
CHAPTER III 
EXPERIMENTAL

3.1 .1  M aterials for Fabrication o f  H erb-Loaded E lectrospun Fiber M ats and
F ilm s
C ellu lo se  acetate (CA; w h ite  powder; M\v ~  3 0 ,0 0 0  Da; acetyl content  

=  39 .7  wt.% ; d egree o f  acetyl substitution ~  2 .4 ) w as purchased from  S igm a A ldrich  
(Sw itzerland). C urcum in (CM ; > 95 .0%  purity) w as purchased from  Fluka  
(Sw itzerland). Pure asia ticosid e  (PA C ; 90%  purity) and C e n te lla  a s ia tic a  crude 
extract (C A C E ; triterpene content =  95% ; asiaticosid e =  37 .5%  (FIPLC) and  
m ad ecassic  and asiatic acid s =  56.2%  (H P L C )) w ere purchased  from  Shanghai 
A n goal C h em ical C o ., Ltd. (C hina). A ceton e  and ]V,jV-dim ethylacetam ide (D M A c)  
w ere purchased from  Carlo Erba (Italy) and L abscan (A sia , T hailand), resp ectively .

3 .1 .2  M aterials for Preparation o f  B uffer S olution
M ethanol and A cetic  acid  w ere purchased from  L abscan (A sia , 

Thailand). T w een  80  [P o lyoxyeth y len e  (2 0 ) sorbitan m ono o leate] w as purchased  
from  B D H  Ltd., U K . Sod ium  acetate, sod ium  chloride, anhydrous d isod ium  
hydrogen  orthophosphate, and sodium  dihydrogen  orthophosphate (A jax  C hem icals, 
A ustralia), and g lac ia l acetic  acid  (Carlo Erba, Italy) w ere o f  analytica l reagent grade  
and used w ith out further purification.

3 .1 .3  M aterials for C ell Culture
N orm al hum an dermal fibroblasts (N H D F ) w ere  u sed  as reference  

cells . D u lb e c c o ’s m od ified  E a g le ’s m edium  (D M E M ; Invitrogen  Corp., U S A ), 
supplem ented  by 10%  fetal b ov in e serum  (FB S; Invitrogen C orp., U S A ), 1% L- 
glutam ine (Invitrogen  C orp., U S A ) and 1% antib iotic and an tim ycotic  form ulation  
[contain ing p en ic illin  G  sod iu m , streptom ycin  sulfate, and am photericin  B  
(Invitrogen  Corp., U S A )] .

3.1 Materials
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3.2 Equipment

3.2.1 E quipm ent for E lectrospinning P rocess
•  H igh  vo ltage  pow er supply from  G am m a H ig h  V o ltag e  Research  

Inc. (O rm ond B each , F lorida), m od el D -E S 3 0 P N /M 6 9 2  D C  is  used  
to generate p o sitiv e  D C  vo ltage

•  S yringe w ith  vo lu m e size  10 m l is  served  as a container for polym er  
so lu tion s.

•  S ta in less stee l n eed le  w ith  gauge num ber 2 0  (or the inner diam eter 
o f  0 .91 m m ) is used  as the electrode to con d u ct the electrica l from  
p ow er supply to the solutions.

•  T he rotating drum w hich  covered  w ith  alum inum  sheet is used  as a 
co llector . W idth and O D  o f  the rotating drum  w ere 14 and 15 cm , 
resp ective ly .

•  A  K d S cien tific  syringe pum p w as used  to  control the feed  rate o f  
the polym er so lu tion  at about 1 m l/h.

Figure 3.1 A  sch em atic photograph o f  e lectrosp in n in g  apparatus.
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3 .2 .2  E quipm ent for C haracterization o f  M aterials
•  A  B ro ok fie ld  D V -III program m able v isco m eter  w a s used  to exam in e  

the v isc o s ity  o f  polym er sp inning so lu tion s.
•  A  S U N T E X  con d u ctiv ity  m eter w as used  to exam in e the 

con d u ctiv ity  o f  p olym er spinning so lu tion s.
•  A  JEO L JS M -6 400  scanning electron  m icro scop e (SE M ) w as used  

to ob serve the m orphology o f  the m aterials.
•  A  JEO L JF C -1100E  sputtering d ev ice  w as u sed  to coat the m aterials 

w ith  a thin layer o f  go ld  prior to observation  under SEM .
•  A  Bruker D R X 4 0 0  ]H nuclear m agn etic  reson ance spectrom eter ( 'h  

N M R )  w as used  to investigate the ch em ica l integrity o f  herbal 
substance in the herb-loaded electrospun fiber m at sam ples.

•  A  L loyd  L R X  universal testing m ach ine w a s u sed  to exam ine the 
m ech an ica l integrity o f  the m aterials.

•  A  Sh im adzu  U V -2 5 5 0  U V -v is  spectrophotom eter w as used to  
m easure the am ount o f  C M  in the sam p le so lu tion s at w avelength  o f  
42 6  nm .

•  A  m icroplate reader (U niversal M icrop late A nalyzer, M odel 
A O P U SO l and A I53601; Packard B io S c ien ce , U S A ) w as used  to  
m easure the absorbance o f  so lu tion s from  antioxidant activ ity  
(D P P H  assay) at w a velen gth  o f  55 0  nm .

•  A  Sh im ad zu  L C -10 A D  H PLC w as u sed  to quantify the am ount o f  
A C  in the sam ple solutions.

•  A  SpectraM ax M 2 M icroplate R eader w a s u sed  to m easure the  
absorbance o f  solution  from  M TT assay  at w a velen g th  o f  570  nm.
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3.3 Methodology

3.3.1 Preparation o f  N eat and H erb-Loaded C A  Fiber M ats and F ilm s  
S 3 .  L I  P rep a ra tio n  o f  N e a t a n d  C M -lo a d e d  CA F ib e r  M a ts  a n d  

F ilm s
A  w eig h ed  am ount o f  C A  pow der w as d isso lv ed  in  2:1 v /v  

aceton e/d im eth ylacetam ide (D M A c) to prepare the b ase C A  so lu tion  at a fixed  
concentration  o f  17% w /v . C M -loaded  C A  solutions w ere  prepared by d isso lv in g  
curcum in pow der (C M ) in  the am ounts o f  5, 10, 15, and 20  wt.%  b ased  on  the w eigh t  
o f  C A  pow der in  the base C A  solution . Prior to e lectrosp in n in g , the as-prepared  
solu tion s w ere characterized for their v isco s ity  and con d u ctiv ity  u sin g  a B rook field  
D V -III program m able v iscom eter  and a S U N T E X  con d u ctiv ity  m eter, resp ectively . 
A ll exp erim ents w ere  carried out at 25  °c. T h ese m ixtures w ere then  electrospun  
under a fix ed  e lectr ic  fie ld  o f  17.5 k V /15  cm . The feed in g  rate o f  th e so lu tion s w as  
controlled  at ~1 m l h ' 1 by m ean s o f  a K d S cien tific  syrin ge pum p. U n less  o therw ise  
noted, the c o lle c tio n  tim e w a s ~ 1 8  h (resulting in the fiber m ats o f  90  ±  10 m m  in  
th ick ness). For com parison  purposes, both the neat and the C M -load ed  C A  film s  
w ere also  prepared b y  so lven t-castin g  technique from  4%  w /v  C A  so lu tion  in  2:1 v /v  
aceton e/D M A c and the b ase C A  so lu tion  that contained  varying am ounts o f  
curcum in (5 , 10, 15 and 20  wt.% ). U n less  o therw ise n oted , the th ick n ess o f  the as- 
cast film s w as 9 0  ±  10 m m .

3 3 .1 .2  P re p a ra tio n  o f  N e a t a n d  P A C - o r  C A C E -L o a d e d  CA F ib er  
M a ts a n d  F ilm s
A  w e ig h ed  am ount o f  C A  p ow der w a s d isso lv ed  in  2:1 v /v  

aceton e/d im eth ylacetam ide (D M A c) to prepare the b ase C A  so lu tio n  at a fixed  
concentration o f  17%  w /v . P A C - or C A C E -contain ing C A  so lu tio n s w ere prepared  
by d isso lv in g  the sam e am ount o f  C A  p ow der and either pure asia ticosid e  (P A C ) or 
C en te lla  a s ia tic a  crude extract (C A C E ) in the am ount o f  40  wt.%  based  on  the 
w eigh t o f  C A  p ow d er in the a ceton e/D M A c m ixture. Prior to  e lectrosp in n in g , the as- 
prepared so lu tio n s w ere characterized for their v isc o s ity  and con d u ctiv ity  u sin g  a 
B rook fie ld  D V -III program m able v iscom eter and a S U N T E X  con d u ctiv ity  m eter, 
resp ectively . T he m easurem ents w ere carried out at 25 ± 1 °c. T he as-prepared
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so lu tion s w ere then  electrospun under a fixed  electric fie ld  o f  17 .5 k V /15  cm  at a 
controlled  feed in g  rate o f  ~1 m L h ' 1 (by m ean s o f  a K d S c ien tific  syringe pum p). 
U n less  oth erw ise noted , the co llection  tim e w as ~ 1 8 h (resu lting in  the fiber m ats o f  
90 ±  10 pm  in th ick ness). For com parison  purposes, both the neat and the herb- 
loaded  C A  film s w ere a lso  prepared by solven t casting techn iqu e from  4%  w /v  CA  
so lu tion  in  2:1 v /v  aceton e/D M A c and the sam e so lu tion  that contained  either 40  
wt.%  o f  P A C  or C A C E . U n less otherw ise noted, the th ick n ess o f  the as-cast film s  
w as 80  ±  1 0  pm .

3 .3 .2  Characterization o f  N ea t and H erb-Loaded C A  Fiber M ats and
F ilm s
M orp h ologica l appearance o f  both the neat and the herb-loaded  

electrospun C A  fiber m ats and as-cast C A  film s w as ob served  b y  a JEOL JS M -6400  
scanning e lectron  m icro scop e (SE M ). Each sp ecim en  w as coated  w ith  a thin  layer o f  
gold  u sin g  a JEO L JF C -1100E  sputtering d ev ice  prior to ob servation  under SEM . 
D iam eters o f  the electrospun  fibers w ere m easured directly from  SE M  im a ges using  
a S em A phore 4 .0  softw are.

A  Bruker D R X 4 0 0  'h  nuclear m agnetic reson ance spectrom eter ( 'h  
N M R )  w as u sed  to investigate  the chem ical integrity o f  herbal substances in  the 
herb-loaded electrosp u n  fiber m at sam ples (2-3 m g ), u sin g  deuterated  
d im eth y lsu lfox id e  (D M SO -rU ) as so lvent.

M echan ica l properties in terms o f  stress at m ax im u m  load, strain at 
m axim u m  load , ten sile  strength, and elongation  at break o f  both  the neat and the 
C M -load  electrosp u n  C A  fiber m ats w ere tested  on  a L loyd  L R X  universal testing  
m achine (gau ge len gth  =  50 m m  and crosshead speed  =  2 0  m m  m in '1). The  
sp ecim en s o f  —100 ±  10 m m  in th ick n ess (i.e ., the co llec tio n  tim e w a s ~ 2 4  h) w ere 
cut into a rectangular shape (10  m m  X  100 m m ).

T he sw e llin g  and the w eigh t lo ss  behavior o f  both  the neat and the 
C M -loaded  electrosp u n  C A  fiber m ats and as-cast film s w ere m easured  in  an acetate 
buffer so lu tion  con ta in in g  0.5%  v /v  polysorbate 80  (hereafter, T w een  80) and 3% v /v  
m ethanol (hereafter, the B /T /M  m edium ) at the p h y sio lo g ica l tem perature o f  37 °c 
for 48  h. On the other hand, the sw e llin g  and the w eigh t lo s s  behavior o f  both the 
neat and P A C - or C A C E -load ed  electrospun C A  fiber m ats and the corresponding as-
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cast film s w ere m easured in an acetate or a phosphate buffer so lu tion  contain ing 1 0 % 
v /v  m ethanol (hereafter, the A /B /M  and the P /B /M  m edium , resp ectively; see  b e lo w  
for the preparation o f  the m edia) at the skin  and the p h y sio lo g ica l tem peratures o f  32  
and 37 °c, resp ective ly , for 24 h according to the fo llo w in g  equations:

D eg ree  o f  sw ellin g  (% ) =  M- Md X1 0 0 , (3 .1 )
M d

and

W eigh t lo ss  (% ) =  M iM MdM Mr X10 0 , (3 .2 )

w here M  is  the w eigh t o f  each sam ple after subm ersion  in the buffer so lu tion  for 24  
h, M i  is  the w eigh t o f  the sam ple after subm ersion in  the b uffer so lu tion  for 2 4  h in  
its dry state, M\ is  the in itia l w eigh t o f  the sam ple in  its dry state, and Mr is the w eigh t  
o f  herbal substance that w as released  from  the sam ple.

3 .3 .3  R elease  o f  Herb Substances from  H erb-L oaded C A  Fiber M ats and  
F ilm s
3 . 3 . 3 . 1  P r e p a r a t i o n  o f  R e l e a s i n g  M e d i u m

T o prepare 1,000 m L  o f  the acetate b uffer so lu tion , 150 g  o f  
sod ium  acetate w as d isso lv ed  in  2 5 0  m L o f  d istilled  water. E x actly  15 m L  o f  glacial 
acetic acid  w a s then added very slo w ly  into the aqueous sod iu m  acetate solution . 
F inally , d istilled  w ater w as added to the solution  to fill the required vo lu m e. The pH  
o f  the as-prepared acetate buffer solution  w as 5 .5 . O n the other hand, to  prepare
1,000  m L  o f  the p hosphate buffer solution , 6 .1 7 7  g o f  anhydrous d isod iu m  hydrogen  
orthophosphate and 1 .0 1 4  g o f  sod iu m  dihydrogen orthophosphate w ere d isso lv ed  in  
100 m L o f  d istilled  w ater. E xactly  8.7 g o f  sodium  chloride w a s then added into 20  
m L  o f  the solution . F in ally , d istilled  w ater w as added to the so lu tion  to  f ill the  
required vo lu m e. T he p H  o f  the as-prepared phosphate buffer so lu tion  w as 7 .4 .

D u e  to the solub ility  lim itation  o f  C M  in  the acetate buffer  
solution , the B /T /M  releasin g  m edium  (96.5%  v /v  acetate b uffer w ith  0.5%  v /v  
T w een  80 and 3% v /v  m ethanol) w as used. For intended use o f  both the P A C - and 
the C A C E -load ed  electrosp u n  C A  fiber m ats and the corresponding as-cast f ilm s as
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tropical/transderm al p atch es, the acetate buffer so lu tion  (pH  =  5 .5 ) contain ing 10%  
v /v  o f  m ethanol (hereafter, the A /B /M  m edium ) w a s used  as the releasin g m edium . 
On the other hand, for in tended use o f  both the P A C - and the C A C E -load ed  m aterials  
as w ound d ressin gs, the phosphate buffer so lu tion  (pH  =  7 .4 ) contain ing 10% v /v  
m ethanol (hereafter, the P /B /M  m edium ) w as instead used.

3 . 3 . 3 . 2  A c t u a l  H e r b  C o n t e n t

The actual am ount o f  C M  in the C M -loaded  electrospun  C A  
fiber m ats and as-cast C A  film s w as determ ined. E ach sp ecim en  (circular disc; ~ 2 .8  
cm  in d iam eter) w as d isso lv ed  in 4  m l o f  2:1 v /v  aceton e/d im eth ylacetam ide  
(D M A c). A fter that, 0.5 m l o f  the solution  w as added into 8 m l o f  the acetate buffer  
solution  and the actual am ount o f  CM  w as m easured b y  a Shim adzu U V -2 5 5 0  U V -  
v is  spectrophotom eter at the w avelen gth  o f  42 6  nm . The actual am ount o f  CM  in  the 
C M -loaded  electrospun C A  fiber mat and film  sam p les w as back-calcu lated  from  the  
obtained data against a predeterm ined calibration curve for CM .

To determ ine the actual am ount o f  A C  in the P A C - or C A C E -  
loaded electrosp u n  C A  fiber m ats and the corresponding as-cast film s, each  sp ecim en  
(circular d isc; ~ 2 .8  cm  in  diam eter) w as first d isso lved  in  4 m L  o f  2:1 v /v  
aceton e/D M A c. A fter  that, 0 .5  m L o f  the so lu tion  w a s added into 8 m L o f  either  
A /B /M  or P /B /M  m edium  and the actual am ount o f  A C  w as m easured by a h igh- 
perform ance liquid  chrom atography (H PL C ) (see  later). The actual am ount o f  A C  in  
the P A C - or C A C E -load ed  electrospun C A  fiber m ats and the corresponding as-cast  
film s w as then b ack -calcu lated  from  the obtained data against a predeterm ined  
calibration curve for A C .

3 . 3 . 3 . 3  H e r b - R e l e a s e  A s s a y

T he release characteristic o f  herbal substances from  the herb- 
loaded  electrosp u n  C A  fiber m ats and as-cast C A  film s w as in vestigated  b y  tw o  
types o f  the release  assay, i.e ., total im m ersion  and transderm al d iffu sio n  through a 
p ig  skin  m ethod.

D u e  to the so lub ility  lim itation  o f  C M  in the acetate buffer  
solution , the B /T /M  releasin g  m edium  (96.5%  v /v  acetate buffer w ith  0.5%  v /v  
T w een  80  and 3%  v /v  m ethan ol) w as used. Each sp ecim en  (circular d isc; ~ 2 .8  cm  in 
diam eter) w as im m ersed  in  30  m l o f  the m edium  at the p h y sio lo g ica l tem perature o f
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37 °c. A t a sp ec ified  im m ersion  or d iffu sion  period ranging b etw een  0 and 48 h 
(2 8 8 0  m in), either 1 m l (for the total im m ersion  m ethod) or 0.3 m l (for the 
transderm al d iffu sio n  through a p ig  skin m ethod) o f  a sam ple so lu tion  w as  
w ithdraw n and an equal am ount o f  the fresh m edium  w as refilled . For the 
transderm al d iffu sio n  through a p ig  skin m ethod, each C M -loaded  fiber m at and film  
sp ec im en  w as p laced  on  a fresh p iece o f  p ig  skin (abdom en; epiderm al hair, 
subcutaneous fat, and underlying tissu es rem oved; final th ick ness =  1 - 1 . 5  m m ), 
w h ich , in  turn, w a s p laced  on  top o f  the m edium  on a m od ified  Franz d iffu sion  cell. 
The am ount o f  C M  in the sam ple solutions w as determ ined u sin g  the U V -v is  
spectrophotom eter at the w avelen gth  o f  42 6  nm . The obtained  data w ere calculated  
to determ ine the cu m u lative am ount o f  C M  released from  the sp ecim en s at each  
im m ersion  or d iffu sio n  tim e point. The experim ents w ere carried out in  triplicate and 
the resu lts w ere reported as average values.

For the release characteristics o f  A C  from  the P A C - or 
C A C E -load ed  electrosp u n  C A  fiber mats and the corresponding as-cast film s, tw o  
types o f  the re leasin g  m ed iu m , i.e ., A /B /M  (pFI 5 .5) or P /B /M  (pH  7 .4 ), w ere used. 
Each sp ecim en  (circular disc; ~ 2 .8  cm  in diam eter) w as im m ersed  in  20  m L  o f  a 
m ed iu m  at the sk in  and the p h ysio log ica l tem peratures o f  32  °c (for A /B /M  m edium ) 
or 37  °c (for P /B /M  m edium ). A t a sp ecific  im m ersion  or d iffu sion  tim e point 
ranging b etw een  0 and 2 4  h  (1 4 4 0  m in), either 0.5 m L  (for the total im m ersion  
m ethod ) or 0.3 m L  (for the transdermal d iffu sion  through a p ig  sk in  m ethod) o f  a 
sam p le so lu tion  w as w ithdraw n and an equal am ount o f  the fresh m edium  w as  
refilled . The am ount o f  A C  in  the sam ple solu tion s w as determ ined b y  H PLC  (see  
later). T he obtained  data w ere carefully calculated to determ ine the cum ulative  
am ount o f  A C  released  from  the specim ens at each im m ersion  or d iffu sion  tim e  
point. T he exp erim ents w ere carried out in triplicate.

3 . 3 . 3 . 4  H P L C  A n a l y s i s

A  Shim adzu  L C -10 A D  HPLC w a s u sed  to  quantify the  
am ount o f  A C  in  the sam p le solutions. Chrom atographic separation o f  the herbal 
su b stan ces w as ach ieved  by the use o f  an Inertsil O D S-3 C l 8 co lu m n  (particle s ize  =  
5 pm ; colu m n  d im en sion  =  4 .6  X  25 0  m m ) w ith  an Inertsil O D S -3  guard colum n  
(particle s ize  =  5 pm ; co lu m n  d im ension  =  4 .0  X  10 m m ) operating at 1 m L -m in '1.
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The m ob ile  p h ase for A C  separation w as 26:24:50 v /v /v  
aceton itr ile /m ethan ol/d istilled  water. The injection  vo lu m e w as 50 uL. A  u v  
d etector for A C  w as set at ( k m a x )  204 nm. A ll o f  the sam ple so lu tion s w ere filtered  
through a n y lon  filter (average pore size  =  0.45 pm ) prior to  injection. A C  w as  
separated out over a range o f  e lu tion  periods o f  7.5-7.7 m in. D u e  to the d ifferen ce in 
the A C  content in  P A C  (i.e ., 90%) and C A C E  (i.e ., 37%), the calibration curves for 
A C  w ere carried out ov er  the concentration ranges o f  P A C  o f  0.14-2.95 m g m L "1 and 
C A C E  o f  1.84-4.60 m g-m L '1, resp ectively .

3 .3 .4  A n tiox id an t A ctiv ity  (D PPH  assay)
T he antioxidant activ ity o f  CM  loaded  in  both  the C M -loaded  

electrospun  C A  fiber m ats and as-cast C A  film s w as a ssessed  w ith  l,T -d ip h en y l-2 - 
picry lhydrazyl (D P P H ) radicals, fo llo w in g  the m ethod o f  B lo is  (1 9 5 8 ). Each  
sp ecim en  (circular d isc; ~ 2 .8  cm  in  diam eter) w as first d isso lv ed  in  4 m l o f  2:1 v /v  
aceton e/d im eth y lacetam id e (D M A c) and treated w ith  a m eth an olic  solution  o f  D PPH  
(1 0 0  m M ) for 30  m in  at the p h ysio log ica l tem perature o f  37 °c. The free radical 
scav en g in g  activ ity  w a s determ ined p hotom etrically  in a m icroplate reader 
(U n iversa l M icrop late A nalyzer, M odel A O P U S 01 and A I5 36 01; Packard  
B io S c ien ce , U S A ) and the absorbance w as m easured at the w a velen g th  o f  55 0  nm. 
T he antioxidant activ ity  (% A A ) o f  the as-loaded  CM  w a s exp ressed  as the 
percentage o f  D P P H  that w as decreased  in  com parison  w ith  that o f  the control 
con d ition  ( i.e ., the testin g  so lu tion  w ithout the presence o f  the as-loaded  CM ), 
accord ing to  the fo llo w in g  equation:

% A A  =  ~ A^ p le )  x 1 0 0  (3 .3 )
A  control

w h ere ^ con tro l and ฬ sample are the absorbance va lu es o f  the testin g  so lu tion  w ith out and 
w ith  the p resen ce o f  the as-loaded  C M , resp ectively .

3 .3 .5  S tab ility  o f  H erb-L oaded C A  Fiber M ats
The stab ility  o f  C M , C A C E  and PA C  in  the resp ective  herb-loaded e- 

spun C A  fib er m ats w a s  evaluated  after the m aterials had b een  aged for different 
tim e intervals (i.e ., 1-4 m onths) at room  tem perature and at 40 °c. The herb-loaded
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m aterials, sealed  in  p lastic  bags, w ere either stored in  a d esiccator (for the sam ples  
that had been  aged  at room  tem perature) or an ov en  (for the on es that had been aged  
at 40  ๐C ). A t a g iven  tim e point, each specim en  (circular d isc o f  2 .8  cm  in diam eter) 
w as d isso lv ed  in 4 m L  o f  2:1 v /v  aceton e/D M A c. Then, 0.5  m L  o f  the solution  w as  
m ixed  w ith  8 m L o f  phosphate buffer salin e (P B S, pH  7.4; S igm a-A ld rich , U S A ) and 
the am ount o f  the resp ective  herbal substance in  each sp ec im en  w as determ ined  
either b y  U V -v is  spectrophotom etry (to quantify the am ount o f  C M  in the C M - 
loaded  C A  fiber m ats; see  detail o f  the analytical procedure in ref. (Suw antong,
2 0 0 7 ) ) or H PLC (to quantify the am ount o f  asiaticoside in  either the C A C E - or the  
P A C -load ed  C A  fiber m ats; see  detail o f  the analytical procedure in ref. (Suw antong,
2 0 0 8 ) ) against the predeterm ined calibration curve for each  resp ective  herbal 
substance.

3 .3 .6  T he C ell Study o f  H erb-Loaded C A  Fiber M ats and F ilm s
3 . 3 . 6 . 1  C e l l  C u l t u r e

N H D F  (sixth  p assage) w ere cultured in D u lb e c c o ’s m od ified  
E agle’s m ed iu m  (D M E M ; Invitrogen Corp., U S A ), supplem ented  b y  10% fetal 
b ovine serum  (F B S; Invitrogen Corp., U S A ), 1% L -glutam ine (Invitrogen  Corp., 
U S A ) and 1% antib iotic  and an tim ycotic  form ulation [con ta in in g p en ic illin  G 
sodium , streptom ycin  su lfate and am photericin B  (Invitrogen  C orp., U S A )]. The  
m edium  w a s  rep laced  o n ce  in  every 2 d and the cu ltures w ere m aintained  at 37  °c in  
a h u m id ified  atm osphere containing 5% C O 2 .

3 . 3 . 6 . 2  I n d i r e c t  C y t o t o x i c i t y  E v a l u a t i o n

T he indirect cy to x ic ity  evaluation  o f  both  the neat and the  
herb-loaded  e-spun  C A  fiber m ats and as-cast C A  film s w as conducted  in adaptation  
from  the ISO  10 99 3-5  standard test m ethod in a 9 6 -w e ll tissu e-cu ltu re p olystyrene  
plate (T C P S; B io k o m  S ystem s, P oland) usin g norm al hum an derm al fibroblasts as 
reference. First, extraction  m ed ia  w ere prepared by im m ersing  sp ec im en s in  serum - 
free m ed iu m  (SFM ; con ta in in g  D M E M , 1% L -glutam ine, 1% lactabum in, and 1% 
antibiotic and an tim ycotic  form ulation) for 24  h. N H D F  c e lls  w ere separately  
cultured in  9 6 -w e ll T C P S in serum -containing D M E M  for 2 4  h to a llo w  ce ll 
attachm ent on  the p late. Then, the ce lls  w ere starved w ith  SFM  for 24  h, after w h ich
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tim e the m ed iu m  w as rep laced  w ith an extraction m edium . A fter 2 4  h o f  cell 
culturing in the extraction  m edium , the v iab ility  o f  the ce lls  cultured b y  each o f  the 
extraction m ed iu m  w as determ ined w ith  3 -(4 ,5 -d im eth y lth iazo l-2 -y l)-2 ,5 -  
d iphenyltetrazolium  b rom ide (M T T ) assay, w ith  the v iab ility  o f  the ce lls  cultured by  
fresh SF M  b ein g  u sed  as control.

3 . 3 . 6 . 3  A n t i o x i d a n t  A c t i v i t y

N H D F  w ere plated in  90  (pL  o f  D M E M  at a density  o f  8 ,000  
ce lls /w e ll in 9 6 -w e ll T C P S. A fter the cultures reached con flu en ce  (typ ica lly , 48  h 
after p lating), the test so lu tio n s containing a certain am ount o f  the herbal substance  
that had been  re leased  from  the herb-loaded fiber m at and film  sp ecim en s (circular  
d iscs o f  2.8  cm  in  diam eter) at 6 , 12, 24  and 48  h after subm ersion  in  P B S w ere  
added at 10 p L /w e ll. A t 16 h after further incubation, a culture m edium  
supplem ented  w ith  12 pM  H 2 O2 so lu tion  w as added into each  w e ll at 10 p L /w ell. 
A fter 3 h o f  further incubation , the v iab ility  o f  the ce lls  fo llo w in g  the treatm ent w ith  
H 2O2 w as quantified  by the M T T  assay (see  later). The v iab ility  o f  the ce lls  that had  
been  cultured w ith  the fresh and the T^C h-supplem ented D M E M  w a s used  as 
controls.

3 . 3 . 6 . 4  V i a b i l i t y  o f  A t t a c h e d  C e l l  a n d  C e l l  P r o l i f e r a t i o n

The sp ecim en s, cut from  the neat and the herb-loaded  e-spun  
C A  fiber m ats and the corresponding as-cast film s into circular d iscs o f  15 m m  in  
diam eter, had b een  ster ilized  by u v  radiation for 1 h prior to b ein g  im m ersed  in  
D M E M  overn ight in  w e lls  o f  a 2 4 -w ell T C PS. To ensure a com p lete  con tact b etw een  
the sp ecim en s and the w e lls , each  sp ecim en  w as pressed  w ith  a m etal ring. N H D F  
from  the cultures w ere trypsin ized  [0.25%  trypsin contain ing 1 m M  E D T A  
(Invitrogen  C rop., U S A )] , counted  by a hem acytom eter (N E U B A U E R  im proved  
bright-line, H B G , G erm any) and seeded  at 3 0 ,0 0 0  ce lls /w e ll on the sp ecim en s and  
em pty w e lls  o f  T C P S  (i.e ., control). The cultures w ere m aintained  in  an incubator. In 
the attachm ent stu d y, N H D F  w ere a llow ed  to attach on  the sp ecim en s and TC PS for 
2, 6  and 24  h, resp ective ly . A t each ce ll seed in g  tim e p oint, the v iab ility  o f  the  
attached ce lls  w a s  quantified  by the M T T  assay (see  later). Each sp ecim en  w as  
rinsed w ith  P B S  to  rem ove unattached ce lls  prior to the quantification. S in ce no  
stud ies related to  the exp ression  o f  the attachm ent proteins or the strength o f  the
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attached ce lls  w ere  carried out, th is evaluation on ly  served as the qualitative m easure  
o f  the ce ll attachm ent study. In the proliferation study, the ce lls  at 30 ,0 0 0  ce lls /w e ll  
w ere cultured o n  the sp ecim en s and em pty w ells  o f  TC PS (i.e ., control) and 
incubated for 1, 3 , 5 and 7 d. A t each  cell culturing tim e point, the v iab ility  o f  the 
proliferated c e lls  w as quantified  by the M TT assay.

3 3 . 6 . 5  Q u a n t i f i c a t i o n  o f  V i a b l e  C e l l s  ( M T T  a s s a y )

T he M T T assay is based on the fact that m etab olica lly  active  
ce lls  interact w ith  a tetrasolium  salt in an M T T reagent to produce a solub le  
form azan d ye, w h ich  absorbs light at the w avelength  o f  5 5 0  nm . T he in ten sity  o f  the 
absorbance is  proportional to the number o f  v iab le  c e lls . First, each  sam p le w as  
incubated for 3 (1 )  h at 37 °c w ith  300 (1 0 0 ) pL /w ell o f  M T T  so lu tion  at 0.5  (5) 
m g-m L "1 w ith out ph enol red for a 2 4 -w e ll (or 9 6 -w e ll)  T C P S. A fter further 
incubation  for about 4 h, M T T  so lu tion  w as rem oved. A  buffer solution  containing  
D M S O  at 50 0  (1 0 0 )  p L /w ell w as then added in to  each  w e ll to d isso lv e  the dye. The 
so lu tion  w as then  transferred to a cuvette and p laced  in  a m icroplate reader 
(SpectraM ax M 2; M o lecu lar D ev ic e s , U S A ), from  w h ich  the absorbance at 5 5 0  nm  
w as m easured.

3 3 . 6 . 6  M o r p h o l o g i c a l  O b s e r v a t i o n  o f  C u l t u r e d  C e l l s

A fter the culture m edium  had been  rem oved , the cell-cu ltured  
sp ecim en s w ere rinsed  w ith  P B S tw ice  and the ce lls  w ere then fixed  w ith  3% 
glutaraldehyde so lu tion  [diluted from  50%  glutaraldehyde so lu tion  (E lectron  
M icrosco p y  S c ien ce , U S A ) w ith  P B S ] at 50 0  p.L/well. A fter 30  m in, th ey  w ere  
rinsed w ith  P B S  tw ice . A fter ce ll fixation , the sp ecim en s w ere dehydrated in  an 
ethanol so lu tion  o f  varying concentrations ( i.e ., 30 , 50 , 70  and 90% , resp ectively) 
and pure ethanol, for about 2 m in  each. The sp ecim en s w ere then dried in  100%  
h exam eth y ld isilazan e (H M D S ; S igm a, U S A ) for 5 m in  and then in  air after the 
rem oval o f  H M D S . A fter  co m p lete ly  dried, the sp ecim en s w ere m ounted o n  SEM  
stubs, coated  w ith  go ld  and ob served  by SEM .

3 . 3 . 6 .7 Q u a n t i f i c a t i o n  o f  S y n t h e s i z e d  C o l l a g e n

T he am ount o f  co llagen  syn th esized  b y  the cultured c e lls  w as 
quantified  on day 7 after ce ll culturing using a S irco l™  co lla gen  assay (B io co lo r ,
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U K ). B r ie fly , N H D F  w ere first cultured on each sp ecim en , cut from  the neat and the 
herb-loaded  e-spun C A  fiber m at and the corresponding as-cast film  sam p les into  
circular d isc s  o f  15 m m  in diam eter, at 3 0 ,0 0 0  ce lls /w e ll. O n day 7 after ce ll 
culturing, the supernatant from  each  cell-cu ltured  sp ecim en  w a s pipetted out at 50  
pL. It w a s  later m ix ed  w ith  50  pL o f  0.5  M  acetic acid  and then shaken for 2 h at 
room  tem perature. A fter  that, 1 m L  o f  the dye reagent w as added and gently  m ixed  at 
room  tem perature for 30  m in. D y ed  co llagen  w as precipitated out by centrifugation  
for 10 m in  and the bound  dye w a s then recovered w ith  1 m L o f  the alkali d ye-release  
reagent, o p t ic a l d en sity  o f  the recovered  dye w as then m easured  at 540 nm  usin g the 
m icroplate reader. T he actual am ount o f  the syn th esized  co lla gen  w a s fin ally  
quantified  against a  standard curve o f  the m anufacturer-provided acid -so lu b le  
co lla gen  standard to  co v er  the am ount o f  co llagen  in  the range o f  0 - 1 0 0  pg.

T he am ount o f  D N A  sig n ify in g  the num ber o f  proliferated  
ce lls  that had been  cultured on  each  fiber m at or the film  sp ecim en  for 7 d w as  
quantified  b y  a D N A  Q uantification  K it (S igm a-A ld rich , U S A ). B riefly , after the  
supernatant from  each  cell-cu ltured  sp ecim en  w a s taken out for co lla gen  
quantification , the cultured ce lls  w ere thoroughly w ash ed  tw ice  w ith  40 0  pL  o f  P B S . 
T he ce lls  w ere  then ly sed  w ith  3 0 0  pL o f  a ce ll ly sis  buffer. T he obtained su spen sion  
w as cen trifu ged  for 10 m in  to precipitate the ce ll debris. T h e supernatant w as  
pipetted  ou t at 20  pL , w h ich  w as later m ixed  w ith  2 m L  o f  0.1 p g-m L ' 1 B isb en zim id e  
H  3 3 2 5 8  so lu tion  in  10X  F luorescent A ssa y  B uffer. The flu orescen t em issio n  
in ten sity  o f  the obtained  so lu tion  w as then m easured at 4 6 0  nm , after it had been  
excited  at 3 6 0  nm , u sin g  the m icroplate reader. T he actual am ount o f  D N A  w as 
fin a lly  quantified  against a standard curve o f  the m anufacturer-provided D N A  
standard to co v er  the am ount o f  D N A  in the range o f  2 0 -1 0 0 0  ng.
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