c l in ic a l ly  u s e fu l b e c a u se  u n lik e  o th er  d r e s s in g s , th e y  ad h ere to  b o th  
m o is t  and  d ry  s ite s .

H y d r o c o llo id  d r e s s in g s  are u se d  for  l ig h t  to  m o d e r a te ly  
e x u d in g  w o u n d s  su c h  a s  p ressu re  so r e s , m in o r  b u m s  an d  trau m atic  in ju r ies . A s  th e y  
d o  n o t c a u se  p a in  o n  r e m o v a l, th e y  are p a rticu la r ly  u se fu l in  p e d ia tr ic s  w o u n d  care  
for  m a n a g e m e n t o f  b o th  a cu te  and  c h r o n ic  w o u n d s .

2.1.4.2 A Iginate Dressings
A lg in a te  d r e s s in g s  are p ro d u ced  fro m  th e  c a lc iu m  and  

s o d iu m  sa lts  o f  a lg in ic  a c id , a p o ly sa c c h a r id e  c o m p r is in g  m a n n u r o n ic  and  g u lu r o n ic  
a c id  u n its . A lg in a te  d r e s s in g s  o c c u r  e ith er  in  th e  form  o f  fr e e z e -d r ie d  p o ro u s  sh e e ts  
( fo a m s )  or as f le x ib le  f ib e r s , th e  la tter in d ic a te d  for  p a c k in g  c a v ity  w o u n d s . T h e  u se  
o f  a lg in a te s  a s  d r e s s in g s  s te m s  p rim a rily  fro m  th eir  a b ility  to  fo r m  g e ls  u p o n  co n ta c t  
w ith  w o u n d  e x u d a te s  (h ig h  a b so r b e n c y ). T h e  h ig h  a b so rp tio n  o c c u r s  v ia  stro n g  
h y d r o p h ilic  g e l fo r m a tio n , w h ic h  lim its  w o u n d  s e c r e t io n s  and  m in im iz e s  b a cter ia l 
c o n ta m in a tio n . A lg in a te s  r ich  in m a n n u ro n a te , su c h  a s  S o r b sa n T M  (M a e r sk , S u ffo lk ,  
U K ) fo rm  s o f t  f le x ib le  g e l s  u p o n  h y d ra tio n  w h e r e a s  th o se  r ich  in  g u lu r o n ic  a c id , l ik e  
K a lto sta t  T M  (C o n v a  T e c ) ,  fo rm  firm er g e ls  u p o n  a b so r b in g  w o u n d  e x u d a te . S o m e  
c o n ta in  c a lc iu m  a lg in a te  f ib er  su ch  as S o r b sa n T M  an d  T e g a g e n T M  (3 M  H ea lth ca re ). 
C o m fe e l  P lu sT M  is  a h y d r o c o llo id /a lg in a te  c o m b in a tio n  d r e ss in g . W h e n  a p p lied  to  
w o u n d s , io n s  p resen t in  th e  a lg in a te  f ib er  are e x c h a n g e d  w ith  th o se  p resen t in  
e x u d a te  and  b lo o d  to  fo r m  a p r o te c tiv e  f i lm  o f  g e l . T h is  h e lp s  to  m a in ta in  th e le s io n  
at an  o p tim u m  m o is tu r e  c o n te n t  and  h e a lin g  tem p era tu re . T h e  g e l l in g  p rop erty  o f  the  
a lg in a te s  is  a ttr ib u ted  to  th e  p r e se n c e  o f  c a lc iu m  io n s  w h ic h  h e lp  to  fo rm  a c r o ss -  
l in k e d  p o ly m e r ic  g e l th at d eg r a d e s  s lo w ly . T h e  a b ility  o f  c a lc iu m  io n s  to  fo rm  c r o s s ­
lin k s  w ith  th e  a lg in ic  a c id  p o ly m e r  m a k e s  c a lc iu m  a lg in a te  d r e s s in g s  id e a l m a ter ia ls  
a s s c a f fo ld s  fo r  t is s u e  e n g in e e r in g . A  c o m p a r a tiv e  s tu d y  o f  h y d r o c o llo id  d r e ss in g s  
an d  a lg in a te s  s h o w e d  th at a lg in a te s  g e ls  rem a in  o n  th e  w o u n d  fo r  a lo n g e r  p er io d  
th an  h y d r o c o llo id s . A lg in a te  d r e ss in g s , a s  w e l l  a s  fo r m in g  g e ls ,  h a v e  a
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p h a r m a c o lo g ic a l fu n c t io n  d u e  to  th e  a c tio n  o f  th e  c a lc iu m  io n s  p resen t in  the  
d r e ss in g .

A lg in a te  d r e s s in g s  are u s e fu l  fo r  a ll s ta g e s  o f  w o u n d  h e a lin g  
d e sc r ib e d  a b o v e . C a lc iu m  io n s  p resen t in  a lg in a te  d r e s s in g s , w h e n  r e le a se d  in to  the  
w o u n d , a ls o  p la y  a p h y s io lo g ic a l  ro le  a id in g  in  th e  c lo tt in g  m e c h a n is m  (h a e m o sta t)  
d u rin g  th e  fir st s ta g e  o f  w o u n d  h e a lin g . A lg in a te  d r e s s in g s  are u se fu l fo r  m o d era te  to  
h e a v ily  e x u d in g  w o u n d s . A lg in a te  d r e s s in g s  in  th e  fo rm  o f  f ib e r s  w h e n  trap p ed  in  a 
w o u n d  are r e a d ily  b io d e g r a d a b le  an d  ca n  b e  r in se d  a w a y  , w ith  sa l in e  irr igation . 
S u b se q u e n t  r e m o v a l th er e fo r e , d o e s  n o t  d e str o y  g r a n u la tio n  t is s u e , m a k in g  d r e ss in g  
c h a n g e  v ir tu a lly  p a in le s s . T h e  e a s e  o f  b io d e g r a d a tio n  is  e x p lo it e d  in  m a k in g  a lg in a te  
su tu res u se d  in  su r g ic a l w o u n d  c lo su r e s . A  stu d y  o f  d if fe r e n t  b ran d s o f  a lg in a te  
d r e ss in g s  s h o w e d  s ig n if ic a n t  d if fe r e n c e s  in  c h a r a c te r is tic s  su c h  as f lu id  re ten tio n , 
a d h e r e n c e  and d r e s s in g  r e s id u e s . S in c e  a lg in a te  d r e s s in g s  req u ire  m o is tu r e  to  
fu n c tio n  e f f e c t iv e ly ,  th e y  ca n n o t b e  u se d  fo r  d r ied  w o u n d s  an d  th o se  c o v e r e d  w ith  
hard n e c r o t ic  t is su e . A lg in a te  d r e s s in g s  fu n c t io n  b y  in te r a c t in g  w ith  e x u d a te  to  form  
a g e l o n  th e  w o u n d  su rfa ce . In th is  w a y  th e y  p r o d u c e  th e  m o is t  w o u n d  h e a lin g  
c o n d it io n s .

A lg in a te  d r e s s in g s  h a v e  a n u m b er  o f  p r o p e r tie s  w h ic h  appear  
to  p r o m o te  w o u n d  h e a lin g . T h e s e  d r e s s in g s  are h ig h ly  a b so r b e n t, w ith  th e d r e ss in g  
p ic k in g  u p  e x u d a te  th ro u g h  an  io n  e x c h a n g e  rea c tio n . T h e  a lg in a te  d r e ss in g  is  an  
o c c lu s iv e  d r e ss in g , in te n d e d  to  c o v e r  th e  w h o le  w o u n d . In a d d it io n  to  a b so rb in g  
f lu id s  w h ic h  se e p  fr o m  th e  w o u n d , th e s e  d r e s s in g s  a lso  c rea te  a barrier w h ic h  r es is ts  
b a cter ia  an d  o th er  o r g a n ism s . T h is  r e d u c e s  th e  r isk  o f  in fe c t io n  at th e  w o u n d  s ite  and  
l im its  c o m p lic a t io n s  w h ic h  m a y  e m e r g e  d u r in g  th e  c o u r se  o f  r e c o v e r y  fro m  the  
w o u n d .

2.1.4.3 Hydrogel Dressings
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 , p o ly m e r ic  

n e tw o r k s  c a p a b le  o f  im b ib in g  la rge  a m o u n ts  o f  w a te r  or b io lo g ic a l  f lu id s  (P ep p a s  
and  M ik o s , 1 9 8 6 ). T h e  n e tw o r k s  are c o m p o s e d  o f  h o m o p o ly m e r s  or  c o p o ly m e r s , and  
are in s o lu b le  d u e  to  th e  p r e se n c e  o f  c h e m ic a l c r o s s - l in k s  ( t ie -p o in ts , ju n c t io n s ) , or  
p h y s ic a l c r o s s - lin k s , su ch  as e n ta n g le m e n ts  or c r y s ta l l it e s  (P e p p a s  an d  M err ill, 
1 9 7 6 ). T h e  la tter p r o v id e  th e  n e tw o r k  stru ctu re an d  p h y s ic a l  in teg r ity . T h e se
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h y d r o g e ls  e x h ib it  a th e r m o d y n a m ic  c o m p a tib ility  w ith  w a te r  w h ic h  a l lo w s  th em  to  
s w e l l  in  a q u e o u s  m e d ia  (P e p p a s  an d  M ik o s , 1 9 8 6 ) . T h e r e  are n u m e r o u s  a p p lic a tio n s  
o f  th e s e  h y d r o g e ls , in  p articu lar  in  th e  m e d ic a l an d  p h a r m a c e u tic a l se c to r s  (P e p p a s , 
1 9 9 4 ) . H y d r o g e ls  r e se m b le  n atu ral l iv in g  t is s u e  m o r e  th a n  a n y  o th er  c la s s  o f  
s y n th e tic  b io m a te r ia ls . T h is  is  d u e  to  th eir  h ig h  w a ter  c o n te n ts  an d  s o f t  c o n s is te n c y  
w h ic h  is  s im ila r  to  natural t is su e  (P e p p a s , 1 9 9 4 ) . F u rth erm ore , th e  h ig h  w a te r  c o n ten t  
o f  th e  m a ter ia ls  co n tr ib u te s  to  th e ir  b io c o m p a t ib il ity . T h u s , h y d r o g e ls  c a n  b e  u sed  as  
c o n ta c t  le n s e s , m e m b r a n e s  for  b io se n so r s , l in in g s  for  a r t if ic ia l h ea rts , m a ter ia ls  for  
a r tif ic ia l sk in , an d  d ru g d e liv e r y  d e v ic e s  (P e p p a s , 1 9 9 7 ).

S o m e  d r e s s in g s  su c h  a s  N u - g e l  T M  (J o h n so n  &  J o h n so n , 
A s c o t ,  U K ) an d  P u r ilo n T M  (C o lo p la s t)  are h y d r o g e l/a lg in a te  c o m b in a tio n s .  
H y d r o g e ls  c a n  b e  a p p lied  e ith er  a s  an a m o r p h o u s  g e l or a s  e la s t ic , s o l id  sh e e t  or f ilm .  
T o  p rep are th e  s h e e ts , th e  p o ly m e r ic  c o m p o n e n ts  are c r o s s - lin k e d  so  that th e y  
p h y s ic a lly  en trap  w a ter . T h e  sh e e ts  c a n  ab so rb  and  re ta in  s ig n if ic a n t  v o lu m e s  o f  
w a te r  u p o n  c o n ta c t  w ith  su p p u ra tin g  w o u n d s .

H y d r o g e l d r e ss in g s  c o n ta in  s ig n if ic a n t  a m o u n ts  o f  w a ter  ( 7 0 -  
9 0 % ) and as a  re su lt  th e y  ca n n o t ab so rb  m u c h  e x u d a te , th u s  th e y  are u se d  fo r  lig h t  to  
m o d e r a te ly  e x u d in g  w o u n d s . H y d r o g e ls  p o s s e s s  m o s t  o f  th e  d e s ir a b le  ch a ra c te r is tic s  
o f  an  ‘id e a l d r e s s in g ’ T h e y  are su ita b le  fo r  c le a n s in g  o f  d ry , s lo u g h y  or  n ec r o tic  
w o u n d s  b y  r eh y d ra tin g  d ea d  t is s u e s  and  e n h a n c in g  a u to ly t ic  d e b r id e m e n t. H y d r o g e l  
d r e s s in g s  are n o n r e a c tiv e  w ith  b io lo g ic a l  t is s u e , p e r m e a b le  to  m e ta b o li te s  and  are 
n on irritan t. H y d r o g e ls  a lso  p r o m o te  m o is t  h e a lin g , are n o n -a d h e r e n t  an d  c o o l  th e  
su r fa c e  o f  th e  w o u n d , w h ic h  m a y  lea d  to  a  m a rk ed  r e d u c tio n  in  p a in  an d  th erefore  
h a v e  h ig h  p a tien t a c c e p ta b ility .

2.2 Biomaterial of Choice

2 .2 .1  G e la tin
2.2.1.1 Source

G ela tin  is  a  p ro te in  p r o d u c e d  b y  p artia l h y d r o ly s is  o f  c o l la g e n  
e x tr a c te d  fro m  th e  b o n e s , c o n n e c t iv e  t is su e s , o r g a n s , an d  s o m e  in te s t in e s  o f  a n im a ls  
su c h  a s  th e  d o m e s t ic a te d  ca tt le , and  h o r se s  (G e la t in  is  p rep ared  b y  th e  th erm al
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d én a tu ra tio n  o f  c o l la g e n , iso la te d  from  an im a l sk in  an d  b o n e s , w ith  v e r y  d ilu te  ac id . 
It ca n  a ls o  b e  e x tra c ted  fro m  fish  sk in s .) . T h e  natu ral m o le c u la r  b o n d s  b e tw e e n  
in d iv id u a l c o l la g e n  stran d s are b rok en  d o w n  in to  a  fo rm  that rea rra n g es m o re  e a s i ly .  
G e la tin  m e lt s  w h e n  h ea te d  and  s o l id if ie s  w h e n  c o o le d  a g a in . T o g e th e r  w ith  w a ter , it 
fo r m s a s e m i- s o l id  c o l lo id  g e l . G e la tin  fo rm s a s o lu t io n  o f  h ig h  v i s c o s i t y  in  w a ter , 
w h ic h  se ts  to  a g e l o n  c o o l in g , and its  c h e m ic a l c o m p o s it io n  is , in  m a n y  r e sp e c ts ,  
c lo s e ly  s im ila r  to  that o f  its  parent c o l la g e n  (W a rd , 1 9 7 7 ) . T y p ic a l ly ,  g e la t in  ca n  b e  
d isp e r se d  in  a r e la t iv e ly  c o n cen tra ted  a c id . S u ch  d isp e r s io n s  are s ta b le  fo r  1 0 -1 5  d a y s  
w ith  litt le  or n o  c h e m ic a l c h a n g e s  an d  are s u ita b le  fo r  c o a t in g  p u r p o se s  or fo r  
e x tr u s io n  in to  a p r e c ip ita tin g  bath . G e la tin  is a ls o  s o lu b le  in  m o s t  p o la r  so lv e n ts .  
G ela tin  g e ls  e x is t  o v e r  o n ly  a sm a ll tem p era tu re  ra n g e , th e  u p p er  lim it  b e in g  th e  
m e lt in g  p o in t  o f  the g e l , w h ic h  d e p e n d s  o n  g e la t in  gra d e an d  c o n c e n tr a t io n  and  th e  
lo w e r  lim it , th e  ic e  p o in t  at w h ic h  ic e  c r y s ta l l iz e s . T h e  m e c h a n ic a l p ro p erties  are  
v e r y  s e n s it iv e  to  tem p era tu re  v a r ia tio n s , p r e v io u s  th erm al h is to r y  o f  th e  g e l , and  
t im e .

อ GLY «PR O  d HYP d GLU b ALA b ARG b ASP □  o t h e r

Figure 2.1 A m in o  a c id  c o m p o s it io n  o f  g e la tin .
T w o  d ifferen t ty p e s  o f  g e la t in  can  b e  p r o d u c e d  d e p e n d in g  o n  

th e  m e th o d  in  w h ic h  c o l la g e n  is  p retrea ted , p rior  to  th e  e x tr a c t io n  p r o c e s s  (Ik ad a ,
1 9 9 8 ). A l l  m a n u fa c tu r in g  o p e r a tio n s  ex tra c t and  h y d r o ly z e  c o l la g e n  fo u n d  in  f ish  
sk in s , b o v in e  b o n e , and  p o r c in e  sk in  w ith  su b se q u e n t  p u r if ic a t io n , c o n c e n tr a t io n , and  
d r y in g  o p e r a tio n s . V a r io u s  g e la t in  a p p lic a t io n s  w i l l  req u ire  c er ta in  s p e c if ic  so u r c e s , 
or  p r o c e s s in g  s te p s , to  a c h ie v e  certa in  fu n c t io n a lit ie s  or  g ra d es . S o m e  m a y  b e  b a sed  
o n  r e lig io u s  p r e fe r e n c e  e .g . ,  p o r c in e  g e la t in  is  fo r b id d e n  for  H a la l or K o sh e r . O th ers
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d e p e n d  o n  a d d it io n a l p r o c e s s in g  s te p s  that p r o v id e  an a p p ro p r ia te  ty p e , stren g th , 
v is c o s it y ,  and  w a te r -a b so r p tio n  c a p a c ity . C o m e s t ib le  g ra d e s  are s e le c te d  b a se d  on  
(n eu tra l)  f la v o r  an d  tex tu re  (C h o i an d  R e g e n s te in , 2 0 0 0 ) .

T h e  a lk a lin e  p r o c e s s , a ls o  k n o w n  a s “ l im in g ” , targets  the  
a m id e  g ro u p s o f  a sp a r a g in e  and  g lu ta m in e , an d  h y d r o ly s e s  th e m  in to  c a rb o x y l  
g r o u p s, th u s  c o n v e r t in g  m a n y  o f  th e se  r e s id u e s  to asp a rta te  and  g lu ta m a te . In 
co n tra st, a c id ic  p re -trea tm en t d o e s  litt le  to  a f fe c t  th e  a m id e  g r o u p s  p r e se n t. T h e  resu lt  
is  that g e la t in  p r o c e s s e d  w ith  an a lk a lin e  p re-trea tm en t is  e le c tr ic a lly  d iffe r e n t in  
n atu re fro m  a c id ic -p r o c e s s e d  g e la tin . T h is  is  b e c a u s e  th e  a lk a lin e  p r o c e s s e d  g e la tin  
p o s s e s s e s  a grea ter  p ro p o rtio n  o f  ca r b o x y l g r o u p s, r e n d er in g  it n e g a t iv e ly  ch arg ed  
and  lo w e r in g  its  is o e le c tr ic  p o in t (IE P ) c o m p a r e d  to a c id ic -p r o c e s s e d  g e la t in  w h ic h  
p o s s e s s e s  an IE P  s im ila r  to  c o lla g e n . B y  u t i l iz in g  th is  t e c h n iq u e , m a n u fa c tu rers  n o w  
o ffe r  g e la t in  in  a v a r ie ty  o f  IEP v a lu e s  (F ig u r e  2 .2 ) .

CONH 3 2

i l F i l i n p  n r n r ’s u  t l i m i n n talkaline process (liming)
Ca(OH)j at 20”C  for 30-100 day»

acid process
dllut•ช  acid  so lu tion  (H a , H^ 04_„) 
for 10-48 hr

.C O N H J C O N H ,  •0 N H l

Figure 2 .2  P rep a ra tiv e  p r o c e s s e s  for  a c id ic  and  b a s ic  g e la t in s  fro m  c o lla g e n .

T h e  a c id ic  trea tm en t is  su ita b le  for  le s s  f u l ly  c r o s s - lin k e d  
c o l la g e n s  fo u n d  in  p ig  or  f ish  s k in s , w h ile  th e  a lk a lin e  o n e  is  fo r  th e  m o r e  c o m p le x  
c o l la g e n s  fo u n d  in  b o v in e  h id e s . G e la tin  o b ta in e d  from  a c id -tr e a te d  c o l la g e n s  is  
c a lle d  ty p e -A  g e la t in , w h i le  that o b ta in e d  fro m  a lk a li-tr e a te d  o n e s  is  c a l le d  ty p e -B  
g e la t in  (A n o n y m o u s , 2 0 0 7 ) .
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2.2 .1 .2  Structural บทน
G ela tin  co n ta in s  m a n y  g ly c in e  (a lm o s t 1 in  3 re s id u es , 

a rran g ed  ev e ry  th ird  re s id u e ), p ro lin e  an d  4 -h y d ro x y p ro lin e  re s id u e s . A  ty p ica l 
s tru c tu re  is -A la -G ly -P ro -A rg -G ly -G lu -4 H y p -G ly -P ro - . (F ig u re  2 .3 )

OH

o

c ^ w
if
o

Figure 2.3 T h e  g en e ra l s tru c tu re  o f  g e la tin  is -A la -G ly -P ro -A rg -G ly -G lu -4 H y p -G ly .

2.2.1.3 B iom edical A pplication  o f  Gelatin
G e la tin  is c o m m o n ly  u se d  fo r p h a rm a c e u tic a l an d  m ed ica l 

a p p lic a tio n s  b e c a u se  o f  its  b io d e g ra d a b ility  ( Ik a d a , 1998; K a w a i, 2 0 0 0 ; 
B a la k rish n a n , 2 0 0 5 ; Y a m a m o to , 2 0 0 1 ) an d  b io c o m p a tib ility  in  p h y s io lo g ic a l 
e n v iro n m e n t (K u ijp e rs , 2 0 0 0 ; Y ao , 2 0 0 4 ). T h e se  c h a ra c te r is tic s  h a v e  c o n tr ib u te d  to  
g e la t in ’s p ro v e n  re c o rd  o f  sa fe ty  as  a  p la sm a  e x p a n d e r , a s  an  in g re d ie n t in  d ru g  
fo rm u la tio n s , an d  as  a  se a la n t fo r v a sc u la r  p ro s th e se s  (K u ijp e rs , 2 0 0 0 ). Its f lex ib ility  
in  p ro c e ss in g  th a t h a s  a llo w ed  g e la tin -b a se d  c o n tro lle d -re le a se  sy s te m s  to  fin d  
d iv e rse  a p p lic a tio n s  in  fie ld s  ra n g in g  fro m  tis su e  e n g in e e r in g , to  d ru g  d e liv e ry  and  
g en e  th e rap y .

2 .2 .2  A lg in a te
"A lg in a te "  is th e  te rm  u su a lly  u sed  fo r th e  sa lts  o f  a lg in ic  ac id , b u t it 

c a n  a lso  re fe r  to  all th e  d e r iv a tiv e s  o f  a lg in ic  ac id  an d  a lg in ic  ac id  itse lf ; in  so m e  
p u b lic a tio n s  th e  te rm  "a lg in" is u sed  in s te a d  o f  a lg in a te . A lg in a te  is p re se n t in  the  
ce ll w a lls  o f  b ro w n  a lg ae  su ch  as the  s e a w e e d s  Lam inaria  sp . an d  Ascophyllum  sp. 
(C la re , 1993) as th e  c a lc iu m , m a g n e s iu m  an d  so d iu m  sa lts  o f  a lg in ic  ac id . T h e
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ca lc iu m  an d  m a g n e s iu m  sa lts  do  n o t d isso lv e  in w a te r  w h ile  th e  so d iu m  sa lt does. 
T h a t is th e  re a so n  w hy , th e  goal o f  th e  ex trac tio n  p ro c e ss  is to  o b ta in  d ry , p o w d e re d , 
so d iu m  a lg in a te  an d  so d iu m  a lg in a te  is th e  m a in  fo rm  o f  a lg in a te  in  use.

p-D-mannuronate (M) a-L-guluronate (G)

MMMMGM GGGGGM GM GGGGGGGGM M GM GM GGM

M-block G-block G-block MG-block

Figure 2.4 S tru c tu ra l c h a ra c te r is tic s  o f  a lg in a tes : (a ) a lg in a te  m o n o m e rs , (b ) ch a in  
co n fo rm a tio n , (c ) b lo ck  d is tr ib u tio n .

2 .2 .2 .1 G eneral P roperties o f  A Iginate
A lg in a te  is  a  lin e a r b lo ck  c o p o ly m e r  c o n s is tin g  o f  u ro n ic  ac id  

re s id u es , n a m e ly  P -D -m an n u ro n ic  an d  a -L -g u lu ro n ic  ac id , lin k e d  b y  ( l - > 4 ) -  
lin k ag es . F o r s im p lic ity , a lg in a te  m o le c u le s  are lo n g  c h a in s  th a t c o n ta in  tw o  d iffe re n t 
a c id ic  c o m p o n e n ts , a b b re v ia te d  h e re  to  M  and  G. T h e  w ay , in  w h ic h  th e se  M  an d  G 
u n its  a re  a rra n g e d  in th e  c h a in  and  th e  o v e ra ll ra tio , M /G , o f  th e  tw o  u n its  in  a  ch a in  
can  v a ry  fro m  o n e  sp e c ie s  o f  seaw eed  to  an o th e r. T h e  c h e m ic a l s tru c tu re  o f  
a lg in a te /a lg in ic  ac id  is d isp la y e d  in  F ig u re  2 .4  (C o llin s , 1998).

2.2.2 .2  A lginate Uses
T h e  u ses  o f  a lg in a te s  a re  b a se d  o n  th re e  m a in  p ro p e rtie s . T h e  

firs t is th e ir  ab ility , w h e n  d isso lv ed  in w a te r, to  th ic k e n  th e  re su ltin g  so lu tio n  
(te c h n ic a lly  d e sc r ib e d  as th e ir  ab ility  to  in c rea se  th e  v isc o s ity  o f  a q u e o u s  so lu tio n s).
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T h e  se c o n d  is th e ir  a b ility  to  fo rm  gels; in  th e  p re se n c e  o f  m u ltiv a le n t c a tio n s  su ch  as 
C a 2+, an  a q u e o u s  so lu tio n  o f  a lg in a te  w ill b e c o m e  a  gel. G el fo rm a tio n  o c c u rs  due  to 
th e  io n ic  in te ra c tio n  b e tw e e n  g u lu ro n ic  ac id  re s id u e s  fro m  tw o  o r m o re  a lg in a te  
c h a in s  an d  ca tio n s , y ie ld in g  a  th re e -d im e n s io n a l n e tw o rk  o f  a lg in a te  m o le c u le s  w ell 
d e sc r ib e d  b y  th e  “ E g g -B o x  M o d e l”  (see  F ig u re  2 .5 )  (G o th  et al, 2 0 0 4 ).

Figure 2.5 E g g -B o x  M o d el.

N o  h ea t is req u ired  an d  th e  g e ls  do  n o t m e lt w h e n  heated . 
T h is  is in  c o n tra s t to  th e  ag a r g e ls  w h e re  th e  w a te r  m u s t be h e a te d  to  a b o u t 80°c to  
d is so lv e  th e  a g a r an d  th e  gel fo rm s w h en  co o le d  b e lo w  ab o u t 40°c. T h e  th ird  is the  
a b ility  to  fo rm  film s  o f  so d iu m  o r c a lc iu m  a lg in a te  an d  fib e rs  o f  c a lc iu m  a lg in a te s .

2.2.2 .3  A lginate as Wound D ressing
A m o n g  v a rio u s  fib ro u s  a n d  h y d ro g e l p ro d u c ts , a lg in a te -b a se d  

p ro d u c ts  a re  c u rre n tly  th e  m o s t p o p u la r  o n es  u sed  in  w o u n d  m a n a g e m e n t, s in ce  they  
o ffe r  m a n y  a d v a n ta g e s  o v e r tra d itio n a l co tto n  an d  v isc o se  g a u z e s  (H o rn c a s tle , 1995; 
Q in  an d  G ild in g , 1996). T h ey  a re  b io c o m p a tib le  an d  fo rm  a  gel on  a b so rp tio n  o f  
w o u n d  e x u d a te . T h is  e lim in a te s  fib e r e n tra p m e n t in  th e  w o u n d , w h ic h  is  a m a jo r 
c a u se  o f  p a tie n t tra u m a /d isc o m fo r t d u rin g  d re s s in g  re m o v a l. S u ch  g e la tio n  p rev en ts  
th e  w o u n d  su rfa c e  fro m  d ry in g  o u t, w h ic h  is b e n e fic ia l s in c e  a  m o is t  w o u n d  
e n v iro n m e n t p ro m o te s  h e a lin g  an d  lead s  to  a b e tte r  c o sm e tic  re p a ir  o f  th e  w ou n d  
(W in te r , 1962). P e rfo rm a n c e  re q u ire m e n ts  fo r  su ch  gel led  d re s s in g s  (w h ic h  o ften  
a im  to  rep lic a te  th e  in h e re n t p e rm e a b ility /w a te r  c o n te n t o f  n a tu ra l sk in ) a re  o b v io u s ly
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h ig h e r  th an  m e re  a b so rb e n t c o v e rin g s  in  o rd e r  fo r  th e  w o u n d  to  re m a in  m o is t d u rin g  
th e  co n ta c t p e r io d  (w h ich  c o u ld  be  m o re  th a n  sev e ra l d a y s)  (T h o m a s , 1990). H ence , 
it is a lso  re p o rte d  th a t a lg in a te -b a se d  d re ss in g s  h av e  h a e m o s ta tic  p ro p e rtie s  an d  can  
e n h a n c e  th e  ra te  o f  h e a lin g  o f  w o u n d s  (A ttw o o d , 1989; Ja rv is  et al, 1987).

2.3 Bioactive Substances

2.3.1 B o ta n ic a l M e d ic in e  in  W o u n d  H ea lin g

h is to ry  o f  th e ra p e u tic  u se s , e .g ., d e rm a l d iso rd e rs , v e n o u s  in su ff ic ie n c y  and  
m ic ro a n g io p a th y  (In c a n d e la , et al, 2 0 0 1 ). C éntella asia tica  a lso  k n o w n  as A sia tic  
P e n n y w o rt o r  B u a b o k  (in  T h a i), is a  p o o r ly  w a te r-so lu b le  d ru g . T ra d itio n a lly , the  
le a v e s  m ay  be  sq u e e z e d  o r  g ro u n d  and  th e  ju ic e  o r  p o w d e r  u sed  a s  an  o in tm en t. It is 
a lso  u sed  in  tra d itio n a l m e d ic in e  fo r th e  tre a tm e n t o f  le p ro sy , p h le b itis  an d  s lo w  
h e a lin g  w o u n d s  (H a u se n , 1993).

2.3.1.1 H erbal Substance: C eniella A sia tica  an d  A siaticoside
C entella asia tica  is a  tro p ica l m e d ic in a l p la n t w ith  a  long

HO OH H O  OM

Figure 2.6 S tru c tu re  o f  A s ia tic  ac id  (I), a s ia tic o s id e  (II) , m a d e c a ss ic  a c id  (III) and  
m a d e c a sso s id e  (IV ).
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T h e  ac tiv e  c o n s titu e n ts  p re se n t in  th e  C e n te lla  a s ia tic a  ex trac t 
a re  tr ite rp e n e s  n a m e ly  a s ia tic  ac id  (I), a s ia tic o s id e  (II) , m a d e c a ss ic  ac id  (III)  and  
m a d e c a sso s id e  (IV ) a s  sh o w n  in  F ig u re  2 .6 . A m o n g  th e  fo u r  m a jo r  tr ite rp e n o id  
c o m p o n e n ts  o f  C entella asiatica, a s ia tic o s id e , a  tr is a c c h a rid e  tr ite rp e n e , is 
su p p o se d ly  th e  m o st a c tiv e  c o m p o u n d  a s so c ia te d  w ith  th e  h e a lin g  o f  w o u n d s  in  ra ts  
(S h u k la , 1999), th e  o b se rv e d  in c rease  in  th e  p ro life ra tio n  an d  th e  p ro d u c tio n  o f  ty p e  I 
an d  III p ro -c o lla g e n  m R N A  and  p ro te in  lev e ls  o f  h u m a n  d e rm a l f ib ro b la s t (M aq u a rt, 
1990; S h im , 1996), an d  th e  s tim u la tio n  o f  e x tra c e llu la r  m a tr ix  a c c u m u la tio n  in  ra t 
e x p e rim e n ta l w o u n d  (S u g u n a , 1996; M a q u a rt, 1999) in  re sp o n se  to  th e  p re se n c e  o f  
th is  su b stan ce .

C o n tin u e d  u se  o f  th is  p la n t as  h e a lin g  a g en ts  h as  led  to  
sc ien tif ic  in v e s tig a tio n  o f  th e ir  e ff ic a cy  a s  w o u n d  h e a lin g  a g e n ts . Centella asia tica  
h as  b een  d o c u m e n te d  to  a id  w o u n d  h e a lin g  in  sev e ra l s c ie n tif ic  s tu d ies . Centella  
asiatica  is  c la im e d  to  p o sse ss  a n ti- in f la m m a to ry  (S u g u n a , et al, 1996), m e m o ry  
im p ro v e m e n t (V e e ren d ra k u m a r, et al, 2 0 0 2 ), a n tic a n c e r  a c tiv ity  (Y o sh in o ri, et al, 
1982 an d  B a b u , et al, 1995) an d  co lla g e n  sy n th e s iz in g  a c tiv itie s  (S u g u n a , et al, 1996, 
K u m ar, et al, 1998 an d  M aq u art, et al, 1990). S tu d ie s  h av e  sh o w n  th a t Centella  
asia tica  in c re a se d  c o lla g e n  sy n th es is  in vitro  an d  e x tra c e llu la r  m a tr ix  a c c u m u la tio n  
in vivo  (M a q u a rt, et al, 1990; M aq u a rt, et al, 1999). It e n h a n c e d  te n s ile  s tren g th  in 
w o u n d  t is su e  (S u g u n a , et al, 1996), an d  fa c ilita te d  th e  w o u n d  h e a lin g  p ro c e ss . T h e  
la tte r  a c tiv ity  w a s  a ttr ib u te d  to  th e  a c tiv e  in g re d ie n t, a s ia tic o s id e , p re se n te d  in  
C entella asia tica  (S h u k la , et al, 1999).

A  n u m b e r o f  s tu d ie s  h av e  d e m o n s tra te d  th e  e ffe c tiv e n e ss  o f  
C entella asia tica  tr i te rp e n e s , in  p a r tic u la r  th e  g ly c o s id e  a s ia tic o s id e , in  p ro m o tin g  
w o u n d  h e a lin g  (M a c q u a rt, et al, 1999 an d  S h u k la , et al, 1999). S h u k la , et al, sh o w ed  
a 0 .2 %  a s ia tic o s id e  so lu tio n  ap p lied  to p ic a lly  tw ice  d a ily  fo r s e v e n  d ay s  to  p u n ch  
w o u n d s  in  g u in e a  p ig s  re su lted  in  5 6 -p e rc e n t in c re a se  in  h y d ro x y p ro lin e , 57%  
in c rea se  in  te n s ile  s tre n g th , in c rea sed  c o lla g e n  c o n te n t, an d  b e tte r  e p ith e lia liz a tio n  
c o m p a re d  to  c o n tro ls . U s in g  th e  sa m e  p u n c h  w o u n d  m o d e l th e  re se a rch e rs  
d e m o n s tra te d  an  o ra l d o se  o f  1 m g /k g  fo r se v e n  d a y s  p ro d u c e d  a 28  p e rcen t 
red u c tio n  in  w o u n d  a re a  and  a  s ig n if ic a n t in c re a se  o f  te n s ile  s tren g th  and  
h y d ro x y p ro lin e  c o n te n t o f  th e  w o u n d . E n h a n c e d  h e a lin g  a c tiv ity  h a s  b e e n  a ttr ib u te d
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to  in c re a se d  c o lla g e n  fo rm a tio n  an d  a n g io g e n e s is . (S h u k la , e t al, 1998) Centella  
asiatica  is a lso  u se fu l in  v a sc u la r  d isea se s  su ch  as  v e n o u s  h y p e r te n s io n  and  
a th e ro sc le ro s is  (D e S a n c tis , et al, 2 0 0 1 ; In c a n d e la , e t al, 2 0 0 1 ). B ased  o n  the  
h y p o th e s is  o f  fre e  rad ica l m e d ia te d  to x ic ity , C entella asia tica  h a s  b e e n  recen tly  
re p o rte d  to  h a v e  an ti- lip id  p e ro x id a tiv e  (K a ta re , et al, 2 0 0 1 )  an d  free  rad ica l 
sc a v e n g in g  a c tiv itie s  (Jay ash ree , et al, 2003 ).

2 .3 .2  M e ta llic  S ilv e r as  A n tim ic ro b ia l A g e n t
F o r  ce n tu rie s  s ilv e r  h as  been  u se  fo r th e  tre a tm e n t o f  b u m s  and  

c h ro n ic  w o u n d s . T h e  an tim ic ro b ia l p ro p e rty  o f  s ilv e r is re la te d  to  th e  a m o u n t o f  
s ilv e r an d  th e  ra te  o f  s ilv e r re leased . S ilv e r in  its  m e ta llic  s ta te  is  in e rt b u t it reac ts  
w ith  th e  m o is tu re  in  th e  sk in  an d  th e  flu id  o f  th e  w o u n d  a n d  g e ts  io n iz e d . T h e  io n ized  
s ilv e r  is h ig h ly  re a c tiv e , as it b in d s  to  tissu e  p ro te in s  an d  b r in g s  s tru c tu ra l c h a n g e s  in 
th e  b a c te ria l ce ll w a ll an d  n u c le a r  m em b ra n e  le a d in g  to  ce ll d is to r tio n  an d  death . 
S ilv e r  a lso  b in d s  to  b ac te ria l D N A  and  R N A  b y  d e n a tu r in g  an d  in h ib its  b ac te ria l 
re p lic a tio n  (L a n sd o w n , 2 0 0 2 ; C a s te lla n o , et al, 2 0 0 7 )

2.3.2.1 M echanism o f  Action o f  Silver N anoparticles
T h e  m e c h a n ism  o f  a c tio n  o f  s ilv e r  is lin k ed  w ith  its 

in te ra c tio n  w ith  th io l g ro u p  co m p o u n d s  fo u n d  in  th e  re sp ira to ry  e n z y m e s  o f  b ac te ria l 
ce lls . S ilv e r b in d s  to  th e  b a c te ria l ce ll w a ll an d  ce ll m e m b ra n e  an d  in h ib its  the  
re sp ira tio n  p ro c e s s  (K la sen , 2 0 0 0 ). T h e  s ilv e r  n a n o p a r tic le s  sh o w  e ffic ien t 
a n tim ic ro b ia l p ro p e rty  c o m p a re d  to  o th e r sa lts  d u e  to  th e ir  e x tre m e ly  la rg e  su rface  
a rea , w h ic h  p ro v id e s  b e tte r  c o n ta c t w ith  m ic ro o rg a n ism s . T h e  n a n o p a r tic le s  get 
a tta c h e d  to  th e  c e ll  m e m b ra n e  an d  a lso  p e n e tra te  in s id e  th e  b ac te ria . T h e  b ac te ria l 
m e m b ra n e  c o n ta in s  su lfu r-c o n ta in in g  p ro te in s  a n d  th e  s i lv e r  n a n o p a r tic le s  in te rac t 
w ith  th e se  p ro te in s  in  th e  ce ll as w ell as w ith  th e  p h o sp h o ru s  c o n ta in in g  co m p o u n d s  
like  D N A . W h en  s ilv e r  n a n o p a rtic le s  e n te r  th e  b ac te ria l ce ll it fo rm s  a lo w  m o le c u la r  
w e ig h t re g io n  in  th e  c en te r  o f  th e  b a c te ria  to  w h ic h  th e  b a c te r ia  c o n g lo m e ra te s  thus, 
p ro te c tin g  th e  D N A  fro m  th e  s ilv e r  ions. T h e  n a n o p a r tic le s  p re fe ra b ly  a tta c k  the  
re sp ira to ry  ch a in , ce ll d iv is io n  f in a lly  le ad in g  to  ce ll d ea th . T h e  n a n o p a rtic le s  re lease  
s ilv e r io n s  in  th e  b a c te r ia l c e lls , w h ic h  e n h a n c e  th e ir  b a c te r ic id a l a c tiv ity  (F en g , et al, 
2 0 0 0 ; S o n d i an d  S a lo p e k -S o n d i, 2 0 0 4 ; M o ro n es , et al, 2 0 0 5 ; S o n g , et al, 2 0 0 6 ).
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2.3 .2 .2  Effect o f  Size and Shape on the A ntim icrobial A ctiv ity  o f  
N anoparticles
T h e  su rfa c e  p la sm o n  re so n a n c e  p lay s  a  m a jo r  ro le  in th e  

d e te rm in a tio n  o f  o p tic a l a b so rp tio n  sp e c tra  o f  m e ta l n a n o p a rtic le s , w h ic h  sh ifts  to  a 
lo n g e r  w a v e le n g th  w ith  in c re a se  in  p a rtic le  size . T h e  s iz e  o f  th e  n a n o p a r tic le  im p lie s  
th a t  it h as  a  la rg e  su rface  a rea  to  co m e  in  co n ta c t w ith  th e  b a c te ria l c e lls  an d  h en ce , it 
w ill h av e  a  h ig h e r  p e rc e n ta g e  o f  in te ra c tio n  th a n  b ig g e r  p a r tic le s  (K re ib ig  an d  
V o llm e r, 1995; M u lv an ey , 1996; M o ro n es , et al, 2 0 0 5 ; P a l, et al, 2007 ). T h e  
n a n o p a r tic le s  sm a lle r  th an  1 0  n m  in te ra c t w ith  b a c te r ia  an d  p ro d u c e  e lec tro n ic  
e ffe c ts , w h ic h  e n h a n c e  th e  re a c tiv ity  o f  n a n o p a rtic le s . T h u s, it is co rro b o ra te d  th a t 
th e  b a c te r ic id a l e ffec t o f  s ilv e r  n a n o p a rtic le s  is s iz e  d e p e n d e n t (R a im o n d i, et al, 
2 0 0 5 ; M o ro n e s , et al, 2 0 0 5 ). T h e  a n tim ic ro b ia l e f f ic a c y  o f  the  n a n o p a r tic le  d ep en d  
o n  th e  sh a p e s  o f  th e  n a n o p a rtic le s  a lso , th is  c a n  b e  c o n firm e d  b y  s tu d y in g  th e  
in h ib itio n  o f  b ac te ria l g ro w th  by  d iffe re n tia lly  sh a p e d  n a n o p a r tic le s  (M o ro n e s , et al, 
2 0 0 5 ). A c c o rd in g  to  P a l, et al. (P a l, et al, 2 0 0 7 ) tru n c a te d  tr ia n g u la r  n a n o p a rtic le s  
sh o w  b a c te ria l in h ib itio n  w ith  s ilv e r c o n te n t o f  1 p g . W h ile , in  c a se  o f  sp h e rica l 
n a n o p a r tic le s  to ta l s ilv e r  c o n te n t o f  12.5 p g  is n eed ed . T h e  ro d  sh a p e d  p a rtic le s  n eed  
a  to ta l o f  50  to  100 p g  o f  s ilv e r  co n ten t. T h u s , th e  s i lv e r  n a n o p a r tic le s  w ith  d iffe ren t 
sh a p e s  h a v e  d iffe re n t e ffe c ts  on  b ac te ria l ce ll.

2.4 Radiation Chemistry

2.4 .1  S te r iliz a tio n  an d  C ro ss - lin k in g
T w o  ty p es  o f  io n iz in g  ra d ia tio n s  a re  u se d  fo r ra d ia tio n  s te r iliz a tio n  

an d  c ro ss - lin k in g : g a m m a  ray s  e m itte d  fro m  th e  a r tif ic ia l ra d io a c tiv e  iso to p es  60C o 
an d  l37C s an d  b e a m s  o f  e n e rg e tic  e le c tro n s  fro m  e le c tro n  a c c e le ra to rs . T h e  
a b so rp tio n  o f  ra d ia tio n  e n e rg y  fro m  b o th  ty p e s  o f  so u rc e s  o c c u rs  o n  a  su b a to m ic  
lev e l. E le c tro n s  in je c te d  in to  m a tte r  fro m  an  e le c tro n  a c c e le ra to r  en te r  in to  
C o u lo m b ic  in te ra c tio n s  w ith  a to m ic  e le c tro n s  o f  th e  m e d iu m , w h ic h  re su lts  in  
n u m e ro u s  e le c tro n ic  e x c ita tio n s  and  io n iz a tio n s  o f  a to m s  a lo n g  th e  tra ck s  o f  
e n e rg e tic  e le c tro n s . T h e  p rin c ip a l m e c h a n ism s  o f  g a m m a  ra y  in te ra c tio n s  a lso  
in v o lv e  th e  io n iz a tio n  o f  th e  in te ra c tin g  a to m  an d  th e  e je c tio n  o f  a  h ig h -e n e rg y



22

e le c tro n  in  th e  firs t s tep ; h ig h -e n e rg y  e le c tro n s  e jec ted  in  th e  p r im a ry  io n iza tio n  
c o n tin u e  to  p ro d u c e  n u m e ro u s  e le c tro n ic  e x c ita tio n s  an d  io n iz a tio n s  a lo n g  th e ir  
tra c k s  q u ite  in  th e  sa m e  w ay  as th e y  w o u ld  do  i f  th ey  w e re  in je c te d  d ire c tly  fro m  an 
a c c e le ra to r. T h e  o n ly  d iffe re n ce  is th a t th e  p ro b a b ility  o f  g a m m a  ray  in te ra c tio n s  
d e c re a se s  e x p o n e n tia lly  w ith  d ep th , w h ile  th e  p ro b a b ility  o f  e le c tro n  in te ra c tio n s  
d e c re a se s  in  a  m u c h  s te e p e r  fa sh io n  as fu n c tio n  o f  d ep th . T h e  fra c tio n  o f  g a m m a  ray  
e n e rg y  d e p o s ite d  in th e  p rim a ry  io n iz a tio n  is n e g lig ib le  in  c o m p a r iso n  w ith  the  
e n e rg y  d e p o s ite d  b y  th e  su b se q u e n t g e n e ra tio n s  o f  s e c o n d a ry  e lec tro n s . E n erg y  
d e p o s itio n  m e c h a n ism s  o f  th e se  tw o  ty p es  o f  ra d ia tio n  b e in g  th e  sam e , th e  sam e 
a m o u n t o f  e n e rg y  ab so rb e d  by  m a tte r , irre sp e c tiv e ly  w h e th e r  ir ra d ia te d  b y  g am m a  
ray s  o r  fast e le c tro n s  w ill p ro d u c e  th e  sam e k in d  an d  a m o u n t o f  ch em ica l ch ange . 
T h is  is th e  ra tio n a le  fo r  th e  u se  o f  th e  tw o  ty p es  o f  ra d ia tio n  so u rc e s , iso to p e s  and  
a c c e le ra to rs  on  an  eq u a l fo o tin g  in  p rac tic e . Q u a lita tiv e ly  d if fe re n t e ffe c ts  o b se rv ed  
w ith  g a m m a  ray  a s  c o m p a re d  to  e le c tro n  b eam  irra d ia tio n  m a in ly  a rise  b e c a u se  o f  th e  
d o se -ra te  e ffec ts , p a r tic u la r ly  in  th e  p re se n c e  o f  o x y g e n  o r  o th e r  sca v e n g e r 
m o lecu le s . L a rg e  d o se -ra te  ir ra d ia tio n  o f  liq u id s  p ro d u c in g  h ig h  lo ca l co n c e n tra tio n s  
o f  f ree  ra d ic a ls  fa v o rs  m u tu a l re a c tio n s  o f  free  ra d ic a ls  ( re c o m b in a tio n )  o v e r  th e ir  
re a c tio n s  w ith  s c a v e n g e rs  in th e  tra ck s  o f  th e  re sp e c tiv e  im p in g in g  rad ia tio n s . 
B e c a u se  p rin c ip a l in te ra c tio n s  in v o lv e  a to m ic  e le c tro n s , th e  d is tr ib u tio n  o f  en e rg y  
d e p o s ite d  in  in d iv id u a l c o m p o n e n ts  o f  irra d ia te d  m a tte r  d e p e n d s  o n  th e  co n tr ib u tio n  
m ad e  b y  th a t c o m p o n e n t to  th e  a to m ic  c o m p o s itio n . In so lu tio n  th e  m a in  co n tr ib u tio n  
to  th e  to ta l m a ss  is  m a d e  by  a  so lv en t. I r ra d ia tio n  o f  a q u e o u s  so lu tio n s  g iv e s  rise  to  
o x id iz in g  (h y d ro x y l ra d ic a l O H ) an d  re d u c in g  (h y d ra te d  e le c tro n  eaq')  re ac tiv e  
sp e c ie s  p ro d u c e d  b y  th e  ra d io ly s is  o f  w a te r , th e ir  re la tiv e  a m o u n ts  d e p e n d in g  o n  pH  
and  p re se n c e  o f  so lu te s . T h ese  sp e c ie s  m ay  d is a p p e a r  th ro u g h  re c o m b in a tio n  w ith  
o th e r re a c tiv e  sp e c ie s  o f  w a te r  ra d io ly s is  o r th e y  m ay  d if fu se  so m e  d is ta n c e  aw ay  
fro m  th e  s ite  o f  th e ir  o rig in a l fo rm a tio n , w h ic h  in c re a se s  th e  p ro b a b ility  o f  th e ir  
re a c tio n  w ith  d is so lv e d  su b s tan ces . I r ra d ia tio n  o f  so lid  su b s ta n c e s  in  th e  ab se n c e  o f  
w a te r  d o es  n o t, o f  c o u rse , lead  to  th e  fo rm a tio n  o f  d if fu s ib le  o x id iz in g  and  red u c in g  
a q u e o u s  ra d io ly s is  sp e c ie s  b u t, d u e  to  th e  re s tr ic te d  m o b ility  in  so lid s , the  
c o n se q u e n c e s  o f  e x c ita tio n  an d  io n iz a tio n  re m a in  lo ca liz ed  on  th e  a ffec ted  m o lecu le s  
o r c o n fin e d  to  th e  im m e d ia te  v ic in ity  o f  th e  s ite  o f  p r im a ry  in te rac tio n .
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In tra m o le c u la r  re d is tr ib u tio n  o f  lo ca liz ed  c h a rg e  an d  e x c ita tio n  e n e rg y  m a y  th en  lead  
to  th e  f ra g m e n ta tio n  o f  a ffec ted  m o le c u le s  a c c o rd in g  to  th e  in te rp la y  o f  e le c tro n  
a ffin itie s , io n iz a tio n  p o te n tia ls  and  b ond  d is so c ia tio n  e n e rg ie s  a m o n g  th e  su b u n its  o f  
c o m p le x  m o lecu le s .

2 .4 .2  R ad ia tio n  F o rm a tio n  o f  H y d ro g e ls
U se  o f  ra d ia tio n  fo r th e  fo rm a tio n  o f  h y d ro g e ls  fo r  b io m ed ica l 

p u rp o se s  h as  so m e  g en era l ad v an tag es . F irs t o f  all it so lv e s  th e  p ro b le m  o f  
s te r iliz a tio n  o f  p ro d u c ts  an d  in a  few  c a se s  a llo w s  to  e s ta b lish  a  m o re  s im p le  
an d  c o m p ac t te c h n o lo g y  th an  a  "co n v e n tio n a l"  o n e . S e c o n d ly , it a llo w s  to  
fab rica te  a  p u re  p ro d u c t n o n -c o n ta m in a te d  w ith  b a lla s t m a te r ia ls  o r  th e  re s id u a ls  
o f  to x ic  in itia to rs . L ast, b u t n o t least, th e  a p p lic a tio n  o f  io n iz in g  ra d ia tio n  
o rig in a te d  fro m  e le c tro n  a c c e le ra to rs  o r g a m m a  fac ilitie s  is  sa fe  fo r h u m a n  b e in g s  
an d  th e  e n v iro n m e n t, and  can  lead  to  fo rm a tio n  o f  h u m a n -fr ie n d ly  p ro d u c ts .

2 .4 .3  R ad ia tio n  S y n th es is  o f  n A g
A  n u m b e r o f  p ro d u c tio n  te c h n iq u e s  hav e  b e e n  re p o rte d  fo r  p re p a ra tio n  

o f  m e ta llic  c o llo id s  u sin g  m e ta l sa lts  a s  s ta r tin g  m a te r ia ls , su ch  as  ch em ica l, 
p h o to c h e m ic a l, e le c tro -c h e m ic a l, ra d io ly tic , and  so n o c h e m ic a l re d u c tio n . O f  th e se  
te c h n iq u e s , th e  ra d ia tio n -in d u c e d  sy n th e s is  is o n e  o f  th e  m o s t p ro m is in g  s tra teg ie s  
b e c a u se  th e re  a re  so m e  im p o rta n t a d v a n ta g e s  to  th e  u se  o f  th e  ir ra d ia tio n  te ch n iq u es , 
as  c o m p a re d  to  co n v e n tio n a l ch e m ic a l an d  p h o to c h e m ic a l m e th o d s : ( 1) th e  p ro c e ss  is 
s im p le  an d  c lean , (2 ) th e  y -ray  ir ra d ia tio n  h as  h a rm le ss  fe a tu re , (3 ) c o n tro lle d  
re d u c tio n  o f  m e ta l io n s  can  b e  ca rried  o u t w ith o u t u s in g  e x c e ss  re d u c in g  ag en t o r 
p ro d u c in g  u n d e s ire d  o x id a tio n  p ro d u c ts  o f  th e  re d u c ta n t, (4 )  th e  m e th o d  p ro v id e s  
m e ta l n a n o p a rtic le s  in  fu lly  re d u c e d , h ig h ly  p u re  an d  h ig h ly  s ta b le  s ta te  an d  (5 ) no  
d is tu rb in g  im p u ritie s  like  m e ta l o x id e  a re  in tro d u ced .

R a d io ly tic  re d u c tio n  g e n e ra lly  in v o lv e s  ra d io ly s is  o f  aq u eo u s  
so lu tio n s  th a t p ro v id e s  an  e ff ic ie n t m e th o d  to  re d u c e  m e ta l io n s  an d  fo rm  h o m o - and  
h e te ro n u c le a r  c lu s te rs  o f  tra n s itio n  m e ta ls . In th e  ra d io ly tic  m e th o d , aq u eo u s  
so lu tio n s  are  e x p o se d  to  y -ray s  c re a tin g  so lv a te d  e le c tro n s , e aq~. T h e se  so lv a ted  
e lec tro n s , in  tu rn , re d u c e  th e  m e ta l io n s  an d  th e  m eta l a to m s  e v e n tu a lly  co a le sc e  to  
fo rm  a g g reg a te s  as  d ep ic ted  by  fo llo w in g  re a c tio n s :
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H20  ---------►  OH', e'aq, H\ H2 O2 , H2, H+, ...
A g  +  e aq ------------ ► > O

A g °  +  A g ----------► A g2
A g2  +  A g ----------► A g 3

A gn (ag g reg a tio n  to  fo rm  A g  n a n o p a rtic le s )

2.5 Electrospinning

E le c tro sp in n in g  is  a  fib e r sp in n in g  te c h n iq u e  th a t  p ro d u c e s  p o ly m e r  fib e rs  
o f  n a n o m e te r  to  m ic ro m e te r  ran g e  in  d iam e te rs . In th e  e le c tro sp in n in g  p ro c e ss , a 
p o ly m e r so lu tio n  h e ld  by  its  su rface  ten s io n  at th e  en d  o f  a  c a p illa ry  tu b e  is su b jec ted  
to  an  e le c tr ic  fie ld . C h a rg e  is in d u ced  on  th e  liq u id  su rface  by  an  e le c tr ic  field . 
M u tu a l ch a rg e  re p u ls io n  cau se s  a fo rce  d irec tly  o p p o s ite  to  th e  su rfa c e  ten s io n . A s 
the  in te n s ity  o f  th e  e le c tr ic  fie ld  is in c reased , th e  h e m isp h e ric a l su rfa c e  o f  th e  
so lu tio n  at th e  tip  o f  th e  cap illa ry  tu b e  e lo n g a te s  to  fo rm  a  co n ic a l sh a p e  k n o w n  as 
th e  T a y lo r  co n e . W h en  th e  e lec tr ic  fie ld  re a c h e s  a  c ritic a l v a lu e  at w h ic h  th e  
re p u ls iv e  e le c tr ic  fo rce  o v e rco m es  th e  su rface  te n s io n  fo rce , a  c h a rg e d  je t  o f  th e  
so lu tio n  is e jec ted  fro m  th e  tip  o f  th e  T a y lo r co n e . S in ce  th is  j e t  is c h a rg e d , its 
tra je c to ry  can  be  c o n tro lle d  by  an  e le c tr ic  fie ld . A s  th e  je t  tra v e ls  in  a ir, th e  so lv e n t 
e v ap o ra te s , le a v in g  b e h in d  a  ch a rg ed  p o ly m e r fib e r w h ic h  lay s  i t s e l f  ra n d o m ly  o n  a 
co lle c tin g  m e ta l sc reen . T h u s , co n tin u o u s  fib e rs  a re  la id  to  fo rm  a  n o n -w o v e n  fab ric  
(D o sh i, 1995).

E le c tro sp in n in g  p ro cess  (F ig u re  2 .7 ) h as  b e e n  re c o g n iz e d  as  an  e ff ic ie n t 
m e th o d  fo r th e  fa b r ic a tio n  o f  su b m ic ro n -s iz e d  fib e rs  w ith  a  la rg e  su rfa c e  a re a  to  
v o lu m e  ra tio . It is w e ll-a c ce p te d  in  th e  re se a rch  c o m m u n ity  b e c a u se  o f  its  s im p lic ity , 
a d a p ta b ility , an d  in e x p e n s iv e  to o lin g  costs. D u e  to  in te re s tin g  c h a ra c te r is tic s  o f  th e  
e le c tro sp u n  (e -sp u n ) n o n -w o v e n  fab ric  (su ch  as h ig h  su rfa c e  a re a  to  m a ss  o r  v o lu m e  
ra tio , h ig h  p o ro s ity , e tc .) , e -sp u n  f ib e r  m a ts  a re  e x c e lle n t c a n d id a te s  fo r v a rio u s  
b io m ed ica l a p p lic a tio n s , su ch  as tis su e  e n g in e e r in g  (S till, e t al, 2 0 0 8 ), w o u n d  
d re ss in g  (N o h , et al, 2 0 0 6  and  Z h o u , et al, 2 0 0 8 ), an d  c a rr ie rs  fo r  d e liv e ry  o f  d ru g s  
(C u i, et al, 2 0 0 6 ; T a e p a ib o o n , et al, 2 0 0 7  and  S ik a re e p a isa n , et al, 2 0 0 8 ).
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Figure 2.7 S c h e m a tic  d iag ram  o f  e le c tro sp in n in g  sy stem .
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