
CHAPTER II 
LITERATURE REVIEW

2.1 Type of Wounds

A  w o u n d  is  d e fin ed  a s  an  in ju ry  o r  te a r  on  th e  sk in  su rface  b y  p h y sica l, 
ch e m ic a l m ech an ica l an d  th e rm a l dam ag es . T h e re  a re  tw o  ty p e s  o f  w o u n d s .

2.1.1 A c u te  W o u n d s
T h e  a cu te  w o u n d s  a re  caused  by  trau m as , b u t th e  w o u n d s  a re  u su a lly  

h e a la b le  w ith in  8  to  12 w eek s . T h e se  w o u n d s  can  be  cau sed  by  m e c h a n ic a l d am ag e  
in d u c e d  by  sh eer, b lu n tin g , o r  h a rd  ac tion . T h e  acu te  w o u n d s  can  a lso  b e  fo rm e d  by  
e x p o su re  to  e x tre m e  hea t, irra d ia tio n , e lec trica l sh o ck , a n d / irr ita ted  w ith  co rro s iv e  
c h e m ic a ls . T h e  C a rin g  fo r th e se  w o u n d s d e p e n d  on  th e  se v e n ty  o f  th e  w o u n d s  
(Z a h e d i et a i, 2 0 0 9 ).

2 .1 .2  C h ro n ic  W o u n d s
C h ro n ic  w o u n d  a re  o p en  w o u n d  ex ten d in g  in to  a t le a s t th e  seco n d  

lay e r o f  th e  sk in  c a lled  th e  d e rm is . T h e  in ju r ie s  w h ich  a re  p ro d u c e d  a s  a  re su lt  o f  
sp e c if ic  d isea se s  su c h  as  d ia b e te s , tu m o rs, an d  sev e re  p h y s io lo g ica l c o n ta m in a tio n s . 
H e a lin g  o f  th e se  w o u n d s  c o u ld  ta k e  m ore  th a n  12 w e e k s  an d  re c u rren c e  o f  th e  
w o u n d s  is n o t u n c o m m o n  (Z a h e d i et a i, 2 0 0 9 ).

2.2 Principles of Wound Healing

W o u n d  h e a lin g  is a  sp ec ia l b io lo g ic a l p ro cess  w h ic h  is  re la te d  to  
p h y s io lo g ica l p a ra m e te rs . T h e se  can  be su m m a riz e d  in to  fiv e  p h a se  o f  h ea lin g  
p ro c e ss  in c lu d in g h e m o s ta s is , in fla m m a tio n , m ig ra tio n , p ro life ra tio n , a n d  m a tu ra tio n  
(Z ah ed i et a i, 2 0 0 9 ). T h ese  p h a se s  o f  w o u n d  h e a lin g  a re  sh o w n  in  Fig.l (a-d), 
re sp ec tiv e ly .
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2.2.1 In fla m m a to ry  P h a se
T h is  s tag e  o c c u rs  a fte r  th e re  is  d am ag e  to  th e  sk in , y o u r  b o d y ’s 

n o rm a l re sp o n se  to  in ju ry . T h is  p h a se  a c tiv a te s  p ro te c tiv e  m e a su re s  th ro u g h  ch em ica l 
a c tiv ity  cau s in g  h e a t, red n ess , p a in , sw e llin g , lo ss  o f  fu n c tio n . F ib r in o g e n , w h ich  is 
o n e  o f  th e  m a jo r  c o m p o n e n ts  o f  th e  sk in ’s c o n n e c tiv e  tis su e s  lead s  to  th e  c o a g u la tio n  
o f  e x u d a te s  (b lo o d  w ith o u t c e lls  an d  p la te le ts ) , an d  to g e th e r  w ith  th e  fo rm a tio n  o f  a  
f ib r in  n e tw o rk , p ro d u c e s  a  c lo t  in  th e  w o u n d  w h ic h  stops.

2 .2 .2  M ig ra to ry  P h a se
T h e  n e w  an d  liv e  ce lls  ca lled  ep ith e lia l m o v e  to w a rd s  sk in  in ju ry  to  

re p la c e  d ead  ce lls .
2 .2 .3  P ro life ra tiv e  P h a se

T h is  is  th e  tim e  w h e n  y o u r w o u n d  is h ea lin g . Y o u r b o d y  m a k e s  n ew  
b lo o d  v e sse ls , w h ic h  co v e r th e  su rface  o f  th e  w o u n d . T h e  re su lt is  th a t  y o u r  w o u n d  
w ill b e c o m e  sm a lle r  as  it h ea ls . T h e  c o m p le tio n  o f  th is  s tag e  ta k e s  a b o u t 2 w eek s .

2 .2 .4  M a tu ra tio n  P h a se
T h is  is  th e  fin a l p h a se  o f  h ea lin g . A t th is  s ta g e  f ib ro b la s ts  co m p le te ly  

c o v e r  th e  su rface  o f  th e  w o u n d  as a  n e w  lay e r o f  th e  sk in  a n d  th e re  is n o  e v id e n c e  o f  
th e  w o u n d .

Migration phase

Proliferation phase Remodelling phase

Figure 2.1 S ch em a tic  re p re se n ta tio n  o f  d iffe re n t p h ase s  o f  w o u n d  h e a lin g  
(Z a h e d i et a l, 2 0 0 9 ).
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2.3 Wound Dressings and Properties

W o u n d  d re ss in g  sh o u ld  m in im iz e  in fe c tio n  and  p a in , p re v e n t e x c e ss iv e  flu id  
lo ss , m a in ta in  a  m o is t h e a lin g  e n v iro n m e n t, p ro m o te  ep ith e lia l re s to ra tio n , an d  
b io c o m p a tib le  (T h a k u r  et al., 2008). A p p lic a tio n s  o f  d re ss in g  m a te ria l a re  a im e d  to  
in h ib itio n  o f  b le e d in g  an d  p ro te c tio n  o f  th e  w o u n d  fro m  e n v iro n m e n ta l irritan ts  
in c lu d in g  w a te r  a n d  e lec tro ly te  d is tu rb a n c e s  (Ja y a k u m a r et a l,  2011).

2.3.1 C la ss if ic a tio n  o f  W o u n d  D re ss in g s
2.3.1.1 Ordinary Dressings

T h e  O rd in a ry  d re ss in g s  th a t  is  g au ze  an d  tu lle , m e re ly  ac t as  a  
c o m m o n  co v e r o n  a  w o u n d  so  th a t  th e  w o u n d  c a n  reh ab ilita te  u n d e rn ea th .

2.3.1.2 Interactive Dressing
T h e  in te ra c tiv e  d re ss in g  th a t  is m a te r ia lร c o n ta in in g  p o ly m eric  

f ilm s , a n d /o r fo a m s w h ich  a re  tra n sp a re n t an d  p e rm eab le  to  w a te r  v a p o r  an d  
a tm o sp h e ric  o x y g e n  su ch  as  h y a lu ro n ic  ac id , h y d ro g e ls  an d  fo am ed  c o v e rs .

2.3.1.3 Bioactive Dressing
T h e  B io a c tiv e  d re ss in g  th a t is m a te ria ls  o r in  o th e r  w o rd s  

a c tiv e  w o u n d  d re s s in g  m a te r ia ls  such  a s  h y d ro co llo id s , a lg in a te s , c o lla g e n s  an d  
c h ito sa n .

2.3.2 P ro p e rtie s  o f  W o u n d  D ress in g  (W a tso n  et a l, 2005)
• M a in ta in s  a  m o is t  e n v iro n m e n t a ro u n d  th e  w o u n d
• R em o v es  e x c e ss  ex u d a te , b u t p rev en ts  s a tu ra tio n  o f  th e  d re ss in g .
• P e rm its  d iffu s io n  o f  gases
• P ro tec ts  w o u n d  fro m  m ic ro -o rg an ism s
• P ro v id es  m e c h a n ic a l p ro te c tio n
• C o n tro ls  lo ca l te m p e ra tu re  a n d  p H
• E asy  and  c o m fo rta b le  to  re m o v e  o r ch an g e
• M in im izes  p a in  fro m  th e  w o u n d
• D o es  n o t c o n ta m in a te  th e  w o u n d
• L o w  co st
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Figure 2.2 S h o w  d if fe re n t ty p es  a n d  a p p ea ran ces  o f  p a ss iv e , in te ra c tiv e , an d  
b io a c tiv e  w o u n d  d re s s in g  m a te ria ls : (a ) g au ze , (b ) tu lle , (c) p o ly u re th a n e  m e m b ra n e , 
(d ) p o ly u re th a n e  fo am , (e ) h y d ro g e l, ( f  )  h y d ro co llo id , (g ) a lg in a te , (h ) c o lla g e n , an d  
(i) h y d ro fib e r. (Z ah ed i et a i, 2 0 0 9 )

2.4 Poly(Vinyl Alcohol) or PVA

P o ly (v in y l a lc o h o l)  is  a  h y d ro p h ilic  p o ly m er, b io c o m p a tib ility  an d  o d o r le s s  
sy n th e tic  p o ly m er. P V A  is g ra n u la r  a n d  w h ite , a n d  o n ly  d is so lv e s  in  h o t w a te r . It is 
u su a lly  p re p a re d  by  d is so lv in g  it in  w a te r , and  le ttin g  th e  w a te r  ev ap o ra te  to  fo rm  
tra n sp a re n t film s  w ith  e x c e p tio n a l s tre n g th  an d  re s is tan ce  to  te a r in g  (T u p u re in a  et a i,
2 0 0 9 ).

2 .4 .1  C h e m ic a l S tru c tu re
T h e  s tru c tu re  o f  p o ly  (v in y l a lco h o l)  is g iv en  b e lo w :

O H
2 .4 .2  M a n u fa c tu r in g

P V A  is  n o t p re p a re d  b y  p o ly m e riz a tio n  o f  th e  c o rre sp o n d ­
in g  m o n o m e r. T h e  m o n o m e r , v in y l a lc o h o l, is u n s ta b le  w ith  re sp e c t to  a c e ta ld eh y d e .
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P V A  in s te a d  is p re p a re d  b y  f irs t p o ly m e riz in g  v in y l a c e ta te , a n d  th e  re su ltin g  
p o ly v in y l a ce ta te  is  c o n v e rte d  to  th e  P V A . T h e  co n v e rs io n  o f  th e  p o ly e s te rs  is 
u su a lly  c o n d u c te d  b y  b a se -c a ta ly z e d  tra n se s te r if ic a tio n  w ith  e th a n o l. T h e  p ro p e rtie s  
o f  th e  p o ly m e r  d e p e n d  o n  th e  a m o u n t o f  re s id u a l e s te r  g roups.

2 .4 .3  P ro p e r tie s
2 .4.3.1 Physical and Chemical Properties

P V A 's  f la sh  p o in t  is 79  d eg ree s  C e ls iu s , w h ile  its  m e ltin g  
p o in t is  le ss  th an  o r  e q u a l to  2 0 0  d e g re e s  C e ls iu s . Its  d en sity  ra n g e s  fro m  1.19 to  1.31 
g /c m 3. It c a n  a lso  re le a se  to x ic  fu m e s  w h e n  b u rn e d , an d  reac ts  w ith  s tro n g  a c id s  an d  
o x id an ts . It is  e s se n tia lly  n o n to x ic  fo r  h u m a n  b e in g s  as  lo n g  a s  it  is  n o t b u rn e d  o r 
m e lted  w ith  fire . T h e re  is a lso  n o  p r o o f  th a t P V A  p o s ts  an y  in h a la tio n  r is k  an d  
p h y sica l d a n g e rs  to  h u m a n s .

2 .4 .3 .2  Adhesive, Emulsifying and Film-forming Properties
P V A  h as  e x c e lle n t ad h e s iv e , e m u ls ify in g  an d  f ilm -fo rm in g  

p ro p e rtie s . B e c a u se  o f  its  e x c e lle n t ad h e s iv e  p ro p e rty  A  P V A  sp o n g e  is  a lso  
av a ilab le , an d  th is  p a r t ic u la r  sp o n g e  c a n  ab so rb  w a te r  up  to  12 t im e s  its  d ry  w e ig h t. It 
c a n  a lso  w ith s ta n d  9 0  d e g re e s  C e ls iu s  w ith o u t ex p e rie n c in g  a n y  d e fo rm a tio n . A s  a 
f ilm , P V A  b e c o m e s  tra n sp a re n t an d  re s is ta n t to  te a r in g  an d  p u n c tu re s .

2.4.3.3 Resistance to Impurities
P V A  is in h e re n tly  re s is ta n t to  o rg a n ic  so lv en ts , o il  and  

g rease . It is  u sed  as  a  g re a s e -p ro o f  c o a tin g  an d  u n it  p ack ag es  fo r  m e d ic a l e q u ip m e n t 
an d  to o ls  to  e n su re  th e y  a re  free  f ro m  any  im p u ritie s . It is  a lso  an  im p e rm e a b le  
m a te ria l to  m o st กa ttira i g ases ; e n su rin g  m a te r ia ls  p a c k e d  ไท P V A  w ill n o t be  
co n tam in a ted .

2 .4 .4  P V A  fo r  W o u n d  D re s s in g  A p p lic a tio n s
P re v io u s  re se a rch e r  s tu d ie d  an d  p re p a re d  w o u n d  d re ss in g  b y  u s in g  

P V A  a c t a s  m a te ria l in  v a ry  fro m  in c lu d in g  f ilm , n a n o fib e r  a n d  h y d ro g e l w o u n d  
d ress in g .

(T u p u re in a  et a l, 2 0 0 9 )  an d  CO  w o rk e r  p re p a re d  w o u n d  d re s s in g  by 
c o m b in in g  P V A  w ith  b en to n ite , c e llu lo se , A g  n a n o p a rtic le s , ro se m a ry  e x tra c t an d  
c lo v e  e x trac t, v ia  th e  f re e z in g /th a w in g  m e th o d . In  ad d itio n , th e  w o u n d  d re s s in g



9

p re se n t h ig h  w a te r  a b so rp tio n  cap ac ity , g e lc o n te n t, an d  a  w a te r  v a p o r  tra n sm iss io n  
ra te  s im ila r  to  th e  n a tu ra l sk in  a n d  e x c e lle n t a n tim ic ro b ia l a c tiv ity  in d ic a tin g  its 
ab ility  to  ac t as  an  e ffe c tiv e  w o u n d  d re ss in g  m a te ria l.

(H a n g  et al., 2 0 1 0 ) an d  co w o rk e r p re p a re d  m a ts  o f  a
p o ly (v in y l a lc o h o l)  (P V A )/c h ito sa n  (C S ) b le n d  (P V A /C S ) an d  P V A /C S  b len d s  
in co rp o ra ted  w ith  s i lv e r  (A g ) n a n o p a rtic le s  (A g /P V A /C S ) w e re  fa b r ic a ted  by  an  
e lec tro sp in n in g  m e th o d . T h e  m a te r ia l sh o w ed  g o o d  a n tib a c te r ia l a c tiv ity  a g a in s t  th e  
g ram -n eg a tiv e  b a c te r ia  E.coli. T h e  an tib ac te ria l a c tiv ity  o f  n o n -w o v e n  m a ts  o f  
A g /P V A /C S  b le n d s  w a s  b e tte r  th a n  th a t  o f  n o n -w o v e n  m a ts  o f  P V A /C S  b le n d s .

(V ic e n tin i et a i, 2 0 1 0 )  an d  c o w o rk e r  p re p a re d  c h ito sa n  (C S ) and  
p o ly (v in y l a lc o h o l)  (P V A ) film  b le n d  w ith  Z n O  n a n o p a rtic le s , w e re  p re p a re d  b y  th e  
P ech in i m e th o d , w ith  d iffe ren t co n c e n tra tio n s  o f  p o ly o x y e th y le n e  so rb ita n  
m o n o o le a te , T w e e n  80. In  th ese  f ilm s , a n tib a c te ria l a c tiv ity  w a s  v e rif ie d  to w a rd  th e  
sp ec ie s  s. aureus, a ttr ib u te d  to  th e  in c o rp o ra tio n  o f  Z n O  n a n o p a r tic le s  in to  th e  film s.

(H u a n g  et a i, 2 0 0 8 )  an d  c o w o rk e r  p re p a re d  aq u eo u s  m ix tu re  o f  
p-glucan and  p o ly (v in y l a lco h o l)  by  ca s tin g  in to  film s an d  d r ie d  a t 1 1 0  °c w ith o u t 
ch em ica l c ro ss lin k in g . T h is  P V A /g lu c a n  film s  ex h ib ited  n e g lig ib le  ir r ita tio n  to  sk in . 
O n  o b se rv in g  th e  w o u n d  h e a lin g  o f  ra t sk in , th e  w o u n d  c o n tra c tio n  ra tio  c a n  reach  
8 3%  a fte r  tre a tin g  w ith  P V A /g lu c a n  film  fo r 11 days, w h ile  th a t w a s  8 5 %  w h en  
trea tin g  w ith  c o tto n  g a u z e  fo r 21  d ays.

2.5 Chitosan

2.5.1 S tru c tu re  o f  C h ito sa n
C h ito sa n  is a  n a tu ra l p o ly sa c c h a rid e  c o n s is tin g  o f  P - ( l -4 ) -2 -  

a c e ta m id o -2 -d eo x y -d -g lu c o se (N -a c e ty l D -g lu c o sa m in e ) an d  P - ( l-4 ) -2 -a m in o -2 -  
d eo x y -d -g lu co s  (D  g lu c o sa m in e )  a s  rep ea tin g  u n its  (R in a u d o , 2 0 0 6 ). C h ito sa n  
p re se n ts  in  Fig 2.3 w h ic h  is  d e r iv e d  fro m  th e  p a rtia l d e a c e ty la tio n  o f  c h it in  in  
Fig 2.4, w h ich  is  o b ta in e d  fro m  th e  sh e lls  o f  c ru s ta c e an s , c u tic le s  o f  in se c t, an d  ce ll 
w a ll o f  fu n g i a n d  y easts . T h e  d e a c e ty la tio n  d eg ree  (D D ) o f  c h ito sa n , g iv in g  
in d ic a tio n  o f  th e
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n u m b er o f  am in o  g ro u p s  d o n g  th e  c h a in s , is c a lcu la ted  as  th e  ra tio  o f  D -g lu c o sa m in e  
to  th e  su m  o f  D -g lu c o sa m in e  an d  N -a c e ty l D -g lu co sam in e

o

Figure 2 .3  C h em ica l s tru c tu re  o f  c h ito sa n

o

Figure 2 .4  C h em ica l s tru c tu re  o f  c h itin

2 .5 .2  P h y s ico ch em ica l P ro p e rtie s  o f  C h ito san
T h e  p re se n c e  o f  a m in o  g ro u p s  in  th e  ch ito sa n  s tru c tu re  an d  g iv e s  to  

th is  p o ly m e r m an y  p e c u lia r  p ro p e rtie s . In deed , th e  a m in o  g ro u p s  o f  th e  
D -g lu c o sa m in e  re s id u e s  m ig h t b e  p ro to n a te d  p ro v id in g  so lu b ility  in  d ilu te d  a c id ic  
aq u eo u s  so lu tio n s  (p H  <  6 ). T h e  re la tiv e  m o le c u la r  w e ig h t o f  c h ito sa n  ra n g e  fro m  
h u n d re d s  o f  th o u sa n d s  to  m illio n s . C h ito sa n  an d  its  d e r iv a tiv e s  h a v e  w id e ly  u se d  in  
p h a rm a c e u tica l an d  m e d ic a l c o m p a tib ility , b io d eg rad ab ility , a n tib a c te r ia l a c tiv ity .

C h ito sa n  is  a  p o ly c a tio n  w h o se  ch a rg e  d en sity  d e p e n d s  o n  th e  d e g re e  
o f  a c e ty la tio n  an d  p H . S o , c h ito sa n  c h a in s  a re  a b le  to  in te ra c t by  e le c tro s ta tic
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in te ra c tio n s  w ith  n e g a tiv e ly  ch a rg ed  m o lecu le s . It can  fo rm  n a n o p a rtic le s  b y  io n ic  
g e la tio n  w ith  p o ly p h o sp h a te s  (C a lv o  et al. , 1997) an d  w ith  n u c le ic  ac id s.

C h ito sa n  o ffe rs  re m a rk a b le  b io lo g ica l p ro p e rtie s , w h ic h  h a v e  p a v ed  
th e  w ay  fo r its  a p p lic a tio n  in  th e  p h a rm a c e u tica l an d  b io m e d ic a l fie ld s  (H e  et a l,
1998) in  n e w  d ru g  d e liv e ry  sy stem s (P a rd ak h ty  et a l, 2 0 0 7 ) o r  as  a  sc a ffo ld  fo r 
tis su e  en g in ee rin g . In d eed , c h ito sa n  h a s  g o o d  a d h e s iv e  p ro p e rtie s  d u e  to  its  p o s itiv e  
ch a rg e  (L e h r et al., 1992 ) w h ich  in c re a se s  th e  ad h e s io n  to  m u c o sa  an d  so  th e  tim e  o f  
co n ta c t fo r  d ru g  p e n e tra tio n . T h e ir  h e m o s ta tic  p ro p e rty  m a k e s  ch ito sa n  a  g o o d  
ca n d id a te  fo r  w o u n d  d re ss in g  (M in a g a w a  et Ml., 2 0 0 7 ).

2 .5 .3  C h e m ic a lly  M o d ified  C h ito sa n
T h e  a m in o  fu n c tio n a lity  o f  ch ito sa n  g iv e s  rise  to  ch em ica l re a c tio n s  

su ch  a s  a ce ty la tio n , q u a te m iz a tio n , re a c tio n s  w ith  a ld eh y d es  a n d  k e to n es  ( to  g iv e  
S c h i f f s  b a se ) a lk y la tio n , g ra ftin g , ch e la tio n  o f  m e ta ls , e tc .(P illa i et al, 2 0 0 9 ). T h e  
N -T rim e th y l, c h ito sa n c h lo r id e  (T M C ), a  q u a te m iz e d  c s  d e riv a tiv e , h as  b e e n  p ro v e n  
to  e ffe c tiv e ly  in c re a se  th e  p e rm e a tio n  o f  h y d ro p h ilic  m o lecu le  fo r  im p ro v in g  w a te r  
so lu b ility  (S ay in  et a l,  2 0 0 9 ) (Y a n g  et a l, 2 0 0 5 ) an d  c o w o rk e r  h av e  p re p a re d  th e  
ch ito sa n  d e riv a tiv e s  th ro u g h  th e  re d u c tiv e  N -a lk y la tio n  o f  c h ito sa n  as  d e sc r ib e d  by  
(B ad aw y  et a l, 2 0 1 1 )  w ith  v a r io u s  m o n o - an d  d isa c c h a rid e s . M e th y la te d  
N -(3 -p y rid y lm e th y l)  c h ito sa n  c h lo r id e  (M 3 -P y M eC h C ) w ith  v a rio u s  d e g re e s  o f  
N -su b s titu tio n  (D S ), d e g re e s  o f  q u a te m iz a tio n  (D Q ), and  m o le c u la r  w e ig h ts  w ere  
sy n th es ized  by  s in g le  m é th y la tio n  ô f  N -(3 -p y rid y lm e th y l)  c h ito sa n  w ith  io d o m e th a n e  
u n d e r th e  b asic  c o n d itio n  w h ich  re p o rte d  by  (S a jo m sa n g  et a l,  2 0 0 9 ). A  se r ie s  o f  
N -(2 -h y d ro x y )p ro p y l-3 -tr im e th y l a m m o n iu m  c h ito sa n  c h lo r id e  (H T C C ) sa m p le s  
w ith  v a r io u s  d eg ree s  o f  q u a te m iz a tio n  ran g in g  fro m  12.4 to  4 3 .7 %  w as sy n th e s iz e d  
by  (X iao  et a l, 2 0 1 2 ). N -p y rid y lm e th y l ch ito sa n  an d  its  q u a te m iz e d  d e r iv a tiv e s  w ere  
sy n th e s iz e d  in  o rd e r  to  en h an ce  th e  so lu b ility , th e  p h y s ic o c h e m ic a l an d  b io lo g ic a l 
p ro p e rtie s  (S a jo m sa n g , 2 0 1 0 ).

2.6 Nanoparticle in Drug Delivery

In  recen t y e a rs , s ig n if ic a n t e ffo r ts  h av e  b e e n  d ev o ted  to  u se  th e  p o te n tia ls  o f  
n a n o te c h n o lo g y  in  d ru g  d e liv ery  s in c e  it o ffe rs  a  su itab le  m e a n s  o f  s ite -sp e c if ic  an d
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t im e -c o n tro lle d  d e liv e ry  o f  sm all o r  la rge  m o le c u la r  w e ig h t d ru g s  and  o th e r  b io ac tiv e  
a g e n ts  (Y ih  et al. , 2 0 0 6 ). P h a rm a c e u tic a l n an o te c h n o lo g y  fo cu se s  o n  fo rm u la tin g  
th e ra p e u tic a lly  a c tiv e  ag en ts  in  b io c o m p a tib le  N an o  fo rm s  su ch  a s  n a n o p a rtic le s , 
n an o c a p su le s , m ic e lla r  sy s tem s, an d  co n ju g a te s . T h e se  sy stem s o ffe r  m an y  
a d v a n ta g e s  in d ru g  d e liv e ry , m a in ly  fo cu s in g  o n  im p ro v ed  sa fe ty  and  e ff ic a cy  o f  th e  
d ru g s , e .g . p ro v id in g  ta rg e ted  d e liv e ry  o f  d ru g s , im p ro v in g  b io a v a ila b ility  an d  
im p ro v in g  th e  s ta b ility  o f  th e ra p e u tic  a g e n ts  a g a in s t c h e m ic a l/e n zy m a tic  d eg rad a tio n . 
T h e  N a n o  sca le  s iz e  o f  th ese  d e liv e ry  sy s tem s is the  b a s is  fo r  all th e se  a d v an tag es . 
B y  a  g en e ra l d e f in itio n , n a n o p a rtic le s  v a ry  in  s ize  fro m  10 to  lOOOnm. T h e  d ru g  is 
d is so lv e d , e n tra p p e d , en c a p su la te d  o r  a tta c h e d  to  a  n a n o p a rtic le  m a tr ix  and  
d e p e n d in g  u p o n  th e  m e th o d  o f  p re p a ra tio n , n a n o p a rtic le s , n a n o sp h e re s  o r  n a n o c a p ­
su les  c a n  be  o b ta in e d . N a n ô c a p su le s  a re  v e s ic u la r  sy s tem s in  w h ich  th e  d ru g  is  c o n ­
fin ed  to  a  cav ity  su rro u n d e d  by  a  b o u n d a ry  stru c tu re .

S evera l ty p e s  o f  n a n o p a rtic u la te  sy s tem s hav e  b e e n  a ttem p ted  a s  p o ten tia l 
d ru g  d e liv e ry  sy s te m s , in c lu d in g  b io d e g ra d a b le  p o ly m eric  n a n o p a rtic le s , p o ly m eric  
m ic e lle s , so lid  n a n o p a rtic le s , lip id -b a se d  n an o p a rtic le s , e .g ., S o lid  lip id  n a n o p a rtic le s  
(S L N ), n a n o s tru c tu re d  lip id  c a rr ie rs  (N L C ) an d  lip id  d ru g  co n ju g a te  (L D C ), 
n an o lip o so m es , in o rg a n ic  n a n o p a rtic le s , d en d rim ers , m a g n e tic  n a n o p a rtic le s , F erro  
f lu id s  an d  q u a n tu m  d o ts  (H am id i et a i, 2 0 0 8 ).

2.6.1 C h ito sa n  N a n o p a rtic le s  w ith  Io n ic  C ro ss lin k s
T h e  c a tio n ic  n a tu re  o f  c h ito sa n  h a s  been  c o n v e n ie n tly  e x p lo ite d  fo r  th e  

d e v e lo p m e n t o f  p a rtic u la te  d ru g  d e liv e ry  sy stem s. A sid e  fro m  its c o m p le x a tio n  w ith  
n e g a tiv e ly  c h a rg ed  p o ly m ers . T rip o ly p h o sp h a te  (T P P ) is a  p o ly an io n , w h ic h  c a n  in ­
te ra c t w ith  th e  c a tio n ic  ch ito san  by  e le c tro s ta tic  fo rces  fo r  d ru g  e n c a p su la tio n : Fig
2 .5  th is  s im p le  a n d  s tra ig h tfo rw a rd  te c h n iq u e  in v o lv es  th e  ad d itio n  o f  a n  a lk a lin e  
p h a se  (p H  ~  7 - 9 )  co n ta in in g  T P P  in to  an  ac id ic  p h ase  (p H  ~  4—6 ) c o n ta in in g  
ch ito san . N a n o p a rtic le s  are fo rm e d  im m ed ia te ly  u p o n  m ix in g  o f  th e  tw o  p h ase s  
th ro u g h  in te r  an d  in tra  m o le c u la r  lin k ag es  c re a ted  b e tw e e n  T P P  p h o sp h a te s  and  
c h ito sa n  am in o  g ro u p s  (A g n ih o tri et a l, 2 0 0 4 )
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Figure 2.5 S c h e m a tic  re p re se n ta tio n  o f  p rep a ra tio n  OÏ c h ito sa n  p a r tic u la te  sy s tem s 
b y  io n ic  g e la tio n  m e th o d  (A g n ih o tr i et a l, 2004 ).

2.7 Tetracycline

T h e  te tracy c lin e , w h ic h  w a s  d isco v e red  in  th e  19 4 0 s , is  a  
b ro a d -sp e c tru m  an tib io tic  p ro d u c e d  by  th e  S trep to m y ces  g en u s  o f  a c tio n  b ac te ria , 
in d ic a te d  fo r u se  ag a in s t m a n y  b ac te ria l in fec tio n s . It is  a  p ro te in  sy n th e s is  in h ib ito r . 
It is c o m m o n ly  u sed  to  tre a t  acne  to d ay , and , m o re  recen tly , ro sa c e a , an d  is 
h is to ric a lly  im p o rta n t in  re d u c in g  th e  n u m b e r o f  d ea th s  fro m  ch o le ra . T e tra c y c lin e  is  
m a rk e te d  u n d e r  th e  b ran d  n a m e s  S u m y cin , T e tracy n , a n d  P an m y c in , a m o n g  o th e rs . 
I t is  a lso  u se d  to  p ro d u ce  sev e ra l sem isy n th e tic  d e riv a tiv e s , w h ic h  to g e th e r  a re  
k n o w n  as th e  te tra c y c lin e  a n tib io tic s . T e tracy c lin e  h a s  in  c o m m o n  a  fo u r-r in g  
ca rb o x y lic  s tru c tu re . D iffe re n ce s  b e tw een  th e m  are  su b s titu tio n s  a t p o s i t io n  5 , 6  an d  
7 in  fig 2.6 (C h o p ra , 2002).
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Figure 2.6 fu n d a m e n ta l s tru c tu re s  o f  te tra c y c lin e  d e r iv a tiv e s  sh o w in g  th e  m o st 
im p o rta n t p o s itio n s  (5 , 6 , 7 ) fo r  su b s titu tio n s .

2 .7 .1  M o d e  o f  A c tio n
It is w e ll e s ta b lish e d  th a t te tracy c lin e  in h ib it b a c te ria l p ro te in  

sy n th es is  b y  p re v e n tin g  th e  a sso c ia tio n  o f  am in o acy l tR N A  w ith  th e  b ac te ria l 
r ib o so m e . T h e re fo re , to  in te ra c t w ith  th e ir  ta rg e ts  th e se  m o lecu le s  n e e d  to  tra v e rse  
o n e  o r m o re  m em b ra n e  sy s te m s  d e p e n d in g  on  w h e th e r  the  su sc e p tib le  o rg a n ism  is 
g ram  p o s itiv e  o r  g ram  n e g a tiv e  (C h o p ra  et al. , 2 0 0 1 ). A ccess to  th e  r ib o so m e s  o f  
g ra m -n e g a tiv e  b ac te ria  is  o b ta in e d  by  p a ss iv e  d iffu s io n  th ro u g h  h y d ro p h ilic  p o re s  in 
th e  o u te r  ce ll m em b ra n e  a n d  th en  by  a n  en e rg y -d e p e n d en t a c tiv e  tra n sp o rt sy s tem  
th a t  p u m p s  a ll te tra c y c lin e  th ro u g h  th e  in n e r cy to p la sm ic  m em b ran e .

2 .7 .2  R es is tan ce  to  T e tra c y c lin e  (G ia ld ro n i G ra ss i, 1993)
R es is tan ce  can  b e  e x p re ssed  th ro u g h  d iffe re n t b io c h e m ic a l 

m e c h a n ism s . C la ss ica lly , i t  is  a ssu m e d -th a t w h ile  in  su scep tib le  b a c te r ia l ce lls  th e re  
is  an  a c c u m u la tio n  o f  te tra c y c lin e ; in  re s is tan t o n e s  an  en e rg y -d e p e n d en t e ff lu x  
p re v e n ts  a c c u m u la tio n  o f  th e  d ru g  in  th e  cell. T h is  m ech an ism  o f  p u m p in g  o u t th e  
d ru g  is  m e d ia te d  by a  re s is ta n c e  p ro te in  in se rted  in to  th e  b a c te r ia l cy to p la sm ic  
m em b ran e . S o  far, th is  is  th e  m a in  m ech an ism  o f  te tracy c lin e  re s is ta n c e  in  
Aeromonas, Haemophilus, Pasteurella an d  Pseudomonas spp . T w o  n e w  m e c h a n ism s  
o f  re s is ta n c e  h av e  re c e n tly  b een  d isc o v e re d  in o th e r  g ro u p s  o f  b a c te r ia  (Fig 2.7): 
n am ely , r ib o so m a l p ro te c tio n  w h e reb y  a  ce ll co m p o n e n t, p re su m ab ly  a  p ro te in , b in d s  
to  th e  r ib o so m e  re n d e r in g  it le ss  su scep tib le  to  te tracy c lin e ; an d  ch em ica l 
m o d if ic a tio n  o f  the  te tra c y c lin e  m o le c u le  d e te rm in e d  by  b a c te r ia  th ro u g h  an
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o x y g e n -re q u ir in g  reac tio n , a n d  re n d e rin g  th e  d ru g  in ac tiv e . T h e  ex ac t m e c h a n ism s  o f  
th e se  tw o  ty p e s  o f  re s is ta n c e  h av e  n o t y e t b een  fu lly  e lu c id a ted . In  th e  case  o f  
r ib o so m a l p ro te c tio n , tw o  h y p o th e se s  h a v e  b een  p u t fo rw a rd  o n  th e  b a s is  o f  so m e  
ex p e rim en ta l f in d in g s . R e s is ta n c e  co u ld  b e  d u e  to  re d u c e d  b in d in g  o f  te tra c y c lin e  to  
th e  r ib o so m e , o r  to  w eak  b in d in g  to  r ib o so m a l s ite s  o th e r  th an  th e  p r im a ry  o n es , 
p ro b a b ly  b e c a u se  th e  d is to r tio n  ex e rted  b y  th e  re s is ta n t p ro te in  o n  th e  r ib o so m e  
m ak es  th e  se c o n d a ry  s ite  m o re  acc e ss ib le . H o w ev e r, it h a s  n o t b een  a s se s se d  w h e th e r  
th e  p ro te in  e n c o d e d  by  th e  re s is ta n c e  g en e  ac ts  d irec tly  o n  r ib o so m e s  o r  m o d if ie s  a  
h o s t p ro te in , to  w h ic h  th e  p ro te c tiv e  a c tiv ity  is  d ev o lv ed .

Figure 2.7 sc h e m a tic  re p re se n ta tio n s  o f  th e  m o d e  o f  ac tio n  o f  te tra c y c lin e  in  
se n s itiv e  c e lls  a n d  th e  p o ss ib le  m e c h a n ism s  o f  re s is ta n c e  (a ) T e tra c y c lin e -p e n e tra te s  
in to  se n s itiv e  b ac te ria l c e ll ,  re ach in g  m u c h  h ig h e r  c o n c e n tra tio n s  th a n  th e  
e x tra c e llu la r  en v iro n m e n t; i t  b in d s  to  th e  30 S  rib o so m a l su b u n it in h ib it in g  p ro te in  
sy n th esis , (b ) T h e  c la ss ica l m e c h a n ism  o f  re s is ta n c e ; te tra c y c lin e  c a n n o t re a c h  a  
su ff ic ie n t in tra c e llu la r  c o n c e n tra tio n  d u e  to  an  in c re a se d  e fflux , (c ) R ib o so m a l 
p ro te c tio n  m e c h a n ism  o f  re s is ta n c e ; te tra c y c lin e  c o n c e n tra te  in tra c e llu la r , b u t 
r ib o so m e  is  m o d if ie d  in  su c h  a  w ay  th a t th e  d ru g  c a n n o t b in d  e ffe c tiv e ly  to  it. (d ) 
T e tracy c lin e  m o d if ic a tio n  ty p e  o f  re s is ta n c e ; te tra c y c lin e  c o n c e n tra te  in tra c e llu la r  
b u t a re  re n d e re d  in ac tiv e  b y  a n  o x y g e n -re q u ir in g  c h e m ic a l re ac tio n  (S a ly e rs  et a l, 
.1990)
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