
C H A P T T E R II
T H E O R E T IC A L  BACK G RO U N D  AND L IT E R A T U R E  R E V IE W

2.1 E lectrospinning

N a n o te c h n o lo g y  h a s  b e c o m e  an  in te r e s tin g  to p ic  to  s c ie n t is ts  an d  e n g in e e r s  
in  recen t y ea rs  w h e r e  th e y  h a v e  e s ta b lis h e d  resea rch  a rea s in  m a n y  c o u n tr ie s . T h e  
r e d u ctio n  o f  s iz e  to  n a n o -m e te r  ran g e  b r in g  an  array o f  n e w  p o s s ib i l i t ie s  in  term s o f  
m a ter ia ls  p ro p e r tie s , in  p articu la r  w ith  r e sp e c t  to  a c h ie v a b le  su r fa c e  to  v o lu m e  
ra tio s .

T h e  p ro d u c tio n  o f  n a n o -s c a le  d im e n s io n  m a te r ia ls , o n e  o f  s im p le s t  
te c h n iq u e  p o s s ib i l i t ie s  to  rea ch  sm a ll s iz e  is  th e  m e c h a n ic a l e lo n g a t io n  o f  m e lt  
m ateria l an d  p ro d u c tio n  o f  th in  w ir e  or  fib er . T h is  te c h n iq u e  is  e le c tr o sp in n in g ,  
p r o v id e  m a ter ia ls  to  b e  h ig h  p o r o s ity  s p e c if ic  su r fa c e  area , p r o c e s s  fo r  
in tro d u ced  to  fa b r ica te  m ic r o fib e r  or  n a n o fib e r  m at, fro m  p o ly m e r  s o lu t io n .

2 .1 .1  E le c tr o sp in n in g  T h eo ry
E le c tr o sp in n in g  or  e le c tr o s ta t ic  sp in n in g  is  a  s im p le  te c h n iq u e  w h ic h  

u t i l iz e s  h ig h  e le c tr o s ta t ic  fo r c e s  fo r  f ib e r  p ro d u c tio n . E le c tr o sp in n in g  u s e s  h ig h  
v o lta g e  (a b o u t 1 0 -3 0  k V )  to  e le c tr ic a lly  c h a r g e  th e  p o ly m e r  s o lu t io n  fo r  p r o d u c in g  
u ltra -fin e  f ib e r s . T h ere  are b a s ic a lly  th ree  c o m p o n e n ts  in  e le c tr o sp in n in g  se tu p ,  
w h ic h  e s s e n t ia lly  c o n s is t s  o f  a  h ig h  v o lta g e  p o w e r  su p p lier , a  c o n d u c tin g  c a p illa r y  tip ,  
n o r m a lly  a  n e e d le  o f  a  s m a ll in n er  d ia m e te r , and  an  earth ed  c o l le c t io n  sc r e e n . 
In a d d it io n , a  m e te r in g  sy r in g e  p u m p  c a n  b e  u se d  to  c o n tr o l th e  f lo w  rate o f  th e  
p o ly m e r  so lu t io n . T h e  e x p e r im e n ta l s e t  u p  o f  e le c tr o sp in n in g  p r o c e s s  i s  sh o w n  in  
F ig u re  2 .1 .
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F igure  2.1 S c h e m a tic  o f  th e  e le c tr o sp in n in g  se t-u p .

T h e  in f lu e n c e  o f  a  s tro n g  e le c tr o s ta t ic  f ie ld , o c c u r s  w h e n  th e  e le c tr ic  
fo r c e s  at th e  su r fa c e  o f  a  p o ly m e r  so lu t io n  or  m e lt  o v e r c o m e  th e  su r fa c e  te n s io n  
an d  c a u se  an e le c tr ic a lly  ch a r g e d  j e t  to  b e  e je c te d . A  th in  liq u id  j e t  is  o b se r v e d  to  
p ro cu re  fro m  an  e le c tr ic a lly  ch a r g e d  p e n d e n t  d ro p le t. T h e  u s e  o f  e le c tr o s ta t ic  fo r c e s  
a ls o  le a d s  to  e lo n g a t io n  o f  th e  liq u id  je t . T h e  su r fa c e  sh a p e  o f  ch a rg ed  d ro p le t  is  
c a lle d  a  “T a y lo r  c o n e ” an d  je t t in g  w i l l  o c c u r  w h e n  c r it ic a l a n g le  is  r e a c h e d  at th e  
d r o p le t  tip . T h e  ch a rg ed  liq u id  j e t  is  su b m itte d  to  a  sp ir a lin g  m o t io n  w h e n  
a c c e le r a te d  to w a r d s  th e  c o lle c to r . N o n -w o v e n  f ib e r  m a ts  is  c o l le c te d  w h e n  so lv e n t  
e v a p o r a te s  fro m  th e  f ila m e n ts  le a v in g  s o l id  f ib e r s  to  b e  fo r m e d .

2 .1 .2  V a r io u s  P ara m eters
In g en era l, th e  p r o c e s s  o f  e le c tr o sp in n in g  is  c h ie f ly  a f fe c te d  b y  

tw o  p a ra m eters , w h ic h  are
1. System parameter, s u c h  a s  p o ly m e r  m o le c u la r  w e ig h t , m o le c u la r  

w e ig h t  d istr ib u tio n  and  s o lu t io n  p ro p e r tie s  ( e .g . v is c o s it y ,  su r fa c e  te n s io n ,  
c o n d u c tiv ity ) .

2 . Process parameter, su c h  a s  f lo w  rate, e le c tr ic a l p o te n tia l, 
d is ta n c e  b e tw e e n  ca p illa r y  an d  c o l le c to r , m o t io n  o f  c o l le c to r .
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2 .1 .3  A lig n m e n t  F ib ers  an d  F ib er C o lle c t io n  M e th o d s
T h e  f ib ers  ca n  b e  c o l le c te d  o n  s p e c if ic a l ly  d e s ig n e d  c o l le c to r  s y s te m s  

a s to  ob ta in  a lig n e d  fib ers  or  array f ib ers . A l ig n e d  f ib e r s  h a v e  fo u n d  m a n y  
a p p lic a t io n s , su c h  a s  t is su e  e n g in e e r in g , s e n so r s , f ilte r s , e le c tr o n ic  d e v ic e s .  S o m e  
c o m m o n ly  u se d  te c h n iq u e s  to  p ro d u ce  a lig n e d  f ib e r s  are d is c u s s e d  in  th e  su b se c tio n  
b e lo w .

2.1.3.1 Rotating drum collector
T h is  m e th o d  is  c o m m o n ly  u se d  to  c o l le c t  a l ig n e d  fib ers . 

M o r e o v e r , th e  d ia m e te r  o f  th e  f ib er  ca n  b e  c o n tr o lle d  an d  ta ilo r e d  b a se d  o n  th e  
ro ta tio n a l sp e e d  o f  th e  drum  w h ic h  is  n o r m a lly  o v e r  1 0 0 0  rpm . T h e  c y lin d r ic a l drum  
is  ro ta tin g  at h ig h  sp e e d  an d  o r ie n tin g  th e  f ib e r  b o u n d a r ie s  w h e r e  th e  lin e a r  rate o f  
ro ta tin g  drum  sh o u ld  m a tch  th e  e v a p o ra tio n  rate o f  th e  so lv e n t .

2 .1.3.2 Rotating disk collector
T h is  m e th o d  is  a  va ria n t se tu p  o f  th e  ro ta tin g  d ru m  c o l le c to r  

and  is  u se d  to  o b ta in  u n ia x ia lly  a lig n e d  f ib e r s . D is k  c o l le c to r  o v e r  a  d ru m  is  th e  m o st  
o f  f ib ers  are d e p o s ite d  o n  th e  d isk  and  are c o l le c te d  a s  a lig n e d  p a ttern ed  n a n o ­
fib e r s  (Y a n g , F et.al., 2 0 0 5 ) .

2 .1 .4  P o ly m e r  T y p e s
E le c tr o sp u n  m a ter ia ls  are c la s s if ie d  in to  tw o  ty p e s .
1. Natural polymers, su c h  a s  p o ly ( la c t ic  a c id )  (P L A ) , c o l la g e n ,  

p o ly (e -c a p r o la c to n e )  (P C L ), p o ly ( la c t ic - c o - g ly c o l ic  a c id )  (P L G A ), an d  c h it in  or  
c h ito sa n  (P a k ak ron g , ร .,  2 0 0 6 )  h a v e  h ig h  su r fa c e  area  to  v o lu m e  ratio  an d  h ig h  
p o r o s ity  w ith in  th e  f ib er  m at.

In a d d it io n , ch a ra c te r is tic s  o f  f ib e r s  h a v e  e f f e c t  to  a p p lic a t io n s  
for  e x a m p le s :  Y a n g  et al. ( 2 0 0 5 )  produced nam /m icro s c a le  p o ly ( la c t ic  a c id )  
s c a f f o l d  in  b o t h  a l i g n e d  a n d  r a n d o m  fib e r s  fo r  n eu ra l t is s u e  e n g in e e r in g  
and  fo u n d  that b o th  th e  f ib e r  a rra n g em en ts  h a v e  in f lu e n c e  o n  th e  c e l l  b e h a v io r .  
T h e  d ia m eter  a ls o  h a v e  in f lu e n c e  o n  c e l l  g r o w th  p r o life r a tio n  and  d iffe r e n tia t io n . 
J e o n g  et al. ( 2 0 0 5 )  p ro d u ced  e -sp u n  c o l la g e n  ty p e  I an d  fo u n d  th at c o l la g e n  
n a n o fib e r s  sh o w e d  g o o d  te n s i le  stren g th . B a sh u r  et al. ( 2 0 0 6 )  p ro d u c e d  
p o ly ( la c t ic - c o - g ly c o l ic  a c id )  s c a f fo ld  and fo u n d  that a n g u la r  d e v ia t io n s  o f  3 1 - 6 0 °
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w a s  e f f e c t iv e  to  e n g in e e r e d  lig a m e n t t is s u e s  an d  w e r e  p r o m is in g  m a te r ia ls  fo r  th e  
rep a ir  o f  tea rs  an d  ruptures.

2. Synthesis polymers c o n d u c tin g  n a n o fib e r s  su c h  a s  p o ly p y r r o le  
(P P y ) , p lo y a n i lin e (P A N I ) , and  p o ly (3 ,4 -e th y le n e d io x y th io p h e n e )  (P E D O T ) w e r e  
u se d  a s  se n so r s  to  d e te c t  m e ta l io n s  F e 3+ and  H g 2+ (D ile k  K  et. ai,
1 9 9 8 ) .F u rth erm ore, b io se n s e r  d e v ic e s  w e r e  crea ted  b y  in te g r a tin g  an  e n z y m e  in to  
an  e le c tr o d e , an d  h a s  b e e n  m a d e  to  m o n ito r  an d  d ia g n o s in g  m e ta b o lite s  ( e .g . ,  
g lu c o s e ,  h o r m o n e s , n eu ro tra n sm itters , a n t ib o d ie s , a n t ig e n s )  fo r  c lin ic a l p u r p o se s .

2 .2  C o n d u c tiv e  P o ly m e r s

C o n d u c tin g  p o ly m e r s  (C P s )  are a  g ro u p  o f  o r g a n ic  m a te r ia ls  that h a v e  b o th  
e le c tr ic a l an d  o p tic a l p ro p e r tie s  s im ila r  to  m e ta l and  in o r g a n ic  s e m ic o n d u c to r s . 
S tru ctu re  o f  C P s  h a v e  e m e r g e d  a ro m a tic  in  stru ctu re an d  e x h ib it  g o o d  s ta b ilit ie s ,  
g o o d  c o n d u c tiv it ie s , an d  e a s y  to  sy n th e s iz e .

S y n th e s is  o f  c o n d u c tin g  p o ly m e r  c a n  b e  carr ied  o u t in  tw o  m e th o d s  w h ic h  
are c h e m ic a l or e le c tr o c h e m ic a l.

1. Chemical synthesis in c lu d in g  c o n d e n sa t io n  p o ly m e r iz a t io n , is  a  p r o c e ss  
ca rr ied  o u t v ia  s m a ll m o le c u le s  su c h  a s  h y d r o c h lo r ic  a c id  or  w a ter ,F u rtu rem o re  
a d d it io n  p o ly m e r iz a t io n , w h ic h  u se d  to  p r o c e s s  b y  ra d ica l, c a t io n , a n io n  
p o ly m e r iz a tio n .

2. Electrochemical synthesis is  a  c o m m o n  a ltern a tiv e  fo r  m a k in g  C P s , b y  
e le c tr o c h e m ic a l p o ly m e r iz a t io n . It i s  se t-u p  e q u ip m e n ta l b y  u s in g  a  th r e e -e le c tr o d e s  
c o n f ig u r a tio n  (w o r k in g , co u n ter , an d  r e fe r e n c e  e le c tr o d e )  in  m o n o m e r  s o lu t io n  an d  
e le c tr o ly te .

T h e  d if fe r e n c e  b e tw e e n  c h e m ic a l an d  e le c tr o c h e m ic a l s y n th e s is  is  in  th e  f i ­
n a l p ro d u ct. M a ter ia l th at v e r y  th in , su c h  a s  f i lm  w ith  th ic k n e s s  o f  2 0  n m , ca n  b e  
p r o d u c e d  b y  u s in g  e le c tr o c h e m ic a l te c h n iq u e , w h e r e a s  p o w d e r  o r  v e r y  th in  f ilm  
are ty p ic a lly  p r o d u c e d  b y  c h e m ic a l p o ly m e r iz a t io n  (G o m e z  et ai, 2 0 0 7 ) .  E a c h  
m e t h o d  h a s  a d v a n t a g e s  a n d  d isa d v a n ta g e s  w h ic h  are su m m a r iz e d  in  T a b le  2.1
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T a b le  2.1 C o m p a r iso n  o f  c h e m ic a l an d  e le c tr o c h e m ic a l C P s  p o ly m e r iz a tio n

P o ly m e r iz a tio n
a p p ro a ch A d v a n ta g es D isa d v a n ta g e s

C h e m ic a l p o ly m e r iz a tio n • L a rg er -sca le •  C a n n o t m a k e
p r o d u ctio n  p o s s ib le th in  f i lm s

• P o s t -c o v a le n t •  S y n th e s is  m o re
m o d if ic a t io n  o f  b u lk  
C P  p o ss ib le

c o m p lic a te d

• M o r e  o p t io n s  to  
m o d ify  C P  b a ck  b o n e  
c o v a le n t ly

E le c tr o c h e m ic a l • T h in  f ilm  sy n th e s is •  D if f ic u lt  to
p o ly m e r iz a tio n p o s s ib le r e m o v e  f ilm

• E a se  o f  sy n th e s is fro m  e le c tr o d e
• E n trap m en t o f su r fa ce

m o le c u le s  in  C P •  P o s t -c o v a le n t
• D o p in g  is  s im u la n e o u s m o d if ic a t io n  o f  

b u lk  C P  is  
d if f ic u lt

2 .2 .1  C o n d u c tin g  P o ly m e r  U s e d  for  B io m e d ic a l A p p lic a t io n s .
R e se a r c h  o n  C P s  u se d  fo r  b io m e d ic a l a p p lic a t io n  h a v e  e x p a n d e d  in  

m a n y  c o u n tr ie s . S in c e  m a ter ia ls  w e r e  c o m p a tib le  w ith  m a n y  b io lo g ic a l  m o le c u le s .  
P o ly p y r r o le  (P P y )-c o a te d  t e x t ile  fab ric  w a s  u se d  in  b io se n s o r s  b y  s tu d y in g  fo r  g a s  
s e n s in g  c a p a b ilit ie s . C o n d u c tiv ity  c h a n g e s  fo u n d  that in c r e a s in g  th e  c y c le  l i fe t im e  
a ls o  in c r e a se  th e  s w itc h in g  o f  t im e  in  P P y -c o a te d  t e x t ile  f  a b r ic s  c a n  b e  u s in g  for  
r e a c tiv e  g a s  (K in c a l et al., 1 9 9 8 ).

A p a rt fro m  that, C P s  w e r e  a lso  sh o w n  in  v ia  e le c tr ic a l s t im u la t io n , 
to  m o d era te  c e llu la r  a c t iv ity , in c lu d in g  c e l l  a d h e s io n  and  m ig r a tio n . S p e c ia l ly , m a n y  
o f  th e s e  s tu d ie s  in v o lv e  n erv e , b o n e , m u s c le , t is s u e  e n g in e e r in g  fo r  e x a m p le s :

S h i et al. ( 2 0 0 4 )  p ro d u ced  e le c tr ic a lly  c o n d u c tiv e  b io d e g r a d a b le  
c o m p o s ite  m ater ia l o f  p o ly p y r r o le  (P P y )  n a n o p a r tic le s  and  p o ly (d ,l- la c t id e  a c id )  
(P D L L A )  p rep ared  b y  e m u ls io n  p o ly m e r iz a tio n . T h e  r e su lts  s h o w e d  g r o w th  o f  
f ib r o b la sts  c e ll  a tta ch ed  on  th e  n a n o p a tic le s  u n d er  a p p lied  v o lta g e s  o f  1 0 0  m V  in  
d irect current.
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M artin  et a / . ( 2 0 0 7 )  p r o d u c e d  c o n d u c t i n g  p o l y m e r  i s  
p o l y ( 3 ,4 - e t h y l e n e d io x y t h io p h e n e )  (P E D O T ) th a t h a s a b ility  to  in teract w ith  neu ral 
c e l l s  b y  in tro d u ce  p r o c e s s  fo r  p o ly m e r iz in g  P E D O T  arou n d  l iv in g  c e l l s .  P E D O T  
c o a tin g  o n  m ic r o e le c tr o d e s  fo r  h y b r id  conducting p o ly m e r - liv e  n eu ra l c e l l  e le c tr o d e  
fo u n d  th at P E D O T  c a n  m a in ta in in g  80% c e l l  a tta ch m en t.

L e e  et al. ( 2 0 0 9 )  p ro d u c e d  c o n d u c tiv e  m e s h e s  b y  c o a tin g  
p o ly p y r r o le  (P P y )  o n  ran d o m  an d  a lig n e d  e le c tr o sp u n  p o ly ( la c t ic - c o - g ly c o l ic  a c id )  
(P L G A ) n a n o fib e r s , th e  s tu d y  w a s  to  fo rm  e le c tr ic a lly  c o n d u c t iv e  n a n o fib e r  
stru ctu res an d  to  e x a m in e  th e  c o m b in e d  e f fe c t  o f  n a n o fib e r  s tru ctu res an d  e le c tr ic a l  
s tim u la tio n . T h e  resu lt  s h o w s  th at P P y -P L G A  e le c tr o sp u n  m e s h e s  su p p o rt th e  
g r o w th  o f  rat p h e o c h r o m o c y to m a  12 (P C  1 2 ) c e l l s  an d  h ip p o c a m p a l n eu ro n s . 
E le c tr ic a l s t im u la t io n  s tu d ie s  s h o w e d  that P C  1 2  c e l l s  s t im u la te d  w ith  a  p o te n tia l 10  
o f  m V /c m  o n  P P y -P L G A  s c a f fo ld s  e x h ib ite d  4 0 -9 0 %  lo n g e r  n eu r ite  fo rm a tio n , 
w h e r e a s  u n s tim u la te d  c e l l s  o n  th e  sa m e  s c a f fo ld s  e x h ib ite d  n eu rite  fo r m a tio n  
o n ly  4 0 -5 0 %  . In  a d d it io n , stimulation o f  c e l l s  o n  a lig n e d  P P y -P L G A  fib e r s  
resu lted  in  lo n g e r  n eu r ite s  an d  m o r e  n eu r ite -b e a r in g  c e l l s  th a n  s t im u la t io n  on  
ran d o m  P P y -P L G A  f ib e r s , th u s  th e s e  s c a f fo ld s  s h o w  p o te n tia ls  fo r  n eu ra l t is su e  
a p p lic a t io n s

H u a n g  et al. ( 2 0 0 9 )  a p p lie d  e le c tr ic a l s t im u la t io n  th ro u gh  
pofypynofefchitosan f i lm  n o t o n ly  e n h a n c e d  th e  v ia b il ity  o f  S c h w a n n  c e l l s  but 
a ls o  s ig n if ic a n tly  in c r e a se  n e r v e  g r o w th  fa c to r  (N G F ) an d  b r a in -d e r iv e d  n e u ­
ro tro p h ic  fa c to r  ( B D N F )  le v e l  an d  p ro te in  e x p r e s s io n .

O n a d a  et al. ( 2 0 0 9 )  f a b r i c a t e d  P E D O T /P V A , an d  P P y /P V A  
c o m p o s ite  f ilm s  b y  e le c tr o c h e m ic a l p o ly m e r iz a tio n . T h e  r e su lts  s u g g e s te s  that th e  
m a ter ia ls  are a b le  to  d e v e lo p  c e l l  cu tu re  s y s te m  b y  in tr o d u c in g  th e  f ib r o b la s ts  c e l l s  
o n  P P y -a n d  P E D O T -c o a te d  IT O  c o n d u c tiv e  g la s s  p la te s  fo r  7  d a y s  o n  th e  su r fa ce .

P r e v io u s ly , to  r e a liz e  th o s e  e x a m p le s  th ere  are s e v e r a l c o n d u c tin g  
p o ly m e r s  su ita b le  fo r  b io m e d ic a l a p p lic a tio n  su c h  a s  p o ly p y r r o le  (P P y ) , P o ly a n ilin e  
(P A N I ) , an d  p o ly (3 ,4 -e th y le n e d io x y th io p h e n e )  (P E D O T ). E s p e c ia lly  p o ly p y r r o le ,  
d u e  to  it c a n  su p p o rt c e ll  a d h e s io n  and  g r o w th  in  a  n u m b er  o f  d if fe r e n t  c e l l  ty p e s ,  
in c lu d in g  rat p h e o c h r o m o c y to m a  (P C  1 2 ) c e l l s ,  n eu r o n s  an d  su p p o rt c e l l s  ( i .e . ,
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fib r o b la st) . P P y , in  its  s im p le s t  u n m o d if ie d  fo rm , ca n  b e  s y n th e s iz e d  to  h a v e  sm a ll  
m o le c u le  a n io n  a s  a  d o p a n t, a b lit ity  o p t im iz e  in te r a c t io n s  w ith  s p e c if ic  c e l l  ty p e s  and  
o th er  m a te r ia ls  d u e  to  n o n -c o v a le n t  or  c o v a le n t  m o d if ic a t io n  o f  p o ly p y r r o le .

In s e v e r a l s tu d ie s  h a v e  r e v e a l th e  r o le  o f  su r fa c e  to p o g r a p h y  fo r  C P s. F or  
e x a m p le , a d m ic e lla r  p o ly m e r iz a t io n  h a s  b e e n  u se d  to  c o a t  p r e c is e ly  co n tro l  
th ic k n e ss  p o ly p y r r o le . In  fu rth er, re fer  a d m ic e lla r  p o ly m e r iz a t io n  te c h n iq u e  for  
c o a te d  m a ter ia ls .

2 .3  A d m ic e lla r  P o ly m e r iz a tio n

A d m ic e lla r  p o ly m e r iz a t io n  is  an  in situ p o ly m e r iz a t io n  r e a c tio n  b a se d  o n  
u s in g  p h y s ic a lly  a d so r b in g  su rfa cta n t b ila y e r  o n to  th e  su b stra te  su r fa c e  to  a p p ly  a  
th in  p o ly m e r ic  f ilm .

T h ere  are fo u r  s te p s  in  a d m ic e lla r  p o ly m e r iz a tio n :  a d m ic e lle  form a tio n ;  
m o n o m e r  s o lu b iliz a tio n ;  p o ly m e r ic  f i lm  or  in situ p o ly m e r iz a t io n  o f  a d s o lu b iliz e d  
m o n o m e r ; an d  su rfa cta n t r e m o v a l a s  illu stra ted  in  F ig u r e  2 .2

Water + Surfactant Admicelle Formation //V 2///// พ '

Monomer
Adsolubilization

TTTÎÎTT
. . . . . . .  + Monomer ÇV1)
X 7 Z 7 X 7

o . I IPolymer Formation ณ ณ เ  + Initiator
777777777'

T t r a t TSurfactant Removal M i  + Water
7777W '

T T T t m
i u i i u
7 7 7 7 7 7 7 7 7BÜ
777X 7777

i û ü î i
7 7 7 X 7 X 7

Figure 2.2 S c h e m a tic  o f  th e  fo u r  s te p s  o f  a d m ic e lla r  p o ly m e r iz a tio n  te c h n iq u e .
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Step 1: A dm icelle  fo rm a tio n  is  a d so rp tio n  o f  su rfa cta n t fr o m  a q u e o u s  
so lu t io n  to  th e  su r fa ce  is  p rev a len t p h e n o m e n o n . T h e  in itia l fe e d  c o n c e n tr a t io n  o f  
su rfactan t is  g e n e r a lly  c h o s e n  c lo s e  to  o r  e q u a l to  cr it ica l m ic e l le  c o n c e n tr a t io n  
(C M C ) to  a v o id  e m u ls io n  p o ly m e r iz a tio n  in  th e  m ic e l le  an d  m a x im iz e  a d m ic e lle  
fo rm a tio n . T h is  is  th e  c o n cen tra tio n  in  r e g io n  III o f  th e  ty p ic a l a d so r p tio n  iso th e r m  o f  
io n ic  su rfactan t o n  su b strate  (F ig u re  2 .3 ) .  T h e  p o in t  o f  z e r o  c h a r g e  (P Z C ) o f  th e  
su rfactan t in f lu e n c e s  th e  c h o ic e  o f  th e  su rfa cta n t. A t  p H  b e lo w  P Z C , th e  su r fa c e  
b e c o m e s  p o s it iv e  but it b e c o m e s  n e g a tiv e  at p H  a b o v e  P Z C . A d d  sa lt  c a n  r e d u c e  th e  
r e p u ls io n  b e tw e e n  h ea d  gro u p s o f  su rfa cta n t an d  c a u s e s  th e  su rfa cta n t m o le c u le s  to  
c o m e  c lo s e r  to g e th er , h e n c e  a d m ic e lle  fo r m a tio n  is  e n h a n ced .

F ig u re  2 .3  T y p ic a l a d so rp tio n  iso th e r m  o f  io n ic  su rfa cta n t o n  a  su b stra te .

S tep  2: M onom er so lubiliza tion  i s  a d so lu b iliz a t io n  o f  m o n o m e r  o c c u r  
in  th e  b ila y e r  m ic e l le . T h e  m o n o m e r s  w i l l  d if fu s e  fro m  a q u e o u s  s o lu t io n  an d  
s o lu b i l iz e  in  th e  h y d r o p h o b ic  in ter ior  o f  th e  m ic e l le .

Step  3: Polym eric f i lm  or in situ  po lym eriza tion  o f  a dso lub ilized  m onom er  
in  th is  s tep , th e  p o ly m e r iz a tio n  o f  th e  m o n o m e r  ta k e s  p la c e  in  th e  a d m ic e lle . O n c e  
th e  in itia to r  i s  ad d ed , th e  p o ly m e r iz a tio n  is  in it ia le d  in  th e  a d m ic e lle  that a c ts  a s  
tw o -d im e n s io n a l rea c tio n  so lv e n t  fo r  p o ly m e r iz a tio n . T h e  p o ly m e r iz a t io n  m e c h a n ism  
is  s im ila r  to  that o c cu rs  in  th e  c o n v e n tio n  e m u ls io n  p o ly m e r iz a tio n .
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T h e  p o ly m e r ic  f ilm  or  in situ p o ly m e r iz a t io n  o f  a d s o lu b iliz e d  
m o n o m e r  p r o c e s s  is  c o n tr o lle d  b y  se v e r a l p ara m eters  in c lu d in g  th e  c h a r a c te r is tic s  
o f  th e  su b strate  su r fa c e , th e  ty p e  o f  su rfa cta n t an d  m o n o m e r , an d  th e  c o n d it io n s  u se d  
su c h  a s  p H , and  a m o u n t o f  e le c tr o ly te .

S te p  4: surfactant removal is  e x p o s e  o f  th e  f i lm s  b y  w a sh in g  se v e r a l t im e s  
a w a y  e x c e s s  su rfa cta n t an d  r e s id u a l m o n o m e r .

A d m ic e lla r  p o ly m e r iz a t io n  h a s  b e e n  u sed  in n u m e r o u s  s tu d ie d  to  im p r o v e  
th e  in ter fa c ia l a d h e s io n  o f  c o m p o s ite  in  v a r io u s  s y s te m s . F o r  e x a m p le :

Y u a n  et al. ( 1 9 9 8 )  p ro d u c e d  p o ly p y r r o le  (P P y )  c o a t in g  v ia  a d m ic e lla r  
p o ly m e r iz a tio n  in c r e a se  th e  c o n d u c tiv ity  o f  n ic k e l- f i l le d  L D P E  a b o v e  th e  
p e r c o la t io n  th r e sh o ld  b y  a p p r o x im a te ly  th ree  ord ers o f  m a g n itu d e . T h is  in c r e a s in g  
m a y  d u e  to  th e  fo rm a tio n  o f  “m o le c u la r  w ir e s ” crea ted  b y  p o ly p y r r o le  entanglements 
at th e  p a r tic le -p a r tic le  in ter fa ce . T h e se  e n ta n g le m e n ts  p r o b a b ly  d e c r e a se  th e  
p a rtic le -p a r tic le  c o n ta c t  r e s is ta n c e  b y  in c r e a s in g  th e  c o n ta c t  area  o f  th e  f i l le r  p a r t ic le s  
an d  m a y  a ls o  r e d u c e  th e  tu n n e lin g  r e s is ta n c e  b y  d e c r e a s in g  f ilm  th ic k n e ss . T h e  
la r g e -sc a le  stru ctu re o f  P P y -c o a te d  n ic k e l f la k e  are s im ila r . T h e  f la k e  s iz e  is  approxi­
m ated!) p m . T h e  f i lm - lik e  an d  s tra n d -lik e  s tru ctu res o b se r v e d  in  S T M  im a g e  o f  P P y -  
c o a te d  n ic k e l c o n f ir m  th e  e x is te n c e  o f  P P y  o n  th e  n ic k e l f la k e . T h e  m a c h a n ic a l an d  
th erm a l p ro p er tie s  o f  th e  c o m p o s ite  w e r e  n o t  a f fe c te d  b y  th e  a d d it io n  o f  P P y  c o a t in g .  
T h e  te n s i le  m o d u lu s  in c r e a se d  w ith  in c r e a s in g  f il le r  c o n c e n tr a t io n , b u t th e  u lt im a te  
s tr e ss  and  e lo n g a t io n  at b reak  d e c r e a se d  w ith  in c r e a s in g  f i l le r  c o n c e n tr a t io n  o w in g  to  
p o o r  p o ly m e r -f il le r  a d h e s io n .

Y u a n  et al. ( 2 0 0 2 )  p ro d u c e d  p o ly p y r r o le  th in  f i lm s  w e r e  c h e m ic a lly  
sy n th e s iz e d  fro m  an a q u e o u s  so lu t io n  u s in g  a d m ic e lla r  p o ly m e r iz a t io n . M e a su r in g  
f i lm  th ic k n e ss  w h e n  p o ly p y r r o le  w a s  d e p o s ite d  o n  m ic a  an d  g r a p h ite  c o u ld  b e  
d ir e c t ly  m e a su r e d  b y  a to m ic  fo r c e  m ic r o s c o p y  (A F M ) a c r o ss  th e  f i lm  e d g e . T h e  
resu lt  fou n d  th at c h e m ic a lly  d e p o s ite d  f i lm s  o n  m ic a  u s in g  a d m ic e lla r  polymerization 
g a v e  a  f ilm  5 0  n m  th ic k n e ss .

B u n s o m s it  et al. ( 2 0 0 2 )  p ro d u ced  p o ly p y r r o le  c o a t in g  o n  la te x  p a r t ic le s  b y  
u s in g  a d m ic e lla r  p o ly m e r iz a t io n . F or p rep ara tio n  o f  an  e le c tr ic a lly  c o n d u c tiv e  
p o ly m e r  fo u n d  th at th e  natural ru b ber (N R )  la te x  e x h ib ite d  a  p o in t  o f  z e r o  c h a rg e
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(P Z C ) at 3 .9  s o  u sed  so d iu m  d o d e c y l su lfa te  ( S D S )  a s  a n io n ic  su rfa cta n t, w a s  
a d so rb ed  o n to  N R  la tex  p a r tic le s . T h e  resu lt  c h o s e n  w ith  so lu t io n  p H  a d ju sted  to  3 .0 .  
P y rro le  c a u se d  a  d e c r e a s in g  in  su rfactan t a d so rp tio n . S u ita b le  c o n te n ts  o f  S D S  and  
p y r r o le  fo r  a d m ic e lla r  p o ly m e r iz a t io n  w e r e  1 6  an d  10 m M , r e s p e c t iv e ly . The presence 
o f  a  sm a ll a m o u n t o f  sa lt, so d iu m  c h lo r id e , su b sta n tia lly  im p r o v e d  th e  su rfactan t  
a d so rp tio n  an d  p y rro le  a d so lu b iliz a t io n . A  P P y -c o a te d  N R  la te x  p rep ared  in  th e  
a b s e n c e  o f  su rfa cta n t e x h ib ite d  s lig h t ly  h ig h e r  c o n d u c tiv ity  than  a  P P y -c o a te d  la te x  
p rep ared  w ith  su rfa cta n t w ith  or w ith o u t  sa lt.

L e k p itta y a  et al. ( 2 0 0 3 )  p rep ared  c o n d u c tiv e  p o ly m e r -c o a te d  fa b r ic s  b y  
a d m ic e lla r  p o ly m e r iz a tio n . B y  th is  m e th o d , a  th in  la y er  o f  c o n d u c tiv e  p o ly m e r s , 
n a m e ly , p o ly p y r r o le , p o ly (N -m r th y lp y r r o le ) , p o ly a n ilin e , and  p o ly th io p h e n e  w e r e  
fo r m e d  on  c o tto n  and  p o ly e s te r  fa b r ic s  v ia  a  su rfactan t te m p la te . T h e  e f fe c t s  o f  
m o n o m e r  c o n c e n tr a t io n , o x id a n t  to  m o n o m e r  ratio  an d  a d d it io n  o f  sa lt  o n  th e  
r e s is t iv ity  o f  th e  r e su lt in g  fa b r ic s  w e r e  s tu d ied . T h e  resu lts  sh o w e d  that th e  ap p arent  
su r fa c e  an d  v o lu m e  r e s is t iv ity  d e c r e a se d  w ith  in c r e a s in g  in  m o n o m e r  c o n c e n tr a tio n  
in  th e  ran g e  5 -1 5  m M . T h ere  w a s  n o t  m u c h  c h a n g e  in  r e s is t iv ity  w h e n  o x id a n t  to  
m o n o m e r  ratio  w a s  ch a n g e d  fro m  1:1 to  2 :1 . A d d it io n  o f  0 .5  sa lt  w a s  fo u n d  to  red u ce  
th e  r e s is t iv ity  s ig n if ic a n tly . T h e  lo w e s t  r e s is t iv ity  o b ta in e d  w ith  p o ly p y r r o le  c o a te d  
fa b r ic  h a v in g  r e s is t iv ity  arou n d  1 0 6 o h m . S E M  m icro g ra p h s  o f  th e  trea ted  fab ric  
su r fa c e  s h o w e d  f ilm - lik e  p o ly m e r  c o a t in g  c o n fir m e d  that th e  fa b r ic s  w e r e  
s u c c e s s fu l ly  c o a te d  b y  a d m ic e lla r  p o ly m e r iz a tio n .

R u n g r u a n g  et al. ( 2 0 0 5 )  p ro d u ced  p o ly p r o p y le n e  c o a te d  o n  th e  su rfa ce  
c a lc iu m  ca rb o n a te  (C aC C E ) w a s  s u c c e s s fu l b y  u s in g  a d m ic e lla r  p o ly m e r iz a t io n . In  
th is  te c h n iq u e  u se d  p r o p y le n e  g a s  a s  m o n o m e r  fo r  a d s lu b liz e d  in  so d iu m  d o d e c y l  
s u lfa te  b ila y e r s  a d so rb ed  o n  th e  su r fa ce  o f  CaCC >3 p a r tic le s  u s in g  so d iu m  
p e r su lfa te  fo r  in รนน p o ly m e r iz a t io n  a s  th e  th erm al in itia to r . S tu d y in g  in  n o n -  
iso th erm a l c r y s ta lliz a tio n  o c c u r s  that in co rp o ra tio n  o f  C aC C >3 p a r t ic le s  o f  v a r io u s  
su r fa c e  ch a ra c te r is tic  sh if te d  th e  c r y s ta lliz a tio n  p ea k  to w a rd  at h ig h  tem p era tu re . 
I n v e s t ig a tin g  at tw o  ty p e s  o f  c  r y s ta lliz a tio n  e x o th e r m  w a s  e x h ib ite d  at th e  
s in g le -p e a k  an d  d o u b le -p e a k  ty p e s  fo u n d  that th e  d o u b le -p e a k  ty p e  f i l le d  iso ta c tic  
p o ly p r o p y le n e  ( iP P )  o n ly  3 0  w t  % o f  un treated  C aCC >3 p a r tic le s , w a s  e f fe c te d  to  
se lf -n u c le a t io n  o f  iP P  c r y s ta l lite s  en tra p p ed  a lo n g  th e  ro u g h  su r fa ce  o f  u n trea ted
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C aCC >3 p a tr tic le s . S u r fa c e  trea tm en t o f  C a C 0 3  p a r t ic le s  b y  ste r ic  a c id  c o a te d  or  
a d m ic e lle -tr e a te d  fo u n d  that e f fe c t  to  red u c e d  a b ility  o f  n u c lé a t io n  p a r tic le s . 
T h e  m e c h a n ic a l p r o p e r tie s  c o a te d  iP P  o n  C a C 0 3  p a tr tic le s  w a s  in v e s t ig a te d . In ­
co rp o ra tio n  o f  s ter ic  a c id  c o a te d  o r  a d m ic e lle  trea ted  CaCC >3 p a tr tic le s  d e c r e a se  in  
th e  y ie ld  s tre ss .

R e n  et al. ( 2 0 0 8 )  s y n th e s iz e d  3 - (4 '-v in y lb e n z y l) -5 ,5 d im e th y lh y d a n t io n  
(V B D M H ) a s m o n o m e r  u se d  to  c o a t  c o tto n  f ib e r s  b y  v ia  a d m ic e lla r  p o ly m e r iz a tio n . 
T h e  a d m ic e lla r  p o ly m e r iz a t io n  o f  th e  m o n o m e r  o n  c o tto n  w a s  p e r fo rm ed  u s in g  
c e ty l tr im eth y l a m m o n iu m  b r o m id e  (C T A B )  s o lu t io n  a s  c a t io n ic  su rfa cta n t and  
u s in g  p o ta ss iu m  p e r su lfa te  (P P S )  a s  in itia to r . T h e  c o a te d  th in -f ilm  o n  c o tto n  
w a s  ch a ra c ter ized  b y  F T IR  an d  S E M . T h e  r e su lt  s h o w e d  a fter  c h lo r in a t io n  w ith  
d ilu te  so d iu m  h y p o c h lo r ite , th e  p o ly m e r ic  c o a te d  c o tto n  in a c tiv e d  in  b o th  ร. aureus 
an d  E.coli 0 1 5 7 : H 7  in  r e la t iv e ly  sh ort c o n ta c t  t im e s . T h e  th in -f ilm  c o a t in g s  w e r e  
v e r y  s ta b le , an d  m o s t  o f  th e  c h lo r in e  w h ic h  lo s t  a fter  w a s h in g  c o u ld  b e  reg e n e r a te d , 
u p o n  rech lo r in a tio n  w e r e  v e r y  g o o d  a s  e v id e n c e d  b y  stan dard  w a s h in g  test .

T r a g o o n w ic h ia n  et al. ( 2 0 0 8 )  m o d if ie d  su r fa c e  a  c o tto n  fa b r ic  b y  a d m ic e l­
lar p o ly m e r iz a t io n  fo r  u se d  to  U ltr a v io le t  p r o te c tio n  p rop erty . A  U V -a b s o r b in g  a g en t,
2 ,4 -d ih y d r o x y b e n z o p h e n o n e , w a s  c o v a le n t ly  b o n d e d  to  m o n o m e r , a c r y lo y l c h lo r id e ,  
an d  th e  p ro d u ct, 2 -h y d r o x y -4 -a c r y lo y lo x y b e n z o p h e n o n e (H A B ) ,w a s  p o ly m e r iz e d  o n  
th e  c o tto n  su r fa ce  u s in g  so d iu m  d o d e c y lb e n z e n e  s u lfa te  a s  th e  su rfa cta n t. S u rfa cta n t  
b ila y e r  a d so rb ed  o n  th e  f ib e r  su r fa c e  w a s  u se d  a s  th e  r e a c tio n  s ite  for  th e  fo r m a tio n  
o f  p o ly m e r  f ilm . S u r fa c e  c h a r a c ter iza tio n  s tu d ie s  c o n fir m e d  th e  e x is te n c e  o f  th e  p o ly  
(H A B )  th in  f i lm  o n  th e  f ib er  su r fa c e  w h ic h  s ig n if ic a n t ly  red u c e d  u ltr a v io le t  
tr a n sm iss io n  th ro u g h  th e  fab ric . U ltr a v io le t  P r o te c tio n  F a c to r  ( บ P F )  o f  th e  c o tto n  
fab ric  w a s  g r e a tly  im p r o v e d  fro m  a  v a lu e  o f  4  p la in  fab ric  to  g rea ter  th a n  4 0  a fter  
trea tm en t w ith  H A B  at c o n c e n tr a t io n s  grea ter  th a n  12 m M  u s in g  th e  a d m ic e lla r  
p o ly m e r iz a tio n  te c h n iq u e .

B arraza  et al. ( 2 0 0 8 )  p ro d u c e d  e le c tr ic a lly  c o n d u c tin g  p o ly p y r r o le  (P P y )  
n an o  f i lm s  w e r e  d e p o s ite d  o n  in su la tin g  m ic a  p la te s  b y  a d m ic e lla r  p o ly m e r iz a tio n . 
H ig h er  c o n d u c ta n c e s  w e r e  fo u n d  in  P P y  th in  f i lm s  m a d e  b y  u s in g  th e  tw o - l in e  p rob e  
m e th o d  b y  d ra w in g  tw o  l in e s  o f  s i lv e r  g lu e  8 m m  apart o n  th e  sa m p le  su r fa c e . T h e  
cu rrent v o lta g e  c u r v e s  o f  b are m ic a  su r fa ce  y ie ld e d  a  la tera l c o n d u c ta n c e  o f  6 .0x 10Tb  ร .
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In c o m p a r iso n , P P y  th in  f i lm s  m a d e  u s in g  s o d iu m  d o d e c y l s u lfa te  ( S D S )  an d  c e ty l  
tr im eth y l a m m o n iu m  b r o m id e  (C T A B )  a s  su rfa cta n t te m p la te d  s h o w e d  
c o n d u c ta n c e  o f  1 .2  x lO '11 ร  and  7 .7 x l ( P 12 ร  r e s p e c t iv e ly . B a se d  o n  th e  a v e r a g e  f ilm  
th ic k n e s s , th e  lo w e r -b o u n d  c o n d u c t iv it ie s  o f  P P y -S D S -m ic a  an d  P P y -C T A B -m ic a  
w e r e  e s tim a te d  a s  4 .0 x 1  O'3 s / c m  an d  2 .6 x 1 0 ‘3 s / c m  r e sp e c t iv e ly .

S a n g th o n g  et a l. (2009) c o a te d  S isa l f ib e r  w ith  a p o ly (m e th y l m e th a c r y la te )  
f i lm  fo r  e n h a n c e  th e  in ter fa c ia l a d h e s io n  o f  th e  f ib e r /p o ly m e r  c o m p o s ite  for  
m e c h a n ic a l p rop erty  im p r o v e d  b y  a d m ic e lla r  p o ly m e r iz a tio n . P M M A  f ilm  c o a t in g  
o n  s is a l f ib er  su r fa ce  le a d e d  to  im p r o v e  m e c h a n ic a l p ro p e r tie s  o f  th e  s isa l 
f ib er /u n sa tu ra ted  p o ly e s te r  c o m p o s ite  d u e  to  th e  im p r o v e m e n t o f  th e  in ter fa c ia l  
a d h e s io n  o f  th e  c o m p o s ite . T h e  c o m p o s ite  w ith  th e  b e s t  m e c h a n ic a l p ro p e r tie s  ca n  b e  
o b ta in e d  b y  u s in g  3 0  v o l%  fib er  lo a d in g  w ith  f ib e r  le n g th  o f  3 0  m m  an d  an  M M A  
c o n c e n tr a tio n  o f  0 .0 7 5 %  v /v .

T r a g o o n w ic h ia n  et al. ( 2 0 0 9 )  p r o d u c e d  b ifu n c t io n a l c o tto n  fa b r ic  b y  
u s in g  d o u b le  c o a t in g  v ia  rep eat a d m ic e lla r  p o ly m e r iz a t io n . D o d e c y lb e n z e n e s u l-  
fo n ic  a c id  s o d iu m  sa lt  ( D B S A )  u s e d  a s  th e  s u r f a c t a n t .  H A B  w a s  c o a te d  o n  a  
c o tto n  fab ric  in  ord er  to  im p r o v e  its  u ltr a v io le t  p r o te c tio n  and  th e n  m e th a c r y lo x y m e -  
th y l-tr im e th y ls ila n e  ( M S i)  w a s  c o a te d  to  crea te  a  w a te r -r e p e lle n t  su r fa c e . T h e  resu lt  
s h o w e d  a d so rb tio n  o f  D B S A  o n  th e  H A B -c o a te d  su b stra te  w a s  fo u n d  to  b e  le s s  than  
o n  th e  u n treated  su r fa c e . H e n c e , th e  d o u b ly  c o a te d  fa b r ic  p r o v id e d  an  e x c e l le n t  u v  
p r o te c tio n  w ith  a  U P F  v a lu e  o f  aro u n d  4 0  an d  v e r y  g o o d  w a te r  r e p e lle n c y  w ith  th e  
m a x im u m  c o n ta c t  a n g le  1 1 5 .4 °  th e  o p tim u m  a m o u n t o f  m o n o m e r s  w a s  fo u n d  to  b e
1.5 m M  H A B  and  5 m M  M S i.

T h e  a d m ic e lla r  p o ly m e r iz a t io n  m e th o d  o f fe r s  se v e r a l a d v a n ta g e s  m o r e  th an  
th e  o th er  m e th o d s  fo r  su r fa ce  c o a t in g . T h is  p r o c e s s  is  s im p le  w ith  m in im a l c h e m ic a l  
u sa g e  a s  th e  c o a te d  f ilm  is  u ltra th in , in  n a n o -s c a le  an d  a ls o  n o  n e e d  fo r  o r g a n ic  
so lv e n t .
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2 .4  N erv e  R eg e n e r a tio n

N e r v e  r e g e n era tio n  is  c o m p le x  b io lo g ic a l  p h e n o m e n o n . T h e  n e r v o u s  s y s te m  
is  d if f ic u lt  r e c o v e r y  w h e n  co m p a r e  w ith  th e  o th er  part o f  b o d y  b e c a u s e  th e  n atu re  o f  
n eu ron  d o  n o t g r o w th  u n d er g o  c e l l  d iv is io n . H e n c e , to  e n h a n c e  e f f ic ie n c y  n eu ro n  
reg e n era tio n , ap p rop ria te  fo c u se d  o n  d e s ig n in g  n erv e  g u id a n c e  c h a n n e ls . F or  
d e v e lo p in g  n erv e  t is s u e  e n g in e e r in g  h a v e  c o m p o n e n ts  to  c o n s id e r a t io n  are  
in c lu d in g  sc a ffo ld  fo r  e x tra ce llu la r  m atr ix , p r o life r a tio n , su p p o r tin g  c e l l s ,  and  
g r o w th  fa cto rs .

2 .4 .1  P h y s io lo g y  o f  N e r v e  S y s te m
T h e  n e r v o u s  sy s te m  c o n s is t s  o f  t w o  parts, p er ip h era l n e r v o u s  s y s te m  

(P N S )  an d  cen tra l n e r v o u s  sy s te m  (C N S ) . T h at tw o  p arts are d if fe r e n t  in  th e ir  
p h y s io lo g y  and fu n c t io n . T h e  cen tra l n e r v o u s  s y s te m  ( C N S )  in c lu d e s  th e  b rain  and  
sp in a l co r d  that c o n s is t s  o f  a v a s t  n u m b er  o f  n eu ro n , a s tr o g lia , m ic r o g l ia  and  
o lig o d e n d r o c y te s  th at a c t to  c o o r d in a te , r e c o g n iz e , in it ia te , p ro p a g a te  a n d  p r o c e s s  
s ig n a ls  fro m  e x tern a l and in tern al s tim u li w h e r e a s  th e  p er ip h era l n e r v o u s  
s y s te m (P N S )  c o n ta in s  o n ly  g a n g lia , m o to r  n e u r o n s , s e n so r y  n e r v e  an d  th e  b u n d le s  o f  
n eu ron  fo r  c o n n e c t in g  th e  C N S  to  o th er  parts o f  th e  b o d y .

A  p erip h era l n erv e  c o n s is t s  o f  m o to r  and  se n so r y  a x o n s  b u n d led  
to g e th e r  b y  su p p ort t is su e  in to  an a n a to m ic a lly  d e fin e d  trunk. A  p erip h era l n eu ro n  
c o n s is t s  o f  a  c e ll  b o d y  and  a lo n g  p r o c e s s , or  a x o n , w h ic h  m a y  rea ch  o n e  m e te r  in  
len g th . (F ig u r e  2 .4 )  S h ort se g m e n ts  o f  th e  a x o n  are w ra p p ed  w ith  an  in su la tin g  
m y e lin  sh ea th  fo r m e d  b y  S c h w a n n  c e l l s ,  w h ic h  a ls o  se r v e  s e v e r a l im p o rta n t r o le s  in  
th e  a x o n -r e g e n e r a tio n  p r o c e ss . A x o n s  are g r o u p e d  to g e th e r  in to  fa s c ic le s ,  s e v e r a l o f  
w h ic h  are e n c lo s e d  in  th e  ep in eu r iu m  to  fo rm  a  p er ip h era l n erv e .

F or  C N S , b o th  th e sp in a l cord  an d  th e  brain  c o n s is t  o f  w h ite  m atter  
and  gray  m atter. W h ite  m atter  is  b u n d le s  o f  a x o n s , e a c h  c o a te d  w ith  a  sh e a th  o f  
m y e lin . G ray m atter  is  m a sse s  o f  th e  c e ll  b o d ie s  and  d en d r ite s , e a c h  c o v e r e d  w ith  
sy n a p se s . In th e  sp in a l co rd , the w h ite  m atter  is  at th e  su r fa c e , th e  gray  m atter
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F ig u re  2 .4  P erip h era l m o to r  n eu ron  (a )  th e  c e l l  b o d y  (b )  a c r o s s  s e c t io n  o f  th e  
n eu ron .

2 .4 .2  N e r v e  G raft in  A d v a n c e  F a b r ica tio n  T e c h n iq u e
In a m o n g  to  a c c u r a te ly  m im ic  natural rep air in  th e  b o d y , v a r io u s  

fa b r ica tio n  te c h n iq u e s  h a v e  b e e n  u se d  to  c r ea te  th r e e -d im e n s io n a l c h a n n e ls  o r  f ib er  
structure. T h e  fa b r ica ted  p ro p er tie s  m o r p h o lo g y  o f  n e r v e  g u id a n c e  c h a n n e l h a v e  
sh o w n  in  F ig u re  2 .5  a  b io d e g r a d a b le  an d  p o ro u s  c h a n n e l w a ll ,  th e  a b ility  to  d e liv e r  
b io a c t iv e  fa c to r s , th e  in co rp o ra tio n  o f  su p p o rt c e ll  m ig r a tio n , in tra lu m in a l 
c h a n n e ls  are  in c lu d e d  to  m im ic  th e  stru ctu re o f  n erv e  f a s c ic le s ,  a n d  e le c tr ic a l a c t iv i­
t ie s  (H u d so n  et al, 1 9 9 8 ) .

B i o d e g r a d a b i l i t y . '
P o t  osâ t  > N  f ̂ I n c o r p o r a t i o n  o f  

S u p p o r t  C e l l s

c p
A c l i v  i t y

^  1 ^
I n t r a l u m i n a l

C h a n n e l s

O n e m e d  N e rv e
S u bs t r a t u m

F ig u re  2 .5  P ro p er tie s  o f  th e  id ea l n e r v e  co n d u its .
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A n o t h e r  p r o p e r ty  w h i c h  i s  im p o r ta n t  fo r  n e r v e  g u id a n c e  c h a n n e ls  i s  th e  

a l ig n m e n t  o f  p o ly m e r  f ib e r ,  f o r  e x a m p le :  P o ly m e r  b le n d  o f  p o l y ( e - c a r p r o la c t o n e ) /  

g e la t in  a l ig n m e n t  n a n o f ib e r  w a s  e x h ib i t e d  t o  e n h a n c e  th e  n e r v e  s t e m  ( C l 7 .2 )  c e l l s  

a n d  p r o l i f e r a t io n  a r e  n e u r i t e  o u t g r o w t h  o n  a l ig n e d  n a n o f ib r o u s  s c a f f o l d  i s  p a r a l le l  t o  

th e  d ir e c t io n  o f  f ib e r s  ( R a m a k r is m a  et a l ,  2 0 0 8 ) .  Y a n g  et al. ( 2 0 0 5 )  s t u d y in g  in  th e  

efficiency o f  a l ig n e d  p o l y  ( L - la c t i c  a c id )  ( P L L A )  n a n o  a n d  m ic r o  f ib r o u s  s c a f f o l d  b y  

u s i n g  e l e c t r o s p in n in g  t e c h n iq u e ,  T h e  r e s u l t s  o f  c e l l  c u ltu r e  a f t e r  1 d a y  s h o w e d  

th a t  t h e  d ir e c t io n  o f  n e r v e  s t e m  c e l l s  e l o n g a t i o n  a n d  i t s  n e u r i t e  o u t g r o w t h  w e r e  

p a r a l le l  to  t h e  d ir e c t io n  o f  P L L A  f ib e r s  f o r  a l ig n m e n t  n a n o /m ic r o  s c a f f o ld .
2 .4 .3  S u p p o r t  C e l l s

S c h w a n n  c e l l s  p r o d u c e  m a n y  t y p e s  o f  n e u r o tr o p ic  f a c t o r s .  T h e  f a c t o r s  

e f f e c t  t o  n e r v e  r e g e n e r a t io n  . F o u r  c o m p o n e n t  o f  n e u r o tr o p h in  f a m i ly  a r e  r e le v a n t  in  

m a m m a l ia n  n e r v o u s  s y s t e m ;  N G F ,B D N F ,  n e u r o tr o p h in -3  ( N T - 3 ) ,  a n d  n e u r o tr o p h in  

4 /5  ( N T - 4 / 5 ) .
2 . 4 .4  E x t r a c e l lu la r  M a tr ix

E x t r a c e l lu la r  m a tr ix  m o l e c u l e s  s u c h  a s  la m in in ,  f ib r o n e c t in ,  a n d  s o m e  

o f  collagen, p r o m o t e  a x o n a l  e x t e n s io n ,  a r e  e x c e l l e n t  fo r  in c o r p o r a t io n  in t o  t h e  lu m e n  o f  

g u id a n c e  c h a n n e ls .  T h e  n e r v e  g r a f t s  c a n  p la c e  in t o  m o le c u l e s  b y  p h y s ic a l  c o a t in g ,  
p la s m a  tr e a t in g ,  a n d  c h e m ic a l  b o n d in g  t h r o u g h  a d h e s io n  m e d ia to r s .
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