
CHAPTER III
ELECTROSPUN GELATIN FIBER MATS CONTAINING 

A HERBAL—CEN TELLA  ASIA TICA—EXTRACT AND RELEASE 
CHARACTERISTIC OF ASIATICOSIDE

3.1 Abstract

U ltra f in e  g e la tin  ( ty p e  A , p o rc in e  sk in , ~ 1 80 B lo o m ) f ib e r  m a ts  co n ta in in g  a 
m e th a n o lic  c ru d e  e x tra c t o f  Centella asia tica  (L .)  U rb an , a  m e d ic in a l p la n t w id e ly  
k n o w n  fo r its  tra d itio n a l m ed ica l a p p lic a tio n s  in c lu d in g  w o u n d  h e a lin g  ab ility , w ere  
fa b r ic a te d  fro m  th e  n e a t g e la tin  so lu tio n  (2 2 %  w /v  in  70  v o l.%  a c e tic  ac id ) tha t 
co n ta in e d  th e  c ru d e  e x tra c t (m C A ) in  v a r io u s  a m o u n ts  (i.e ., 5 -30  w t.%  b ased  on  the  
w e ig h t o f  g e la tin  p o w d e r)  b y  e le c tro sp in n in g . In c o rp o ra tio n  o f  m C A  in th e  n ea t 
g e la tin  so lu tio n  h ad  no  o b v io u s  e ffec t on  b o th  the  m o rp h o lo g y  an d  th e  s ize  o f  the  
m C A -lo a d e d  g e la tin  fib e rs  o b ta in e d , as b o th  o f  th e  n ea t an d  th e  m C A -lo a d e d  ge la tin  
f ib e rs  w ere  sm o o th  and  th e  a v e ra g e  d ia m e te rs  o f  th e se  f ib e rs  w ere  fo u n d  to  be  in  th e  
ra n g e  o f  2 2 6  to  2 3 2  nm . T h e  c ro ss - lin k e d  m C A -lo a d e d  e -sp u n  g e la tin  f ib e r  m a t from  
th e  n ea t g e la tin  so lu tio n  th a t  c o n ta in e d  30  w t.%  o f  m C A  w a s  fu rth e r in v e s tig a te d  fo r 
th e  re lea se  c h a ra c te r is tic  o f  a s ia tico s id e , id e n tif ie d  as  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  tw o  d iffe re n t ty p e s  o f  re le a s in g  m ed iu m , 
i.e ., a ce ta te  b u ffe r  an d  th e  b u ffe r  c o n ta in in g  1 0  v o l.%  o f  m e th a n o l, b a se d  on  th in - 
la y e r  c h ro m a to g ra p h y  (T L C )-d e n s ito m e try  te c h n iq u e . I t w a s  fo u n d  th a t, b ased  on  
th e  u n it w e ig h t o f  ac tu a l a m o u n t o f  a s ia tic o s id e  p re se n t in  th e  sp e c im e n s , th e  to ta l 
a m o u n t o f  a s ia tic o s id e  re le a se d  fro m  th e  f ib e r  m a t sp e c im e n s  w as  lo w e r th an  th a t 
fro m  th e  film  c o u n te rp a r ts , w h ile , b a se d  o n  th e  u n it w e ig h t o f  th e  sp ec im en s , an  
o p p o s ite  tre n d  w as  o b se rv ed .

(Key-words: to p ic a l d ru g  d e liv e ry ; e le c tro sp in n in g ; n a n o f ib e rs ; g e la tin ; h e rb a l 
ex trac t; a s ia tic o s id e )
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3.2 Introduction

G e la tin  is a  n a tu ra l b io p o ly m er, p re p a re d  b y  p a r tia l h y d ro ly s is  o f  c o llag en s , 
th e  m o s t a b u n d a n t s tru c tu ra l p ro te in s  fo u n d  in  sk in , te n d o n , c a r tila g e , b o n es , and  
c o n n e c tiv e  tis su e s  o f  an im a ls  su c h  as b o v in e s , p o rc in e s , an d  p isce s  
(h ttp ://e n .w ik ip e d ia .o rg /w ik i/G e la tin ). D e p e n d in g  o n  th e  m e th o d  in  w h ic h  co llag en s  
a re  p re - tre a te d , tw o  d iffe re n t ty p es  o f  g e la tin  w ith  d iffe re n t c h a ra c te r is tic s  can  be 
p ro d u ced  (Y o u n g , ร ., et al., 2 005 ). T h e re  e x is t th re e  c o m m o n  p ro c e sse s , i.e ., ac id ic , 
a lk a lin e , an d  e n z y m a tic  p re - tre a tm e n t p ro c e sse s , u se d  to  c o n v e r t  co llag en s, in to  
g e la tin  (h ttp :/ /e n .w ik ip e d ia .o rg /w ik i/G e la tin ). A c id ic  t re a tm e n t is m o s t su ita b le  fo r 
less  fu lly  c ro ss - lin k e d  c o lla g e n s  fo u n d  in  p ig  o r  f ish  sk in s , w h ile  a lk a lin e  tre a tm e n t is 
su itab le  fo r m o re  c o m p lex  c o lla g e n s  fo u n d  in  b o v in e  h id es
(h ttp ://e n .w ik ip e d ia .o rg /w ik i/G e la tin ). T h e  g e la tin  o b ta in e d  fro m  ac id -trea ted  
co lla g e n s  is  c a lle d  ty p e -A  g e la tin , w h ile  th a t o b ta in e d  fro m  a lk a li- tre a te d  o n es  is 
c a lled  ty p e -B  g e la tin  (h ttp :/ /e n .w ik ip e d ia .o rg /w ik i/G e la tin ). D u e  to  th e  d iffe re n ce  in 
th e  n a tu re  o f  th e  ac id ic  an d  th e  a lk a lin e  p re - tre a tm e n t p ro c e sse s , th e  re su ltin g  g e la tin  
p ro d u c ts  a re  d iffe re n t b o th  in  th e ir  m o la r  m a ss  an d , sp e c if ic a lly , in  th e ir  e le c tr ica l 
p ro p e rty , i.e ., w ith  g e la tin s  fro m  a lk a li- tre a te d  c o lla g e n s  p o sse s s in g  a  g re a te r  
p ro p o rtio n  o f  ca rb o x y l g ro u p s  w h ic h  re n d e r  th e ir  n e g a tiv e ly  c h a rg e d  an d  lo w e r th e ir  
iso e le c tr ic  p o in ts  c o m p a re d  to  th o se  fro m  a c id - tre a te d  o n es  (Y o u n g , ร ., et al, 2 0 0 5 ). 
In  c o n tra s t to  th e  tw o  p re - tre a tm e n t p ro c e sse s , e n z y m a tic  t re a tm e n t is re la tiv e ly  n ew , 
b u t it g iv e s  g e la tin  p ro d u c ts  w ith  g re a te r  y ie ld  an d  p u rity  in  a  re la tiv e ly  sh o rte r  tim e  
(h ttp ://e n .w ik ip e d ia .o rg /w ik i/G e la tin ).

B e c a u se  o f  its  re la tiv e ly  lo w  c o s t an d  its  e x c e lle n t b io c o m p a tib ility  an d  
b io d e g ra d a b ility  in  p h y s io lo g ic a l e n v iro n m e n ts , g e la tin  is c o m m o n ly  u se d  in  food , 
p h o to g ra p h ic a l, c o sm e tic , p h a rm a c e u tica l, a n d  m e d ic a l a p p lic a tio n s  
(h ttp :/ /e n .w ik ip e d ia .o rg /w ik i/G e la tin ). G e la tin  c a n  b e  fa b r ic a te d  in  m a n y  fo rm s, 
d e p e n d in g  o n  its  fu n c tio n a l u tiliz a tio n , su ch  as  film s  ( Jo n g ja re o n ra k , A ., et al, 2 0 0 6 ), 
m ic ro -  o r  n a n o p a rtic le s  (H u ss , F .R .M ., et al, 2 0 0 7 ; V a n d e rv o o r t, J. an d  L u d w ig  A .
2 0 0 4 ), an d  d e n se  o r p o ro u s  h y d ro g e ls  (L iu , T .Y ., et al, 2 0 0 6 ; L iu , J., et al, 2007 ). 
G e la tin  in  th e  fo rm  m ic ro - and  n a n o fib e rs  c a n  a lso  b e  fa b r ic a te d  by  gel and  
e le c tro sp in n in g  (e -sp in n in g )  te c h n iq u e s , re sp e c tiv e ly  (F u k a e , R ., et al, 2 0 0 5 ; H u an g ,
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Z .M ., et al, 2 0 0 4 ; K i, C .S ., et al, 2 0 0 5 ; L i, M ., et al, 2 0 0 5 ; L i, M ., et al, 2006 ; 
C h o k ta w e e sa p , N ., et al, 2 0 0 7 ). D u e  to  th e  u n iq u e  c h a ra c te r is tic s  o f  e le c tro sp u n  (e- 
sp u n ) fib e rs  (e .g ., h ig h  su rface  a re a  to  v o lu m e  o r  m a ss  ra tio , h ig h  d e n s ity  o f  p o re s  in  
su b -m ic ro m e te r  le n g th  sca le  o f  th e  o b ta in e d  a s -sp u n  n o n -w o v e n  m a t, an d  flex ib ility  
fo r sp ec ia l fu n c tio n a liz a tio n s ) , e -sp u n  g e la tin  f ib e rs  are  o f  in te re s t h e re . S o lv en ts  
su ita b le  fo r p re p a r in g  an  e le c tro sp in n a b le  g e la tin  so lu tio n  a re  2 ,2 ,2 -tr if lu o ro e th an o l 
(T F E ) (H u an g , Z .M ., et al, 2 0 0 4 ), 9 8 %  fo rm ic  ac id  (K i, C .S ., et al, 2 0 0 5 ), 
l , l ,l ,3 ,3 ,3 -h e x a f lu o ro -2 -p ro p a n o l  (H F P ) (L i, M ., et al, 2 0 0 5 ; Li, M ., et al, 2 0 0 6 ), 
an d  g la c ia l a ce tic  a c id  (C h o k ta w e e sa p , N ., et al, 2 0 0 7 ). T h e  a v e ra g e  d ia m e te rs  o f  e- 
sp u n  sm o o th  o r  b e a d e d  g e la tin  fib e rs  w ere  re p o r te d  to  b e  1 0 0 -1 9 0 0  n m  (ty p e -A  
g e la tin ; p o rc in e  sk in ; 5 -1 5 %  w /v  in  T F E ) (H u a n g , Z .M ., et al, 2 0 0 4 ), 7 0 -1 7 0  n m  
(ty p e -A  g e la tin ; p o rc in e  sk in ; 7 -12  w t.%  in 9 8 %  fo rm ic  ac id ) (K i, C .S ., et al, 2 0 0 5 ), 
8 0 -4 9 0  n m  (ty p e -B  g e la tin ; b o v in e  sk in ; 2 -8 .3 %  w /v  in  H F P ) (L i, M ., et al, 2 0 0 5 ), 
800  nm  (ty p e -B  g e la tin ; b o v in e  sk in ; 8 %  w /v  in  H F P ) (L i, M ., et al, 2 0 0 6 ), 2 1 0 -8 4 0  
n m  ( ty p e -A  g e la tin ; p o rc in e  sk in ; 15 -29%  w /v  in  g lac ia l a c e tic  a c id ) (C h o k ta w e e sa p ,
N ., et al, 2 0 0 7 ). T o  im p ro v e  th e  s ta b ility  o f  e -sp u n  g e la tin  fib e rs  in  an  aq u eo u s  
m e d iu m , th e se  f ib e rs  c a n  be  fu rth e r c ro ss - lin k e d  w ith  h e x a m e th y le n e  d iiso c y a n a te  
(F1DM I; 10 v o l.%  in iso p ro p an o l fo r 1 h at ro o m  te m p e ra tu re )  (L i, M ., et al, 2 0 0 5 ), 
l-e th y l-3 -(3 -d im e th y la m in o p ro p y l)-c a rb o d iim id e  (E D C ; 0 .2 %  in 9 0 %  e th a n o l fo r up 
to  2 h  a t ro o m  te m p e ra tu re )  (L i, M ., et al, 2 0 0 6 ) , an d  g lu ta ra ld e h y d e  v a p o r  (2 5 %  
a q u e o u s  so lu tio n  fo r > 2  d ay s, fo llo w e d  by  e x p o su re  in  a  fu m e  h o o d  fo r 2  h  and  
c u rin g  a t 100°c fo r  1 h ) (Z h an g , Y .Z ., et al, 2 0 0 6 ).

D u e  to  th e  a fo re m e n tio n e d  c h a ra c te r is tic s  o f  e -sp u n  fib e rs , th e  p ro p o se d  u se  
fo r e -sp u n  p o ly m e ric  fib e rs  are  in  a rea s  su ch  as  filte rs  (G ib so n , P .W ., et al, 1999), 
c o m p o s ite  re in fo rc e m e n ts  (B e rg sh o e f, M .M . a n d  V a n c so , G .J ., 1999), c a rr ie rs  fo r 
d e liv e ry  o f  d ru g s  (K en aw y , E .R ., et al, 2 0 0 2 ; T a e p a ib o o n , P ., et al, 2 0 0 6  and  
T a e p a ib o o n , P ., et al, 2 0 0 7 ), sc a ffo ld s  fo r ce ll a n d  tis su e  c u ltu re  (L i, M ., et al, 2005 ; 
L i, M ., et al, 2 0 0 6 ; L iao , ร ., et al, 2 0 0 6 ; พ น ttic h a ro e n m o n g k o l, P ., et al, 2 0 0 6 ; Ji, Y ., 
et al, 2 0 0 6  an d  M e e c h a isu e , c . ,  et al, 2 0 0 6  ), an d  w o u n d  d re s s in g s  (R h o , K .s . ,  et al, 
2 0 0 6  an d  H o n g , K .H ., et al, 2 0 0 7 ). In tis su e  e n g in e e r in g  and  w o u n d  care  
a p p lic a tio n s , ra p id  an d  p ro p e r  h e a lin g  is im p o rta n t in  th e  tre a tm e n t o f  w o u n d s . In 
case  o f  sev e re  c a se s  o f  b u m s  and  trau m a , th e  a p p lic a tio n  o f  a  d re ss in g  m a te ria l on
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th e  w o u n d s  a c h ie v e s  th e  fu n c tio n s  o f  th e  n a tu ra l sk in  b y  p ro te c tin g  th e  a re a  fro m  the  
lo ss  o f  flu id  an d  p ro te in s  an d  p re v e n tin g  in fe c tio n  fro m  m ic ro b ia l in v a s io n , w h ich  
m ay  lead  to  c o m p lic a tio n s  d u rin g  tre a tm en t. T h e  in v e n tio n  o f  a  b i- la y e r  w o u n d  
d re ss in g , c o n s is tin g  o f  a s ilic o n e  m e m b ra n e  a tta c h e d  to  a n  in n e r  lay e r o f  
c o lla g e n /c h o n d ro it in -6 -su lfa te  sp o n g e , by  Y a n n a s  I .V ., et al. (Y a n n a s , I .v .  and  
B u rk e  J .F ., 1980  an d  Y an n as , 1980) has p av ed  th e  w a y  to  a  n o w -a c c e p te d  co n cep t on  
w o u n d  m a n a g e m e n t. G e la tin , in  th e  fo rm  o f  so lv e n t-c a s t sh e e t o r  fre e z e -d rie d  
sp o n g e  h y d ro g e ls , h as  b een  d e v e lo p e d  as w o u n d  d re s s in g s  (U lu b a y ra m , K ., et, al, 
2 0 0 1 ; M iy a sh i, M ., et, al, 2005  and  H u an g , ร ., et, al, 2 0 0 6 ). T o  in c re a se  th e  ra te  o f  
w o u n d -h e a lin g , e p id e rm a l o r b a s ic  f ib ro b la s t g ro w th  fac to rs  (E G F  o r bF G F , 
re sp e c tiv e ly ) , k n o w n  to  p ro m o te  th e  p ro life ra tio n  o f  a lm o s t all c e lls  a s so c ia te d  w ith  
w o u n d  h e a lin g , w e re  a d d ed  e ith e r in  th e ir  free  fo rm  o r  w ith in  g e la tin  m ic ro sp h e re s  
(Y o u n g , ร ., et al., 2 0 0 5 ; U lu b a y ra m , K ., et, al, 2 0 0 1 ; M iy ash i, M ., et, al, 2005 ; 
H u a n g , ร ., et, al, 2 0 0 6 ). T h e  u se  o f  m ic ro sp h e re s  as  c a rr ie rs  fo r su s ta in e d  re lease  o f  
th e se  su b s ta n c e s  is n e c e ssa ry  as  th e se  su b s ta n c e s  c a n  d iffu se  a w a y  fro m  th e  w o u n d  
s ite  v e ry  ra p id ly  o r e v en  b ec o m e  d ec o m p o se d  by  p ro te a se s  se c re te d  by  in ju red  
tis su e s  (Y o u n g , ร ., et al., 2 0 0 5 ; U lu b a y ra m , K ., et, al, 2 0 0 1 ; H u an g , ร ., et, al, 2006).

In Ja p a n , th e  u se  o f  re c o m b in a n t h u m a n  b F G F  in  c lin ic a l tre a tm e n ts  o f  so m e  
c h ro n ic  w o u n d s  is  a  c o m m o n  p rac tic e  (M iy a sh i, M ., et, al, 2 0 0 5 ), b u t, d u e  to  lim ited  
a c c e ssa b ility  an d  re la tiv e ly  h ig h  co st o f  th is  su b s ta n c e , th e  c lin ic a l u se  o f  th is  
su b s ta n c e  o n ly  b e c o m e s  a v a ila b le  to  lim ite d  n u m b e r  o f  p a tie n ts  in  d ev e lo p in g  
co u n trie s . H o w e v e r , th e  u se  o f  m ed ic in a l h e rb s  as  a lte rn a tiv e  m e d ic in e  in  th ese  
c o u n tr ie s  is  v e ry  c o m m o n . A m o n g  th e  v a rio u s  h e rb s , e x tra c ts  fro m  C entella asiatica  
(L .)  U rb an  a lso  k n o w n  as A s ia tic  P e n n y w o rt o r  B u a b o k  (in  T h a i) (see  su p p le m e n ta ry  
d a ta  (a v a ila b le  a t s ta c k s .io p .o rg /N a n o /1 9 /0 1 5 1 0 2 ))  h a v e  b e e n  re p o r te d  to  h ea l 
w o u n d s , b u m s  an d  u lc e ro u s  a b n o rm a litie s  o f  th e  sk in , c u re  s to m a c h  an d  d u o d en a l 
u lc e rs , and  a re  e ffe c tiv e  in  th e  tre a tm e n t o f  lep ro sy , lu p u s , s c le ro d e rm a , an d  d isea se s  
o f  th e  v e in s  (K a rtn ig , T ., 1988). 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 asia tica  ( i.e ., a s ia tic  ac id , a s ia tic o s id e , m a d e c a ss ic  ac id , and  
m a d e c a sso s id e ) , a s ia tic o s id e  (see  F ig u re  3 .1 ), a  tr is a c c h a rid e  tr ite rp e n e , has b een  
id e n tif ie d  as  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 , as 
e v id e n c e d  b y  th e  o b se rv e d  in c rea se  in  a n tio x id a n t le v e ls  at an  in itia l s tag e  o f  h ea lin g
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o f  e x c is io n -ty p e  c u ta n e o u s  w o u n d s  in  ra ts  (S h u k la , A ., et, al, 1 999 ) an d  in c reased  
p ro life ra tio n  an d  p ro d u c tio n  o f  ty p es  I an d  III p ro -c o lla g e n  m R N A  an d  p ro te in  lev e ls  
o f  h u m a n  d e rm al f ib ro b la s ts  (L u , L ., et, al, 2 0 0 4 )  in  re sp o n se  to  th e  p re se n c e  o f  th is  
su b s tan ce . It w as  su g g e s te d , h o w e v e r, th a t th e  su g a r  p o rtio n  o f  a s ia tic o s id e  is n o t th e  
e ssen tia l p h a rm a c o p h o re  fo r  b io lo g ic a l ac tiv ity , b u t e n h a n c e s  th e  w o u n d  h ea lin g  
e ffec t o f  a s ia tic  ac id  in  to p ic a l a p p lic a tio n , and  c o u ld  b e  g re a tly  s im p lif ie d  w ith o u t 
th e  lo ss  o f  b io lo g ic a l a c tiv ity  (S h im , P .J .,  et, al, 1996).

T h e  a im  o f  th e  p re se n t c o n tr ib u tio n  is to  in v e s tig a te  th e  p o te n tia l fo r  u se  o f  
e -sp u n  g e la tin  f ib e r  m a ts  as c a rr ie rs  fo r to p ica l d e liv e ry  o f  a  m e th a n o lic  c ru d e  ex trac t 
o f  C entella asia tica  (m C A ). T h e  re le a se  c h a ra c te r is tic  o f  a s ia tic o s id e  fro m  e -sp u n  
m C A -lo a d e d  g e la tin  f ib e r  m a ts  w as  in v e s tig a te d  by  to ta l im m e rs io n  m e th o d  in  an 
ace ta te  b u ffe r  an d  th e  b u ffe r  th a t c o n ta in e d  1 0  v o l.%  o f  m e th a n o l, in  c o m p a riso n  
w ith  th a t fro m  c o rre sp o n d in g  so lv e n t-c a s t film s.

3.3 Experimental Details

3.3 .1  M a te r ia ls
G e la tin  p o w d e r  (ty p e  A , p o rc in e  sk in , ~ 1 8 0  B lo o m ) w as p u rc h a se d  

fro m  S ig m a  (U S A ). B u th a n o l, d ic h lo ro m e th a n e , h e x a n e , an d  m e th a n o l (an a ly tic a l 
re a g e n t g rad e ) w e re  p u rc h a se d  fro m  L a b sc a n  (A s ia )  (T h a ila n d ). G lu ta ra ld e h y d e  (50  
v o l.%  a q u e o u s  so lu tio n )  an d  a s ia tic o s id e  (9 8 .5 %  p u r ity )  w e re  p u rc h a se d  fro m  F lu k a  
(S w itz e rla n d ). S o d iu m  a c e ta te  (A jax  C h e m ic a ls , A u s tra lia )  an d  g la c ia l a ce tic  acid  
(C a rlo  E rb a , I ta ly ) w e re  o f  a n a ly tic a l re a g e n t g ra d e  a n d  u se d  w ith o u t fu rth e r 
p u rif ic a tio n .

3 .3 .2  E x tra c tio n  o f  Centella A sia tica
L e a v e s  fro m  th e  p la n t w e re  c o lle c te d  fro m  M in  B u ri, o n e  o f  th e  50 

d is tr ic ts  in  th e  C ity  o f  B an g k o k , T h a ila n d . T h e  le a v e s  (~ 65  k g ) w e re  c le a n e d , d ried , 
an d  f in a lly  g ro u n d  in to  p o w d e r  (~5 k g ). T h e  d r ie d  p o w d e r  w a s  f irs t e x tra c te d  by  
h ex an e . T h e  so lid  re s id u e  from  th e  h e x a n e  e x tra c tio n  w as p re s se d  to  rem o v e  as 
m u ch  so lv e n t as p o ss ib le  p r io r  to  fu r th e r  e x tra c tio n  in  d ic h lo ro m e th a n e . T h e  so lid  
re s id u e  fro m  th e  d ic h lo ro m e th a n e  e x tra c tio n  w a s  a lso  p re sse d  to  re m o v e  as m u ch  
so lv e n t a s  p o ss ib le  p r io r  to  final e x tra c tio n  in  m e th a n o l. A f te r  r id d in g  as m u ch
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m eth an o l fro m  th e  su p e rn a ta n t liq u id  as p o ss ib le  u s in g  a  h o m e -m a d e  e v a p o ra to r , a  
p a s ty  su b s tan ce  ( - 7 8 0  g) w ith  d a rk  g re e n /b ro w n  in c o lo r  w a s  o b ta in e d .

3 .3 .3  S am p le  P re p a ra tio n
A  w e ig h e d  a m o u n t o f  g e la tin  p o w d e r  w as  d is so lv e d  in  70  v o l.%  ace tic  

a c id  aq u eo u s  so lu tio n  (d ilu ted  fro m  g lac ia l a c e tic  ac id  w ith  d is t i l le d  w a te r)  to  p rep a re  
a  g e la tin  so lu tio n  a t a  fix ed  c o n c e n tra tio n  o f  2 2 %  w /v  (C h o k ta w e e sa p , N ., et al,
2 0 0 7 ). T h e  m e th a n o lic  c ru d e  e x tra c t o f  C entella asia tica  (m C A ) w a s  th e n  ad d e d  in to  
th e  g e la tin  so lu tio n  u n d e r  c o n s ta n t s tirr in g  fo r  15 m in . D iffe re n t a m o u n ts  o f  th e  
h e rb a l ex trac t, i.e ., 5 -3 0  w t.%  b a se d  o n  th e  w e ig h t o f  g e la tin  p o w d e r , w e re  lo ad ed  in  
th e  g e la tin  so lu tio n . P r io r  to  e -sp in n in g , th e  n e a t g e la tin  so lu tio n  w as  m e a su re d  fo r 
its  sh e a r  v isc o s ity  an d  co n d u c tiv ity  by  B ro o k fie ld  D V -III p ro g ra m m a b le  rh e o m e te r  
an d  a  O rio n  160 c o n d u c tiv ity  m e te r , re sp e c tiv e ly .

T h e  n e a t an d  th e  m C A -lo a d e d  g e la tin  so lu tio n s  w e re  e -sp u n  by  
lo a d in g  each  o f  th e  a s -p re p a red  so lu tio n s  in  a  s ta n d a rd  10 -m L  g la ss  sy r in g e , th e  o p en  
en d  o f  w h ich  w as a tta c h e d  w ith  a  b lu n t g a u g e - 2 0  s ta in le ss  s te e l h y p o d e rm ic  n eed le  
(O D  =  0.91 m m ), u sed  as th e  n o zz le . B o th  th e  sy rin g e  an d  th e  n e e d le  w e re  tilted  
a b o u t 45°c fro m  a h o riz o n ta l b ase lin e . E ith e r  a p ie c e  o f  a lu m in u m  (A l)  sh ee t 
w ra p p e d  a ro u n d  a  r ig id  p la s tic  sh e e t o r  m e ta l g rid s  (3 cm  X 10 cm ) p la c e d  a ro u n d  a 
ro ta tin g  c y lin d e r  (O D  =  7 cm ; -40-50 rp m ) w a s  u sed  as  th e  c o lle c tin g  d ev ice . A  
G a m m a  H ig h -V o lta g e  R e se a rc h  ES30P-5W D C  p o w e r  su p p ly  (F lo r id a , U S A ) w as 
u se d  to  ch a rg e  th e  so lu tio n  by  a tta c h in g  th e  e m ittin g  e le c tro d e  o f  p o s itiv e  p o la r ity  to  
th e  n o z z le  an d  th e  g ro u n d in g  o n e  to  th e  co lle c tin g  d e v ic e . A  f ix e d  e lec trica l 
p o te n tia l o f  15 k V  w a s  a p p lie d  ac ro ss  a  fix ed  d is ta n c e  b e tw e e n  th e  tip  o f  th e  n eed le  
an d  th e  o u te r  su rfa c e  o f  th e  c o lle c tin g  d e v ic e  (i.e ., c o lle c tio n  d is ta n c e , m e a su re d  at 
r ig h t an g le  to  th e  su rfa c e  o f  th e  co lle c tin g  d e v ic e )  o f  20  cm . T h e  e -sp u n  f ib e r  m a ts  
w e re  co lle c ted , ‘d r ie d ’ in  a  v a c u u m  o v en  fo r 2 4  h , an d  s to re d  in  a d e s ic c a to r  fo r 
fu r th e r  use.

For comparison purposes, the neat and the mCA-loaded gelatin films
were also prepared by solvent-casting technique from 5% w/v gelatin solution in 70
vol.% acetic acid and the neat gelatin solution that contained 30 wt.% of the herbal
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ex trac t. A  p o ly s ty re n e  b o x  w as u se d  as th e  m o ld  an d  th e  a s -c a s t f ilm s  w e re  left to  
‘d ry ’ a t ro o m  c o n d itio n  fo r 24  h and  la te r in a  v a c u u m  o v e n  fo r a n o th e r  24  h.

3 .3 .4  C ro ss - lin k in g  w ith  G lu ta ra ld e h y d e  V a p o r
T h e  n ea t an d  th e  m C A -lo a d e d  g e la tin  f ib e r  m a ts  a n d  f ilm s  w e re  cro ss- 

lin k e d  w ith  g lu ta ra ld e h y d e  v a p o r b y  in c u b a tin g  b o th  th e  f ib e r  m a t an d  film  sam p le s  
in  g la ss  ja r s  s a tu ra te d  w ith  th e  v a p o r  fro m  th e  50  v o l.%  g lu ta ra ld e h y d e  aq u eo u s 
so lu tio n  fo r v a r io u s  e x p o su re  tim e  in te rv a ls , ra n g in g  b e tw e e n  0 an d  3 h. T h e  
te m p e ra tu re  o f  th e  ja r s  w as e q u ilib ra te d  in  a w a te r  b a th  a t 37°c. A fte r  c ro ss - lin k in g , 
b o th  th e  fib e r m a t an d  film  sa m p le s  w e re  p la c e d  in  a  v a c u u m  o v en  a t ro o m  
te m p e ra tu re  fo r 24  h  an d  la te r a t 1 1 0 ° c  o v e r  n ig h t to  re m o v e  a s  m u c h  a m o u n t o f  
u n re a c te d  g lu ta ra ld e h y d e  as p o ss ib le . T h e  sa m p le s  w e re  k e p t in  a  d e s ic c a to r  fo r 
fu rth e r use .

T o  a sse ss  th e  e x te n t o f  c ro s s - lin k in g  a t v a r io u s  e x p o su re  tim es, 
sp e c im e n s  o f  b o th  th e  n ea t g e la tin  fib e r m a t an d  film  sa m p le s  (c irc u la r  d isc s  o f -1 .6 5  
cm  in  d ia m e te r  cu t fro m  th e  a s -p re p a red  f ib e r m a t an d  film  sa m p le s )  w e re  w e ig h ed  
an d  th e n  su b m e rg e d  in  d is tilled  w a te r  fo r 2 4  h  a t ro o m  te m p e ra tu re . T h e  d eg re e  o f  
sw e llin g  an d  th e  w e ig h t lo ss  o f  th e se  sp e c im e n s  w ere  d e te rm in e d  a c c o rd in g  to  the  
fo llo w in g  eq u a tio n s :

D e g re e  o f  sw e llin g  (% ) =  — —— - x i o o ,  (1 )

W e ig h t lo ss  (% ) =  -- — - X 100 , (2)M ,
w h e re  M i s  th e  w e ig h t o f  each  sp e c im e n  a fte r  su b m e rs io n  in  d is t i l le d  w a te r  fo r  24  h, 
Md is  th e  w e ig h t o f  th e  sp ec im en  in  its  d ry  s ta te  a fte r  su b m e rs io n  in  d is tille d  w a te r 
fo r 24  h , an d  Mi is  th e  in itia l w e ig h t o f  th e  sp e c im e n  in  its  d ry  s ta te .

3 .3 .5  M o rp h o lo g ic a l O b se rv a tio n
M o rp h o lo g ic a l a p p e a ra n ce  o f  th e  n e a t an d  th e  m C A -lo a d e d  e -sp u n  

g e la tin  f ib e r  m a ts  b o th  b e fo re  and  a f te r  c ro s s - lin k in g  w as  o b se rv e d  b y  a JE O L  JS M - 
5 2 0 0  sc a n n in g  e le c tro n  m ic ro sc o p y  (S E M ). E a c h  sp e c im e n  w a s  co a ted  w ith  a th in  
la y e r o f  g o ld  u s in g  a  JE O L  JF C -1 1 0 0 E  sp u tte r in g  d e v ic e  p r io r  to  S E M  o b se rv a tio n . 
D ia m e te rs  o f  th e  e -sp u n  fib e rs  w e re  m e a su re d  d ire c tly  fro m  th e  S E M  im ag es  u sin g
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S e m A p h o re  4 .0  so f tw a re , fro m  w h ic h  at le a s t 100 m e a su re m e n ts  fo r each  sam p le  
ty p e  w e re  a n a ly z e d  to  o b ta in  an  a v e ra g e  v a lu e  a lo n g  w ith  th e  s ta n d a rd  d e v ia tio n .

3 .3 .6  R e lea se  o f  A sia tic o s id e  fro m  m C A -lo a d e d  F ib e r  M a ts  an d  F ilm s
3.3.6.1 P reparation  o f  A cetate Buffer

T o  p rep a re  1000  m l o f  th e  a c e ta te  b u ffe r  so lu tio n , 150 g o f  
so d iu m  a ce ta te  w as  d isso lv e d  in  2 5 0  m l o f  d is til le d  w ate r. E x a c tly  15 m l o f  g lac ia l 
ace tic  a c id  w as th en  a d d e d  v ery  s lo w ly  in to  th e  a q u e o u s  so d iu m  a c e ta te  so lu tio n . 
F in a lly , d is tille d  w a te r  w a s  ad d ed  in to  th e  so lu tio n  to  fill th e  v o lu m e . T h e  p H  o f  th e  
a s -p re p a red  a ce ta te  b u ffe r  so lu tio n  w as 5.5.

3.3.6 .2  A siaticoside-release A ssay
T h e  re lea se  c h a ra c te r is tic  o f  a s ia tic o s id e  fro m  m C A -lo a d e d  

g e la tin  f ib e r  m a t an d  film  sp ec im en s  w as d e te rm in e d  by  to ta l im m e rs io n  m e th o d  
(T a e p a ib o o n , P ., et al, 2006 and  T a e p a ib o o n , P ., e t al, 2007). T w o  ty p e s  o f  re lea s in g  
m ed iu m  w ere  used : ( 1) th e  ace ta te  b u ffe r  an d  (2 ) th e  a ce ta te  b u ffe r  th a t c o n ta in e d  10  

v o l.%  m e th a n o l. M e th a n o l w as ad d ed  to  th e  a c e ta te  b u ffe r  to  e n h a n c e  th e  so lu b ility  
o f  a s ia tic o s id e  in  th e  re su ltin g  re le a s in g  m e d iu m . B rie fly , th e  sp e c im e n s , cu t from  
th e  a s -p re p a re d  fib e r m a t an d  film  sa m p le s  in to  c irc u la r  d isc s  o f  ~ 2 .8  cm  in d ia m e te r  
by  a  h o m e -m a d e  h o le -p u n c h e r , w e re  im m e rse d  in  2  m l o f  th e  a c e ta te  b u ffe r  so lu tio n  
a t th e  p h y s io lo g ic a l te m p e ra tu re  o f  37°c. A t a sp e c if ie d  im m e rs io n  p e r io d  ran g in g  
b e tw e e n  0 an d  7 d, 200-300 p L  o f  th e  b u ffe r  so lu tio n  w as ta k e n  o u t (i.e ., th e  sam p le  
so lu tio n ), an d  an  eq u a l a m o u n t o f  fre sh  b u ffe r  so lu tio n  w as  re fille d . T h e  a m o u n t o f  
a s ia tic o s id e  in  th e  sa m p le  so lu tio n  w as  d e te rm in e d  by  th in - la y e r  c h ro m a to g ra p h y  
(T L C )-d e n s ito m e try  te c h n iq u e . T h e  e x p e r im e n ts  w ere  c a rrie d  o u t in  tr ip lic a te  and  
th e  re su lts  w e re  re p o rte d  as av e rag e  v a lu es .

3.3.6.3 TLC-densi tome try  Technique
T h e  s tan d a rd  a s ia tic o s id e  an d  th e  m e th a n o lic  c ru d e  e x tra c t o f  

C entella asia tica  (m C A ) w ere  d isso lv e d  in  th e  a c e ta te  b u ffe r  a t a  c o n c e n tra tio n  o f
0 .5 and  5 m g-m L , re sp e c tiv e ly . A b o u t 2 -8  p L  o f  th e  s ta n d a rd  a s ia tic o s id e  so lu tio n  
and  ab o u t 2 p L  o f  th e  m C A  so lu tio n  w e re  ap p lie d  o n  10 X 2 0  cm  s ilic a  gel 60  F 2 5 4 - 
c o v e red  a lu m in u m  p la te s  (M erck , G e rm a n y ) b y  m e a n s  o f  a  L in o m a t 5 C A M A G  
a p p lic a to r  (S w itz e r la n d ) . A b o u t 5 -1 0  p L  o f  th e  sam p le  so lu tio n s  fro m  th e  re lease
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assay  a t d iffe re n t im m e rs io n  p e rio d s  w e re  a p p lie d  o n  th e  p la te s  as  p re v io u s ly  
m e n tio n e d . T L C  se p a ra tio n s  w ere  p e rfo rm e d  o n  th e se  p la te s . T h e  m o b ile  p h ase  
u sed  w as  8 0 :1 0 :1 0  v /v /v  b u th a n o l/w a te r /m e th a n o l m ix tu re . T h e  d e v e lo p e d  p la te s  
w ere  ‘d r ie d ’ a t ro o m  te m p e ra tu re  an d  th e  a m o u n t o f  a s ia tic o s id e  o n  th e  p la te s  w as 
q u a n tif ie d  b y  f irs t d ip p in g  th e  p la te s  in  1 0 %  su lfu r ic  a c id -c o n ta in in g  e th a n o l so lu tio n  
fo r ~ 1 0 ร, in c u b a tin g  th e  p la te s  at 1 0 0 -1 0 5 ° c  fo r ~ 45  m in , an d  f in a lly  p e rfo rm in g  the  
d e n s ito m é tr ie  m e a su re m e n t o f  th e  b a n d s  a s so c ia te d  w ith  th e  p re se n c e  o f  a s ia tic o s id e  
b y  a C A M A G  T L C  S c a n n e r 3 (S w itze rlan d ).

3.4 Results and Discussion

3.4 .1  E ffe c t o f  S to rag e  T im e
A m o n g  th e  v a r io u s  p ro p e rtie s , th e  sh e a r  v isc o s ity  o f  th e  sp in n in g  

so lu tio n  is th e  m o s t c o n tr ib u tin g  fac to r, in f lu e n c in g  b o th  m o rp h o lo g y  an d  s ize  o f  th e  
e -sp u n  fib e rs . M it-u p p a th a m , c . ,  et al. (M it-u p p a th a m , c . ,  et al, 2 0 0 4 ) sh o w ed  th a t 
th e  m o rp h o lo g ic a l a p p e a ra n c e  o f  e -sp u n  p o ly a m id e - 6  (P A -6 ) f ib e rs  ch a n g e d  from  
d isc re te  b e a d s , to  b e a d e d  fib e rs , an d  f in a lly  to  sm o o th  fib e rs  w h e n  th e  sh e a r  v isc o s ity  
o f  th e  P A - 6  so lu tio n s  in c rea sed , w ith  th e  d ia m e te rs  o f  th e  f ib e rs  ( fo r  b e a d e d  fib ers , 
o n ly  th e  d ia m e te rs  o f  th e  f ib e r  se g m e n ts  b e tw e e n  b e a d s  w e re  a c c o u n te d  fo r) b e in g  
fo u n d  to  in c re a se  w ith  in c re a s in g  th e  sh e a r  v isc o s ity  o f  th e  so lu tio n s . T h ey  a lso  
fo u n d  th a t, a t a  g iv en  c o n c e n tra tio n , f ib e rs  o b ta in e d  fro m  P A - 6  o f  h ig h e r  m o le c u la r  
w e ig h ts  a p p e a re d  to  be  la rg e r  in  d ia m e te r , b u t it w a s  o b se rv e d  th a t  th e  av e rag e  
d ia m e te rs  o f  th e  fib e rs  fro m  P A - 6  o f  d iffe re n t m o le c u la r  w e ig h ts  h a d  a  c o m m o n  
re la tio n sh ip  w ith  th e  so lu tio n  v isc o s itie s  w h ic h  co u ld  b e  a p p ro x im a te d  by  an  
ex p o n e n tia l g ro w th  e q u a tio n  (M it-u p p a th a m , c . ,  et al, 2 0 0 4 ).

R ecen tly , C h u a n g c h o te , ร ., et al. (C h u a n g c h o te , ร ., et al, 2 0 0 7 ) 
re p o rte d  th a t th e  sh e a r  v isc o s ity  o f  th e  b a se  P V A  so lu tio n  (i.e ., 10%  w /v  in  re v e rse  
o sm o tic  w a te r)  d e c re a sed  fro m  810 m P a-s to  a b o u t 6 0 0  m P a-s u p o n  so n ic a tio n , w h ile  
th e  c o n d u c tiv ity  w a s  n o t a ffec ted . T h e  re d u c tio n  in  th e  sh e a r  v isc o s ity  w as 
re sp o n s ib le  fo r th e  o b se rv e d  d e c rea se  in  th e  a v e ra g e  d ia m e te r  o f  th e  e -sp u n  P V A  
fib ers  fro m  ~ 2 9 0  nm  to  —170 nm  [i.e ., fo r  a fix ed  a p p lie d  e le c tro s ta tic  f ie ld  s tren g th
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(E F S ) o f  15 k V /1 5  cm ] (C h u a n g c h o te , ร ., et al, 2 0 0 7 ). B e c a u se  K i, C .S ., et al. (K i,
C .S ., et al, 2 0 0 5 )  sh o w e d  th a t the  sh e a r  v isc o s ity  o f  th e  g e la tin  so lu tio n s  in  9 8 %  
fo rm ic  ac id  d e c re a se d  m o n o to n ic a lly  o v e r  th e  30  h -p e r io d  a f te r  p re p a ra tio n , w ith  th e  
e x te n t o f  th e  re d u c tio n  in  th e  sh e a r  v isc o s ity  o f  th e  so lu tio n s  in c re a s in g  w ith  
in c re a s in g  th e  so lu tio n  c o n c e n tra tio n , an d  it w as  p o s tu la te d  to  b e  a  re su lt o f  th e  
h y d ro ly s is  o f  g e la tin  m o le c u le s  in  su ch  a  s tro n g  ac id , it is n e c e s sa ry  to  d e te rm in e  
w h e th e r  o r  n o t su ch  a  re d u c tio n  in  th e  sh e a r  v isc o s ity  o f  th e  g e la tin  so lu tio n  in  70 
v o l.%  ace tic  ac id  w o u ld  o ccu r, s in ce , d e sp ite  th e  re la tiv e  s im p lic ity  o f  th e  e -sp in n in g  
te c h n iq u e , th e  a p p lic a b ility  o f  th e  te c h n iq u e  re q u ire s  th a t th e  p ro p e r tie s  o f  a  sp in n in g  
so lu tio n  d o  n o t ch an g e  a p p re c ia b ly  w ith  tim e.

H ere , b o th  th e  sh e a r  v isc o s ity  and  th e  c o n d u c tiv ity  o f  th e  n e a t g e la tin  
so lu tio n  (i.e ., 2 2 %  w /v  in  70  v o l.%  a c e tic  ac id ) w e re  m e a su re d  a t 1, 2 , 3, 4 , 5, 12, 
an d  24  h  a fte r  p re p a ra tio n  (se e  su p p le m e n ta ry  d a ta  (a v a ila b le  at 
s ta c k s .io p .o rg /N a n o /1 9 /0 1 5 1 0 2 )) . A  s lig h t re d u c tio n  in  th e  sh e a r  v isc o s ity  o f  th e  
so lu tio n  w a s  o b se rv e d  (i.e ., fro m  - 4 6 2  m P a-s at 1 h  o f  s to ra g e  tim e  to  - 4 4 7  m P a-s at 
24  h o f  s to ra g e  tim e ), w h ile  a  s lig h t in c re a se  in  th e  c o n d u c tiv ity  o f  th e  so lu tio n  w as 
n o ted  (i.e ., fro m  - 1 2 6 0  p S -c m "1 a t 1 h  o f  s to ra g e  tim e  to  - 1 2 7 0  p S -c m "1 a t 24 h  o f  
s to rag e  tim e ). T o  in v e s tig a te  th e  e ffe c t o f  s to ra g e  tim e  o n  e le c tro sp in n a b ility  o f  th e  
g e la tin  so lu tio n  and  m o rp h o lo g y  an d  s iz e  o f  th e  e -sp u n  fib e rs , th e  n ea t g e la tin  
so lu tio n  w a s  e -sp u n  a t 2 .5 , 4 , 7 .5 , 12, 17, an d  24  h  a fte r  p re p a ra tio n  o n to  an  
a lu m in u m  sh e e t w ra p p e d  a ro u n d  a  s ta tio n a ry  rig id  p la s tic  sh e e t a t a  f ix e d  E F S  o f  15 
k V /2 0  cm  fo r  a  fix ed  c o lle c tio n  tim e  o f  5 m in . T h e  s to ra g e  tim e  h a d  no  o b v io u s  
e ffe c t on  th e  m o rp h o lo g y  an d  th e  s iz e  o f  th e  e -sp u n  g e la tin  f ib e rs , as  th e  fib e rs  
ap p e a re d  to  b e  sm o o th  an d  th e  av e rag e  d ia m e te rs  o f  th e se  fib e rs  w e re  fo u n d  to  ran g e  
b e tw e e n  -2 2 1  an d  - 2 3 4  nm  (se e  su p p le m e n ta ry  d a ta  (a v a ila b le  a t 
s ta c k s .io p .o rg /N a n o /1 9 /0 1 5 1 0 2 )) . It c an  b e  in fe rre d  fro m  th e  o b ta in e d  re su lts  th a t 
a p p re c ia b le  d e g ra d a tio n  o f  g e la tin  m o le c u le s  in  70  v o l.%  a c e tic  ac id  w as n o t 
o c c u rre d  as  in  th e  case  o f  g e la tin  in 9 8 %  fo rm ic  a c id  (K i, C .S ., et, al, 2 0 0 5 ) (cf. 
K a ^ c e t i c  a c id  — 1.8 X  10 v e rsu s  - K a  f o r m ic  a c id  —  1.7 X  10 ).
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3 .4 .2  E ffe c t o f  C ro ss - lin k in g
S in ce  g e la tin  is a  w a te r-so lu b le  m a te ria l, an  e -sp u n  g e la tin  fib e r m a t 

c a n  e ith e r  p a r t ia l ly  o r  c o m p le te ly  d isso lv e  to  lo se  its  f ib ro u s  s tru c tu re  w h e n  c o m in g  
in to  c o n ta c t w ith  an  a q u e o u s  m e d iu m  o r p a r tia lly  d is so lv e  to  lo se  its  f ib ro u s  s tru c tu re  
w h e n  b e in g  e x p o se d  to  a h ig h  h u m id ity  a m b ie n t, e .g ., 8 0 -9 0 % , fo r a c e r ta in  p e rio d  o f  
tim e  (Z h an g , Y .Z ., e t al, 2 0 0 6 ). T o  e x te n d  its u se  in  a p p lic a tio n s  th a t  req u ire  a 
c o n ta c t w ith  a n  a q u e o u s  m e d iu m  o r an  e x p o su re  to  a  h ig h  h u m id ity , c ro s s - lin k in g  is 
n ece ssa ry . A m o n g  th e  v a r io u s  ch em ica l c ro s s - lin k in g  sy s te m s  u se d  to  c ro ss-lin k  
g e la tin  (e .g ., g lu ta ra ld e h y d e  (V a n d e rv o o rt, J. an d  L u d w ig , A ., 2 0 0 4 ; Z h a n g , Y .Z ., e t 
a l, 2 0 0 6 ; U lu b a y ra m , K ., et al, 2 0 0 1 ; M iy a sh i, M ., et al, 2 0 0 5  an d  H u a n g , ร ., et al,
2 0 0 6 ), g e n ip in  (L iu , T .Y ., et, al, 2 0 0 6 ), E D C /W -h y d ro x y su cc in im id e  (N H S ) (L iu , J., 
et al, 2 0 0 7 ), H D M I (L i, M ., et al, 2 0 0 5 ), E D C  (L i, M ., et al, 2 0 0 6 )) , g lu ta ra ld e h y d e  
se e m s  to  b e  th e  m o s t w id e ly -u se d  sy s tem , lik e ly  a  re s u lt  o f  its  re la tiv e ly  lo w  cost. 
N e v e r th e le s s , c o n v e n tio n a l c ro s s - lin k in g  by  w a y  o f  im m e rs in g  a  fa b r ic a te d  fo rm  o f  
g e la tin  in  an  a q u e o u s  so lu tio n  o f  g lu ta ra ld e h y d e  is n o t a p p lic a b le  w ith  an  e -sp u n  
g e la tin  fib e r m a t, as th e  m a te ria l w o u ld  lo se  its  f ib ro u s  s tru c tu re  w h e n  it c o m es  in to  
c o n ta c t  w ith  th e  c ro ss - lin k in g  m ed iu m  (se e  su p p le m e n ta ry  d a ta  (av a ilab le  at 
s tack s . io p .o rg /N a n o /1 9 /0 1 5 1 0 2 )) .

R e c e n tly , Z h a n g  et al. (Z h a n g , Y .Z ., et al, 2 0 0 6 )  sh o w ed  th a t 
e x p o s in g  a n  e -sp u n  g e la tin  (T y p e  A , p o rc in e  sk in , - 3 0 0  B lo o m ) f ib e r  m a t ( - 1 0 0  p m  
in  th ic k n e ss )  to  sa tu ra te d  v a p o r  fro m  25 v o l.%  g lu ta ra ld e h y d e  a q u e o u s  so lu tio n  fo r 
m o re  th a n  - 2  d  w a s  p ro v e n  to  b e  an  e ff ic ie n t m e th o d  fo r  c ro ss - lin k in g  th e  fib e r m at. 
H e re , th e  e -sp u n  g e la tin  f ib e r m a ts  w ere  a lso  c ro ss - lin k e d  b y  tre a tin g  th e  fib e r m a ts  
in  a  c h a m b e r  filled  w ith  sa tu ra te d  v a p o r  f ro m  50  v o l.%  g lu ta ra ld e h y d e  fo r v a rio u s  
e x p o su re  t im e  in te rv a ls , ra n g in g  fro m  0 to  3 h  (1 8 0  m in ). T o  re m o v e  as m u ch  
a m o u n t o f  th e  u n re a c te d  g lu ta ra ld e h y d e  fro m  th e  f ib e r  m a ts  as  p o ss ib le , th e  fib e r 
m a ts  w ere  la te r  p la c e d  in  a  v a c u u m  o v en  a t ro o m  te m p e ra tu re  fo r  24  h  an d  la te r at 
1 1 0 ° c  o v e r n ig h t. T o  a sse ss  th e  d eg re e  o f  c ro ss - lin k in g , c ro s s - lin k e d  e -sp u n  g e la tin  
f ib e r  m a t sp e c im e n s  w e re  in v e s tig a te d  fo r th e ir  sw e llin g  an d  w e ig h t lo ss  b eh av io r 
a f te r  su b m e rs io n  in  d is tille d  w a te r  fo r 24  h a t ro o m  te m p e ra tu re . T h e se  sp ec im en s  
w e re  cu t fro m  th e  f ib e r  m a t ( - 7 0 - 9 0  p m  in th ic k n e ss )  th a t w as  e -sp u n  fro m  th e  n ea t
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g e la tin  so lu tio n  (i.e ., 2 2 %  w /v  in  70 v o l.%  ace tic  ac id ) o n  m e ta l g rid s  (3 cm  X 10 cm ) 
p la c e d  a ro u n d  th e  ro ta tin g  c y lin d e r  at a f ix e d  E F S  o f  15 k V /2 0  cm  fo r  a  fixed  
c o lle c tio n  tim e  o f  15 h. C o m p a riso n s  w e re  a lso  m ad e  a g a in s t so lv e n t-c a s t gela tin  
film  sp e c im e n s  ( - 1 0 0 - 1 2 0  p m  in  th ick n ess).

T a b le  3.1 sh o w s se lec ted  S E M  im ag es  o f  th e  e -sp u n  g e la tin  fib e r m at 
sp e c im e n s  th a t w e re  c ro ss - lin k e d  w ith  g lu ta ra ld e h y d e  v a p o r  fo r v a r io u s  ex p o su re  
tim e  in te rv a ls  b e fo re  an d  a fte r  th e  sw e llin g  an d  th e  w e ig h t lo ss  s tu d ie s . E v id en tly , 
in c re a s in g  th e  e x p o su re  tim e  in  th e  c h a m b e r  c a u se d  a d ja c e n t f ib e r  se g m e n ts  to  fuse 
to  o n e  an o th e r, a  re su lt o f  th e  p a r tia l d is so lu tio n  o f  th e  f ib e r  se g m e n ts  w h en  they  
c a m e  in to  c o n ta c t w ith  th e  m o is tu re -r ic h  v a p o r  f ro m  th e  a q u e o u s  so lu tio n  o f  
g lu ta ra ld e h y d e . A  s im ila r  o b se rv a tio n  w as re p o rte d  fo r th e  c ro ss - lin k in g  o f  th e  e- 
sp u n  p o ly (v in y l a lc o h o l)  (P V A ) fib e rs  c o n ta in in g  so d iu m  sa lic y la te  as th e  m odel 
d ru g  w ith  th e  g lu ta ra ld e h y d e  v a p o r  (T a e p a ib o o n , P ., et al, 2 0 0 7 ). In a d d itio n , the  
f ib e r  m a t sp e c im e n s , a fte r  c ro ss - lin k in g , c h a n g e d  th e ir  c o lo r  fro m  w h ite  to  p a le  
y e llo w  an d  s lig h tly  sh ru n k  fro m  th e ir  o rig in a l d im e n s io n s . T h e  ch an g e  in  co lo r o f  
c ro s s - lin k e d  g e la tin  is c au sed  b y  th e  fo rm a tio n  o f  a ld im in e  lin k a g e s  (-C H = N -) 
b e tw e e n  th e  free  a m in o  g ro u p s  o f  ly s in e  o r h y d ro x y ly s in e  a m in o  ac id  re s id u e s  o f  the  
p ro te in  an d  th e  a ld e h y d e  g ro u p s  o f  g lu ta ra ld e h y d e  (O ld e  D a m in k , L .H .H ., et al, 
1995; A k in , H . an d  H as irc i, N ., 1995). W ith o u t c ro ss - lin k in g , su b m e rs io n  o f  the  e- 
sp u n  g e la tin  f ib e r  m a t sp e c im e n  in  d is tille d  w a te r  fo r  24  h  c o m p le te ly  d e s tro y e d  its 
f ib ro u s  s tru c tu re . E v id e n tly , tre a tin g  th e  f ib e r  m a t sp e c im e n s  in  th e  c ro ss -lin k in g  
c h a m b e r  fo r  a  sh o rt ex p o su re  tim e , i.e ., lo w e r  th an  - 3 0  m in , w a s  in su ff ic ie n t to 
m a in ta in  th e  f ib ro u s  s tru c tu re  o f  th e se  sp e c im e n s . F u r th e r  in c re a s in g  th e  e x p o su re  
tim e  in te rv a l o v e r  - 3 0  m in  in  th e  c ro ss - lin k in g  c h a m b e r  c a u se d  th e  f ib e r  m at 
sp e c im e n s  to  m a in ta in  th e ir  f ib ro u s  s tru c tu re , d e sp ite  a  s tro n g  e v id e n c e  o f  a  h igh  
d e g re e  o f  sh r in k a g e  o f  th e se  sp e c im e n s  a fte r  th e  sw e llin g  a n d  th e  w e ig h t lo ss  s tu d ies.

F ig u re  3 .2  sh o w s th e  d eg ree  o f  sw e llin g  an d  th e  w e ig h t lo ss  o f  th e  
c ro ss - lin k e d  f ib e r  m a t an d  film  sp e c im e n s  a f te r  su b m e rs io n  in  d is tille d  w a te r  fo r 24 h 
as a  fu n c tio n  o f  th e  ex p o su re  tim e  in  th e  c ro ss - lin k in g  c h a m b e r. D e sp ite  lo s in g  its 
f ib ro u s  s tru c tu re  th ro u g h  p a rtia l d is so lu tio n , th e  n e a t e -sp u n  g e la tin  f ib e r  m at 
sp e c im e n  sh o w e d  a  v e ry  h ig h  d e g re e  o f  sw e llin g  a t - 1 1 5 0 % , w h ile  th a t o f  th e  c ross-
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lin k ed  e -sp u n  f ib e r  m a t sp e c im e n s  w as fo u n d  to  g ra d u a lly  d e c re a se  fro m  - 3 6 0 %  at 
th e  e x p o su re  tim e  o f  5 m in  to  - 2 5 0 %  at th e  e x p o su re  tim e  o f  180 m in . O n  th e  
c o n tra ry , th e  n e a t g e la tin  film  sp e c im e n  an d  th e  film  sp e c im e n s  th a t w e re  tre a te d  in 
th e  c ro ss - lin k in g  c h a m b e r sh o rte r  th a n  - 3 0  m in  co u ld  n o t m a in ta in  th e ir  p h y s ica l 
fo rm , as  th ey  p a r tia l ly  d is so lv e d  a n d /o r  d is in te g ra te d  a f te r  su b m e rs io n  in  d is tilled  
w a te r . In c re a s in g  th e  ex p o su re  tim e  in  th e  c ro ss - lin k in g  c h a m b e r  fo r m o re  th an  or 
eq u a l to  30  m in  c a u se d  th e  film  sp e c im e n s  to  be  ab le  to  m a in ta in  th e ir  p h y s ic a l fo rm  
an d  th e  d eg re e  o f  sw e llin g  o f  th e se  film  sp e c im e n s  w as fo u n d  to  g ra d u a lly  d ec rea se  
fro m  - 6 1 0 %  a t th e  ex p o su re  tim e  o f  30  m in  to  - 2 9 0 %  a t th e  e x p o su re  tim e  o f  180 
m in . In  th e  sam e  m a n n e r, th e  n e a t e -sp u n  g e la tin  f ib e r  m a t sp e c im e n  sh o w e d  a  h ig h  
p e rc e n ta g e  o f  w e ig h t lo ss  a t - 4 1 % ,  w h ile  th a t o f  th e  c ro ss - lin k e d  e -sp u n  f ib e r  m at 
sp e c im e n s  w as fo u n d  to  g ra d u a lly  d e c re a se  fro m  - 2 6 %  a t th e  e x p o su re  tim e  o f  5 m in  
to  - 1 5  a t th e  e x p o su re  tim e  o f  15 m in  to  reach  a  p la te a u  v a lu e  in  th e  ra n g e  o f  12-13%  
o v e r th e  e x p o su re  tim e  in te rv a ls  o f  3 0 -1 8 0  m in . O n  th e  o th e r  h an d , th e  d eg re e  o f  
sw e llin g  o f  th e  c ro ss - lin k e d  g e la tin  film  sp e c im e n s  w as fo u n d  to  g ra d u a lly  d e c rea se  
fro m  - 3 5 %  a t th e  ex p o su re  tim e  o f  30 m in  to  - 2 0 %  at th e  e x p o su re  tim e  o f  180 m in . 
E v id e n tly , th e  g re a te r  d eg ree  o f  sw e llin g  an d  th e  p e rc e n ta g e  o f  w e ig h t lo ss  o f  th e  
film  sp e c im e n s  o v e r  th o se  o f  th e  f ib e r  m a t c o u n te rp a r ts , a t a  g iv e n  e x p o su re  tim e , 
su g g e s te d  th a t th e  d e g re e  o f  c ro ss - lin k in g  o f  th e  fib e r m a t sp e c im e n s  w a s  g rea te r 
th an  th a t o f  th e  film  c o u n te rp a r ts , m o s t lik e ly  a  re su lt o f  th e  g re a te r  su rfa c e  a rea  o f  
th e  f ib e r  m a t sp e c im e n s  o v e r  th a t o f  th e  film  co u n te rp a rts .

3 .4 .3  C entella  A siatica  C ru d e  E x tra c t (m C A V lo a d e d  G e la tin  F ib e r  M a ts
a n d  th e  R e le a se  o f  A s ia tic o s id e
M e th a n o lic  c ru d e  e x tra c t o f  C entella asia tica  (m C A ) in  th e  a m o u n t o f

5 -3 0  w t.%  b a se d  o n  th e  w e ig h t o f  g e la tin  p o w d e r  w a s  a d d e d  in  th e  n e a t g e la tin  
so lu tio n  (i.e ., 2 2 %  w /v  in  70  v o l.%  ace tic  a c id ) to  p re p a re  th e  m C A -lo a d e d  g e la tin  
so lu tio n s . B o th  th e  n e a t and  th e  m C A -lo a d e d  g e la tin  so lu tio n s  w ere  e -sp u n  o n to  an  
a lu m in u m  sh e e t w ra p p e d  a ro u n d  a  s ta tio n a ry  rig id  p la s tic  sh e e t a t a  fix ed  
e le c tro s ta tic  f ie ld  s tre n g th  o f  15 k V /2 0  cm  o v e r  a  f ix e d  c o lle c tio n  tim e  o f  5 m in. 
S e lec ted  S E M  im a g e s  o f  th e  n ea t an d  th e  m C A -lo a d e d  g e la tin  f ib e r  m a ts  a re  sh o w n  
in F ig u re  3 .3 . T h e  a d d itio n  o f  m C A  h ad  no  o b v io u s  e ffe c t o n  b o th  th e  m o rp h o lo g y  
an d  th e  s ize  o f  th e  m C A -lo a d e d  g e la tin  fib e rs  as  b o th  o f  th e  n e a t an d  th e  m C A -
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lo ad ed  g e la tin  f ib e rs  w e re  sm o o th  an d  th e  d ia m e te rs  o f  th e se  f ib e rs  w e re  fo u n d  to  be 
in  th e  sam e  ra n g e  (i.e ., 2 26  ±  52 to  2 32  ±  49  n m ; see  su p p le m e n ta ry  d a ta  (av a ilab le  
at s ta c k s .io p .o rg /N a n o /1 9 /0 1 5 1 0 2 )).

T h e  fib e r m a t fro m  th e  g e la tin  so lu tio n  c o n ta in in g  30  w t%  o f  m C A  
w as c h o se n  fo r  fu r th e r  in v e s tig a tin g  th e  re le a se  c h a ra c te r is tic  o f  a s ia tic o s id e . T he 
m C A -lo a d e d  g e la tin  f ib e r m a t ( — 180 — 220  p m  in  th ic k n e ss )  w as  e -sp u n  o n to  m eta l 
g rid s  (3  cm  X 10 c m ) p laced  a ro u n d  th e  ro ta tin g  c y lin d e r  a t a  fix ed  E F S  o f  15 k V /2 0  
cm  fo r a  fix ed  c o lle c tio n  tim e  o f  48  h. C o m p a riso n s  w e re  a lso  m ad e  a g a in s t the  
m C A -lo a d e d  g e la tin  film  ( —90 —120 p m  in th ic k n e ss )  p re p a re d  b y  th e  so lv e n t-c a s tin g  
te c h n iq u e . It sh o u ld  be  n o ted  th a t th e  a d d itio n  o f  m C A  a lso  d id  n o t a ffe c t th e  
m o rp h o lo g y  o f  th e  m C A -lo a d e d  g e la tin  film s, as  b o th  th e  n e a t an d  th e  m C A -lo a d e d  
g e la tin  film s w e re  sm o o th  (see  su p p le m e n ta ry  d a ta  (a v a ila b le  at 
s ta c k s .io p .o rg /N a n o /1 9 /0 1 5 1 0 2 )) . B o th  th e  m C A -lo a d e d  f ib e r  m a t an d  film  sam p le s  
w ere  c ro ss - lin k e d  w ith  g lu ta ra ld e h y d e  v a p o r  fo r  1 h  to  im p ro v e  th e ir  s ta b ility  in  the  
re le a s in g  m e d iu m . P rio r  to  in v e s tig a tin g  th e  re le a se  c h a ra c te r is tic  o f  a s ia tic o s id e  
from  th e  m C A -lo a d e d  fib e r m a t and  film  sp e c im e n s  (d isc  sh ap e ; 2 .8  cm  in d iam ete r; 
cu t fro m  th e  m C A -lo a d e d  e -sp u n  fib e r m a t an d  so lv e n t-c a s t f ilm  sa m p le s ) , th e  
c o n te n t o f  a s ia tic o s id e  in  m C A  an d  th e  m C A -lo a d e d  f ib e r  m a t an d  film  sam p le s  
n eed ed  to  b e  d e te rm in e d . T L C -d e n s ito m e tr ic  a n a ly se s  re v e a le d  th a t  th e  a m o u n t o f  
a s ia tic o s id e  in  m C A  w as ~ 1 7  ±  2 %  and  th e  a m o u n t o f  a s ia tic o s id e  in  th e  m C A - 
lo ad ed  f ib e r  m a t an d  film  sa m p le s  in  c o m p a riso n  w ith  th a t  in  th e  sp in n in g  an d  th e  
c a s tin g  so lu tio n s  w as  ~ 9 9  an d  87% , re sp e c tiv e ly . T h ese  v a lu e s  w e re  u se d  to  a rriv e  at 
th e  c u m u la tiv e  re le a se  o f  a s ia tic o s id e  fro m  th e  m C A -lo a d e d  sp e c im e n s .

E x a m p le s  o f  th e  T L C -d e n s ito m e tr ic  c h ro m a to g ra m s  a re  g iv e n  as 
su p p le m e n ta ry  d a ta  (a v a ila b le  at s ta c k s .io p .o rg /N a n o /1 9 /0 1 5 1 0 2 ) . F o r th e  p a r tic u la r  
p a ir  o f  s ta tio n a ry /m o b ile  p h a se s , th e  re te n tio n  fa c to r  (R f)  o f  a s ia tic o s id e  w as 
o b se rv e d  a t ~ 0 .7 8 . S in ce  th e  m a jo r ity  o f  th e  p e a k s , in c lu d in g  th a t o f  a s ia tic o s id e , 
o b se rv e d  o n  th e  c h ro m a to g ra m s  o f  th e  m C A  so lu tio n  in  th e  a ce ta te  b u ffe r  so lu tio n  
and  th o se  o f  th e  m C A  th a t w a s  re le a se d  fro m  b o th  th e  f ib e r  m a t an d  film  sp ec im en s  
w as p ra c tic a lly  s im ila r , th e  c h e m ic a l in te g rity  o f  th e  e x tra c t sh o u ld  s till b e  in tac t. T o
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a rriv e  a t th e  c u m u la tiv e  re lea se  o f  a s ia tic o s id e , o n ly  th e  a re a  u n d e r  th e  p eak  
a s so c ia te d  w ith  a s ia tic o s id e  at R f  ~  0 .78  w as in v es tig a ted .

F ig u re  3 .4  sh o w s c u m u la tiv e  re le a se  p ro f ile s  o f  a s ia tic o s id e  fro m  th e  
m C A -lo a d e d  g e la tin  f ib e r  m a t and  film  sp e c im e n s  re p o rte d  as  th e  p e rc e n ta g e  o f  the  
w e ig h t o f  a s ia tic o s id e  re lea sed  d iv id e d  by  th e  a c tu a l w e ig h t o f  a s ia tic o s id e  p re se n t in  
th e  sp e c im e n s  in  tw o  d iffe re n t ty p e s  o f  re le a s in g  m e d iu m , i.e ., a c e ta te  b u ffe r  and  
9 0 :1 0  v /v  a ce ta te  b u ffe r /m e th a n o l, a t th e  p h y s io lo g ic a l te m p e ra tu re  o f  37°c. In  th e  
a ce ta te  b u ffe r , th e  p e rc e n ta g e  o f  a s ia tic o s id e  re le a se d  fro m  b o th  th e  f ib e r  m a t and  
film  sp e c im e n s  in c re a se d  ra th e r  ra p id ly  d u rin g  th e  f irs t 24  h  (i.e ., fro m  - 1 8 %  at the  
im m e rs io n  tim e  o f  5 m in  to  - 5 0 %  at 24  h  fo r  th e  fib e r m a t sp e c im e n s  an d  from  
- 3 2 %  at th e  im m e rs io n  tim e  o f  5 m in  to  - 6 9 %  a t 24  h fo r th e  f ilm  c o u n te rp a r ts )  and  
in c re a se d  ra th e r  s lig h tly  a fte rw a rd  (i.e ., to  re a c h  th e  to ta l a m o u n t o f  a s ia tic o s id e  
re le a se d  fro m  th e  f ib e r  m a t an d  film  sp e c im e n s  o n  d a y  7 o f  - 5 6  an d  - 7 7 % , 
re sp e c tiv e ly ) . In  th e  a ce ta te  b u ffe r /m e th a n o l, a  m u c h  g re a te r  a m o u n t o f  a s ia tic o s id e  
w as re le a se d  fro m  b o th  ty p es  o f  sp e c im e n s , a t an y  g iv en  im m e rs io n  tim e , w ith  the  
to ta l a m o u n t o f  a s ia tic o s id e  re lea sed  fro m  th e  f ib e r  m a t a n d  th e  film  sp e c im e n s  on  
d ay  7 b e in g  -7 1  an d  - 8 0 % ,  re sp e c tiv e ly ).

T h e  fa c t th a t th e  p e rc e n ta g e  o f  th e  w e ig h t o f  a s ia tic o s id e  re lea sed  
fro m  th e  m C A -lo a d e d  so lv e n t-c a s t g e la tin  film  sp e c im e n s  in  an y  ty p e  o f  re lea s in g  
m e d iu m  w a s  g re a te r  th an  th a t fro m  th e  m C A -lo a d e d  e -sp u n  g e la tin  f ib e r  m a t 
c o u n te rp a r ts  co u ld  b e  d u e  to  a  n u m b e r  o f  fac to rs , e .g ., th e  o b se rv e d  g re a te r  d e g re e  o f  
sw e llin g  an d  th e  p e rc e n ta g e  o f  w e ig h t lo ss  o f  th e  n e a t g e la tin  f ilm s  o v e r  th o se  o f  th e  
n ea t g e la tin  f ib e r m a ts  (see  F ig u re  3 .2 ) an d  th e  d iffe re n c e  in  th e  to ta l a m o u n t o f  
a s ia tic o s id e  p re se n t in  th e  fib e r m a t an d  th e  film  sp e c im e n s . T h e  la tte r  fa c to r  w as  
cau sed  b y  th e  d if fe re n c e  in  th e  a m o u n t o f  a s ia tic o s id e  in  th e  f ib e r  m a t an d  film  
sp e c im e n s  in  c o m p a r iso n  w ith  th a t in  th e  sp in n in g  an d  th e  c a s tin g  so lu tio n s  (i.e ., - 9 9  
an d  - 8 7 % ,  re sp e c tiv e ly )  and  to  th e  d iffe re n ce  in  th e  a c tu a l w e ig h t o f  th e  f ib e r  m a t 
and  film  sp e c im e n s  [i.e ., d e sp ite  th e  sam e  d ia m e te r  o f  th e  sp e c im e n s , th e  d iffe re n ce s  
in th e  th ic k n e ss  an d  th e  m o rp h o lo g y  o f  th e  f ib e r  m a t an d  f ilm  sp e c im e n s  cau sed  th e  
w e ig h t o f  th e  film  sp e c im e n s  (i.e ., - 5 0  m g) to  be  g re a te r  th a n  th a t o f  th e  fib e r m a t 
c o u n te rp a r ts  (i.e ., - 6 0  m g)].



41

T o  a s se s s  w h e th e r th e  ac tu a l w e ig h t o f  th e  sp e c im e n s  h ad  a  p ro fo u n d  
e ffe c t o n  th e  re lea se  p ro f ile s  o f  a s ia tic o s id e , th e  w e ig h t o f  a s ia tic o s id e  re le a se d  from  
th e  m C A -lo a d e d  g e la tin  fib e r m a t an d  film  sp e c im e n s  w a s  d iv id e d  b y  th e  ac tu a l 
w e ig h t o f  th e  sp e c im e n s  and  th e  re su lts  are  sh o w n  in  F ig u re  3 .5  E v id e n tly , by  
n o rm a liz in g  th e  w e ig h t o f  a s ia tic o s id e  re le a se d  fro m  th e  f ib e r  m a t an d  film  
sp e c im e n s  b y  th e  a c tu a l w e ig h t o f  th e  sp e c im e n s , th e  a m o u n t o f  a s ia tic o s id e  re lea sed  
fro m  th e  f ib e r  m a t sp e c im e n s  in an y  ty p e  o f  th e  re le a s in g  m e d iu m  w as g re a te r  th an  
th a t fro m  th e  film  co u n te rp a rts . E v e n  th o u g h  th e  a p p e a ra n c e  o f  th e  re le a se  p ro file s  
w as  s im ila r  to  th o se  sh o w n  in  F ig u re  3 .4 , th e  to ta l a m o u n t o f  a s ia tic o s id e  re lea sed  
fro m  th e se  sp e c im e n s  w as c lea rly  d iffe ren t. S p e c if ic a lly , th e  to ta l a m o u n t o f  
a s ia tic o s id e  re le a se d  fro m  th e  f ib e r m a t an d  film  sp e c im e n s  in  th e  a ce ta te  b u ffe r  on  
d ay  7 w a s  - 9 7  an d  ~ 7 7  ng  o f  a s ia tic o s id e /m g  o f  s p e c im e n , re sp e c tiv e ly , w h ile  th a t in 
th e  a c e ta te  b u ffe r /m e th a n o l w as - 1 2 2  an d  - 7 9  n g  o f  a s ia tic o s id e /m g  o f  sp ec im en , 
re sp e c tiv e ly . F o r b o th  ty p es  o f  p lo ts , th e  fac t th a t th e  re le a se  o f  a s ia tic o s id e  fro m  th e  
f ib e r m a t an d  film  sp e c im e n s  in  th e  a ce ta te  b u ffe r /m e th a n o l w a s  g re a te r  th a n  th a t in  
th e  a c e ta te  b u ffe r  is d u e  to  th e  fac t th a t m e th an o l is  th e  g o o d  so lv e n t fo r a s ia tico s id e .

3.5 Conclusion

A  c ru d e  e x tra c t  fro m  C entella asia tica  (L .)  U rb a n , a  m e d ic in a l p la n t w id e ly  
k n o w n  fo r  its  tra d itio n a l m ed ica l a p p lic a tio n s  in c lu d in g  w o u n d  h e a lin g  ab ility , in  th e  
m e th a n o l f ra c tio n  (m C A ) w as ad d ed  to  th e  n ea t g e la tin  ( ty p e  A , p o rc in e  sk in , - 1 8 0  
B lo o m ) so lu tio n  (2 2 %  w /v  in  70  v o l.%  ace tic  a c id ) in  v a r io u s  a m o u n ts  (i.e ., 5 -30  
w t.%  b a se d  o n  th e  w e ig h t o f  g e la tin  p o w d e r) . B o th  th e  n ea t a n d  th e  m C A -c o n ta in in g  
g e la tin  so lu tio n s  w e re  fab rica ted  in to  u ltra f in e  f ib e rs  b y  e le c tro sp in n in g  u n d e r  a  fix ed  
e le c tro s ta tic  fie ld  s tre n g th  o f  15 k V /2 0  cm . T h e  s to ra g e  tim e  a f te r  th e  p re p a ra tio n  o f  
th e  n e a t g e la tin  so lu tio n  h ad  no  o b v io u s  e ffe c t o n  b o th  th e  m o rp h o lo g y  an d  th e  
d ia m e te rs  o f  th e  e le c tro sp u n  (e -sp u n ) fib e rs , as th e  f ib e rs  a p p e a re d  to  b e  sm o o th  and  
th e  a v e ra g e  d ia m e te rs  o f  th ese  fib e rs  w e re  fo u n d  to  ra n g e  b e tw e e n  -2 2 1  an d  - 2 3 4  
run. T h e  s ta b ility  in  an  aq u eo u s  m e d iu m  o f  th e  e -sp u n  g e la tin  f ib e r  m a ts  w as 
im p ro v e d  b y  c ro ss - lin k in g  w ith  g lu ta ra ld e h y d e  v a p o r  (i.e ., e x p o s in g  th e  m a ts  in  a 
c h a m b e r  sa tu ra te d  w ith  th e  v a p o r  fro m  th e  50  v o l.%  g lu ta ra ld e h y d e  a q u e o u s  so lu tio n
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fo r v a rio u s  e x p o su re  tim e  in te rv a ls , ran g in g  b e tw e e n  0 an d  3 h a t 37°c, fo llo w ed  by  
in c u b a tin g  in  a  v a c u u m  o v en  at ro o m  te m p e ra tu re  fo r  2 4  h  an d  la te r  at 1 10°c o v er 
n ig h t). In c o rp o ra tio n  o f  m C A  in th e  n e a t g e la tin  so lu tio n  h ad  n o  o b v io u s  e ffe c t on  
b o th  th e  m o rp h o lo g y  an d  th e  s ize  o f  th e  m C A -lo a d e d  g e la tin  f ib e rs  o b ta in e d , as b o th  
th e  n ea t an d  th e  m C A -lo a d e d  g e la tin  fib e rs  w e re  sm o o th  an d  th e  a v e ra g e  d iam e te rs  
o f  th e se  fib e rs  w e re  fo u n d  to  in  th e  ran g e  o f  2 2 6  to  2 3 2  nm . T h e  c ro ss - lin k e d  m C A - 
lo ad ed  e -sp u n  g e la tin  f ib e r  m a t (fro m  th e  n e a t g e la tin  so lu tio n  c o n ta in in g  30 w t.%  o f  
m C A  and  e x p o se d  in  th e  c ro ss - lin k in g  c h a m b e r fo r  1 h ) w a s  f in a lly  in v e s tig a te d  fo r 
th e  re le a se  c h a ra c te r is tic  o f  a s ia tico s id e , id e n tif ie d  a s  th e  m o s t a c tiv e  co m p o u n d  
a sso c ia te d  w ith  th e  h e a lin g  o f  w o u n d s , in  tw o  d iffe re n t ty p e s  o f  re le a s in g  m ed iu m , 
i.e ., a ce ta te  b u ffe r  an d  th e  b u ffe r  c o n ta in in g  1 0  v o l.%  o f  m e th a n o l, b a sed  on  th in - 
lay e r c h ro m a to g ra p h y  (T L C )-d e n s ito m e try  te c h n iq u e . It w as  fo u n d  th a t, b a se d  on  
th e  u n it w e ig h t o f  a c tu a l a m o u n t o f  a s ia tic o s id e  p re se n t in  th e  sp e c im e n s , th e  to ta l 
a m o u n t o f  a s ia tic o s id e  re le a se d  fro m  th e  fib e r m a t sp e c im e n s  w a s  lo w e r th a n  th a t 
fro m  th e  f ilm  c o u n te rp a r ts , w h ile , b a se d  on  th e  u n it w e ig h t o f  th e  sp ec im en s , an  
o p p o s ite  tre n d  w a s  o b se rv ed .
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3.7 Supplementary Data

S u p p le m e n ta ry  d a ta  a sso c ia ted  w ith  th is  re se a rc h  w o rk  c a n  b e  fo u n d  in  th e  
o n lin e  v e rs io n , a t s ta c k s .io p .o rg /N a n o /1 9 /0 1 5 1 0 2 .
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Figure 3.1 C h e m ic a l s tru c tu re  o f  a s ia tic o s id e .



47

' 'รo '
๐)

I(/)
M—O
0
0๐)0๐

1 4 0 0  1 ....... ■ . V. I I I ......................[.......................I ......................I ...................... -

•  E le c tro spun  ge la tin  f ib e r m at
1 2 0 0  - : o  S o lu t io n -ca s t ge la tin  f ilm

1000 I  J-

8 0 0  

6 0 0  

4 0 0

200 -

0

0 2 0  4 0  6 0  8 0  1 00  1 2 0  1 4 0  1 6 0  180

Exposure time (min)

■ I ................I ................. I ..................I ................. I ..................I ................. I ................. I ..............

•  E le c tro spun  ge la tin  f ib e r m a t 
o  S o lu t io n -ca s t ge la tin  f ilm

ji
๐) 20 

*>
10 

0
0  2 0  4 0  6 0  8 0  1 0 0  1 2 0  1 40  1 6 0  1 80

Exposure time (min)

(a)
'I............ -I.....TTrr,K ^ . , -,(...... ...... + . .vrr.. .. | ............. I..............I...........

•  E le c tro spun  ge la tin  f ib e r m a t
๐  S o lven t-c a s t ge la tin  film

:ï
แ แ  ! i

l I

(b)

F ig u r e  3 .2  (a ) S w e l l in g  and (b )  w e ig h t  lo s s  o f  e le c tr o sp u n  g e la t in  f ib er  m a t  
s p e c im e n s  ( - 7 0 - 9 0  p m  in  th ic k n e ss )  and  s o lv e n t-c a s t  f ilm  s p e c im e n s  ( - 1 0 0 - 1 2 0  p m  

in  th ic k n e s s )  a fter  su b m e r s io n  in  d is t i l le d  w a ter  at r o o m  tem p era tu re  for  2 4  h as a  
fu n c t io n  o f  th e  e x p o su r e  t im e  in  th e  c r o s s - lin k in g  c h a m b e r  c o n ta in in g  satu rated  

v a p o r  fro m  5 0  v o l.%  g lu ta r a ld e h y d e  a q u e o u s  s o lu t io n .
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(d) (e)

Figure 3.3 S e le c te d  S E M  im a g e s  o f  e le c tr o sp u n  f ib er  m a ts  from  (a )  th e  n ea t g e la t in  
so lu t io n  ( i .e . ,  22%  w /v  in  7 0  v o l.%  a c e t ic  a c id )  an d  th e  o n e s  that c o n ta in e d  

m e th a n o lic  cru d e  ex tra c t o f  Centella asiatica (m C A )  in  th e  a m o u n t o f  (b )  5 , (c )  10 , 
(d )  2 0 , an d  ( e )  3 0  w t.%  (b a se d  o n  th e  w e ig h t  o f  g e la t in  p o w d e r ) . T h e s e  fib e r s  w e r e  
e le c tr o sp u n  o n to  an a lu m in u m  sh e e t  w ra p p ed  arou n d  a s ta tio n a ry  r ig id  p la s t ic  sh ee t  

at a f ix e d  e le c tr o s ta t ic  f ie ld  stren g th  o f  15 k V /2 0  c m  o v e r  a f ix e d  c o l le c t io n  t im e  o f  5
m in .
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Immersion time (day)
(a)

Figure 3.4 C u m u la tiv e  r e le a se  p r o f ile s  o f  a s ia t ic o s id e  fro m  m C A -lo a d e d  g e la t in  
f ib er  m at an d  f i lm  s p e c im e n s  rep orted  as th e  p e r c e n ta g e  o f  th e  w e ig h t  o f  a s ia t ic o s id e  
r e le a se d  d iv id e d  b y  th e  a c tu a l w e ig h t  o f  a s ia t ic o s id e  p resen t in  th e  s p e c im e n s  in  tw o  
d iffe r e n t ty p e s  o f  r e le a s in g  m e d iu m , i .e .,  (a ) a ce ta te  b u ffe r  an d  (b )  9 0 :1 0  v /v  a ce ta te  

b u ffe r /m e th a n o l, at th e  p h y s io lo g ic a l  tem p era tu re  o f  3 7  ๐c .
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Figure 3.5 C u m u la tiv e  r e le a se  p r o f ile s  o f  a s ia t ic o s id e  fro m  m C A -lo a d e d  g e la t in  
f ib er  m at an d  f i lm  s p e c im e n s  rep orted  as th e  w e ig h t  o f  a s ia t ic o s id e  r e le a se d  d iv id e d  

b y  th e  a ctu a l w e ig h t  o f  th e  s p e c im e n s  in  tw o  d iffe r e n t ty p e s  o f  r e le a s in g  m e d iu m ,  
i .e .,  (a ) a c e ta te  b u ffe r  and  (b ) 9 0 :1 0  v /v  a c e ta te  b u ffe r /m e th a n o l, at th e  p h y s io lo g ic a l

tem p era tu re  o f  3 7  ๐c .



Table 3.1 S e le c te d  S E M  im a g e s  o f  th e  e -sp u n  g e la t in  f ib er  m a t s p e c im e n s  that w e r e  c r o s s - lin k e d  w ith  g lu ta r a ld e h y d e  v a p o r  for  v a r io u s  
e x p o su r e  t im e  in te r v a ls  b e fo r e  an d  a fter  th e  s w e l l in g  an d  th e 'w e ig h t  lo s s  s tu d ie s  ( s e e  Figure 3.2).

B e f o r e  s w e l l in g  a n d  w e ig h t  lo s s  s tu d ie s

A f t e r  s w e l l in g  a n d  w e ig h t  lo s s  s tu d ie s

C r o s s - l i n k in g  t im e  ( m in )

B e f o r e  s w e l l i n g  a n d  w e ig h t  lo s s  s tu d ie s

A f te r  s w e l l in g  a n d  w e ig h t  lo s s  s tu d ie s
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