
C H A P T E R  III

EXPERIMENTAL
3.1 Materials

3.1.1 P o lym ers
•  P o ly(v iny l a lco h o l), 99+  %  hydro lyzed  ; S ig m a-A ld rich ,U S A
•  C hitosan , 85 %  D D  , M edium  m o lecu lar

w eig h t ;S ig m a-A ld rich ,U S A

3.1 .2  C hem ica ls
•  N -(3 -ch lo ro -2 -h y d ro x y p ro p y l) tr im eth y lam m o n iu m  ch lo rid e  solu
tio n , 60  w t %  in H 20  ; S ig m a-A ld rich , U S A
•  S odium  trip o ly p h o sp h a te  (T P P ), techn ica l g rad e  85 %

; S ig m a-A ld rich , U S A
•  T e tracy clin e  h y d ro ch lo rid e  (T C )
•  A g ar p o w d er fo r b ac terio logy  (TSA )
•  T ryp tone  S oya  B ro th  (T SB )
•  T w een  80
•  Iod ine
•  Sodium  h y d ro x id e

; SR L , Ind ia  
; SR L , India 
; SR L , Ind ia  
; R F C L  L im ited , Ind ia  
; S ig m a-A ld rich , U S A  
; R C I L abscan , T ha iland

3.1 .3  S o lv en ts
•  A cetic  A cid
•  M ethanol
•  A cetone

; J .T . B aker, U S A  
; R C I L abscan , T ha iland  
; R C I L ab scan , T ha iland

3.1 .4  M ateria l U sed fo r B acterial C u ltu re
3.1.4.1 Model Bacterial

Escherichia coli (E.coli) and Staphylococcus aureus 
(S.aureus) w ere  ob ta ined  from  the  D epartm en t o f  B io logy , F acu lty  o f  
S cience, C h u la lo n g k o m  U n iv ersity  (T hailand)
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Enterococcus faecium (Ent.Faecium) w as o b ta in ed  from  the  
N o p p ara t R a ja th an ee  H ospita l (T hailand)

3.1.4.2 Bacterial Culture Medium
B acte ria ls  w ere  cu ltu red  in T ryp tone  Soya B ro th  (T S B ; SR L, 

Ind ia), p repared  by using 3 %  T S B  in 100 ทาL o f  D istilled  w ate r and  A g a r  p la tes  w as 
p repared  by  u sing  A gar p o w d e r fo r bac terio logy  (T SA ; S R L , India), w h ich  con ta ined  
3 %  T SB  and  1.5 %  T SA  in 100 m L  o f  D istilled  w ater.

3 .1 .5  M ateria lร U sed  fo r Cell C u ltu re
3.1.5.1 Model Cells

Human fibroblasts cells (FB) and  mouse fibroblasts (L929) 
w ere  ob ta ined  from  the D ep artm en t o f  A natom y , F acu lty  o f  D ensity , C h u la lo n g k o m  
U niversity  (T hailand )

3.1.5.2 Cells Culture Medium
C ells  w ere  cu ltu red  in D u lb ecco ’s m odified  E a g le ’s m ed ium  

(D M E M ; S igm a-A ld rich , U S A ), su p p lem en ted  w ith  10%  fetal bov in e  se ru m  (F B S ; 
B IO C H R O M A G ), 1% L -g lu tam in e  (Inv itrogen  C orp .), and  1% an tib io tic  and 
an tim yco tic  fo rm ula tion  [co n ta in in g  pen ic illin  G sod ium , strep tom ycin  su lfa te , and
am pho te ric in  B (Inv itrogen  C o rp ., U SA )]

3.1.5.3 Material Medium
M ateria ls  w ere  im m ersed  in serum -free  m ed iu m  (S F M ) 

w h ich  co n ta in ed  D M E M  w ith o u t phenol red , 1% L -g lu tam ine , 1 %  lac tab u m in , and  
1% an tib io tic  and  an tim yco tic  [con ta in ing  pen ic illin  G so d iu m , s trep to m y cin  su lfa te , 
and am p h o te ric in  B (Inv itrogen  C orp ., U SA )].

3.1.5.4 Cell Culture Study
- E thano l
- 3 -(4 ,5 -d im eth y l-th iazo l-2 -y l)- 

2 ,5 -d ip h en y lte trazo liu m  b rom ide  
(M T T )

- D M E M  w ith o u t pheno l red
- D im eth y lsu lfo x id e  (D M S O )
- T ry p sin -E D T A  so lu tion

ะ J. T . B eaker, U SA  
ะ U S B  C o rp o ra tio n , U S A

G ibT hai C o ., L td. 
S ig m a-A ld rich , U SA  
G ibT hai C o ., L td.
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- L -g lu tam ine
- Fetal B ov ine  Serum

G ibT hai C o ., L td . 
Sorali, B razil 
S igm a-A ld rich , U SA  
G ibT hai C o ., L td.

- G lycine
- L actabum in

3.2 Equipment

3.2.1 P e tri D ish  n o  cm  in d iam eter)
3 .2 .2  F o u rie r  T ransfo rm s Infrared  S pectrom eter-(F T IR )

F o u rie r tran sfo rm s in frared  spectrom eter (F T IR ; T h erm o  N ico le t 
N ex u s  670) w as u sed  to  d e te rm in e  the  functional g roups on  q u tem ized  ch ito san .

3.2.3 N u c le a r M agnetic  R esonance S pectroscopy  (N M R )

400  M H z sp ec tro m ete r) w as u sed  to  confirm  th e  syn thesis o f  q ua te rnary  am m onium  
ch ito san  and  to  ca lcu la te  the d eg ree  qu a tem iza tio n  o f  ch itosan .

3 .2 .4  U V -V isib le  S p ec tro p h o to m ete r (U V -vis)
U V -V is  sp ec tro p h o to m ete r (U V -vis; S h im adzu  U V -1 8 0 0 )w a s  used 

to  confirm  th e  lo ad in g  o f  te tracy c lin e  (T C ) in to  qua tem ized  ch itosan  nan o p artic les .
3.2 .5  F ie ld  E m ission  S cann ing  E lec tro n  M icroscope  (F E S E M )

F ie ld  em ission  scann ing  e lec tron  m icroscope  (F E S E M ; JS M -7 0 0 1 F ) 
w as used  to  o b se rv e  the  su rface  m o rp h o lo g ies  and  shape o f  th e  Q C h/T C _N P s.

3 .2 .6  X -ray  D iffrac tion  (X R D )
X -ray  D iffrac tion  (X R D ; R igaku /D M A X  2200H V ) w a s  used  to  

d e term ine  the  p ack in g  struc tu res o f  n anopartic le  and to  confirm  th e  load ing  o f  
te tracycline  (T C ) in to  q u a tem ized  ch itosan  nanopartic les.

3 .2 .7  D y nam ic  L igh t S catte ring  (D E S)
D y n am ic  ligh t sca tte ring  (D L S; N an o size r m odel S 4700 , M alvern  

In strum en t, U K ) w as used  to  m easu re  p a rtic le s  size o f  qu tem ized  ch ito san  and 
q u tem ized  ch ito san  loaded te tracycline.

3 .2 .8  Z e ta  P oten tia l M easu rem en t
Z e ta  po ten tia l m easu rem en t (Z e tasizer m odel S 4 7 0 0 , M alvern  

In strum en t, U K ) w as used to  m easu re  th e  ze ta  po ten tia l o f  q u tem ized  ch ito san .

N u c lea r m agnetic  resonance  spectroscopy  (N M R ; B ru k er A V A N C E
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3.2 .9  M ic ro p a lted  R eader
M ic ro p la te  reader m odel In fin ities 2 00  P R O  N an o Q u an t M u ltim o d e  

M icro p la te  R eader from  T ecan  A G  w as used to  de term ine  th e  op tical d ensity  o f  the  
sam p les in M T T  assay .

3.3 Methodology

3.3.1 P rep ara tio n  o f  O u a tem ized  C h ito san  (Q C h)
Q C h w as p repared  by m ethod  o f  (S ajom sang  et al., 2 0 0 9 ).B riefly , 

ch ito san  1 g w as d isso lv ed  in 50 m L  o f  1 %  (w /v ) acetic  ac id  and  stirred  a t room  
tem p era tu re  o v ern ig h t. A nd then , ch itosan  so lu tion  w as add ed  into 2 %  (w /v ) o f  
N a 2C O î in F h O /M eO H  after th a t filtra tion  and  used  to  nex t step . T he so lu tio n  o f  
N -(3 -ch lo ro -2 -h y d ro x y p ro p y l) tr im eth y lam m o n iu m  C hloride  40  m L (N T M C ) w as 
ad d ed  to  th e  reac tion  bo ttle , and th e  pH  o f  the  so lu tion  w as ra ised  to  8 by u sin g  2 0%  
(w /v ) N aO H . A nd  th en , 0.25 g o f  iod ine  w as added  w ith  th e  regenerated  ch ito san  
in to  reaction  bo ttle , stirred  for 48  h a t room  tem peratu re, add ed  d istilled  w ate r, and 
ra ised  th e  tem p era tu re  to  60 °c fo r 24  h. T he so lu tion  w as d ia lyzed  w ith  d is tilled  
w a te r fo r 48  h. T h e  d ialyzed  so lu tio n  vacuum  using  a  ro ta ry  evapora to r, then  
p rec ip ita ted  in ace to n e  and  dried a t room  tem p era tu re  o v ern ig h t u n d er n itro g en  gas.

3.3.1.1 Characterization o f Quatemized Chitosan (QCh)
•  ' h  N M R  A nalysis

T he ' h  N M R  spectra  w ere m easu red  on  a  B ru k er 
A V A N C E  400  M H z spectrom eter. A ll m easu rem en ts w ere  p erfo rm ed  at 3 0 0 K , u sing  
p u lse  accu m u la tin g  o f  64 scan s and th e  LB p aram ete r o f  0 .30  H z. 1% (v/v)
C D 3C O O D  in D 2O  w as used  to  d isso lv e  5 m g o f  ch itosan  and  q u a tem ized  ch ito san . 
‘h  N M R -sp ec tro sco p y  w as ap p lied  to  iden tify  the  s tru c tu re ; the  d eg ree  o f  
q u a tem iza tio n  (% D Q ) w as ca lcu la ted  by Eq. (1).

w h ere  NELAc is the  in tegral area o f  acety l p ro to n s o f  ch itin  an d  b is the  in teg ra l area  
o f  m eth in e  p ro ton  o f  N T M C  su b stitu ted  derivatives.



20

•  F T IR  A n a ly sis
T he F T IR  spectra  w ere  m easu red  in tran sm iss io n  m o d e  on 

T h erm o  N ico le t N e x u s  670  fo r  ch arac teriz in g  th e  occu rrence  o f  the  sp ec ific  chem ical 
g roups. F T IR  sp ec tra  w ere  scan n ed  in the  range  o f  the w av en u m b er fro m  4 000  to  
4 0 0  cm - 1 by u s in g  O M N IC . In all cases, th e  spectra  w ere  co llec ted  u s in g  32 scans 
w ith  a  reso lu tio n  o f  4 cm -1.

•  Z eta  p o ten tia l m easu rem en t
T he z e ta  p o ten tia l w as  m easured  b y  u sing  ze ta s iz e r  m odel 

S 4700 , M alv ern  Instrum ent, U K , fo r de term ination  o f  e lec tro sta tic  p o ten tia l on 
sam p les su rface  in  d istilled  w a te r  a t 25 ° c .

•  E stim a tio n  o f  W ater S o lub ility
T he p H  dependence  o f  sam ple  w ate r so lu b ility  w as 

ev a lu a ted  u sin g  tu rb id ity  m easu rem en ts . T h e  Q C h (0 .2  g) w ere  d isso lv ed  in 1% 
ace tic  acid  (100  m l) and  N aO H  (2  M ) w as add ed  stepw ise  in to  d eriv a tiv e  solu tion . 
T h e  tran sm ittan ce  o f  th e  so lu tio n  w as reco rded  by  using  U V -v is  sp ec tro p h o to m ete r 
a t 608 nm .

3 .3 .2  P rep ara tio n  o f  O u a tem ized  C h ito san  L oaded  T e tracycline  N a n o p a rti
c le s  (O C h/T C  N P s)

T h e  Q C h n an o p artic le s  w ere  p repared  based  on  th e  ionic 
c ro ss-lin k in g  o f  Q C h w ith  T P P . T h e  Q C h so lu tion  w as p rep ared  by d isso lv in g  Q C h 
25 m g  in 10 m l o f  d istill w a te r  a t room  tem pera tu re  until c lea r so lu tion . T w een  80 
(0 .25  g) w as ad d ed  to  the so lu tio n  and  stirred  a t 60  ° c  fo r 1 h and th en  coo led  to  
ro o m  tem p era tu re . T e tracycline  w a s  added  to  th e  so lu tion  and  stirred  fo r 2 0  m in  to  
g e t h o m o g en eo u s so lu tion  (Q C h  to  d rug  ra tio s  o f  1:0, 1:1, 1:2, 1:3, 1:4 an d  1:5. T he 
T P P  so lu tion  (4 0  m l, 0.5 %  w /v )  w as g radually  d ropped  (2 m L /m in ) in to  the 
Q C h /T C  afte r th a t  keep  stirred  2 0  m in  fo r com ple te ly  fo rm ation . T he  n an o p artic le s  
w ere  co llec ted  by  cen trifuga tion  at 10,000 rpm  fo r 30 m in  a t 20  ° c  and  w ash ed  the  
nan o p artic les  by  w ate r sev e ra l tim es fo r rem ov ing  free te tracy c lin e . T he 
n an o p artic le s  red isp e rsed  in 10 m L  o f  d istill w a te r and sto red  a t -20  ° c .

3.3.2.1 Determination o f Tetracycline Encapsulation Efficiency
T C  w as  standard ized  in w ate r a t 2 7 0  nm  u s in g  U V -v is  

sp ec tro p h o to m ete r (U V -1800) and  standard  graph w ith  s tandard  eq u a tio n  w as
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ob tained . T h e  en capsu la tion  e ffic ien cy  o f  T C  in Q C h n an o p artic les  w as  d e term ined  
by sep ara tin g  free  TC m o lecu le s  w hich  u n tapped  in Q C h N P s in th e  su p ern a tan t and  
then  m easu red  ab so rbance  o f  u n tap p ed  T C  in w ater. E n cap su la tio n  e ffic ien cy  w as 
calcu la ted  as  E q . (2)

E n cap su la tio n  e ffic ien cy  (% )

T o ta l a m o u n t o f  TC a d d e d -  F re e  TC in  s u p e rn a ta n t  
T o ta l a m o u n t o f  T e t a d d e d X 100 (2)

3.3.2.2 Characterizations o f QCh/TCJNPs
T he p a rtic le s  s ize  o f  Q C h and Q C h /T C _ N p s w e re  de te rm in ed  

a t 2 5 ° c  by  u sin g  dynam ic  ligh t sca tte ring  (m odel S 4700 ; M alvern  In stru m en t, U K . 
T he su rface  m o rpho logy  o f  n an o p artic le s  w as carried  by  using  fie ld  em ission  
scann ing  e lec tron  m icro sco p y  (F E S E M ; JS M -7 0 0 1 F ) and th e  n an o p artic le s  
su sp en sio n s w ere  spread  on  a  g lass p la te  and  dried  a t room  tem p era tu re . T he dried  
n an o p artic le s  w ere  coated  w ith  go ld  m eta l under v acu u m  and th en  ex am in ed  (Ji et 
al., 2011). T h e  chem ical in te rac tio n s  o f  T C  w ith  Q C h N p s  w ere s tu d ied  by using  
F o u rie r tran sfo rm  infrared  sp ec tro p h o to m ete r (T herm o  N ico le t N e x u s  670 ). T he 
success o f  T C  en capsu la tion  w as co n firm ed  by using  U V -V is sp ec tro p h o to m etry  
(U V -1800) and  X -ray d iffrac to m ete r (R ig ak u /D M A X  2 2 0 0 H V .)w e re  reco rd ed  o v e r 
a  2 9 range  o f  10-50° w ith  s tep  an g le  o f  10 °c /m in .

3 .3 .3  P repara tion  o f  W o u n d  D ressin g
Poly  (v inyl a lco h o l), 5 %  w /v  w as d isso lved -in  ho t w a te r  a t 90  ° c  fo r 

4  h  and th en  coo led  dow n. A fte r  that, th e  Q C h /T C _ N P s susp en sio n s w ere  added  in 
P V A  so lu tio n  fo r casting  on  th e  pe tri d ish  and  w ere d ried  under a tm o sp h e re  fo r 2  d.

3.3.3.1 In vitro Release o f Wound Dressing
T h e  P V A  film s w ere  im m ersed  a t desired  tim e  o f  1, 2 , 3, 4 , 

24 , 48 , 72, 96 , 120, 144 h in 25 ทาL P B S  b u ffe r (pH  7 .4 ) and  aceta te  B u ffe r  (pH  5 .5). 
T e tracycline  re leased  in su p e rn a tan t w as  m easured  by U V -v is  sp ec tro p h o to m etry  in 
P B S  b u ffe r an d  aceta te  b u ffe r  as b ase lin e  a t 270  nm  and  2 7 6  nm , resp ec tiv e ly . B ased  
on the  s tan d ard  equation  o b ta in ed  fo r T C  from  the  s tandard  graph and  co n cen tra tio n s
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o f  TC  re leased  at d iffe ren t tim e  w ere  ca lcu la ted . A ll th e  ex p erim en ts  w ere  d o n e  in 
trip licate . T h e  percen tage o f  T C  re leased  in the  su p ern a tan t w as ca lcu la ted  based  on  
the E q . (3)

D rug re lease  (% )

R e le a se d  TC at a d esired  tim e „
................................  .......----------------------------------- —  x i o oT otal am o u n t o f  T et en trap p ed  w ith in  n anoparticles (3)

ร.3.ร.2 Antibacterial Studies

•  M IC  and M B C  E va lua tions

T h e  m in im um  inh ib ito ry  concen tra tion  (M IC ) o f  
te tracycline  w as de term ined  by a  b ro th  d ilu tio n  m eth o d  (K eaw chaoon  et al, 2 0 1 1 ). 
T hree  o f  b ac teria , E.coil(-), S.sureus (+ ), Ent.faecium (+ ) 5 w ere  u se d  testing . A ll 
bacterial w ere  inoculated  in T S B  m ed iu m  at 37 ° c  fo r 24  h, a fter th a t th e  co n cen tra 
tion  o f  cu ltu re  susp en sio n s w ere  m easu red  to  1 o 8 C F U /m L  in 0.85 %  N aC l by c o m 
parison  w ith  M cF arland  tu rb id ity  s tandard  0 .5 .T e tracy c lin e  10.0 m g /m L  w as p re 
pared  in m icro tu b e  in 1 m L  o f  T SB  m ed iu m  and th en  d ilu ted  co n cen tra tio n  to  nex t 
m icro tube  th a t has 0.5 m L  T S B  fo r g e ttin g  h aft concen tra tion  o f  te tracycline . 
B acteria l su sp en sio n s (0 .5  m L ) w ere  add  in  the  te tracy c lin e  so lu tion  o f  each  m ic ro 
tube  and th en  inocu lated  a t 37  ° c  fo r 24  h. A fte r tha t, M IC  w as d e te rm in ed  as th e  
concen tra tion  o f  te tracycline  in the  tu b e  w ith o u t tu rb id ity  and co n ta in in g  the  low est 
concen tra tion . T he  m in im u m  b ac te ric id a l concen tra tio n  (M B C ) w a s  ev a lu a ted  by  
transferring  100 pL  o f  all tu b es  w ith o u t tu rb id ity  to  a g a r p la tes and  in cu b a ted  a t 37 
° c  for 24 h. M oreover, th e  M B C  w as d e term ined  as th e  co n cen tra tio n  o f  te tracy c lin e  
in th e  tu b e  re la ted  to  the  ag a r p la te  w ith o u t bac teria l grow th  and  co n ta in in g  th e  
low est concen tra tion .

•  A g a r  D iffu sio n  T ests

T h e  a g a r d iffu sio n  tests  (A A T C C  147) w as m e th o d  used  to  
de term ine  th e  ab ility  o f  d iffu s ib le  an tim icro b ia l o f  w o u n d  d ressing . In th is  m ethod , 
th e  PV A  film s w ere  cu t in to  c ircu la r d isc s  (1 .2  cm  in d iam eter) an d  th en  th e  ag a r
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p la tes w ere  p repared  by  u s in g  agar p o w er fo r bacteria l. T h e  specim ens o f  P V A  film s 
w ere  s te rilized  by ex p o sin g  to  u v  rad ia tion  for 30 m in  before th ey  w ere  p laced  in 
in tim ate co n tac t w ith ag a r p la te  and incubated  a t 37 ° c  fo r 24 hours. T h e  c lea r zo n e  
o f  in terrup ted  grow th  u nderneath  and th e  size o f  c le a r  zone  in d ica ted  an tibac teria l 
ac tiv ity  o f  th e  PV A  film . T h e  average zo n e  o f  in h ib ition  zone  w as ca lcu la ted  by  th e  
fo llow ing  E q.

พ  =■ T - D
(4)

W here  T is to ta l d iam eter o f  te s t m aterial and  c lear zo n e  (in m m ) and  D is d iam ete r 
o f  the  test m ate ria l (in m m ).

•  D y n am ic  S hake T ests

T h e  dynam ic sh ak e  tests  (A A T C C  100) w as m ethod  used  
to  evalua te  q u an tita tiv e  v a lu es  on the an tim icrob ia l m ate ria l. The co n cen tra te  o f  b a c 
teria l cu ltu re  w as d ilu ted  to  106 C F U /m L  in 0.85 % N aC l o r P ep tone  m ed iu m . E ach  
PV A  film  (ab o u t 0.02 m g) w as transferred  to  flask  con ta in ing  100 m L  o f  106 
C F U /m L . A ll flasks w ere  shaken  for 1,3 and  24 ho u rs a t 110 rpm  an d  a t 37°C .A t d e 
sired tim e , 100 p L  o f  so lu tion  w as d ilu ted  into 105, 104, 103, 102, 10 1 C F U /m L  in 
m icro tubes and  100 pL  o f  each  d ilu tion  w as p la ted  in ag ar p lates. T h e  ag ar p la tes  
w ere  incubated  at 3 7 ° c  fo r 24  h and su rv iv ing  bacteria l w ere  co un ted . T h e  an tim i
crobial ac tiv ity  w as ex p ressed  in p ercen tag e  reduction  o f  th e  bac teria l a fte r con tac t 
w ith  the  P V A  film s com p ared  to  the n u m b er o f  bac teria l surv iv ing  a f te r  co n tac t w ith  
the  con tro l. T h e  percen tage reduction  w as calcu la ted  by u sin g  the  fo llo w in g  Eq.

R ed u ction  % =  xlOQ (5)
W here  “A ” w ere  the  su rv iv in g  bacterial (C F U /m l) a fte r  con tac t w ith  P V A  film s and  
“B ” w ere  th e  su rv iv ing  bacteria l (C F U /m l) a fter co n tac t w ith  co n tro l on  specific  
tim e.

3.3.3.3 Cytotoxicity Studies
The human fibroblasts cells ,(FB) and mouse fibroblasts 

(L929) w ere  used  to  d e te rm in e  the  b io log ica l re sp o n se  o f  P V A  film  loaded  
Q C h/T C _N P s. C ells w ere  cu ltu red  in a -M E M  m edium  supp lem en t w ith  10%  F B S , 1
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%  L -g lu tam in e  and 1 %  an tib io tic  and an tim ycotic . T h e  m edium  w as ch anged  every  
2 days and  th e  cu ltu red  ce lls  w ere  m ain ta ined  at 37 ° c  in a  h u m id ified  a tm o sp h ere  
co n ta in in g  5%  C O 2

•  M ateria l P repara tion  for C e lls  S tudies
T h e  12 m m -d iam ete r c ircu la r o f  P V A  film s w ere  ste rilized  

by u v  rad ia tion  for 30 m in  before w ere  pu t into 24 -w ell tissu e -cu ltu re  po lysty rene  
p la tes (T C P S ; B iokom  S ystem s, P p land), w hich w ere  sterilized  w ith  70%  ethano l. 
T he sp ec im en s w ere  im m ersed  in SFM  m edium  fo r 1 day  and 3 day. L929 cells and  
FB cells from  the cu ltu re  w ere  trypsin ized  [0.25 %  trypsin  co n ta in in g  1 m  M E D T A  
(Inv itrogen  C rop ., U S A )] and  w ere  coun ted  by a  h em acy tom eter (H au sse r S cien tific , 
U S A ).C e lls  w ere  added  at a  density  abou t 40 ,000  ce lls /cm 2 on th e  sp ec im en s and  
em pty  w e lls  o f  T C P S  th a t a c t as con tro l. T he cu ltu re  ce lls  w ere m a in ta in ed  in an  in 
cubato r a t 37 °c in a  h u m id ified  a tm o sp h ere  con ta in ing  5%  C O 2.

•  In d irec t C y to tox ic ity  E valuation
In d irec t cy to tox ic ity  test w as  conducted  on  T C P S , th e  PV A  

film s in ra tio  o f  Q C h: T C  o f  1:0, 1:3, 1:4, 1:5 and p u re  PV A . F irstly , th e  ex trac tion  
m edium  w as prepare  by  im m ersin g  PV A  film s in a  serum -free  m ed iu m  (S F M ; 
con ta in ing  D M E M , 1 %  L -g lu tam ine , 1 %  lac tabum in , and 1 % an tib io tic  and  
an tim yco tic). T hen  p laced  u n d er 5 %  C O 2 a t 37 °c in 24-w ell p la te  fo r  1 and  3 days. 
40 ,000  ce lls  o f  L929 cells and  FB cells w ere separa te ly  cu ltu red  in o th e r 24 -w ell 
p late  in 5 00  pL  D E M E  to  ฟ ๒พ  cell a ttach  on the  p la te  for 1 day. T h e  ce lls  w ere  
starved  w ith  300  |iL  S F M  fo r 1 day  and  then  the  c u ltu re  m edium  w a s  rep laced  w ith  
the  300  p L  o f  ex trac tion  m ed iu m . A fte r 24 hour, ce lls  cu ltu red  in ex trac tio n  m ed iu m  
w ere ca rried  by  M T T  assay  fo r quan tify  th e  am ount o f  th e  v iab le  cells .

•  M T T  A ssay
M T T  assay  w as used  to d e te rm in e  the n u m b er o f  v iab le  cells , 

based  on th e  reduction  o f  th e  yellow  té trazo lium  sa lt to  purp le  fo rm azan  crysta ls  by 
dehyd ro g en ase  enzym es secre ted  from  the  m ito ch o n d ria  o f  m etab o lica lly  ac tiv e  
cells. T h e  am oun t o f  p u rp le  fo rm azan  crysta l fo rm ed w as relation  to  th e  q u an tity  o f  
v iab le . C u ltu re  m edium  w as rem ove o u t in each  w ell an d  incubated  in 4 0 0  p L  M T T ' 
so lu tion  a t 37 °c for 30 m in u tes . A fte r that, M T T  so lu tio n  w as rem o v ed  and b u ffe r
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so lu tion  w as  rep laced  w h ich  co n ta in in g  900  pL /w ell d im eth y su lfo x id e  (D M S O ) and 
125 p L /w ell g lycine b u ffe r to  d isso lv e  th e  fo rm azan  crystal then  th e  so lu tion  w as 
shaken fo r 10 m in and  w as tran sfe rred  to  m easure  th e  n um ber o f  v iab le  ce lls  by
sp ec tro p h o to m ete r (T h erm o sp ec tro m ic  G enesis 10 U V -v isib le  sp ec tro p h o to m e te r) a t 
ab so rbance  540 nm . T h e  cell v iab ility  (% ) w as ca lcu la ted  accord ing  to  th e  fo llow ing  
Eq.

. C ell v iab ility  (% ) — x i o o  (6)OD 540 control

W here  O D 5 4 0  (sam ple) w as the  o p tic  density  ob ta in ed  from  th e  w e lls  trea ted  w ith  
the m ate ria l, and O D 540 (con tro l), from  th e  w ells trea ted  w ith D M E M .

3.4 Statistical Analysis

T h e  experim en ts a re  repeated  3 tim es and  the  results a re  exp ressed  as  a 
m ean ±  standard  dev ia tion . T he va lu es o f  p  <  0.05 w ere  considered  sign ifican t.
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