
CHAPTER III
EXPERIMENTAL

3.1 Materials

3 .1 .1  M a ter ia ls  for F a b r ica tio n  o f  th e  N e a t  and  th e S ilv e r  N a n o p a rtic le  
L o ad ed  G e la tin  H y d r o g e ls
G ela tin  p o w d e r  ( ty p e  A ; p o rc in e  sk in ; 1 7 0 -1 9 0  B lo o m )  w a s  p u rch ased  

from  F lu k a  (S w itz e r la n d ) . S ilv e r  n itrate (AgNC>3; 9 9 .9 9 8  % p u rity ) w a s  p u rch ased  
from  F ish er  S c ie n t if ic  ( U S A ) .  G la c ia l a c e t ic  a c id  w a s  p u rch ased  from  M a llin ck ro d t  
C h e m ic a ls  (U S A ) . S atu rated  g lu ta ra ld eh y d e  a q u e o u s  so lu t io n  (5 .6  M  or 5 0  % in  
w ater; u sed  a s  the c r o s s - lin k in g  a g e n t)  w a s  p u rch ased  from  F lu k a  (S w itz e r la n d ). 
S o d iu m  m e ta b isu lf ite  p o w d e r  (บ น 2ร 20ร ) w a s  p u rch ased  from  R ie d e l-d e  H aën  
(G erm a n y ).

3 .1 .2  M ater ia ls  for  F a b r ica tio n  o f  the N e a t  an d  th e  S ilv e r  N a n o p a rtic le  
L oad ed  S ilk  F ib ro in  H yd roR els
C o c o o n  from  B o m b y x  m o r i  s ilk  w o rm  for the p rep aration  o f  S F  w a s  

p u rch ased  fro m  P h etch ab u n , T h a ila n d . S ilv e r  n itrate (AgN C>3; 9 9 .9 9 8  % p u rity) w a s  
p u rch ased  from  F ish er  S c ie n t if ic  (U S A ) . S o d iu m  carb o n ate  w a s  p u rch ased  from  
M a llin ck ro d t C h e m ic a ls  ( U S A ) . M eth a n o l w a s  p u rch a sed  from  L a b sca n  (A s ia ,  
T h aila n d ). A l l  o th er c h e m ic a ls  w e r e  o f  a n a ly tica l rea g en t grad e and  u sed  w ith o u t  
further p u r ifica tio n .

3 .1 .3  M a ter ia ls  for P rep ara tion  o f  A c e ta te  B u ffe r  S o lu tio n
S o d iu m  a ce ta te  and g la c ia l a c e t ic  a c id  w er e  p u rch ased  from  A ja x  

C h e m ic a ls  (A u stra lia ) an d  C arlo  Erba (Ita ly ) , r e sp e c tiv e ly .

3 .1 .4  M ateria ls  for  P rep aration  o f  P h o sp h a te  B u ffe r  S a lin e  S o lu tio n  
S o d iu m  c h lo r id e , p o ta ss iu m  c h lo r id e , d iso d iu m  h y d r o g e n  p h osp h ate

and p o ta ss iu m  d ih y d r o g e n  p h o sp h a te  w e r e  p u rch ased  from  L a b sca n  (A s ia , T h a ilan d ).
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3 .1 .5  M a ter ia ls  for P rep ara tion  o f  S im u la te d  B o d y  F lu id  S o lu t io n  
S o d iu m  c h lo r id e , so d iu m  h y d ro g en  carb on ate , p o ta ss iu m  c h lo r id e ,

d ip o ta ss iu m  h y d ro g en  p h o sp h a te , m a g n e s iu m  c h lo r id e , c a lc iu m  ch lo r id e , so d iu m  
su lfa te , tr is -(h y d r o x y m e th y l)a m in o m e th a n e , h y d ro ch lo r ic  ac id  w e r e  p u rch ased  from  
L a b sca n  (A s ia , T h a ila n d ).

3 .1 .6  M a ter ia ls  for  C e ll C u ltu re
N o r m a l h u m an  d erm al f ib ro b la sts  (N H D F ) w e r e  u sed  as re feren c e  

c e lls . D u lb e c c o ’s m o d if ie d  E a g le ’s m ed iu m  (D M E M ; In v itro g en  C orp ., U S A ),  
su p p le m e n te d  b y 10 %  feta l b o v in e  seru m  (F B S ; In v itrog en  C o rp ., U S A ) , 1 % L- 
g lu ta m in e  (In v itr o g e n  C orp ., U S A )  and 1 % a n tib io tic  and a n tim y c o tic  fo rm u la tio n  
[c o n ta in in g  p e n ic il lin  G  so d iu m , s tr e p to m y c in  su lfa te , and  a m p h o ter ic in  B  
(In v itr o g e n  C orp ., U S A )] .  Satu rated  g lu ta ra ld eh y d e  a q u eo u s  so lu t io n  (5 .6  M  or 5 0  % 
in w a ter  w a s  u sed  to  f ix  the c e lls . E th an o l p u rch ased  from  L a b sca n  (A s ia , T h a ila n d )  
and h e x a m e th y ld is ila z a n e  p u rch ased  from  S ig m a -A ld r ic h  ( U S A )  w e r e  u sed  to 
d eh yd ra te  th e  c e lls .

3.2 Equipment

3 .2 .1  E q u ip m en t for  C h a racter iza tio n  o f  M ater ia ls
•  A  JE O L  J S M -6 4 0 0  sca n n in g  e le c tr o n  m ic r o sc o p e  (S E M ) w a s  u sed  

to  o b se r v e  th e  m o r p h o lo g y  o f  th e  m ateria ls.
•  A  JE O L  J F C -1 1 0 0 E  sp u tterin g  d e v ic e  w a s  u se d  to c o a t  th e  m ater ia ls  

w ith  a th in  la yer  o f  g o ld  prior to  o b serv a tio n  u n d er S E M .
•  A  L lo y d  L R X  u n iv ersa l te st in g  m a ch in e  w a s  u se d  to  e x a m in e  the  

m e c h a n ic a l in tegr ity  o f  the m ater ia ls .
•  A  S h im a d z u  U V -2 5 5 0  U V -v is  sp ec tr o p h o to m e te r  w a s  u se d  to 

m ea su re  th e am o u n t o f  C M  in  th e  sa m p le  so lu t io n s  at w a v e le n g th  o f  
3 0 0 - 9 0 0  nm .

•  A  S p ec tra M a x  M 2  M icrop la te  R ea d er  w a s  u se d  to m easu re  the  
a b so rb a n ce  o f  s o lu t io n  from  M T T  a ssa y  at w a v e le n g th  o f  5 5 0  nm .
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•  A  V arian  S p e c tr A A -3 0 0  a to m ic  a b so rp tio n  sp e c tr o sc o p e  (A A S )  w a s  
u sed  to d eterm in e  th e am o u n t o f  s ilv e r  re le a se d .

•  A  T h erm o S c ie n t if ic  G E N E S  Y S  2 0  4 0 0 1 /4  sp e c tr o p h o to m e te r  w a s  
u se d  to  m easu re  th e  o p tica l d e n s it ie s  o f  th e  b a cter ia l su sp e n s io n s  at 
w a v e le n g th  o f  6 0 0  nm .

•  A  B u rrell S c ie n t if ic  M o d e l A A  W rist-A ctio n ®  sh ak er  w a s  u sed  to  
sh a k e  the f la sk  that c o n ta in e d  th e  h y d r o g e l a b so r b in g  th e b acteria .

•  A  h e m o c y to m e te r  (H a u sser  S c ie n t if ic , U S A )  w a s  u sed  to  co u n t the  
n u m b er o f  th e  c e lls .

3.3 Methodology

3 .3 .1  P rep aration  o f  th e  S a m p le  S o lu t io n s
3 .3 .1 .1  P r e p a r a t io n  o f  th e  N e a t  a n d  n A g -C o n ta in in g  G e la tin  

S o lu tio n s
A g N C >3 at 0 .7 5 , 1 .0 , 1 .5 , 2 .0  and 2 .5 %  b y  w e ig h t  o f  the dry  

g e la t in  p o w d e r  w a s  d is so lv e d  in  7 0  v o l.-%  a c e t ic  acid  a q u e o u s  s o lu t io n  or w arm  
d is t il le d  w ater . G e la tin  p o w d e r  w a s  th en  a d d ed  in to  th e  A g N Û 3 so lu t io n  and the  
c o n c e n tr a tio n  o f  g e la tin  in th e  s o lu t io n  w a s  10 w t.-% . T h e A g N Û 3-c o n ta in in g  g e la tin  
s o lu t io n  w a s  th en  a g e d  at v a r io u s  t im e  in terv a ls  to  a l lo w  th e fo r m a tio n  o f  n A g  w ith in  
th e  so lu t io n .

3 .3 .1 .2  P r e p a r a t io n  o f  th e  N e a t  a n d  n A g -C o n ta in in g  S ilk  F ib ro in  
S o lu tio n s
A  c o c o o n  w a s  d e g u m m e d  three t im e s  w ith  0 .5  w t .-  % N a 2C 0 3  

s o lu t io n  at 95  °c for 3 0  m in  to  c o m p le te ly  e lim in a te  ser ic in  fro m  th e fib ro in  fib er  and  
w a sh e d  th o r o u g h ly  sev era l t im e s  in  h o t d is t ille d  w a ter  and th e n  d ried  in an o v e n  at 4 0  
°c o v er n ig h t. D e g u m m e d  s ilk  a s  S F  fib er  at 10 % w /v  w a s  d is s o lv e d  in  m ix e d  so lv e n t  
s y s te m  o f  C a C l2 : e th a n o l : H 20  (1 : 2  : 8 in  m o la r  ratio) at 7 8  °c for  1 h  to  ob ta in  a 
reg en era ted  S F  so lu t io n , u n lik e  its  n a tiv e  cou n terp art, w h ic h  is  fu l ly  a m o rp h o u s, w ith  
its c h a in s  a d o p tin g  a r a n d o m -c o il, rather than  c r y s ta lliz a tio n  part. T h e  regen era ted  SF  
s o lu t io n  w a s  filtered  w ith  a f ilter  p ap er in ord er  to  e lim in a te  im p u r it ie s  a fter  that th is
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so lu t io n  w a s  d ia ly z e d  in  a c e l lu lo s e  m em b ra n e  tu b e  (M W C O  4 5 0 1 )  at room  
tem p era tu re fo r  4  d a g a in st  d is t ille d  w a ter  c h a n g e d  d a ily  to  r e m o v e  th e  sa lt resid u e  
and  cen tr ifu g e d  at 1 0 ,0 0 0  rpm  for  10 m in . T h e  o b ta in ed  S F  so lu t io n  w a s  ly o p h iliz e d  
at -4 0  ° c  and  th en  fr e e z e -d r ie d  b y  u s in g  a freeze -d r ier  m a ch in e  to  ob ta in  the  
regen era ted  S F  sp o n g e s .

6  w t.-%  o f  th e  reg en era ted  S F  sp o n g e  w a s  d is so lv e d  in  
d is t ille d  w a ter  u n der m e c h a n ic a l stirrin g  for  2  h and th en  filtrated  th rou gh  filtrated  
p ap er to sep ara te  the n o n -d is so lv e d  S F  sp o n g e . T h e co n cen tra tio n  o f  th e  S F  so lu tio n  
w a s  e s tim a te d  b y  w e ig h in g  1 m l o f  S F  s o lu t io n  that w a s  dried . T h e  S F  so lu tio n  w a s  
ad ju sted  b y  d is t ille d  w a ter  to  ob ta in  th e co n ce n tr a tio n  o f  S F  so lu t io n , e stim a ted  as 5 
w t.-% . S ilv e r  n itrate  (A g N C b ) at v a r io u s  c o n te n ts  (0 .5 , 1 .0 , 1 .5 , 2 .0  and  2 .5  % by 
w e ig h t  o f  th e  dry s ilk  f ib ro in  p o w d e r) w a s  ad d ed  in to  th e  p r e v io u s  so lu tio n  and  
c o n t in u o u s ly  stirred  at v a r io u s  t im e s  to a l lo w  the fo rm a tio n  o f  s ilv e r  n an op a rtic les  
(n A g s )  w ith in  th e se  so lu t io n s .

3 .3 .1  P rep aration  o f  th e  H y d r o g e ls
3 .3 .2 .1  P r e p a r a t io n  o f  n A g -L o a d e d  G e la t in  H y d r o g e l  P a d s  

G lu ta ra ld eh y d e  a q u e o u s  s o lu t io n s  (G T A ) at v a r io u s
c o n c e n tr a tio n s  ( 0 .5 ,  1, 3 , 5 , 7  and 9  p l/m l o f  g e la tin  so lu t io n )  w ere  m ix e d  w ith  an  
A g N 0 3 -c o n ta in in g  g e la tin  so lu t io n  that had  b een  ag ed  for a p rop er t im e  in terval 
u n d er m e c h a n ic a l stirrin g  for  3 0  m in . E a ch  o f  the r esu ltin g  so lu t io n s  (6  m l)  w a s  th en  
c a st  o n  a p o ly te tr a flu o r o e th y le n e  (P T F E ) m o ld  (sq u are p ro je c tio n  w ith  5 .5  cm  X 5 .5  
c m  and 0 .5  c m  in  d ep th ), fo llo w e d  b y  a ir -d ry in g  at ro o m  tem p era tu re for 2 4  h to  
a l lo w  the s o l id if ic a t io n . A fte r  that, th e  g e la t in  h y d ro g e l p ad s w er e  k ep t in an o v e n  at 
1 2 0  ° c  for 4  d in  ord er to  c o m p le te  the c r o s s - lin k in g  r ea c tio n  and to r e m o v e  as m u ch  
th e  resid u a l s o lv e n t  from  th e g e la tin  h y d r o g e ls  as p o ss ib le . T h e  c r o ss - lin k e d  g e la tin  
h y d r o g e ls  w e r e  im m ersed  in  0 .4  % w /v  so d iu m  m e ta b isu lf ite  (7 4 น2ร 2 0 5 ) a q u eo u s  
s o lu t io n  for 2 4  h, w a sh ed  fou r t im e s  in  d is t ille d  w ater  and  th en  a ir-d ried  for about 2 4  
h. T h e  th ic k n e ss  o f  the h y d r o g e l p ad s in  th e ir  dry state w a s  ab ou t 1 5 0 -1 7 0  pm .

3 .3 .2 .2  P r e p a r a t io n  o f  n A g -L o a d e d  S ilk  F ib r o in  F ilm s
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E a ch  o f  th e  n A g  c o n ta in in g  S F  so lu t io n s  (3 0  m l)  that had b een  
lo a d ed  w ith  d ifferen t A g N C >3 c o n te n ts  w a s  ca sted  o n to  a p o ly s ty r e n e  petri d ish  (8 5  
m m  in  d ia m eter ) and fo l lo w e d  b y air d ry in g  at ro o m  tem peratu re for  3 d. T h e  n A g -  
lo a d ed  S F  f ilm s  w e r e  treated  w ith  9 0  v o l.-%  o f  m eth a n o l a q u eo u s  so lu t io n  for 10 m in  
to  in d u ce  S F  p -sh e e t  in d u ctio n  and in so lu b ility . A fte r  th e  treatm en t step , th e se  f ilm s  
w ere d ried  at roo m  tem peratu re for 1 h. T h e  th ic k n e ss  o f  the f i lm s  in  their dry sta te  
w a s ab o u t 2 0 0 - 2 4 0  p m .

3 .3 .3  C h a racter iza tio n
3 .3 .3 .1  F o rm a tio n  o f  n A g

T h e form a tio n  o f  n A g  in  th e  A g N C b -c o n ta in in g  g e la tin  and  
s ilk  f ib ro in  so lu t io n s  that had b een  a g e d  for  v a r io u s t im e  in terva ls  w a s  c o n fir m e d  b y  
m o n ito r in g  th e  ap p ea ran ce  o f  the su r fa ce  p la sm o n  band  u s in g  a S h im a d z u  U V -2 5 5 0  
U V -v is ib le  sp ec tr o p h o to m e te r  (U V -v is ) .  T h e s iz e  o f  th e  a s -fo rm ed  n A g  a lo n g  w ith  
its d istr ib u tio n  w a s  ch ara cter ized  b y  a JE O L  J E M -2 1 0 0  tra n sm iss io n  e le c tr o n  
m ic r o sc o p e  (T E M ).

3 .3 .3 .2  W a te r  R e te n tio n  a n d  W e ig h t-L o ss  B e h a v io r
T h e  n A g -lo a d e d  g e la tin  h y d r o g e l p ad s in  th e ir  dry sta te  w er e  

cut in to  c ircu la r  d isc s  (1 5  m m  in  d ia m eter ) and w e ig h e d  in ord er to  ascerta in  the  
in itia l dry w e ig h t  ( W j) .  A fte r  that, th e  s p e c im e n s  w er e  im m ersed  in  5 0  m l o f  ea c h  o f  
the three m e d ia  [ i .e ., a ce ta te  b u ffer  s o lu t io n  (pH  5 .5 )  at 3 2  ° c ,  d is t ille d  w ater  (p H
6 .5 )  at 3 7  ๐c ,  s im u la te d  b o d y  flu id  (S B F )  b u ffer  and p h o sp h a te  b u ffer  sa lin e  

so lu t io n s  (p H  7 .4 )  at 3 7  ๐C ] for v a r io u s  tim e  in terva ls . A fter  th e  su b m e r sio n , ea ch  
sp e c im e n  w a s  b lo tted  w ith  a  p ie c e  o f  t is su e  paper to  r e m o v e  th e e x c e s s  am o u n t o f  th e  
m ed iu m  o n  its  su r fa ce  an d  th en  im m e d ia te ly  w e ig h e d  to  d eterm in e  th e w e ig h t  o f  the  
sp e c im e n  in  its  w e t , s w o lle n  state (พร). T h e  s p e c im e n s  w ere  th en  d ried  in an o v e n  
u n til o f  a co n sta n t w e ig h t  to  ob ta in  th e  dried  w e ig h t  (Wd). T h e  p er c e n ta g e s  o f  w a ter  
reten tion  an d  w e ig h t  lo s s  w er e  c a lc u la te d  as fo llo w s:

W ater  reten tio n  (% ) =  ^  ~  W j X 1 0 0 ,  ( 1 )
w d



36

and w e ig h t  lo s s  ( % )  =  — — —  X 100 (2 )
w d

3 .3 .3 .3  N u m b e r -A v e r a g e  M o le c u la r  W e ig h t o f  C h a in  S e g m e n ts
B e tw e e n  C r o s s - l in k in g  P o in ts  a n d  C r o s s - l in k  D e n s i ty
T h e c r o s s - lin k  d e n s it ie s  o f  th e  n A g -lo a d e d  g e la t in  h y d ro g e l  

p ad s w e r e  d e term in ed  b ased  o n  th e  data  o b ta in ed  from  th e w a ter  re ten tio n  b eh a v io r  
o f  th e  s p e c im e n s  in  d is t ille d  w ater . T o  c a lc u la te  for  th e  c r o s s - lin k  d e n s ity  v a lu e s , the  
n u m b er-a v era g e  m o le c u la r  w e ig h t  o f  the ch a in  se g m e n ts  b e tw e e n  c r o ss - lin k in g  
p o in ts , M c, w a s  th e  first to  b e  d e term in ed  from  th e  e q u ilib r iu m  w a ter  re ten tio n  v a lu es  
w h ic h  had  b een  p erfo rm ed  in d is t ille d  w ater at 3 7  ๐c ,  a c c o r d in g  to  the F lo ry -R en h er  
eq u ation :

Me = - P G ^ G 3 / [ U ^ / 2 )  + ln (1 -o G) + uG] ,  (3 )

w h ere  PG is  the d e n s ity  o f  g e la tin  ( i .e . ,  1 .35  g -cm '3 ), V\ is  th e  m o la r  v o lu m e  o f  w ater, 
X  is  th e  F lo r y -H u g g in s  in teraction  p aram eter b e tw e e n  w a ter  and  g e la tin  ( i .e . ,  0 .4 9  ±  

0 .0 5  [26]) and vq is  th e  v o lu m e  fra ctio n  o f  g e la t in  in h y d r o g e l sp e c im e n s  in  their  
eq u ilib r iu m  s w o lle n  sta te , w h ic h  c o u ld  b e c a lc u la te d  from  th e f o l lo w in g  eq u ation :

^G = w oP\n /[w P g - W 0(P g ~ P w ) ] ,  (4 )
w h ere  Wo is  the in itia l dry w e ig h t  o f  th e  sp e c im e n s , Pw is  the d e n s ity  o f  w a ter  and พ  
is  th e  w e ig h t  o f  the sp e c im e n s  in  th e ir  eq u ilib r iu m  s w o lle n  sta te  (a fter  the r e m o v a l o f  
the e x c e s s  w ater  o n  th e su rfa ce  o f  th e  sp e c im e n s  b y  t is su e  p ap ers). T h e  c r o ss - lin k  
d e n s ity  in  term s o f  the n u m b er o f  e la s t ic a lly  e f f e c t iv e  ch a in s  p er  u n it v o lu m e  o f  the  
g e la tin  h y d r o g e l n e tw o rk , v e, c o u ld  th en  b e e x p r e s se d  as an in v e r se  fu n c tio n  o f  M c as 
fo llo w s :

Ve=pGNAIMc, (5 )

w h ere  V a is  the A v o g a d r o ’s n u m ber.
3 .3 .3 .4  In  V itro  D e g r a d a t io n  T e s t

P rotease  X IV  e n z y m e  (fro m  S tr e p to m y c e s  g r is e u s ,  c a t# P 5 1 4 7 , 
S ig m a , M O ) w a s  u sed  in  th is  e x p e r im e n t to stu d y  e n z y m a tic  d eg ra d a tio n  o f  S F  film s. 
E n z y m e  w a s  d is s o lv e d  in  s im u la ted  b o d y  flu id  b u ffer  so lu t io n  (S B F , pH  7 .4 )  w h ic h  
h as io n  c o n cen tra tio n s  n early  e q u a l to  th o se  o f  h u m an  b lo o d  p la sm a  to p rep are the  
e n z y m e  so lu t io n  (1 .0  m g /m l) . A n d  th e n A g -lo a d e d  S F  f ilm s  that had b e e n  lo ad ed
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w ith  2 .5  w t.-%  A g N C >3 in th e ir  dry sta te  w e r e  cu t in to  c ircu lar  d is c s  (1 5  m m  in 
d ia m eter ) and  w e ig h e d  in  ord er to  a scerta in  th e  in itia l dry w e ig h t  (ห'!). A fter , the  
sa m p le s  w er e  im m e r se d  in 2  m l o f  b oth  S B F  and  the e n z y m e  so lu t io n  (S B F  w ith  
e n z y m e )  and th en  in cu b a ted  at 3 7  ๐c  for v a r io u s  t im e  in terv a ls  (1 , 2 , 3 , 4 , 5 , 6  and 7 
d). T h e  e n z y m e  so lu t io n s  w e r e  c h a n g ed  d a ily  b e c a u se  p ro tea se  m ig h t  be le ss  
e f f e c t iv e  after 1 d. A t ea ch  t im e , th e  sa m p le s  w e r e  tak en  o u t from  m e d ia  and w ere  
th en  d ried  in  an o v e n  un til o f  a co n sta n t w e ig h t  to  ob ta in  the fin a l w e ig h t  (dry) after  
s p e c if ie d  d a y s  o f  in cu b a tio n  (Wd). T h e  p e r c e n ta g e  o f  rem a in in g  w e ig h t  o f  th e  n A g -  
lo a d ed  S F  f ilm s  w a s  c a lc u la te d  a s  fo llo w s :

R e m a in in g  w e ig h t  (% ) =  พ d X 10 0  (6 )
พ ,

3 .3 .3 .5  n A g  R e le a s e  A s s a y
First, th e  a ctu a l am o u n t o f  n A g  in th e  g e la tin  and  s ilk  fib ro in  

h y d r o g e ls  w a s  d e term in ed . S p e c if ic a l ly , th e  u n c r o ss -lin k e d  n A g -lo a d e d  g e la tin  and  
s ilk  fib ro in  p ad s in  their  dry sta te  (cu t in to  c ircu lar  d isc  sp e c im e n s  o f  15 m m  in  
d ia m eter ) w e r e  d is s o lv e d  in  5 0  m l o f  e a c h  r e sp e c tiv e  m ed iu m  under m ech a n ica l 
stirrin g . T h e  a ctu a l am o u n t o f  n A g  w ith in  th e  h y d r o g e ls  w a s  then  q u a n tified  b y a 
V arian  S p e c tr A A -3 0 0  a to m ic  ab so rp tio n  sp e c tr o sc o p e  (A A S ) . In the r e le a se  assa y , 
d is c  s p e c im e n s  o f  th e  n A g -lo a d e d  g e la tin  and  s ilk  fib ro in  h y d ro g e l p ad s in their  dry  
sta te  w er e  p la ced  in  5 0  m l o f  e a c h  o f  media [ i .e .,  a ce ta te  b u ffer  so lu tio n  (p H  5 .5 )  at 
3 2  °c, d is t ille d  w a ter  (p H  6 .5 )  at 3 7  °c, s im u la te d  b o d y  f lu id  (S B F )  b u ffer  and  

p h o sp h a te  b u ffer  sa l in e  so lu t io n s  (p H  7 .4 )  at 3 7  °C ] for v a r io u s  tim e  in terv a ls  ( i .e ., 1, 
3 , 6 , 12 , 2 4 , 7 2 , 1 2 0 , 168 and  2 1 6  h ). A t e a c h  t im e  p o in t, th e  m ed iu m  w a s  to ta lly  
r e m o v e d  and an eq u a l a m o u n t o f  th e  fresh  m e d iu m  w a s  rep la ced . T h e  a m o u n t o f  the  
r e le a se d  n A g  in  th e  w ith d ra w n  m e d iu m  ( i .e . ,  sa m p le  so lu t io n )  w a s  d eterm in ed  b y  
A A S .

3 .3 .3 .6  A n tim ic r o b ia l  A c t iv i t y  A s s a y
3 .3 .3 .6 .1  M ic r o o r g a n is m s

S ix  b acter ia l stra in s u sed  w ere  P s e u d o m o n a s  
a e r u g in o s a  A T C C  2 7 8 5 3 , S ta p h y lo c o c c u s  a u r e u s  A T C C  2 5 9 2 3 ,  M e th ic il l in - re s is ta n t
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S ta p h y lo c o c c u s  a u r e u s  D M S T  2 0 6 5 4 , S ta p h y lo c o c c u s  e p id e r m id is  A T C C  1 2 2 2 8 , 
S tr e p to c o c c u s  a g a la c t ia e  D M S T  1 7 1 2 9 , S tr e p to c o c c u s  p y o g e n e s  an d  o n e  fu n ga l 
stra in , C a n d id a  a lb ic a n s  A T C C  1 0 2 3 1 . A l l  o f  th e se  w e r e  h u m an  p a th o g e n ic  
m ic r o o r g a n ism s  and  k in d ly  su p p o rted  b y  N a tio n a l In stitu te  o f  H ea lth , D ep a rtm en t o f  
M e d ic a l S c ie n c e s ,  M in istry  o f  P u b lic  H ea lth , T h a ila n d  and D ep a rtm en t o f  
B io te c h n o lo g y , F a cu lty  o f  S c ie n c e , R a m k h a m h a en g  U n iv e r s ity .

3 .3 .3 .6 .2  A g a r  D ilu tio n  M e th o d
T h e m in im a l in h ib itio n  co n ce n tr a tio n  (M IC ) v a lu e s  

o f  A g N C >3 w e r e  d e term in ed  b y  an agar d ilu t io n  m eth o d  a g a in st th e  m icr o o r g a n ism  
stra in s that w e r e  u su a lly  th e  c a u sa tiv e  a g e n ts  o n  the sk in  w o u n d . T h e  tw o - fo ld  seria l 
d ilu t io n s  o f  A g N C >3 w er e  m ix e d  w ith  th e s ter iliz e d  M u ller -H in to n  broth  and agar to  
th e  fin a l v o lu m e  o f  5 m l w ith  th e fin a l co n cen tra tio n  from  10 m g /m l to  0 .6  p g /m l and  
im m e d ia te ly  p ou red  in to  p etri d ish e s  (5 0  m m  in d ia m eter). T en  m ic r o lite r s  o f  104 
C F U /m l o f  ea c h  strain  w er e  sp o tted  and in o cu la ted  o n to  th e  p la tes . T h e  p la tes  w ere  
th en  in cu b ated  at 3 7  °c for  2 4  h. T h e  in h ib itio n  o f  the m icro b ia l g ro w th  w a s  
co m p a red  w ith  th e  g ro w th  in  th e  con tro l p la te . A fte r  2 4  h o f  in cu b a tio n , th e  M IC  w a s  
d e fin e d  as th e  lo w e s t  c o n cen tra tio n  o f  A g N C >3 in h ib itin g  the v is ib le  g ro w th  o f  each  
o r g a n ism  o n  th e  agar p la te  an d  th e M IC  m ea su rem en t w a s  d o n e  in  tr ip lica te  to  
c o n fir m  the v a lu e  o f  M IC  for  ea ch  strain.

3 .3 .3 .6 .3  E ffe c ts  o f  T he n A g  C o n ta in in g  S F  S o lu t io n s  on
M ic r o b ia l  G r o w th
T h e a n tim icro b ia l a c t iv ity  o f  the n A g  c o n ta in in g  S F  

s o lu t io n s  at v a r io u s  A g N C >3 co n ce n tr a tio n s  w a s  in v e stig a te d . E a ch  o f  activ a ted  
m ic r o b ia l stra in s in  L u ria -B erta n i broth  at 1 0 8 C F U /m l co n ce n tr a tio n  w a s  se e d e d  in  
a 9 6 -w e l l  t is su e -c u ltu r e  p o ly s ty r e n e  p la te  (T C P S ; B io k o m  S y s te m s , P o la n d ) and then  
in o c u la te d  at 3 7  °c under sh a k in g  un til th e  o p tica l d e n s ity  (O .D .)  at 6 0 0  n m  eq u a l to  
0 .1 . E a ch  o f  th e  s te r iliz e d  sa m p le  so lu t io n s  (3 0  p i)  w a s  ad d ed  in to  w e l ls  c o n ta in in g  
m ic r o b ia l cu ltu re  in  L B  broth. F or the co n tro l, 3 0  p i o f  th e  s te r iliz e d  L B  broth w a s  
ad d ed  in stead  o f  the s te r iliz e d  sa m p le  so lu t io n s . T h e  te sted  so lu t io n s  c o n ta in in g  
m ic r o o r g a n ism s  w er e  im m e d ia te ly  m ea su red  the o p tica l d e n s ity  at 6 0 0  nm  and  
in cu b a ted  3 7  °c u n d er sh a k in g . T h e se  s o lu t io n s  w er e  tak en  to m e a su re  th e  op tica l
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d e n s ity  at 6 0 0  nm  e v e r y  h ou r (1 -8  h ). T h e  o p tic a l d e n s ity  w a s  c a lc u la te d  to  th e  
p erc e n ta g e  o f  re la tiv e  v ia b il ity  o f  m ic r o o r g a n ism s  as fo llo w e d :

% R ela tiv e  v ia b ility  o f  m ic r o o r g a n ism s =  O .D . sample X 10 0  (7 )
O.D. control

3 .3 .3 .6 .4  The C o lo n y  C o u n t M e th o d
T h e b a cter ia  from  cu ltu res  g r o w n  in  tryp tic  s o y  

broth  (T S B )  at 3 7  °c for  2 4  h w er e  ad d ed  in to  4 .5  m l o f  T S B  and  the op tica l 
d e n s it ie s  (O D s )  o f  the b acter ia l su sp e n s io n s  w er e  m ea su red  at the w a v e le n g th  o f  6 0 0  
n m  u s in g  a T h erm o  S c ie n t if ic  G E N E S Y S  2 0  4 0 0 1 /4  sp e c tro p h o to m eter . A t the  
b acter ia l co n cen tra tio n  o f  1 0 8 c e l l s m l ' 1, th e  O D s  o f  th e  b acter ia l su s p e n s io n s  for ร. 
a u re u s  and p . a e r u g in o s a  w er e  0 .2 , w h ile  that for  E. c o l i  w a s  0 .4 . T h e se  b acteria  
w e r e  se r ia lly  d ilu ted  w ith  a N a C l a q u e o u s  so lu t io n  to  ob ta in  b acter ia l su sp e n s io n s  
w ith  b a cter ia l c o n c e n tr a tio n s  in  th e  ran ge o f  1 o 8- 1 o 5 ce lls-m l" 1. Prior to  th e  
a sse s sm e n t, b o th  the n eat an d  th e n A g -lo a d e d  g e la tin  h y d r o g e l p ad s w e r e  s ter ilized  in  
7 0  v o l.-%  eth a n o l a q u eo u s  so lu t io n  for 3 0  m in , a ir-d ried  at roo m  tem p era tu re  (2 5  ±  2  
๐C ) in  a s te r iliz e d  h o o d  and  k ep t in s te r iliz e d  b a g s. A fte r  a ir -d ry in g , 1 m l o f  ea c h  o f  
th e  d ilu te  b acter ia l su sp e n s io n s  w a s  put in to  a b a g  c o n ta in in g  a s te r iliz e d  h y d ro g e l  
sp e c im e n  (w e ig h in g  arou n d  0 .4  g ) and in cu b a ted  at 3 7  °c for 2 4  h. T h e  b acteria  w ere  
th en  w a sh e d  o u t from  th e  sp e c im e n  b y  im m e r s in g  th e  s p e c im e n  in  1 0 0  m l o f  d is t ille d  
w a ter  in  a  f la sk  that w a s  sh a k en  b y  a  B u rrell S c ie n t if ic  M o d e l A A  W rist-A ctio n ®  
sh ak er, o p era tin g  at 4 0 0  rp m , for 5 m in . E x a c t ly  0.1 m l o f  th e  w a s h in g  so lu t io n  w a s  
w ith d ra w n  and  th en  p la ted  o n to  D ifc o ™  M u e lle r -H in to n  agar in a P etri d ish  u s in g  an  
A d v a n c e d  In stru m en ts S p ira l B io te c h  A u to p la te  4 0 0 0  S p ira l P later. T h e  p la tes  w er e  
th en  in cu b ated  at 3 7  ๐c  fo r  2 4  h. F in a lly , th e  n u m b ers o f  b acter ia l c o lo n ie s  w er e  
c o u n te d  and  th e  ob ta in ed  d ata  w er e  u sed  to  c a lc u la te  th e  red u ctio n  in  th e  n u m b er o f  
b acter ia l c o lo n ie s  ( i .e ., th e  b acteria l g r o w th  in h ib it io n ), a c c o r d in g  to  th e  fo l lo w in g  
eq u ation :

Bacterial growth inhibition (%) = ( B -  A ) /  B x  100, (8)
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w h ere  A and B  are th e  n u m b ers o f  b a cter ia l c o lo n ie s  ( i .e ., c o lo n y  fo rm in g  un it per  
m l; C F U  m l'1) for the p la te s  that had b e e n  sm ea red  w ith  w a sh in g  so lu t io n s  from  the  
n A g -lo a d e d  and  th e  n eat g e la tin  h y d r o g e l sp e c im e n s , r e sp e c tiv e ly .

3 .3 .3 .6 .5  A g a r  D i s c  D iffu s io n  M e th o d
T h e U S  C lin ic a l and  L aboratory S tan dard s In stitu te  

(C L S I) d isk  d if fu s io n  m e th o d  w a s  u se d  to a s s e s s  th e  an tim icro b ia l a c t iv ity  o f  the  
n A g -lo a d e d  S F  f ilm s . T h e  n eat S F  f ilm  w a s  u sed  as th e  con tro l. T h e  18 h m icro b ia l 
cu ltu re in  M u lle r -H in to n  broth w a s  d ilu te d  to a p p ro x im a te ly  1 0 5 C F U /m l w ith  0 .8 5  
% w /v  n orm al sa lin e  so lu t io n . T h e  m ic r o b ia l so lu t io n s  w ere  sp read  o v e r  the M u ller -  
H in to n  agar p la tes . T h e te ste d  f ilm s  w e r e  cu t in to  c ircu lar  d isc s  w ith  15 m m  d ia m eter  
and s te r iliz e d  w ith  7 0  %  e th a n o l a q u e o u s  s o lu t io n  for 3 0  m in . F urtherm ore, all 
sa m p les  w e r e  p la ced  o n  m ic r o o r g a n ism s-c u ltu r e d  agar p la tes and  in cu b ated  at 3 7  ° c  
for 2 4  h. T h e  in h ib it io n  z o n e  w a s  m o n ito re d  and th e m ean  v a lu e  w a s  ca lcu la ted .

3 .3 .3 .7  The C e l l  S tu d y  o f  H y d r o g e ls
3 .3 .3 .7 .1  I n d ir e c t C y to to x ic i ty  E v a lu a tio n

T h e in d irect c y to to x ic ity  e v a lu a t io n  o f  the n A g -  
lo a d ed  g e la tin  h y d ro g e l p ad s w a s  c o n d u c te d  in  ad aptation  from  the I S O 1 0 9 9 3 -5  
standard te st  m eth o d , u s in g  n orm al sk in  f ib ro b la sts  as re feren ce  c e l ls . T h e  c e lls  w ere  
first cu ltu red  in  D u lb e c c o ’s m o d if ie d  E a g le ’s m e d iu m  (D M E M ; S ig m a -A ld r ic h , 
U S A ) , su p p lem en ted  w ith  10 % feta l b o v in e  seru m  (F B S ; B io c h r o m  A G , G erm a n y ), 
1 % L -g lu ta m in e  (In v itr o g e n  C orp ., U S A )  and  1% a n tib io tic  and a n tim y c o tic  
fo rm u la tio n  [c o n ta in in g  p e n ic il l in  G so d iu m , s tr e p to m y c in  su lfa te , and am p h o ter ic in  
B (In v itro g en  C orp ., U S A )] .  T h e  cu ltu re  m e d iu m  w a s  ch a n g ed  e v e r y  3 d and the  
cu ltu res w e r e  m a in ta in ed  at 3 7  ° c  in a h u m id if ie d  a tm osp h ere  c o n ta in in g  5 % C O 2.

T h e  h y d r o g e ls  in th eir  dry sta te  w e r e  first cu t in to  
c ircu lar  d isc s  (1 5  m m  in  d ia m eter), w e ig h in g  ab o u t 0 .0 2  g  ea ch . B e fo r e  te stin g , the  
sp e c im e n s  w e r e  ea ch  s te r iliz e d  b y  7 0  v o l.-%  e th a n o l for 3 0  m in . E x tra ction  m ed ia  
w er e  th en  prep ared  b y  im m e r s in g  the s p e c im e n s  in d iv id u a lly  in  seru m -free  m ed iu m  
(S F M ; c o n ta in in g  D M E M , 1% L -g lu ta m in e , 1 % la cta lb u m in , and 1% an tib io tic  and  
a n tim y c o tic  fo rm u la tio n ) at the ex tra c tio n  ratio o f  10 m g -m l'1 in  w e l ls  o f  a 9 6 -w e ll  
t issu e -cu ltu re  p o ly s ty r e n e  p la te  (T C P S ; B io k o m  S y s te m s , P o la n d ) for 1 , 3  and 7 d,
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r e sp e c tiv e ly . T h e  n orm a l sk in  f ib ro b la sts  from  th e cu ltu res w e r e  tr y p sin ized  [0 .2 5  %  
tryp sin  c o n ta in in g  1 m M  E D T A  (In v itro g en  C orp ., U S A )] ,  c o u n ted  b y  a 
h e m o c y to m e te r  (H a u sse r  S c ie n t if ic , U S A ), and  se e d e d  at a d e n s ity  o f  a b o u t 1 0 ,0 0 0  
c e l l s /w e l l  o n  T C P S  in  seru m -c o n ta in in g  D M E M  for 16 h to  a l lo w  c e ll a ttach m en t. 
T h e c e l l s  w er e  th en  sta rved  w ith  S F M  for 2 4  h. A fte r  that, th e  m e d iu m  w a s  rep la ced  
w ith  an ex tra c tio n  m ed iu m , and th e  c e l ls  w e r e  re -in cu b a ted  for  2 4  h. F in a lly , th e  
v ia b ility  o f  the c e l l s  cu ltu red  b y  ea ch  o f  th e  as-p rep ared  ex tra ctio n  m e d ia  w a s  
d eterm in ed  b y  3 - (4 ,5 -d im e th y lth ia z o l-2 -y l) -2 ,5 -d ip h e n y lte tr a z o liu m  b rom id e  (M T T )  
a ssa y . T h e  v ia b ility  o f  th e  c e lls  cu ltu red  by fresh  S F M  w a s u sed  a s  con tro l.

T h e  M T T  a ssa y  is  b ased  on  th e red u ction  o f  y e l lo w  
té tra zo liu m  sa lt to  p u rp le form aza n  crysta ls  b y  d e h y d r o g e n a se  e n z y m e s  secre ted  
from  the m ito c h o n d r ia  o f  m e ta b o lic a lly  a c t iv e  c e l ls . T h e a m o u n t o f  the a s -fo r m e d  
purple form aza n  c r y s ta ls  is  re la ted  to the n u m b er o f  v ia b le  c e l l s  in  a lin ear m an n er. 
F irst, e a c h  cu ltu re m ed iu m  w a s  asp irated  and rep laced  w ith  2 5  p l/w e ll  o f  M T T  
s o lu t io n  at 5 m g - m f 1 for a 9 6 -w e ll  T C P S . S e c o n d ly , the p la te  w a s  in cu b ated  for  3 h 
at 3 7  °c. T h e so lu t io n  w a s  then  a sp irated , and 1 0 0  p l/w e ll  o f  D M S O  w a s  ad d ed  to  
d is s o lv e  th e  form aza n  cry sta ls . F in a lly , after 3 m in  o f  rotary a g ita tio n , the a b so rb a n ce  
at a w a v e le n g th  o f  5 5 0  n m  rep resen tin g  the v ia b il ity  o f  the c e l l s  w a s  m ea su red  by a 
S p ectra M a x  M 2  M ic r o p la te  R eader.

3 .3 .3 .7.2  M o r p h o lo g y  o f  S e e d e d  a n d  C u ltu r e d  C e lls
T h e  n A g -lo a d e d  g e la tin  h y d r o g e l p ad s w e r e  cut 

in to  c ircu lar  d isc  sp e c im e n s  (a b ou t 15 m m  in d ia m eter  and a b o u t 0 .0 2  g  e a c h ). A ll  
sp e c im e n s  w ere  s te r iliz e d  in  7 0  v o l.-%  eth an ol a q u e o u s  so lu t io n  for 3 0  m in . N o r m a l  
sk in  f ib ro b la sts  from  th e  cu ltu re  ( 1 0 th to 15th p a ssa g e s )  w er e  se e d e d  or cu ltu red  on  
th e  su r fa c e s  o f  the d is c  sp e c im e n s  at a d en s ity  o f  1.5 X 104 c e l l s /w e l l  in w e l ls  o f  a 2 4 -  
w e ll T C P S  at 3 7  ๐c  u n der a h u m id if ie d  a tm o sp h ere  c o n ta in in g  5 % C O 2 for 5 h , 1 d 
and 5 d , r e sp e c tiv e ly . T h e  su rfa ces o f  d isc  sp e c im e n s  from  th e  n eat g e la tin  h y d r o g e l  
p ad s w e r e  u sed  as in tern al co n tro l and  th o se  o f  g la s s  s l id e s  w ere  u sed  as ex tern a l 
con tro l. T h e  5 h s e e d in g  p eriod  rep resen ted  the a tta ch m en t s ta g e s  o f  the c e l ls  and the  
1 and 5 d cu ltu r in g  p er io d s  rep resen ted  the p ro lifera tio n  s ta g e  o f  th e  c e lls . F o l lo w in g  
each  se e d in g  or c u ltu r in g  p er io d , m o r p h o lo g y  o f  the c e lls  w a s  o b se r v e d  b y  a JE O L  
J E M -5 6 0 0 L V  sc a n n in g  e lec tro n  m ic r o sc o p e  (S E M ). A fter  r e m o v a l o f  th e  cu ltu re
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m e d iu m , the c e l ls  o n  th e  sp e c im e n  su r fa ces  w e r e  f ix e d  w ith  4 0 0  p l/w e ll  o f  3 v o l.-%  
g lu ta ra ld eh y d e  a q u e o u s  so lu t io n  w h ic h  had b e e n  d ilu ted  from  the a s -r e c e iv e d  G T A  
w ith  P B S  at roo m  tem p era tu re (2 5  ±  2 °C ) for  3 0  m in . T h e  c e l l-c o v e r e d  sp e c im e n s  
w e r e  then  w a sh e d  tw ic e  in d is t i l le d  w ater. S u b se q u e n tly , th e y  w er e  d eh yd ra ted  by  
su b m e r sio n  in grad ed  e th a n o l a q u e o u s  so lu t io n s  and pure e th a n o l (at 4 0 0  p l /w e l l )  for  
2  m in  at ea ch  c o n cen tra tio n  and  th en  dried  a g a in  in 10 0  % h e x a m e th y ld is ila z a n e  
(H M D S ; S ig m a -A ld r ic h , U S A )  for  5 m in . T h e  c o m p le te ly -d r ie d  s p e c im e n s  w ere  
m o u n ted  on  c o p p e r  stu b s and sp u tter -co a ted  w ith  g o ld  for 4  m in  prior to  th e  S E M  
o b se r v a tio n .

3 .3 .3 .8  M e c h a n ic a l P r o p e r ty  E v a lu a t io n
T h e n A g -lo a d e d  g e la tin  h y d r o g e l p ad s in  their  dry sta te  w ere  

cu t in to  rectan gu lar sh a p es  (5 m m  in  w id th  X 10 m m  in le n g th ). T h e te st  sp e c im e n s  
w e r e  first im m ersed  in  acetate  b u ffer  so lu t io n  at 37 °c for 1 d. A fte r  th e  su b m e rsio n , 
th e  sp e c im e n s  w e r e  b lo tted  w ith  a p ie c e  o f  t is su e  paper and  th en  ch a ra cter ized  b y a 
L lo y d  L R X  u n iv ersa l te stin g  m a c h in e . T h e  lo a d  c e ll ,  th e  c r o ssh e a d  sp e e d  and the 
g a u g e  len g th  o f  th e  sp e c im e n s  w e r e  5 0 0  N , 10 m m /m in  and  3 0  m m , r e sp e c tiv e ly .
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