
C H A P T E R  IV
RESULTS AND DISCUSSION

4.1 Synthesis and Characterization of Quaternized Chitosan (QCh)

Q u an tem iza tio n  o f  ch itosan  w as syn thesized  by u s in g  N -(3 -ch lo ro -2 - 
hyd roxypropy l) tr im eth y lam m o n iu m  ch lo ride  (N T M C ), w h ich  is quaternary  
am m o n iu m  m olecu le . T h e  reaction  used  iod ine as  a  catalyst in  p ro cess u n d er 
a lk a lin e  co n d itio n s  at p H  8 w ith  sod ium  hydrox ide w h ich  w as e ffec tiv e  in g enera ting  
the e p o x id e  from  N T M C  (S ajom sang  et al, 2009 ). T he p rim ary  am ino  g roup  
o f  ch ito san  reacted  w ith  ep o x id e  o f  N T M C  m olecu le  in  a n u c leo p h ilic  su b stitu tio n  
p a th w ay  (f ig  4 .1 ) to  in tro d u ce  the  quaternary  am m onium  group  on  the  ch ito san  
b ackbone. T h e  q u a tem iza tio n  o f  ch ito san  w ould  im p ro v e  w ater so lu b ility  in w id e  pH  
range.
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Figure 4.1 S ynthesis o f  q u a te rn ary  am m onium  ch ito san  (Q C h)
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T he ch em ica l s tru c tu res o f  ch ito san  (C h) and  q u a tem ized  ch itosan  (Q C h) 
w ere  ch arac terized  b y  F T IR  and  *H N M R  spectroscopy . Fig 4.2 show s th e  F T IR  
sp ec tru m  o f  C h ito san  and  Q C h. T h e  ch arac teris tics  FTER o f  C h sh o w  th e  abso rp tion  
band  a t w av en u m b er 1661 and  1600 c m '1 co rresp o n d ed  to  the  c= 0  o f  am id e  and  
N -H  b en d in g  o f  p rim ary  am ine , respective ly . T h e  abso rp tion  band  a t w av en u m b er o f  
3438 c m '1 co rresp o n d ed  to  th e  O H  and  N H 2 group . M oreover, Q C h ex h ib ited  
ab so rp tio n  band a t w a v en u m b er 1560 c m '1 w as the  N -H  d efo rm atio n  o f  am ino  
g ro u p s d u e  to  p rim ary  am in e  b ecam e to  secondary  am ine, w h ile  th e  ab so rp tion  band 
at w av en u m b er 1145 an d  1073 c m '1 co rresp o n d ed  to  th e  sym m etric  C -O -C  an d  C - 0  
stre tch in g . (P eng  et ah, 2010, S ajo m san g , 2010, X u et ah, 2011)

Figure 4.2 F T IR  sp ec tra  o f  ch ito san , C h  (a), and  qua tem ized  ch ito san , Q C h (b).

T he  'H  N M R  spectra  o f  ch itosan , N T M C  and q u a tem ized  ch ito san  are 
p re sen t in (Fig. 4.3a, 4.3b and  4.3c), respective ly . T he 'h N M R  spectrum  show s 
successfu l sy n thesized  o f  q u a tem ized  ch itosan  com p arin g  w ith  ch ito san  and N T M C

W avenum ber (c m 1)
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spectrum . C hitosan  (fig . 4 .3 a )  ex h ib its  ch arac teris tic  signal at 1.9 p p m  is a ttr ib u ted  to  
the acety l g ro u p  o f  ch itin . T h e  ch arac teris tic  peak  o f  N T M C  (fig . 4 .3 b )  at 3.25 ppm  
is N ,N ,N -trim eth y l p ro to n  .T he ch arac teris tic  peak  o f  N ,N ,N -trim eth y l p ro to n  (3 .25  
ppm ) w as p resen ted  in  th e  sp ec tru m  o f  Q C h, b u t absence  from  th e  sp ec tru m  o f  
ch itosan . (S adeghi et a l, 2 0 0 8 , S a jo m san g  et al, 2 009 , P eng  et a l, 2 0 1 0 , X u  et a l,
2011).

T h e  degree o f  q u a tem iza tio n  (D Q ) o f  Q C h  w as ca lcu la ted  from  th e  ' h  
N M R  spectrum  data from  eq . 1. T h e  d eg ree  o f  q u a tem iza tio n  o f  Q C h  w as in  a  ran g e  
o f  72 .0  ± 0 .3 % .

F ig u r e  4 .3  Show s 'H  N M R  sp ec tru m  o f  ch ito san  (I), N M T C  (II)  and  Q C h (III).
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T h e  native  ch ito san  canno t so lu te  in w ate r d u e  to  its s tro n g  in te rm o lecu la r 
hydrogen  b onds. T he q u a tem iza tio n  induced  th e  p o sitiv e  ch arg e , q u a tem ized  
ch itosan  q ua te rnary  am m o n iu m  group; on  th e  ch ito san  backbone w ith  som e ste ric  
and h igh  hyd roph ilic  g ro u p  that can  reduce  the  hyd rogen  b o n d in g  o f  ch ito san . 
T herefore, ch ito san  beco m e w a te r-so lu b le  m olecu le . T h e  ze ta  p o ten tia l w as  used  to  
de term ine th e  positive ly  ch arg ed  su rface  o f  Q C h and  it related  to  p o rtio n  o f  th e  
ch itosan  th a t has been p ro to n a te  and d isso lv ed  in w a te r (K ong et a i, 2 010 ). Q C h 
had h igher ze ta  po ten tia l th an  ch itosan  b ecause  N H 2-group  o r O H -g ro u p  o f  c h ito san  
converted  to  a  quaternary  am m onium  g ro u p . C h ito san  had  zeta  p o ten tia l ab o u t 13 
m V  w h ereas Q C h had ze ta  po ten tia l ab o u t 24 -29  m V  in d istilled  w ate r. Fig. 4.4 
show s the  pH  dependence  o f  th e  w ate r so lub ility  o f  ch ito san  and Q C h  from  p H  3 to  
pH  13. A t low  pH (pH  <  6 ), the  tran sm ittan ce  o f  Q C h is c lose  to  100 %  bu t th e  
tran sm ittan ce  ch itosan  w ill s low ly  d ecrease  to  70 % . T h is  described  th a t th e  ch ito san  
and Q C h m o lecu les  have  good  so lub ility  in acid ic  so lu tion . H ow ever, w h en  th e  p H  
increases from  6 .0  to  8.0, th e  tran sm ittan ce  o f  the ch ito san  so lu tion  rap id ly  dec lin ed  
from  70 %  to  40 %  and  th e  so lu tion  becom es tu rb id .O n  th e  o th e r  hand , th e  
tran sm ittan ce  o f  Q Ch so lu tio n  slow ly  decreased  and  rem ained  s tab le  un til pH  12. 
T his resu lt su g g ests  tha t th e  Q C h w as g ood  so lub ility  in b asic  so lu tion  th an  ch ito san .

4.2 Water Solubility of Quanternized Chitosan

Figure 4.4 pH  dep en d en ce  o f  w a te r so lu b ility  o f  ch ito san  and Q C h.



30

T h e  an tibac teria l ac tiv ity  o f  te tracycline  w as de term ined  by  u sin g  standard  
p ro toco l, b ro th  d ilu tion  m eth o d , fo r ev alua ting  the  m in im um  inh ib ito ry  co n cen tra tio n  
(M IC ) and  m in im um  b ac te ric id a l concen tra tion  (M B C ), w hich w ere  th e  im portan t 
va lues to  co n firm  resis tan ce  o f  bacteria l and  also  to  ev a lu a te  th e  an tib ac te ria l ac tiv ity  
o f  te tracycline . A fter d e te rm in a tio n  o f  M IC  and  M B C , th e  co n cen tra tio n  o f  
te tracycline  w hich  can  in h ib it com ple te ly  bac teria l w as se lec ted  as in itia l 
concen tra tion  loaded  in to  Q C h  nanopartic les. Table 4.1 show s M IC  and  M B C  o f  
te tracycline  ag a in st E .co li, E .fa ec iu m  a n d  ร .a u reu s , a t p H  7 .4 .F rom  resu ltin g , th e  
in itia l co n cen tra tio n  o f  te tracy c lin e  w as 2.5 m g /m L  used  to  lo ad  in to  Q C h 
n an o p artic les  due  to  its co m p le te ly  inh ib ition  against all o f  th ree  bac te ria l.

Table 4.1 M IC  and M B C  o f  te tracycline  against E .co li, S .su re u s  and  E n t.fa e c iu m  by 
bro th  d ilu tio n  m ethod

4.3 Determination of MIC and MBC of Tetracycline

Bacterial Antimicrobials (mg/mL)
M B C M IC

E .c o li 0.049 - 0.024
ร. a u re u s 0.012 0.012

E n t.fa ec iu m 1.56 0.781

4.4 Preparation of TC-loaded QCh Nanoparticles
4.4.1 E ncap su la tio n  E ffic iency  o f  T C -loaded  Q C h  N an o p artic le s

T C  loaded Q C h  n anopartic les  w ere  p rep ared  by th e  io n ic  c ro ss lin k  
betw een  Q C h  (2.5 m g /m L ) and  T P P  (0 .5w /v ) w ith  d iffe ren ce  ra tios o f  Q C h: T C  from  
1:1 to  l:5 .T h e  initial co n cen tra tio n  o f  T C  w as 2.5 to  12.5 m g/m L . Table 4.2 show s 
th e  effec t o f  Q C h: TC  on  th e  E E  and size  o f  Q C h n anopartic les . T h e  am o u n t o f  T C  
loaded  in to  n anopartic les  w as  de term ined  by U V -v is sp ec tro p h o to m etry  a t 2 70  nm  
and the  encap su la tio n  e ffic ien cy  (E E ) w ere  calcu la ted  u sin g  Eq.2. T h e  E E  o f  T C  w as 
in a range  o f  72 — 95 % . In ad d itio n , th e  E E  increased  w ith  increasing  in itia l am o u n t
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o f  T C . T h e  E E  tended  to  increase  b ecau se  th e  e lec tro sta tic  in terac tion  be tw een  the  
negatively  ch arged  te tracy c lin e  and th e  positive ly  charged  q u a tem ized  ch ito san  are 
used  as th e  d riv ing  fo rce  fo r the  fo rm u la tion  o f  n anopartic les . T h is  resu lt w as an 
ag reem en t w ith  (W ang et a l, 2010 ) th a t p resen ted  load ing  o f  an ti-n eu ro ex c ita tio n  
pep tide  in to  T M C  nanopartic les.

Table 4.2 E ncapsu la tion  effic iency  (E E  % ) o f  T C -loaded  Q C h  nan o p artic les  
de term ined  by U V -vis sp ec tro p h o to m etry  and m ean  partic les  s ize  o f  Q C h 
n an o p artic les  and  T C -lo ad ed  Q C h n anopartic les  by D LS"

QChrTC EE (%) Mean particles size '
ratio nm PDI
1:0 0 228 ±25.9 0.778
1:1 72.44 ± 6.84 450 ±73.2 0.822
1:2 84.05 ± 1.61 498 ± 14.8 0.736
1:3 92.01 ± 1.46 562 ± 47.5 0.652
1:4 92.48 ± 0.96 657 ± 26.0 1.000
1:5 94.18 ±3.94 798 ± 44.5 0.601

(R esu lts w ere  reported  as  m ean  ±  SD  , ท= 3)

4 .4 .2  Shape and  S ize  o f  T C -lo ad ed  Q Ch N an o p artic les

T he size o f  Q C h and  Q C h /T C  nan o p artic les  w ere  d e te rm in ed  by  
dynam ic ligh t scattering  (D L S ) techn ique . Table 2 show s th a t Q C h  n an o p artic le s  
possessed  an  average d ia m e te r o f  228 nm .T C  loaded  Q C h n an o p artic le s  ex h ib ited  
m ean  p artic les  size in th e  ran g e  o f  4 50  -  800 nm . T h e  resu lts  cou ld  ex p la in  th a t th e  
m ean  p a rtic le s  size increased  w ith  increasing  initial T C  conten t, w h ich  is co n cu rren t 
to  th e  fin d in g s  o f  (H osse in i et al, 2 0 13 ).T he  m ean  partic les  s ize  m ig h t b e  the  
h yd rodynam ic  d iam eter o f  ag g reg a te  o f  s ing le  p artic les  o r the  sw elling  o f  T C -lo ad ed  
Q C h p a rtic le s  around th e  ind iv idual p a rtic le s  (Y oksan  et al. , 2 0 1 0 ).T h e  m o rp h o lo g y  
o f  partic les w a s  observed  by  SE M . T he S E M  im ages (Fig. 4.5) o f  Q C h  nan o p artic les
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and  T C -loaded  Q C h n an o p artic les  p resen ted  spherical shape, good  d istrib u tio n  and 
sm o o th  surface.

Figure 4.5 S E M  im ages o f  Q C h  nan o p artic les  (a) and T C -loaded  Q C h n an o p artic les  
ra tio  1:1 (b), 1:2 (c), 1 :3 (d), 1:4 (e) and 1:5 (f).

4 .4 .3  C onfirm ation  o f  T C -loaded  Q C h N an o p artic les

F irstly , th e  tech n iq u e  th a t used to  confirm  th e  su ccess o f  
encap su la tio n  w as F T IR  spectroscopy . T h e  FT1R (Fig.4.6) o f  Q C h show  
ch arac teris tics  p eak  at 3 438  c m '1 (O H  and  N H 2 g roup), a t 2 9 0 9  cm "1 (C -H  
stre tch in g ), 1652 c m '1 ( C = 0  stre tch ing), a t 1560 c m '1 (d efo rm atio n  o f  - N H 2), 
a t 1145 and 1073 c m '1 (C -O -C  and C - 0  stre tch in g ) (S ajom sang , 2 0 1 0 , X u  et al,
2 0 1 1 ). In Q C h n anopartic les , th e  peak  at 2 9 0 9  c m '1,!  145 c m '1 and 1560 c m '1 w ere 
n o t found  b ecau se  the ionic c ro ss  link can  en h an ce  the en tan g lem en t o f  p a rtic le s  and 
p eak  o f  c=0 sh ifted  from  1656 c m '1 to  1633 c m '1 5 im ply ing  th e  co m p lex  fo rm ation  
v ia  e lec tro sta tic  b e tw een  NT1’(C H 3 ) o f  Q C h and  T P P  w ith in  the  nan o p artic le s . Peak o f
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T C -loaded  Q C h n an o p artic le s  show  peak  a t 2336  cm "1 w as C -N  stre tch in g  o f  
te tracycline  m olecu le , w h ich  can con firm  te tracycline  w as loaded  into Q C h 
n an o p artic les  (M aya et al. , 2012).

S econdly , th e  success o f  encapsu la tion  w as co n firm ed  by  using  
U V -v is sp ec tro p h o to m ete r in d istilled  w a te r  at 270 nm . T he  Q C h  and  Q C h/T C  
n an o p artic les  w ere  d isp ersed  in  d istilled  w a te r  fo r 3 h o u rs  w ith  stirred  300  rpm ; th e  
so lu tion  w as co llected  and  m easu red  by U V -vis spec tro p h o to m etry . Q C h 
nan o p artic les  show ed  no  p eak  abso rp tion  b ands at w aveleng th  b e tw een  200  to  4 50  
nm  (F ig .4 .7 a ), bu t T C -lo ad ed  Q C h n an o p artic les  show ed  a  m ax im u m  abso rp tion  
band  at w aveleng th  o f  ~  2 7 0  and ~  355 nm  (F ig .4 .7 b -4 .7 d ) c o rre sp o n d in g  to  T C  
reference  (F ig .4 .7 e ).T h ere fo re  , th is  can  in fer tha t T C  w as re leased  from  Q C h 
nan o p artic les , th e  en cap su la tio n  o f  T C  in Q C h nanopartic les w ere  successfu lly . 
In add ition , th e  abso rp tion  band  a t w av e len g th  ~  270  and  ~  355 nm  increased  w ith  
increasing  am o u n t o f  T C  con ten t.

F ig u re  4 .6  F T IR  o f  Q C h, Q C h  n anopartic les , T C -loaded  Q C h n an o p a rtic le s  and 
te tracycline  (T C ) fo r c o n firm in g  o f  success encapsu la tion .
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Wavelength (ททเ)

Figure 4.7 U v -v is  absorp tion  band  o f  so lu tion  ob ta ined  from  d ispersion  o f  (a) Q C h 
nan o p artic les , Q C h/T C  n an o p artic les  o f  ra tio  (b) 1:1, (c) 1:2, (d) 1:3 and  (e) 
te tracycline  as  reference.

T h ird ly , the  XRD w as used  to  ensure  co m p le ten ess o f  T C -lo ad ed  Q C h 
nan o p artic les . T h e  XRD p a tte rn  o f  Q C h nan o p artic les , T C , and T C -lo a d e d  Q C h 
nan o p artic les  o f  ra tio  1:3, 1:4, 1:5 are  p resen ted  in Fig.4.8. T C  sh o w ed  m any  
ch arac teris tic  p eak s  at 29 from  10° to  30°, w hich  in d ica ted  th e  h ig h  d eg ree  o f  
crysta llin ity  .T here  are tw o  ch arac te ris tic  p eak  o f  Q C h n an o p artic les  a t 29 o f  28° and  
4 1 ๐ (Fig.4.8a), w h ich  sim ilar p resen ted  in  pa tte rn  o f  T C -lo ad  Q C h n an o p artic le s  o f  
all ra tio . A s co m p are  w ith Q C h  n an o p artic les , the  d iffrac tion  spectra  o f  T C -lo ad  Q C h  
nan o p artic les  p resen ted  ch arac teris tic  peak  a t 29 from  10° to  20° (Fig.4.8b-4.8d), 
w hich  re la ted  w ith  pattern o f  T C  con firm in g  the p resen ce  o f  T C  w ith in  Q C h 
nan o p artic les  (Y o k san  et ai, 2 0 1 0 , H osse in i et al, 2013).
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Figure 4.8 X R D  p a tte rn s  o f  (a) Q C h nan o p artic les , (b -d ) Q C h /T C  n an o p a rtic le s  o f  
ra tio  (8b ) 1 ะร, (8c) 1:4, (8d) 1:5 and  (e) TC .

4.5 Preparation of Wound Dressing (PVA Film Blend with QCH/TCNPs)
P V A  film s w ere  p rep ared  by  so lu tion  cas tin g  m ethod  to  o b ta in  film  tha t 

used  as w ound d ressing . PV A  b lended  w ith  Q C h n an o p artic le s  w h ich  sh o w  
tran sp a ren t and co lo rle ss  film s (Fig. 4.9a), but b eco m e to y e llo w  film s (Fig. 4.9b, 
4.9c) w h en  te tracycline  loaded  Q C h nanopartic le .

Figure 4.9 show s ap p ea ran ce  o f  PVA film  b lend  w ith  Q C h nan o p artic le s , (4 .9 a ) and  
Q C h /T C  nanopartic les o f  ra tio  o f  1 ะร, (4 .9b ) and 1:4, (4 .9c).
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4.5.1 In vitro R e le a se  S tu d ie s  o f  W o u n d  D re ss in g

T h e  re le a se  p ro f ile s  o f  te tra c y c lin e  fro m  Q C h  n a n o p a rtic le s  an d  P V A  
film s, w h ic h  p re p a re  d iffe re n c e  ra tio  Q C h : T C . T h e  d ru g  re lea se  w a s  d e te rm in e d  in  
P B S  b u ffe r  a t  p H  7.4 (fig. 4 .1 0 a )  a n d  A ce ta te  b u ffe r  a t p H  5.5 (fig. 4 .1 0 b ) .T h e  
a m o u n t o f  T C  re le a se  fro m  w o u n d  d re s s in g  w as m e a su re d  a t 270 n m  fo r  P B S  b u ffe r  
an d  a t 276 n m  fo r  A c e ta te  b u ffe r . T h e  d ru g  re lease  fro m  ch ito sa n  n a n o p a rtic le s  b a se  
o n  size , c ro ss  lin k in g , m o rp h o lo g y , a n d  so lu b ility  o f  ch ito sa n  an d  th e  m a n y  
m e c h a n ism s re le a s in g  c a n  in v o lv e  (a )  re le a se  fro m  th e  su rface  o f  p a rtic le s , (b ) 
d iffu s io n  th ro u g h  th e  sw o lle n  ru b b e ry  m a te ria l an d  (c ) re lease  b e c a u se  p o ly m e r  
d e g ra d a b ility  (A g n ih o tr i et a l, 2004). Fig. 4 .10  p re se n te d  tw o  s ta g e  o f  re le a s in g , 
F irs tly , th e  b u rs t  re le a se s  o f  T C  w e re  o b se rv ed  fo r  th e  firs t 3 h  fro m  Q C h  
n a n o p a rtic le s  o f  ra tio  (Q C h : T C ) 1:3, 1:4 ,1:5 ab o u t 12.8 %, 13.6 % ,13.9 %  in  P B S  
b u ffe r  and  13.7 %, 16.6 % , 13.8% in  a c e ta te  b u ffe r, re sp ec tiv e ly . T h is  re lea se  o f  T C  
a t th is  s tag e  c a n  in v o lv e  th e  d iffu s io n  o f  T C  a t su rface  o f  p a rtic le s  (K e a w c h a o o n  et 
a l,  2011). S eco n d ly , a f te r  1 d ay  h as  s lo w e r  ra te  re lea se  o f  T C  at th is  s tage . T h e  to ta l 
c o n c e n tra tio n s  o f  ra tio  1:3, 1:4 an d  1:5 w ere  24.7 %, 26.8 %  a n d  20.2 %  in  P B S  
b u ffe r  and  24.1 %, 27.3 % an d  19.3 %  in  ace ta te  b u ffe r , re sp ec tiv e ly . T h is  c a n  
d esc rib ed  to w a rd  th e  s iz e  o f  n a n o p a rtic le s , in  sm a lle r  p a rtic le s , T C  w as a  ra p id  
re lea sed  th a n  b ig g e r  p a r tic le s  b e c a u se  sm a ll p a rtic le s  w o u n d  h av e  g re a te r  su rfa c e -to -  
v o lu m e  an d  m e c h a n ism  a t th is  s tag e  w a s  th e  d iffu s io n  o f  T C  in sid e  th e  n a n o p a rtic le s  
d u e  to  th e  c o n c e n tra tio n  g ra d ie n t (Y o k sa n  et a l, 2010). A s a  p re v io u s  re p o rte d , 
(H o sse in i et a l,  2013) th e  e n c a p su la tio n  o f  o re g a n o  essen tia l o il in  c h ito sa n  
n a n o p a rtic le s  fa s t re le a se  w ith in  4 h o u rs  and  re m a in  co n s ta n t a f te r  24 h o u rs  in  
d iffe ren t p a r tic le s  size . T h e  p H  o f  b u f fe r  d id  n o t h a v e  s ig n ific an tly  e ffe c t to  T C  
re lea se  d u e  to  g o o d  so lu b ility  o f  Q C h  in  a c id  an d  n a tu ra l m ed ia .
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Figure 4.10 In  v itro  re lea se  o f  T C  fro m  Q C h  n a n o p a rtic le  o f  ra tio  Q C h : T C  w as 1:3, 
1:4 an d  1:5 in  d iffe re n ce  p H  m e d ia  (a) P B S  b u ffe r  pH  7 .4 , (b ) A c e ta te  b u ffe r  p H  5 .5 . 
R e s u lt  w as  re p o rte d  a s  m e a n  ±  S D , ท=  3.
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4.6 Antibacterial Activity of Wound Dressing
4.6 .1  In h ib itio n  Z o n e

T h e  m e th o d  th a t u se d  to  d e te rm in e  w as a g a r d if fu s io n  te s t, w h ic h  th e  
m a te ria l c u t  to  c irc le  a n d  p laced  o n  a g a r  p la te  w ith  in cu b a tin g  a t 37 °c fo r 2 4  h o u rs . 
Table 4.3 p re sen ts  th e  in h ib itio n  z o n e  o f  w o u n d  d re ss in g  in  d iffe ren ce  ra tio  o f  
Q C h: T C  ag a in s t E.coli, Ent.faecium a n d  ร.aureus. T h e  ra tio  o f  1 :1 and  1 :2 th a t  h ad  
T C -lo a d e d  Q C h  n a n o p a rtic le  d id  n o t  p ro d u c e  th e  in h ib itio n  z o n e . T h is  can  d e sc rib e  
th e  a b ility  o f  re le a s in g  o f  th e  d ru g  f ro m  p a rtic le s  an d  p o ly m e r w h ic h  a m o u n t o f  d ru g  
re lea sed  le ss  th an  M IC  o f  each  b ac te ria l. O n  th e  o th e r  h a n d , w o u n d  d re s s in g  w ith  
ra tio s  o f  1:3, 1:4, a n d  1:5 h av e  p ro d u c e d  c le a rly  in h ib itio n  z o n e  a g a in s t a ll o f  
b ac te ria l (Fig.4.11). T h e  in h ib itio n  z o n e s  w h ich  ag a in s t Ent.faecium sm a lle r  th a n  in  
case  o f  E.coli an d  ร.aureus d u e  to  d ru g  re s is ta n c e  o f  b ac te ria l. A s e x p e c te d , th e  
w o u n d  d re ss in g  w ith  Q C h /T C  n a n o p a rtic le s  h a v e  h ig h e r in h ib ito ry  e ffec ts  th a n  o th e r 
ratio .

Table 4.3 In h ib itio n  z o n e  o f  w o u n d  d re ss in g  ag a in s t E.coli, Ent.faecium an d  
s. aureus

In h ib itio n  z o n e  (m m )
Bacterial ra tio  o f  Q C h  ะ T C  n a n o p a rtic le s  in  w o u n d  d re ss in g

1:1 1:2 1:3 1:4 1:5
E.coli 11.2 ± 0 .6 11.5 ± 0 .4 11.7  ± 0 .2

S.aureus 13.5 ± 0 .4 15.5 ± 0 .2 16.0  ± 0 .4
Ent.facium 5.5 ±  0 .4 6 .0  ± 0 .5 6.5 ± 0 .6

(-) M e a n  do  n o t a p p e a r  in h ib itio n  z o n e
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Figure 4.11 In h ib itio n  z o n e  o f  w o u n d  d re ss in g  o f  ra tio  Q C h: T C  o f  1 :3, 1:4 a n d  1:5 
ag a in s t E.coli (a), ร. aureus (b ) and  Ent.faecium (c).

4 .6 .2  P e rc e n ta g e  R e d u c tio n  o f  B ac te ria l

T h e  d y n a m ic  sh ak in g  m e th o d  w as u se d  to  d e te rm in e  th e  q u a n tita tiv e  
re d u c tio n  o f  b ac te ria l. T h e  w o u n d  d re ss in g  m a te ria ls  o f  ra tio  1:3, 1:4, an d  1:5 w ere  
se lec ted  fo r  p e rcen tag e  re d u c tio n  te s tin g  d u e  to  th e ir  p resen tin g  o f  in h ib itio n  zo n es . 
T h e  se le c te d  m a te ria ls  w e re  sh a k e n  in  th e  e a c h  bacteria l m e d iu m  (E.coli, 
Ent.Faecium and  ร.aureus) fo r 1, 3 an d  24  h o u rs  a t 110 rp m  an d  a t 37  °c. 
T h e  a n tim ic ro b ia l a c tiv ity  is  ex p re ssed  in  p e rc e n ta g e  red u c tio n  o f  th e  b a c te ria l a f te r  
co n ta c t w ith  th e  P V A  film s  co m p ared  to  th e  n u m b e r  o f  b ac te ria l surviving* a fte r  
co n ta c t w ith  th e  c o n tro l. T h e  p e rc e n ta g e  re d u c tio n  w as c a lc u la te d  by  u s in g  th e  
fo llo w in g  Eq.5. Fig.4.12 p re se n ts  p e rcen tag e  re d u c tio n  o f  a ll b a c te r ia l d ra m a tic a lly
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in c re a se d  m o re  th a n  90  %  in  24  h ou rs. T h is  re su lt can  c o n firm  th a t th e  w o u n d  
d re s s in g  can  re lease  d ru g  fro m  Q C h  p a rtic le s  an d  p o ly m er fo r  k illin g  b ac te ria l.

■ ■  control
I 1 PVA film (QCh TC=  1 3)
1 1 PVA film (QCh TC= 1 4)
BSgga PVA film (QCh TC = 1 5)

1 h 3 h 24 h

ty

Time Time

140 

120

>: 100

Co 80

1  60 "OÔ
^  40

20 

0

Figure 4.12 A b ility  o f  w o u n d  d re ss in g  fo r in h ib itio n  b ac te ria l E.coli (a ),
Ent.faecium (b ) a n d  s. aureus (c).

4.7 In  vitro Biocompatibility of Wound Dressing
T h e  c y to to x ic ity  is a n  im p o rta n c e  fa c to r  to 'e v a lu a te  th e  v ia b ility  o f  c e lls  by  

d e te c tin g  th e  to x ic  o f  m a te ria l re lea s in g . T h e  cy to to x ic  e ffec t o f  w o u n d  d re s s in g  w as  
e v a lu a te d  in  L 929  an d  F B  ce lls  fo r  1 an d  3 d ay s  in  o rd e r to  o b ta in  th e  re le a se  o f  d ru g

control
PVA  film (QCh : TC  = 1:3) 
PVA  film (QCh : T C  = 1:4) 
PVA  film (QCh : T C  = 1:5)

1 h 3 h 
Time

-24 h
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from  w o u n d  d r e ss in g  b y  u s in g  M T T  a ssa y . T h e  M T T  reag en t c o m p o s e s  o f  y e l lo w  
té tra zo liu m  sa lt  that w i l l  turn to p u rp le  fo rm a za n  cry sta l a s  it re la te  w ith  th e  v ia b il ity  
o f  c e l ls . T h e  v ia b il ity  o f  L 9 2 9  (Fig. 4.13a) and  F B  c e l l s  (Fig. 4.13b) s h o w e d  that 
o n ly  ra tio  o f  1:3 (Q C h : T C ) m o re  th a n  8 0  % c e l l s  w e r e  v ia b le  a fte r  1 d a y  an d  3 d ay , 
s ig n ify in g  that th e se  m ater ia l are n o t  c y to to x ic  an d  b io c o m p a t ib le .

Figure 4.13 M T T  a s s a y  w e r e  p er fo r m e d  to  d e te c t  th e  t o x ic ity  e f fe c t  o f  w o u n d  
d ress in g  o f  ra tio  (Q C h : T C ) 1 :0, 1 :3 , 1 :4 , 1:5 o n  L 9 2 9  c e lls  (a )  an d  F B  ce lls  (b ).
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