
CHAPTER m  
M ETHODOLOGY

T h is  w o r k  c o u l d  b e  d i v id e d  in t o  t w o  p a r ts . T h e  f ir s t  w a s  t o  i n v e s t ig a t e  th e  

e f f e c t  o f  p r o c e s s i n g  p a r a m e t e r s  o f  s y n t h e s i s  i n c lu d in g  s u r f a c ta n t  c o n c e n t r a t io n  fo r  

a d s o r p t io n  i s o t h e r m  a n d  p y r r o le  m o n o m e r  c o n c e n t r a t io n .  T h e  o p t im a l  c o n d i t io n  fo r  

a c h i e v i n g  u n i f o r m  s h a p e  a n d  f ib e r  s i z e  w a s  c h o s e n  t o  fu r th e r  i n v e s t i g a t i o n  f o r  in  

v it r o  n e r v e  r e g e n e r a t io n .

3.1 Procedure Method

3 .1 .1  E le c t r o s p in n in g  o f  A l ig n e d  a n d  R a n d o m  S c a f f o ld
3.1.1.1 M ateria ls used in the F abrication  o f  the F ibrous Scaffo lds

•  P o ly ( l a c t i c  a c id ) ,  o r  ( P L A )  M n ~ 2 0 0 ,0 0 0  g m o l ' 1

•  C h o lo f o r m  ( L a b - S c a n  ( A s i a ) ,  T h a i la n d )
3 .L I . 2 E lectrospinning  Setup

T h e  p o ly m e r  s o lu t io n  w i t h  c o n c e n t r a t io n  o f  1 0 %  w / v  w a s  

p r e p a r e d  b y  d i s s o l v i n g  P L A  in  c h lo r o f o r m  a n d  s t ir r e d  f o r  4  h r s . a t  r o o m  te m p e r a tu r e .  
T h e  s o lu t io n  w a s  e l e c t r o s p u n  f r o m  a  g la s s  s y r in g e  w i t h  2 0 - g a u g e  s t a in l e s s  s t e e l  

n e e d l e .  A  G a m m a  H ig h  V o l t a g e  R e s e a r c h  D E S 3 0 P N / M 6 9 2  p o w e r  s u p p ly  w a s  u s e d  

t o  g e n e r a t e  a  f i x e d  d ir e c t  c u r r e n t  p o t e n t ia l  o f  1 5  k v .  A f t e r  th a t  i t  w a s  a p p l i e d  t o  t h e  

t ip  o f  th e  n e e d l e  a t ta c h e d  t o  t h e  s y r in g e  a n d  f l u i d  j e t  i s  e j e c t e d .  A  r o t a t in g  d r u m  

w i d t h  a n d  O D  o f  t h e  d r u m  ~  1 5  c m ;  r o ta t io n a l  s p e e d  =  1 2 0 0  a n d  6 0 0  r p m  w a s  u s e d  

t o  c o l l e c t  b o th  a l ig n e d  a n d  r a n d o m  f ib e r s  a s  a  c o l le c t o r .  T h e  d i s t a n c e  b e t w e e n  th e  

n e e d l e  a n d  c o l l e c t o r  w a s  1 5  c m .
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3 .1 .2  P o ly p y n r o le  C o a t in g  b y  A d m i c e l l a r  P o ly m e r iz a t io n
3.1.2.1 M ateria ls u sed  in C oating the F abrication

•  P y r r o le ,  o r  P y  ( r e a g e n t  g r a d e s ,  9 8  %  p u r ity )

•  D o d e c y l b e n z e n e s u l f o n i c  a c id ,  s o d i u m  s a l t  o r  D B S A
•  I r o n (I I I )  c h lo r id e  o r  F e C l3 ( r e a g e n t  g r a d e s ,  9 7  %  p u r ity )

A l l  c h e m ic a l  a n d  r e a g e n t s  w e r e  p u r c h a s e d  f r o m  S ig m a  A ld r ic h
c h e m ic a l  C o .  R e a g e n t  g r a d e  p y r r o le  w a s  p u r i f ie d  b y  d i s t i l l a t io n  f o r  4  h r s . a n d  s to r e d  

in  a  r e fr ig e r a to r  a t  a b o u t  4°c b e f o r e  u s i n g  (I . C u c c h i  et a l ,  2 0 0 9 ) .  I r o n (I I I )  c h lo r id e  

w a s  u s e d  w i t h o u t  p u r i f ic a t io n .
3.1.2 .2  D eterm ination  o f  Surfactant A dsorption  Isotherm

T h e  a d s o r p t io n  o f  DBSA o n  a l ig n m e n t  f ib e r s  w e r e  o b t a in e d  

b y  e x p o s i n g  0.05 g  p i e c e  o f  a l ig n m e n t  f ib e r  t o  25 m l o f  DBSA s o lu t i o n  w i t h  k n o w n  

in i t ia l  c o n c e n t r a t io n  o f  p H  =  4. T h e  m ix t u r e  w a s  e q u i l ib r a t e d  a t  30 ๐c f o r  15 h o u r s  in  

32 m l  v ia l .  T h e  a m o u n t s  o f  DBSA in  s u p e r n a ta n t  w e r e  m e a s u r e d  b y  u v  
s p e c t r o m e t e r  a t a  w a v e le n g t h  o f  224 n m . T h e  in i t ia l  DBSA c o n c e n t r a t io n s  in  t h is  

e x p e r im e n t  w e r e  v a r ie d  fr o m  10-6,000 p M  w h i c h  c o v e r e d  t h e  r e g io n  b e l o w  a n d  

a b o v e  th e  c r i t ic a l  m i c e l l e  c o n c e n t r a t io n  (CMC) o f  DBSA. A p l o t  o f  e q u i l ib r iu m  

s u p e r n a ta n t  c o n c e n t r a t io n  v e r s u s  t h e  a m o u n t  o f  a d s o r b e d  s u r f a c ta n t  y i e l d e d  i s  

a c q u ir e d ,  w h i c h  i s  k n o w n  a s  t h e  s u r f a c ta n t  a d s o r p t io n  is o th e r m .
3.1.2.3 Varies P yrro le M onom er fo r  C oa ting  by A dm icellar

P olym eriza tion
T h e  a d m ic e l la r  p o l y m e r i z a t i o n  o f  p y r r o le  m o n o m e r  o n  P L A  

f ib e r s  w e r e  c a r r ie d  o u t  u s i n g  0 .8  m M  ( b e l o w  C M C )  a q u e o u s  D B S A  s o lu t i o n  a t p H  

4  ( a d j u s t e d  b y  u s i n g  H C 1 ) a s  s u r f a c ta n t  w i t h  p y r r o le  m o n o m e r  c o n c e n t r a t io n s .  
D B S A : P y  m o n o m e r  m o la r  r a t io  w e r e  v a r ie d  in  t h e  r a n g e  o f  1 :2 ,  1 :4 , 1 :6 ,  1 :8 ,  1 :1 0  

a n d  1 : 1 2  r e s p e c t i v e ly .  F e r r ic  c h lo r id e  ะ o x id a n t  r a t io  w a s  f i x e d  a t r a t io  1 :1 . T h e  2 5  

c m 2 s q u a r e  e le c t r o s p u n  f ib e r s  w e r e  p l a c e d  in  t h e  t e s t  t u b e  c o n t a i n in g  b o th  s u r f a c ta n t  

a n d  m o n o m e r  s o lu t io n .  T h e n  t h e  t e s t  t u b e  w i l l  b e  p la c e d  in  t h e  s h a k in g  b a th  a t 3 0  ๐c  

f o r  1 5  h o u r s  t o  a l l o w  a d m ic e l la r  f o r m a t io n  a n d  m o n o m e r  a d s o l u b i l i z a t io n  in t o  th e  

a d m i c e l l e .  T o ta l  v o lu m e  o f  th e  s o lu t i o n  w a s  1 0 0  m L . T h e  o x id a n t  w a s  a d d e d  in t o  th e  

t e s t  t u b e  a n d  p la c e d  in  t h e  s h a k in g  b a th  a t 3 0  ๐c  f o r  4  h r s  f o r  p o l y m e r i z a t i o n  t o  ta k e
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p la c e  ( L e k p it t a y a  et a l ,  2 0 0 3 ) .  T h e  P P y - c o a t e d  P L A  f ib e r s  w e r e  t h e n  r e m o v e d  f r o m  

t h e  t e s t  tu b e  a n d  w a s h e d  3  t i m e s  b y  d i s t i l l e d  w a te r ,  t o  r e m o v e  t h e  u p p e r  l a y e r  o f  

D B S A  a n d  l e a v e  th e  p o ly m e r  e x p o s e d .  F in a l ly  t h e  P P y - c o a t e d  P L A  f ib e r s  w e r e  

p la c e d  in  r o o m  te m p e r a tu r e  o v e r n ig h t  t o  e v a p o r a t e  t h e  r e m a in in g  w a t e r  o n  th e  

s u r f a c e  a s  w e l l  a s  a n y  n o n - p o ly m e r iz e d  m o n o m e r .
3.1.2.4 Im m obilization  o f  B ioactive M olecules on  P P y-coa ted

A lig ened  PLA F ibers
S u b s e q u e n t ly  P P y - c o a t e d  a l ig n e d  P L A  f ib e r s  a t  r a t io  1 :8 ,  t h e  

P P y - c o a t e d  a l ig n e d  P L A  f ib e r s  w e r e  im m e r s e d  in  ( N - m o r p h o l in o )  e t h a n e s u l f o n ic  

a c id  ( M E S )  b u f f e r e d  s o lu t io n  ( 0 .1 0  M , p H  5 .0 )  c o n t a in e d  o f  5  m g /m L  o f  l - e t h y l - 3 -  

( 3 - d im e t h y la m in o p r o p y l )  c a r b o d i im id e  h y d r o c h lo r id e  ( E D C )  a n d  5  m g /m L  o f  

N - h y d r o x y s u c c i n i m id e  ( N H S )  f o r  1 h  a t  3 7  °c. T h e  P P y - c o a t e d  a l ig n e d  P L A  f ib e r s  

w e r e  th e n  r in s e d  w i t h  M E S  b u f fe r  a n d  im m e r s e d  in  la m in in  s o lu t i o n  (1  p g / m L )  fo r  

4 8  h  a t 4  ๐c .  T h e  b i o a c t i v e  m o le c u l e s  w e r e  i m m o b i l i z e d  t h r o u g h  a  c o n d e n s a t io n  

r e a c t io n  b e t w e e n  t h e  a m in o  o r  e s t e r  c a r b o n y l  g r o u p  o n  t h e  f ib r o u s  s u r f a c e  a n d  

f u n c t io n a l  g r o u p  o f  b i o a c t iv e  m o le c u l e s .  C o v a l e n t ly  b o u n d  l a m in in /  P P y - c o a t e d  

a l ig n e d  P L A  f ib e r s  w e r e  th e n  r in s e d  t h o r o u g h ly  w i t h  s t e r i l e  0 .1 0  M  P B S .  T h e  

s a m p le s  w e r e  k e p t  s t e r i l e  f o r  c e l l  c u ltu r e  s t u d ie s  o r  d r ie d  c o m p l e t e l y  f o r  

c h a r a c te r iz a t io n .
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3 .1 .3  T e s t in g  a n d  C h a r a c t e r iz a t io n
3.1.3.1 Surface M orpho logy o f  F ibers

T h e  m o r p h o lo g y  o f  th e  P L A  f ib e r s  a n d  P P y - c o a t e d  P L A  

f ib e r s  w e r e  o b s e r v e d  b y  a  J E O L  J S M - 5 2 0 0  s c a n n in g  e le c t r o n  m i c r o s c o p y  ( S E M ) .  
E a c h  s p e c im e n  w a s  c o a t e d  w i t h  a  th in  la y e r  o f  g o ld  b y  u s i n g  a  J E O L  J F C - 1 1 0 0 E  io n  

s p u t t e r in g  d e v i c e  p r io r  t o  S E M  o b s e r v a t io n .  T h e  a v e r a g e  d ia m e t e r s  o f  a s - s p u n  

f ib e r s  w e r e  d e t e r m in e d  b y  m e a s u r in g  t h e  d ia m e t e r s  o f  f ib e r s  a t  1 0 0  d i f f e r e n t  p o in t s  in  

t h e  S E M  i m a g e s  a t  1 5 0 0 x  m a g n i f i c a t io n  w i t h  S e m A p h o r e  5 .0  S o f t w a r e .  T h e  

d ia m e t e r  w e r e  p r e s e n t e d  a s  a v e r a g e  ±  s ta n d a r d  d e v ia t io n .  M o r e o v e r ,  T h e  d e g r e e  o f  

f ib e r  a l ig n m e n t  w a s  c h a r a c t e r iz e d  b y  m e a s u r in g  th e  m e a n  f ib e r  a n g le  f r o m  5  S E M  

im a g e s .  T h e s e  v a l u e s  w e r e  t h e n  n o r m a l i z e d  t o  9 0  d e g r e e s  a n d  p lo t t e d  in  a  h is t o g r a m .  
C lo s e r  t o  9 0  d e g r e e s  i n d ic a t e s  m o r e  a l ig n m e n t .

3.1 .3 .2  Surface C onductivity
T h e  s u r f a c e  c o n d u c t iv i t y  o f  th e  P P y - c o a t e d  P L A  f ib e r s  a n d  

l a m in in  c o a t e d  o n  ( P P y - c o a t e d  a l ig n e d  P L A  f ib e r s )  w e r e  m e a s u r e d  a t a  v a c u u m  

c h a m b e r . T h e  s p e c i m e n s  w e r e  k e p t  in  t h i s  c o n d i t io n  f o r  m o r e  th a n  2 4  h r s  b e f o r e  

t e s t in g .  T h e  P P y - c o a t e d  P L A  f ib e r  w a s  p la c e d  b e t w e e n  t w o  p r o b e s  ( T w o - P o i n t  P r o b e  

M e te r ,  a n d  K e i t h l e y  M o d e l  8 0 0 9 ) .  T h e s e  p r o b e s  w e r e  c o n n e c t e d  t o  a  s o u r c e  m e t e r  

( K e i t h l e y ,  M o d e l  6 5 1 7 A )  f o r  a  c o n s t a n t  v o l t a g e  s o u r c e  a n d  f o r  r e a d in g  c u r r e n t . T h e  

a p p l ie d  v o l t a g e  w a s  p lo t t e d  v e r s u s  th e  c u r r e n t  c h a n g e  t o  d e t e r m in e  t h e  l in e a r  O h m ic  

r e g im e  o f  e a c h  s a m p le .  T h e  a p p l ie d  v o l t a g e  a n d  t h e  c u r r e n t  c h a n g e  in  t h e  l in e a r  

O h m ic  r e g im e  w e r e  c o n v e r t e d  t o  th e  e le c t r i c a l  c o n d u c t iv i t y  o f  P P y - c o a t e d  P L A  f ib e r  

u s in g  e q u a t io n  ( 3 . 1 )  b u t  t h e  e la s t o m e r s  a n d  e la s t o m e r  b l e n d s  u s i n g  e q u a t io n  ( 3 . 2 )  a s  

f o l lo w :

1  =  1 
p  ~  R , x t

I
K x V x t ( 3 . 1 )

w h e r e  o  i s  s p e c i f i c  c o n d u c t iv i t y  ( S / c m ) ,  p  i s  s p e c i f i c  r e s i s t iv i t y  

( O .c m ) ,  R s i s  s h e e t  r e s i s t iv i t y  ( O ) ,  I i s  m e a s u r e d  c u r r e n t  ( A ) ,  K  i s  g e o m e t r ic  

c o r r e c t io n  f a c to r ,  V  i s  a p p l ie d  v o l t a g e  ( v o l t a g e  d r o p , V ) ,  a n d  t  i s  f ib e r  m a t  t h ic k n e s s  

( c m ) .
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1  =  t x l  
P  =  2 2 .9  X  V ( 3 .2 )

w h e r e  o  i s  t h e  s p e c i f i c  c o n d u c t iv i t y  ( S / c m ) ,  p  i s  th e  s p e c i f i c  r e s i s t iv i t y  

( Q .c m ) ,  I i s  t h e  m e a s u r e d  c u r r e n t  ( A ) ,  V  i s  t h e  a p p lie d  v o l t a g e  ( v o l t a g e  d r o p )  ( V ) ,  t  i s  

t h e  s h e e t  t h i c k n e s s  ( c m ) .
T h e  g e o m e t r ic a l  c o r r e c t io n  f a c to r  w a s  ta k e n  in t o  a c c o u n t  fo r  

g e o m e t r i c  e f f e c t s ,  d e p e n d in g  o n  th e  c o n f ig u r a t io n  a n d  p r o b e  t ip  s p a c in g  a n d  w a s  

d e t e r m in e d  b y  u s in g  s ta n d a r d  m a t e r ia ls  w h e r e  s p e c i f i c  r e s i s t iv i t y  v a lu e s  w e r e  k n o w n ;  

w e  u s e d  s i l i c o n  w a f e r  c h ip s  ( S i 0 2). In  o u r  c a s e ,  th e  s h e e t  r e s i s t iv i t y  w a s  m e a s u r e d  

b y  u s in g  t h e  t w o - p o i n t  p r o b e  a n d  th e n  th e  g e o m e t r ic  c o r r e c t io n  f a c to r  w a s  c a lc u la t e d  

b y  e q u a t io n  ( 3 . 3 )  a s  f o l lo w :

K  =  =  1̂ -  ( 3 .3 )R x t  V x t

w h e r e  K  i s  t h e  g e o m e t r ic  c o r r e c t io n  f a c to r ,  p  i s  t h e  k n o w n  r e s i s t iv i t y  

o f  s ta n d a r d  s i l i c o n  w a f e r  ( Q .c m ) ,  t  i s  th e  f i lm  t h ic k n e s s  ( c m ) ,  R  i s  t h e  f i lm  r e s i s t a n c e  

( Q ) ,  a n d  1 i s  t h e  m e a s u r e d  c u r r e n t  ( A ) .
3.1.3 .3  W ater C ontact A ngle M easurem ents

A  c o n t a c t  a n g le  g o n io m e t e r  ( K R U S S  G m b h  G e r m a n y ;  M o d e l :  

D S A  1 0 - M k 2  T I C )  e q u ip p e d  w i t h  a  G i lm o n t  s y r in g e  a n d  a  2 4 - g a u g e  f la t - t ip p e d  

n e e d l e  w a s  u s e d  t o  d e t e r m in e  c o n t a c t  a n g l e s  o f  a  w a t e r  d r o p  o n  t h e  s u r f a c e s  o f  b o t h  

t h e  P L A  f ib e r s ,  P o ly p y r r o le  ( P P y ) - c o a t e d  P L A  f ib e r s  a n d  la m in in  c o a t e d  o n  ( P P y -  

c o a t e d  a l ig n e d  P L A  f ib e r s ) .  T h e  m e a s u r e m e n t s  w e r e  c a r r ie d  o u t  b y  t h e  s e s s i l e  d r o p  

m e t h o d  in  a ir  a t r o o m  te m p e r a tu r e  in  c e n t u p l ic a t e  o n  d i f f e r e n t  a r e a s  o f  e a c h  s a m p le .
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3.1 .3 .4  A tten ua ted  Total R eflectance-F ourier Transform  In frared
Spectrom eter (ATR-FTIR)
C h e m ic a l  f u n c t io n a l  g r o u p s  th a t  w e r e  p r e s e n t  o n  t h e  s u r f a c e s  

o f  b o t h  t h e  P L A  a l ig n e d  f ib e r s ,  P P y - c o a t e d  P L A  a l ig n m e n t  f ib e r s  a n d  la m i n in  c o a t e d  

o n  ( P P y - c o a t e d  a l ig n e d  P L A  f ib e r s )  w e r e  a n a l y z e d  b y  a t t e n u a te d  to ta l  r e f l e c t a n c e -  

F o u r ie r  T r a n s fo r m  In fr a r e d  S p e c t r o m e t e r  ( A T R - F T I R ;  T h e r m o  N i c o l e t  N e x u s  6 7 0 )  

a t a  r e s o lu t io n  3  c m ' 1 a n d  6 4  s c a n s .
3.1 .3 .5  X -ra y  P hotoelectron  Spectrom eter (XPS).

T h e  s u r f a c e  a n a ly s i s  o f  t h e  s a m p le s  w a s  c a r r ie d  o u t  u s i n g  a  

T h e r m o  F is h e r  S c ie n t i f i c  T h e t a  P r o b e  X P S .  M o n o c h r o m a t ic  A 1 K< X - r a y  w a s  

e m p lo y e d  f o r  a n a l y s i s  o f  o n e  s p o t  o n  e a c h  s a m p l e  w i t h  p h o t o e le c t r o n  t a k e - o f f  a n g le  

o f  50 °  ( w i t h  r e s p e c t  t o  s u r f a c e  p la n e  n o r m a l) .  T h e  a n a ly s i s  a r e a  w a s  4 0 0  p m  * 4 0 0 p m  

o n  t h e  p o ly m e r  s a m p le  s u r f a c e s .  T h e  m a x im u m  a n a ly s i s  d e p t h  la y  in  t h e  r a n g e  o f  ~ 4 -  

8 n m . A  s p e c ia l  d e s ig n e d  e le c t r o n  f l o o d  g u n  w i t h  a  f e w  e V  A r  i o n  w a s  u s e d  fo r  th e  

c h a r g e  c o m p e n s a t io n .  E le c t r o n  b e a m  a n d  io n  b e a m  w e r e  f o c u s e d  a n d  s t e e r e d  t o w a r d s  

th e  a n a ly s i s  p o s i t io n .  S u r v e y  s p e c tr a  a n d  h i g h  r e s o lu t io n  s c a n s  w e r e  a c q u ir e d  f o r  

s u r f a c e  c o m p o s i t io n  a n a ly s i s .  F u r th e r  c o r r e c t io n  o f  b in d in g  e n e r g y  w a s  m a d e  b y  

s e t t in g  C-C/C-H c o m p o n e n t s  in  c  I s  p e a k  a t  2 8 4 . 6  e V  u s i n g  t h e  m a n u f a c t u r e r ’ s  

s ta n d a r d  s o f t w a r e .
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3.2 Biological Characterizations

T o  c a r r y  o u t  t h e  in vitro  e x p e r im e n t s ,  n e u r o  2 a  a n d  n e u r a l  s t e m  c e l l  

r e s p o n s e  t o  t h e  e - s p u n  s c a f f o l d s  w a s  c o n d u c t e d  o n  T C P S ,  A l ig n m e n t  a n d  r a n d o m  

P L A  f ib e r s ,  P P y - c o a t e d  o n  a l ig n e d  a n d  r a n d o m  P L A  f ib e r s ,  a n d  la m in in  c o a t e d  o n  

( P P y - c o a t e d  a l ig n e d  P L A  f ib e r s ) .
3 .2 .1  M a t e r ia ls  U s e d  f o r  C e l l  C u ltu r e

3 .2 .1 .1 M odel C ells
M o d e l  c e l l s  in  t h is  s t u d y  w e r e  n e u r o  2 a  a n d  n e u r a l  s t e m  c e l l

3.2 .1 .2  M edium  fo r  N euro  2a C ulture :
•  D u l b e c c o ’ s  m o d i f i e d  E a g le  M e d iu m ( M E M - E B S S ;

S i g m a  A ld r ic h . ,  ( U S A )

•  L - g lu t a m in e ,  T r y p s in  ( 0 .2 5  %  t r y p s i๙ 0 . 0 2 %  E D T A ) ,  
P e n c i l in s t r e p t o m y c in  ( a n t ib io t i c ) ,  S o d iu m  p y r u v a t e  w e r e  p u r c h a s e d  f r o m  G i b c o  

I n v i t r o g e n  C r o p .,  U S A .

•  F e ta l  b o v i n e  S e r u m  ( F B S )  w a s  p u r c h a s e d  f r o m  T h e r m o
S c i e n t i f i c . , ( U S A )

3.2.1 .3  M edium  f o r  N eura l S tem  C ell Culture
•  N e u r a lb a s a l  m e d ia ,  B 2 7  a n d  E p id e r m a l  g r o w t h  f a c t o r  

( E O F )  w e r e  p u r c h a s e d  f r o m  G i b c o  I n v i t r o g e n  C r o p . ,  U S A .

•  B a s i c  F ib r o b la s t  G r o w t h  F a c to r  ( b F G F )  w a s  p u r c h a s e d
fr o m  R & D  S y s t e m .

H e p a r in  w a s  p u r c h a s e d  f r o m  S i g m a  A ld r ic h . ,  ( U S A )
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3 .2 .2  C y t o t o x ic i t y  T e s t s
T h e  in d ir e c t  c y t o t o x i c  e v a lu a t io n  o f  s c a f f o l d  w e r e  in  a d a p t e d  fr o m  

th e  s ta n d a r d  t e s t  m e t h o d ,  u s in g  c e l l  N e u r o  2 a  a s  r e f e r e n c e  c e l l s .  T h e  s c a f f o l d  f ib e r  

w a s  s u b m e r g e d  in  a  s e r u m - f r e e  m e d iu m  (S F M ;  c o n t a in in g  M E M - E B S S ,  L - g lu t a m in e ,  
P e n c i l in  s t r e p t o m y c in  ( a n t ib io t i c ) )  a n d  w a s  in c u b a t e d  fo r  2 4  h r s .  In  t h e  p r e p a r a t io n  o f  

r e f e r e n c e  c e l l s ,  t h e  c e l l s  w e r e  s e e d  o n t o  a  9 6 - w e l l  p la t e  a t  a  d e n s i t y  o f  1 .0  X 1 0 4 c e l l s  

p e r  w e l l  a n d  in c u b a t e d  in  S F M  t o  a l l o w  c e l l  a t ta c h m e n t  o n  t h e  p la t e .  A f t e r  2 4  h ,  th e  

c u ltu r e  m e d iu m  w a s  r e m o v e d  a n d  t h e  a s -p r e p a r e d  e x t r a c t io n  m e d ia  w e r e  a d d e d  t o  th e  

w e l l s .  T h e  c e l l s  w e r e  in c u b a te d  fu r th e r  f o r  2 4  h ,  a f te r  w h i c h  t im e  t h e  n u m b e r  o f  

v ia b le  c e l l s  w a s  q u a n t i f i e d  w i t h  3 - ( 4 ,5 - d i m e t h y l t h ia z o l - 2 - y l ) - 2 ,5 - d i p h e n y l t e t r a z o l iu m  

b r o m id e  ( M T T ; w a s  p u r c h a s e d  f r o m  S ig m a -  A ld r ic h )  a s s a y .  T h e  v i a b i l i t y  o f  t h e  c e l l s  

th a t w e r e  c u ltu r e d  w i t h  f r e s h  S F M  w a s  u s e d  a s  t h e  c o n t r o l .
3 .2 .3  Q u a n t i f i c a t io n  o f  V i a b l e  C e l l s  b y  M T T  A s s a y

T h e  M T T  a s s a y  i s  t h e  m e t h o d  u s e d  t o  q u a n t i f y  t h e  a m o u n t  o f  v ia b le  

c e l l s  o n  t h e  b a s i s  o f  t h e  r e d u c t io n  o f  t h e  y e l l o w  t é t r a z o l iu m  s a l t  t o  p u r p le  fo r m a z a n  

c r y s t a l s  b y  d e h y d r o g e n a s e  e n z y m e s  s e c r e t e d  f r o m  t h e  m i t o c h o n d r ia  o f  m e t a b o l i c a l l y  

a c t iv e  c e l l s .  T h e  a m o u n t  o f  p u r p le  fo r m a z a n  c r y s t a l s  f o r m e d  i s  p r o p o r t io n a l  t o  th e  

n u m b e r  o f  v ia b le  c e l l s .  F ir s t ,  th e  c u ltu r e  m e d iu m  o f  e a c h  c u ltu r e d  s p e c i m e n  w a s  

r e m o v e d  a n d  r e p la c e d  w i t h  2 0 0  / / L / w e l l  o f  M T T  s o lu t i o n  ( S ig m a - A l d r i c h )  a t  5  

m g T n L ' 1 f o r  a  9 6 - w e l l  T C P S  ( o r  5 0 0  / / L / w e l l  f o r  a  2 4 - w e l l  T C P S ) ,  a n d  t h e n  t h e  p la t e  

w a s  in c u b a t e d  f o r  1 h .  A f t e r  in c u b a t io n ,  th e  M T T  s o lu t i o n  w a s  r e m o v e d .  T h e n ,  2 0 0  

/ / L / w e l l  o f  d im e t h y l  s u l f o x id e  ( D M S O ;  R i e d e l - d e  H a ë n ,G e r m a n y )  w a s  a d d e d  t o  

d i s s o l v e  th e  fo r m a z a n  c r y s t a l s  ( o r  5 0 0  1ผ L / w e l l  f o r  a  2 4 - w e l l  T C P S ) ,  a n d  t h e  p la te  

w a s  le f t  a t r o o m  te m p e r a tu r e  in  t h e  d a rk  fo r  1 h  o n  a  r o ta r y  s h a k e r . F in a l l y ,  th e  

a b s o r b a n c e  a t 5 7 0  n m , r e p r e s e n t in g  t h e  p r o p o r t io n  o f  v ia b le  c e l l s ,  w a s  r e c o r d e d  b y  a  

T h e r m o  L a b s y s t e m s  ( M u lt i s c a n  E x )  s p e c t r o p h o t o m e t e r .
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3 .2 .3  C e l l  A t t a c h m e n t  T e s t s
T h e  c e l l  a t ta c h m e n t  e v a lu a t io n  o f  c u lt u r e  P L A  f ib e r s  a n d  P P y - c o a t e d  

a l ig n e d  P L A  f ib e r s  w e r e  c o n d u c t e d  in  2 4 - w e l l  c u ltu r e  p la t e s ,  u s i n g  n e u r a l  s t e m  c e l l s  

a s  r e f e r e n c e  c e l l s .  C e l l s  w e r e  s e e d e d  w i t h in  2 4 - w e l l  c u ltu r e  p l a t e s  th a t  c o v e r e d  w i t h  

t h e  s u b s t r a t e s  a t  4 . O x 1 0 4  c e l l s  p e r  w e l l  a n d  in c u b a t e d  in  s e r u m  m e d ia  a t  3 7  °c f o r  4 
h r s  a n d  3  d a y s .  T o  e n s u r e  a  c o m p l e t e  c o n t a c t  b e t w e e n  t h e  f ib e r s  a n d  c e l l s ,  A l l  f ib e r s  

w e r e  p r e s s e d  w i t h  g la s s  r in g . A f t e r  w h i c h  t im e ,  t h e  c u lt u r e  m e d iu m  w a s  r e m o v e d  a n d  

s e e d e d  P B S  t w i c e  t ir n e s  a n d  t h e  c e l l s  w e r e  f i x e d  w i t h  3 %  g lu t a r a ld e h y d e  s o lu t io n ,  
w h i c h  w a s  d i lu t e d  f r o m  2 5 %  g lu t a r a ld e h y d e  s o lu t i o n  ( E le c t r o n  M i c r o s c o p y  S c i e n c e )  

w it h  P B S ,  a t 5 0 0  p L / w e l l .  A f t e r  3 0  m in ,  t h e y  w e r e  r in s e d  a g a in  w i t h  P B S  a n d  k e p t  in  

P B S  a t  4  °c. A f t e r  c e l l  f i x a t io n ,  t h e  s p e c im e n s  w e r e  d e h y d r a t e d  in  a n  e t h a n o l  

s o lu t i o n  o f  v a r y in g  c o n c e n t r a t io n  ( i . e . ,  3 0 % , 5 0 % , 7 0 % , 9 0 % , a n d  1 0 0 % )  f o r  a b o u t  2  

m in  a t e a c h  c o n c e n t r a t io n .  T h e  s p e c im e n s  w e r e  t h e n  d r ie d  in  1 0 0 %  

h e x a m e t h y ld i s i l a z a n e  ( H M D S ;  S i g m a - A ld r ic h )  f o r  5  m i n  a n d  la te r  d r ie d  in  a ir  a f te r  

t h e  r e m o v a l  o f  H M D S .  A f t e r  b e in g  c o m p l e t e ly  d r ie d , t h e  s p e c im e n s  w e r e  m o u n t e d  

o n  c o p p e r  s t u b s ,  c o a t e d  w i t h  g o ld  u s i n g  a  J E O L  J F C - 1 1 0 0 E  s p u t te r in g  d e v i c e  f o r  3  

m in , a n d  o b s e r v e d  b y  a  J E O L  J S M - 5 2 0 0  s c a n n in g  e le c t r o n  m i c r o s c o p e .  F o r  

c o m p a r i s o n ,  th e  m o r p h o lo g y  o f  t h e  c e l l s  th a t  w e r e  s e e d e d  o r  c u ltu r e d  o n  a  g la s s  

s u b s t r a te  ( c o v e r  g l a s s  s l i d e ,  1 m m  in  d ia m e t e r ,  M e n z e l ,  G e r m a n y )  w a s  a l s o  

in v e s t ig a t e d .
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3 .2 .4  In  Vitro  E le c t r ic a l  S t im u la t io n
R a t  h ip p o c a m p a l  n e u r a l  s t e m  c e l l  w e r e  p la te d  in to  c e l l  w e l l s  

a s s e m b l e d  o n t o  t h e  P P y - c o a t e d  a l ig n e d  P L A  s c a f f o l d s  in t o  2 4 - w e l l  t i s s u e  c u ltu r e  

p la t e s  a t d e n s i t i e s  o f  4 . 0 x 1 0 4c e l l s  p e r  w e l l .  A u t o c l a v e d  g la s s  r in g  w i t h  a n  in n e r  

d ia m e t e r  o f  1 .4  c m  a n d  a n  o u te r  d ia m e t e r  o f  1 .5  c m  w a s  f i t te d  in t o  t h e  w e l l s  o f  th e  

t i s s u e  c u ltu r e  p la te  to  e l i m i n a t e  a n y  s c a f f o l d  b u o y a n c y .  It w a s  a l l o w e d  t o  in c u b a t e  fo r  

2 4  h r s  t o  p e r m it  a t t a c h m e n t  a n d  s p r e a d in g .  A f t e r  t h i s  in i t ia l  2 4  h r s  p e r io d ,  t h e  n e u r a l  

s t e m  c e l l s  w e r e  s u b j e c t e d  t o  a  s t e a d y  p o t e n t ia l  o f  1 0 0  m V  f o r  2  h . F o r  e l e c t r ic a l  

s t im u la t io n ,  a  p a ir  o f  s t a in l e s s  s t e e l  p r o b e s  w e r e  in s e r te d  in t o  e a c h  w e l l  a s  t h e  a n o d e  

a n d  c a t h o d e  w i t h  a  g a p  o f  0 .5  c m , T h e  t i s s u e  c u lt u r e  p la t e s  w e r e  t h e n  p la c e d  in  a  5 %  

C O 2 in c u b a t o r  a t 37 °c w it h  p o t e n t ia l  g e n e r a to r  c o n n e c t e d  t o  e a c h  p a ir  o f  p r o b e s  in  

p a r a l le l  c o n f ig u r a io n .  A f t e r  e l e c t r i c a l  s t im u la t io n  t h e  s c a f f o l d s  w e r e  e x t r a c t e d  to  

i n v e s t ig a t e  d i f f e r e n t ia l  g e n e  e x p r e s s i o n  b y  u s in g  R T - P C R .

.
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๚ เ E  ™

it
Figure 3 .1  M e a s u r e m e n t  f o r  e le c t r i c a l  s t im u la t io n .
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3.2.5 Real Time-Polymerase Chain Reaction (RT-PCR) Analysis
Rat hippocampal neural stem cell were cultured on the Laminin 

coated on (PPy-coated aligned PL A fiber meshes) for 1 day. RNA, extracted by Tri 
Reagent (Molecular Research Center), was harvested and pooled from four wells for 
each type of specimen. Chloroform (200 pL) was added to thehomogenized 
specimens to extract RNA, followed by precipitation using 500 pL o f isopropyl 
alcohol (Sigma). RNA pellets were washed with 70% ethanol and were dissolved in 
15 pL of nuclease-free water (Promega). RNA yields were evaluated by the บV-vis 
spectrophotometer based on absorbance at 260 nm. First strand DNA was reverse 
transcribed from 1 pg of total RNA using a RT kit (ImProm-IIReserveTranscription 
System, Promega). For the amplification in PCR, the PCR mixture consisted of 1 fiL 
of cDNA, sense primer, antisense primer,and reagent o f the PCR kit (Tag DNA 
Polymerase, Qiagen). The PCR oligonucleotide primers for C-Fos and 
glyceraldehyde-3-phosphatedehydrogenase (GAPDH) Twenty-eight cycles were 
used to amplify both genes. The PCR products were analyzed by separation on 1.8% 
agarose (Usb) gel using electrophoresis (Power Pac Junior, Bio-Rad) and visualized 
with ethidium bromide (EtBr; Bio-Rad) staining. The stained bands were 
photographed under u v  light, and the intensity was quantified with Scion Image 
Software.
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