
C h a p te r  IV

D is c u s s io n  a n d  C o n c lu s io n

In  th is  in v estiga tio n , ch ito san  L, M an d  H from  sh rim p  
sh e ll w ere em ployed as  film  fo rm er in coating  of p roprano lo l HC1 
ta b le t. T he m o lecu la r w eigh t of ch ito san  ca lcu la ted  from  th e  
M ark -H o u w ink  eq u a tio n  ind ica ted  th a t  th e  m olecular w eigh t of 
ch ito san  L w as less th a n  th a t  of ch itosan  M, followed by th a t  of 
ch ito san  H respectively . A ccording to F ila r an d  W irich (1978) 
th e  m o lecu la r w eigh t o f ch ito san  w as classified in te rm  of 
v iscosity  w hich h igh  M .w  w as m ore th a n  1 0 0 0  cps an d  m edium  
M .w . w as 100-250 cps d e te rm in ed  from  1% acetic acid  an d  low 
M.W . w as 25-70 cps d e te rm in ed  from  2% polym er in 2 % acetic 
acid. T h u s, ch ito san  L an d  M w ere low m olecular w eigh t g rade, 
a n d  ch ito san  H w as m ed ium  m olecular w eight grade. H ow ever, 
ch ito san  L, M a n d  H  w ere of low M .w . according to K napczyk, 
K row czynsk i an d  K rzek  (1985 b) who classified  th a t  the  low M .w . 
ch ito san  h ad  th e  v iscosity  below 2 0 0  cps d e te rm in ed  from  1 % 
p o lym er in  1 % acetic  acid.

In  add ition , th e  d a ta  of IR sp ectro m etry  ind ica ted  th a t  
th e  ch a in  len g th  o f ch ito san  H w as h ig h e r th a n  th a t  o f ch ito san  
M, followed by th a t  of ch ito san  L (R itthidej,1994). F rom  
d iffe ren tia l th e rm o g ram , th e  endo therm ic p eak  of ch ito san  H 
d o m in an tly  occurred  a t  h ig h e r te m p e ra tu re  th a n  th a t  o f ch ito san  
M a n d  followed by th a t  of ch itosan  L. T he m eltin g  p o in t w as 
obviously  d ep en d en t on th e  m olecular w eight. The h igh  m eltin g  
p o in t in d ica ted  h igh  M .w . ch ito san  (Alonso, Peniche-C ovas an d  
N ieto , 1983). T herefo re , th e  m olecular w eigh t o f ch ito san  H w as 
d o m in an tly  h ig h e r th a n  those of ch ito san  M an d  L, an d  th e  
m o lecu la r w eig h t of ch ito san  M w as sligh tly  h ig h e r th a n  th a t  o f 
ch ito san  L. T hese re su lts  w ere correspond ing  to th e  d a ta  of 
v iscom etry .

H ow ever, th e  viscom etry, IR sp ec tro m etry  an d  DTA did 
n o t lead  to o b ta in  ab so lu te  m olecular w eigh t values, th ey  w ere 
only re la tiv e  m ea su re m e n ts  of po lym er's m olecular w eigh t 
d e te rm in a tio n . A n ab so lu te  m olecular w eigh t of th is  po lym er 
could be fu r th e r  d e te rm in ed  by various m ethod  such as  figh t
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sc a tte r in g  (S eym our a n d  C a rra h e r, 1981), osm otic p re ssu re  
m eth o d  a n d  sed im en tio n  eq u ilib riu m  m ethod  (T odura, 1994).

C h ito san  is a cation ic  po lym er h av ing  a pK a of ab o u t 6.3. 
T he p resen ce  o f free am in e  groups a re  capable of being  
p ro to n a ted  by th e  acid  m ed ium . T hus, th e  pH  value of ch ito san  
w as in c re ased  w hen  in c rease  its  co ncen tra tion . T he pH  
co n cen tra tio n  profile o f ch ito san  M so lu tion  w as sligh tly  low er 
th a n  th o se  o f ch ito san  H an d  L so lu tions. T h is w as according to 
th e  low er degree  o f d eace ty la tio n  of ch ito san  M as in d ica ted  by 
th e  com m ercial sources. T hus, i t  h ad  free am in e  g roups less 
th a n  ch ito san  H  an d  L. H ow ever, from  IR  sp ec tra , th e  degree of 
d eace ty la tio n  could be o rd ered  as  ch ito san  H<M<L.

D ue to  th e  pH  v a lu es betw een  3.7-5.5, th e  p re p a re d  
ch ito san  so lu tions w ere  su ita b le  to be u sed  as  film  coa ting  
so lu tions, since th ey  w ere  n o t too corrosive to a coating  p an . 
W hen  u sin g  ch ito san  H  so lu tions, th ey  u sed  th e  p ro longed  
co a tin g  tim e, due to its  low co ncen tra tion .

D u rin g  th e  co a tin g  process, m ild odor o f acetic acid  could 
be d e tec ted . T ab le ts  w ere r a th e r  tacky, b u t easily  flow ed in  
coa ting  p a n  a f te r  d ry ing . T he su rface  o f coated  tab le ts  w as 
glossy. T he b leed ing  a n d  tran s lu cen cy  on film s o f coated  ta b le ts  
could no t be observed  in  b ecau se  th ese  film s w ere very  th in .

T h e  w eigh t o f ta b le ts  a f te r  coating  w as in c reased  
b e tw een  1.15-1.80 %  พ /พ  a n d  th e  w eigh t v a ria tio n  w as w ith in  th e  
lim it of U S P  s ta n d a rd . S lig h t w eigh t loss of coated  tab le ts  a f te r  
k e p t a t  room  te m p e ra tu re  for 1 w eek  w as a t tr ib u te d  to th e  loss of 
re s id u a l w a te r  or acetic  acid  (M asilungan  an d  Lordi, 1984). An 
in c rease  in  h a rd n e ss  o f coa ted  ta b le t a f te r  k e p t a t  th e  sam e 
cond ition  m ay be due to th e  s tro n g e r bond fo rm ation  a n d  
in c reas in g  in  c ry sta llin e  bridge betw een  th e  p artic les . T he w a te r  
ab so rp tion  o f coated  ta b le ts  a f te r  exposure to acce le ra ted  
cond ition  in c reased  th e  w eigh t an d  th ick n ess o f coated  ta b le ts  
a n d  m ain ly  reduced  h a rd n e ss  an d  d is in te g ra tio n  tim e by 
redu c in g  th e  bond fo rm atio n  b e tw een  th e  com pressed  g ran u le s  in  
core tab le t. T he h a rd n e ss  o f a ll coated  fo rm u la tio n s w as no t 
m uch  m ore d iffe ren t. T h is m ay  be a ttr ib u te d  to th e  film s on 
coated  ta b le ts  w ere n o t too th ick  to in fluence on th e  h a rd n e ss .



165

The p ercen tag es o f friab ility  o f a ll co a ted  ta b le ts  in  th is  
s tu d y  w ere su rp ris in g ly  n eg a tiv e  v a lu es. T h is m ay  be
a ttr ib u te d  to th e  m o is tu re  so rp tio n  o f co a tin g  su rface  d u rin g  
friab ility  test. In th e  cases o f core ta b le ts , b ecau se  o f th e  s tro n g e r 
bond form ation  of h a rd e n in g  b in d e r, PV P K30, th e  p e rc en ta g e  of 
friab ility  a f te r  k ep t a t  room  te m p e ra tu re  for 1 w eek  w as less th a n  
a f te r  coating. D ue to th e  b in d in g  p ro p e rty  o f m o is tu re  abso rbed  
by th e  surface of core ta b le t  th e  p e rc en ta g e  of friab ility  a f te r  
exposure to acce le ra ted  cond ition  w as less th a n  th a t  a f te r  
coating, b u t h ig h e r th a n  th a t  a f te r  k e p t a t  room  te m p e ra tu re  for 
1 w eek.

The tran s lu cen cy  o f p las tic ized  free  film s w ith  tr ia c e tin  
an d  some p lastic ized  free film s w ith  P E G 400  m ay  due to th e  
incom patib ility  be tw een  ch ito san , a n d  tr ia c e tin  a n d  PE G 400. 
Since m ost effective p las tic izers  w ill g en e ra lly  re sem b ly  m ost 
closely in s tru c tu re  th e  po lym er th e y  p las tic ize  (A ulton, 
H oughton  and  w ells, 1985; R ad eb aug h , 1988), tr ia c e tin  is e s te r  
w hich should be less com patib le w ith  am in e  a n d  hydroxy l groups 
of ch itosan . As a re su lt, ch ito san  free  film s p las tic ized  w ith  
la rg e r am o u n t of tr ia c e tin  ex h ib ited  h ig h e r  d eg ree  of 
translucency . PE G 400 w as re la tiv e ly  in com patib le  w ith  ch ito san . 
T he m olecule of PE G 400 co n ta in ed  se v e ra l e th y le n e  oxide g ro u ps 
an d  its  m olecular w eig h t w as 380-420 th a t  w as a b o u t five tim e  o f 
propylene glycol. I ts  m olecule, b e in g  la rg e r  in  size, w as no t 
easily  accom m odated in  th e  c ry s ta l la ttic e  o f ch ito sa n  film . As a 
re su lt, ch itosan  free film s p lastic ized  w ith  in c re a s in g  a m o u n ts  o f 
PEG 400 exh ib ited  in c reas in g  d eg ree  o f b leed in g  a n d  som e free 
film s w ere tra n s lu ce n t. P ropy lene glycol w as polyol. T he 
m olecular w eight of p ropy lene glycol is 76.1. I t  could be easily  
m iscible w ith  ch itosan .

D isin teg ra tio n  tim e in  deion ized  w a te r  o f u n p la s tic ized  
coated  tab le ts  could be ra n k e d  as  ะ L O <M O <LH O <H O . T h e 
re su lt  ind icated  th e  low er s tre n g th  o f film  on core ta b le t  o f low er 
m olecular w eight. In  case o f p las tic ized  co a ted  ta b le ts , th e  
p lasticized coated ta b le ts  of ch ito san  M ex h ib ited  th e  low er 
d is in teg ra tio n  tim e in deionized  w a te r  th a n  p las tic ized  coa ted  
tab le ts  w ith  ch ito san  L. T he low er d is in te g ra tio n  tim e  o f 
p lasticized coated  ta b le ts  o f ch ito san  M  in  deion ized  w a te r  w as 
due to m olecular s tru c tu re  o f ch ito san  M w as p a ra lle l a n d  it  w as
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easy  for w a te r  to p e n e tra te  as described  by X -ray d iffraction  as 
followed.

Since ch ito san  is p re p a re d  from  p artia l-N -d eace ty la tio n  of 
ch itin , its  m o lecu la r s tru c tu re  s till  re la te s  to th e  m olecu lar 
s tru c tu re  of ch itin . T h ree  n a tu ra lly  occu rrin g  polym orphic form s 
have been  recognized, know n as  a lpha , b e ta  a n d  gam m a 
ch itin s. D eta iled  c rysta llo g raph ic  in v es tig a tio n s have been  
rep o rted  for a lp h a  an d  b e ta  form s. Basic to th e  proposed  
s tru c tu re  is th e  p resen ce  o f sh e e t o f p a ra lle l ch a in  lin k ed  by -N- 
H —-0=C - hydrogen  bonds th ro u g h  th e  am ide groups. In  b e ta  
ch itin  th e  sh e e ts  a re  a ll a r ra n g e d  in  a p a ra lle l m a n n e r  an d  in te r-  
m olecular hydrogen  bond ing  is absence, w h e rea s  in  th e  a lp h a  
form  successive sh e e ts  a re  a n tip a ra lle l w ith  th e  ex tensive  in te r- 
m olecu lar hydrogen  bond ing  (M inke an d  B lackw ell, 1978; 
G a rd n e r an d  B lackw ell, 1975).

T he d ifference in  d iffrac tog ram  p a t te rn  b e tw een  a  - ch itin  
an d  b e ta  ch itin  is th e  h ig h e r in te n s ity  of th e  p eak  a t  ab o u t 1 0 ° 
a n d  th e  sh ift of th is  p eak  to th e  r ig h t of b e ta  ch itin . T he re su lt  
o b ta in ed  from  th e  d iffrac to g ram s h ad  p rov ided  ev idences to 
in d ica ted  th a t  ch ito san  M w as a m ix tu re  o f ch ito san  a n d  b e ta  
ch itin , ch ito san  L com posed o f ch ito san  an d  a lp h a  ch itin , an d  
ch ito san  H w as a  m ix tu re  o f ch ito san  an d  som e o f b e ta  ch itin .

T he d ifference of d iffrac to g ram  p a tte rn s  b e tw een  pow ders 
a n d  free film s w as due to th e  change o f c ry s ta llin e  s tru c tu re  of 
ch ito san  to ch ito san  sa lt, excep t th o se  of ch ito san  M free  film s. 
T he p eak  in te n s itie s  a t  10.5° o f ch ito san  LO a n d  HO in d ica ted  
th e  h y d ra te d  c ry sta llin e  b ecau se  th e y  p rov ided  a  reflec tion  n e a r  2  

8 = 10.4° as  re p o rte d  by R obert(1994) an d  O gaw a(1991). 
H ow ever, a ll ch ito san  free film s w ere no t in  an h y d ro u s  form , 
since th ey  could n o t be observed  a  new  p eak  a t  20 = 15° as  
rep o rted  by O gaw a (1991) an d  th e  p re p a ra tio n  did  n o t use th e  
h igh  te m p e ra tu re  exceed 100°c. A ccording to th e  re p o r t  of 
O gaw a(1991) th e  w a te r  could p e n e tra te  th ro u g h  th e  h y d ra te d  
crysta llin e  s tru c tu re  ea s ie r  th a n  an h y d ro u s  c ry s ta llin e  s tru c tu re  
o f ch itosan .

T he d is in te g ra tio n  tim e in  d ilu te  HC1 so lu tion  o f tab le ts  
coated  w ith  p lastic ized  ch ito san  M w as r a th e r  s ligh tly  h ig h e r 
th a n  th e  o th ers , excep t th a t  o f LC system , LB30, an d  h ig h e r
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th a n  its  d is in teg ra tio n  tim e in deionized w ater. T his re su lt  could 
be exp la ined  th a t  th e  ch ito san  M h ad  b e ta  ch itin  in m o lecu la r 
s tru c tu re  w hich could m arked ly  absorb th e  w a te r  an d  w as 
sw ollen. In addition , it could be p artia lly  h y d ra te d  in acid  
en v iro n m en t w hich th is  gel form ation  easily  ad h e red  th e  d isk  
d u rin g  te s t  an d  prolonged d is in teg ra tio n  tim e.

Since th e  sh ee ts  of b e ta  ch itin  w ere a r ra n g e d  in  a 
p a ra lle l m a n n e r an d  in ter-m o lecu lar hydrogen bond ing  w as 
absence, b e ta  ch itin  could be easily  sw'ollen. T hus, th e  w eig h t 
a n d  volum e sw elling  indexes in deionized w a te r of free  film s 
o b ta in ed  from  ch ito san  M w ere h ig her th a n  those  o f ch ito san  H, 
followed by th a t  of ch itosan  L. S urprising ly , in  d ilu te  H Cl (1 : 
1 0 0 ) so lu tion , w eigh t an d  volum e sw elling  indexes of 
u n p lastic ized  ch ito san  H w ere h ig h e r th a n  those of th e  o th e r  
unp lastic ized  free film s. T h is could be exp la ined  th a t  in  d ilu te  
HC1 so lu tion  am ine groups in of ch ito san  H w ere p ro to n a ted  an d  
in c reased  e lectrical repu lsion  w hich increased  th e  void b e tw een  
th e  ch a in  m ore th a n  th a t  of ch ito san  M and  L (Domszy, M oore 
a n d  R oberts, 1985).

In  add ition  th e  sw elling index of LHO w as low er th a n  
th a t  o f LO m ay due to th e  form ation  o f hydrogen  b ond ing  w hen  
th e  sh o rt ch a in s of ch itosan  L in se rted  betw een  long ch a in  of 
ch ito san  H. H ow ever, in  d ilu te  HC1 so lu tion  rep u ls io n  effect 
w as s till  p ro m in en t th a t  the  sw elling  index w as h ig h e r th a n  th a t  
in  deionized  w a te r  and  h ig her th a n  th a t  of LO in  d ilu te  HC1 
so lu tion . T he repu lsion  effect also occurred  in th e  p lastic ized  
free film s because th e  w eigh t an d  volum e sw elling  indexes in 
d ilu te  HC1 so lu tion  w ere g rea te r  th a n  those in  deionized  w ate r.

T he h ig h e r d is in teg ra tio n  tim e of LC ta b le ts  in  d ilu te  HC1 
th a n  th a t  in  deionized w a te r w as due to the film  could be sw ollen  
a n d  h y d ra ted , an d  th en  form  gel w hich ad h e red  to th e  d isk  
d u rin g  te s t. T h is re su lt also re la te d  to film sw elling  of free film s. 
T he w eigh t an d  volum e sw elling  indexes of free film s p lastic ized  
w ith  tr ia c e tin  in  d ilu te H C 1 so lu tion  w ere h ig h e r th a n  th o se  in  
deionized  w ate r. The w eigh t and  volum e sw elling  indexes o f free 
film s p lastic ized  w ith  tr ia ce tin  w ere h ig her th a n  those  of free 
film s p lastic ized  w ith  propylene glycol. T his re su lt  re la te d  to th e  
re p o rt o f O kor (1982) w hich a ttr ib u te d  to th e  p o ten tia l o f th e  less 
hydroph ilic  p las tic izer for p rom oting  film sw elling  an d  p o rosity  in



IS8

hydroph ilic  film . H igh sw elling  indexes of free film s p lastic ized  
w ith  PE G 400, m ig h t due to th e  h igh  hygroscopicity of PE G 400 as 
seen  in m o istu re  so rp tio n  of free film s.

T he m ore p lastic ized  coated  tab le ts  of LA an d  HA, th e  
m ore red u c in g  th e  d is in teg ra tio n  tim e in deionized w a te r  an d  
d ilu te  HC1 so lu tion . T h is re su lt m igh t occur from  th e  so lubility  
in  bo th  m ed ia  o f p ropylene glycol an d  th e  occurrence of pore 
w hich m ed ia could easily  p e n e tra te  to dissolve drug.

4
B ecause o f th e  reducing  th e  bond fo rm ation  in  core 

ta b le t  by m o istu re  so rp tion , the  d isin teg ra tio n  tim e o f CO RE R, 
LO ร, MO ร, L A 1 0  ร an d  LHO ร w as low er th a n  th o se  a f te r  
coating , an d  since th e  in creas in g  th e  bond fo rm ation  a f te r  k e p t a t  
room  te m p e ra tu re  for 1 week, th e ir  d is in teg ra tio n  tim e in 
deionized  w a te r  w as h ig h e r th a n  a f te r  coating.

T he effect o f p lastic izer on reducing  sw elling  indexes of 
free film  m ay  due to th e  function  of p las tic izer to reduce  th e  
in te rm o le cu la r in te ra c tio n  betw een  ch ito san  m olecules an d  
redu ced  th e  e lec tro s ta tic  repu lsion  of p ro to n a ted  am in e  groups.

T he d e te rm in a tio n  of film sw elling u sin g  bo th  w eigh t 
an d  volum e d ifferences h ad  s im ila r p a tte rn s . H ow ever, th e  
volum e sw elling  index  w as h ig h e r th a n  th e  w eigh t sw elling  
index  an d  som e free film s hav ing  h igh  degree of sw elling  could 
n o t be de tec ted  o f th e ir  volum e sw elling  index  in d ilu te  HC1 
so lu tion . T he re su lts  ind ica ted  th a t  th e  m ethod  u sin g  w eigh t 
d ifference w as ea s ie r  an d  m ore su itab le  th a n  u sin g  volum e 
d ifference for d e te rm in in g  th e  film sw elling.

B ecause of s im ila r  endo therm ic p eak s in  th e rm o g ram s of 
p lastic ized  a n d  unp lastic ized  free film s, p las tic izers  d id  not 
obviously have a n  in fluence on th e  m elting  po in t of ch ito san . In 
general, p las tic izer could reduce g lass tra n s itio n  te m p e ra tu re  of 
polym er. T he red u c in g  in  glass tra n s itio n  te m p e ra tu re  u sed  to 
ind ica ted  th e  ab ility  of p lastic izer to p lastic ized  
po lym er(B anker,1966). DSC shou ld  be used  to s tu d y  th e  g lass 
tra n s itio n  te m p e ra tu re  o f p rep a red  free films.

T h e  d a ta  o f  w e ig h t  lo ss  in d ic a te d  th a t  i t  m ig h t  h a v e  a
r e le a s e  o f  a ce tic  a c id  from  free  f ilm s. T h e  w e ig h t  lo s s  o f
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p lastic ized  free film s w ith  tr ia c e tin  w as h ig h e r th a n  p lastic ized  
free film s w ith  p ropy lene glycol an d  PE G 400, an d  ch ito san  
pow der respectively . T h is  re su lt  m ig h t due to th e  p ro p erty  of 
tria ce tin  w hich could re lea se  acetic  acid, th e  vo la tile  b reak k do w n  
p roduc t (M asilungan  a n d  Lordi, 1984) an d  th e  ab ility  of PEG 400 
to e n tra p  acetic acid in  free  film s g re a te r  th a n  p ropylene glycol. 
B ecause th e  large m olecule o f PE G  400 h ad  hydroxy l group to 
form  hydrogen bonding  w ith  acetic  acid, th u s , acetic  acid could 
not easily  re lease. T he low est w eigh t loss o f ch ito san  pow ders 
m igh t due to th e ir  pow der w ere w ith o u t acetic  acid  w hile th e  
h ig h e s t w eigh t loss found  in  MO m ig h t due  to  acetic  acid easily  
vo latile because it d id n o t have p las tic ize r to e n tra p . H ow ever, 
th e  low er w eight loss of free film s p lastic ized  w ith  PE G 400 m ay 
occur from  th e  in te ra c tio n  o r com plexation  be tw een  acetic acid 
an d  PEG 400 or PE G 400 an d  ch ito san  as found  in  th e  SEM , th e  
b leed ing  of free film  a n d  th e  re ta rd a tio n  th e  d ru g  re lease  in 
d isso lu tion  test.

The m oistu re  so rp tio n  o f free  film s p lastic ized  w ith  
PE G 400 w as ra th e r  g re a te r  th a n  those  w ith  p ropy lene  glycol an d  
tria ce tin  respectively . PE G 400 w as m ore hygroscopic th a n  
propylene glycol an d  tr ia e tin  respectively , a n d  m ig h t also due  to 
th e  free film s p lastic ized  w ith  tr ia c e tin  lo st acetic  acid g re a te r  
th a n  th e  o th e r system s.

As the  m olecu lar w eigh t o f ch ito san  in c reased  th e  
s tre n g th  also in creased . T h is w as in  a g re e m e n t w ith  
Rowe(1984)who found th a t  a t  low m o lecu la r w eigh t of po lym er 
th e  s tre n g th  w as re la tiv e  w eak, b u t as th e  m o lecu la r w eigh t 
increased  its  s tre n g th  also increased . T he h ig h e r u ltim a te  
ten sile  s tre n g th  of LHO th a n  th a t  o f HO w as due to  th e  fo rm ation  
o f hydrogen bonding w hen  sh o rt ch a in  o f ch ito san  L in se rte d  
betw een  long chain  of ch ito san  H. T he p e rc en ta g e  of e longation  
could be o rdered  as L0>M 0>LH 0>H 0. T h is r e s u l t  in d ica ted  th a t  
L0 could s tre tch  g re a te r  th a n  MO an d  followed by those  o f LHO 
an d  HO respectively, b u t from  th e  d a ta  a n d  p ic tu re  of s tre ss-  
s tra in  curves of the  b igger film  s tr ip  o f HO show ed  th a t  it could be 
s tre tc h e d  g rea te r  th a n  th a t  of MO, followed by th a t  of L0. T he 
ten sile  p roperty  of free film s w as s im ila r  to  th e  p las tic  like 
m a te ria l type h a rd  a n d  to u gh  w hich show ed  m o d e ra te  elongation  
p rio r to th e  yield p o in t followed by n o nrecov erab le  elongation  
(Seym our and  C a rra h e r, 1981).
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The incom patib ility  b e tw een  p la s tic ize r an d  polym er, an d  . 
th e  effect of p las tic izer on th e  c ry s ta l la ttic e  o f ch ito san  film  w ere 
probably th e  re aso n s  th a t  th e  effect o f type an d  am o u n t of 
p lastic izer on ten sile  p ro p e rtie s  as  th e  re p o rte d  by Lim a n d  W an 
(1994) who found th e  effect of im com patib le  p la s tic ize r on th e  
physical and  ten sile  p ro p e rtie s  o f po lyv iny l alcohol film s.

C h ito san  film  re ta rd e d  d ru g  d isso lu tio n  an d  d iffusion 
into  the  m edium . C h a rac te ris tic  lag  tim e: w hen  in  co n tac t w ith  
th e  dissolution  m edium , because  th e  co a tin g  lay e r w as g rad u a lly  
dissolved, an d  th e n  th e  d ru g  w as easily  re lea se . D ue to th e  h igh  
am o u n t pores on film  su rface , th e  d ru g  re lea se  from  H O  w as 
fa s te r  th a n  those of LO, MO a n d  LH O.

The p lastic ized  coated  ta b le ts  w ith  h ig h e r m o lecu la r 
w eight of ch ito san  ex h ib ited  slow er d ru g  re lea se . S ince th e  ra te  
of dissolution  of th e  w a te r  so luble p o lym er d ep end s on m o lecu la r 
w eight, the  la rg e r  th e  m olecule, th e  s tro n g e r  th e  forces ho ld ing  
th e  chain  to g e th e r (F lorence an d  A ttw eed , 1981). H ow ever, in  
cases of 10% PE G  400 an d  1 0  a n d  30% tr ia c e tin  as p lastic izer, 
ch ito san  M exh ib ited  fa s te r  d ru g  re lea se  th a n  ch ito san  L. T h is 
w as due to incom patib ility  b e tw een  P E G  400 a n d  ch ito san , an d  
m ore pores in th e  la t te r  case. T he slow er d ru g  re lea se  of 
plasticized LHA coated  ta b le ts  m ig h t due to th e  am o u n t o f po res 
on surface w as le sse r because  th e  sh o r t  ch a in s  of ch ito san  L 
in se rted  betw een  long ch a in  o f ch ito san  H.

Propylene glycol could easily  d isso lve from  th e  coa ting  
surface an d  th e n  d isso lu tion  m ed iu m  could  su d d en ly  p e n e tra te  
th ro u g h  the  pore occurred  a f te r  p ro p y len e  glycol d isso lving , an d  
a fte r  ch itosan  d issolved th e  d ru g  could  easily  diffuse an d  dissolve 
in d issolution  m edium . D ue to p ro p y len e  glycol easily  d issolved, 
th e  dissolution  profile m ostly  show ed  no lag  tim e.

C oated ta b le ts  p lastic ized  w ith  P E G 400 m ostly  show ed  
long lag tim e an d  slow est d ru g  re lea se  e s p e c ia l ly  in H B tab le ts . 
PEG 400 is soluble in  w a te r  an d  is w idely  u sed  as  p la s tic iz e r in 
film coating. T hus, th e  re ta rd a tio n  o f d ru g  d isso lved  by PE G 400 
w as u nusual. H ow ever m any  l i tu r a tu re s  h av e  re p o rte d  th e  
incom patib ility  of PEG 400 w ith  m an y  su b s tan ce s  (A m erican  
P h arm aceu tica l A ssociation  an d  T h e P h a rm a c e u tic a l Society  of 
G rea t B rita in , 1986). T he g lucosam ine  u n it  m ig h t be
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incom patib le w ith  PEG 400 m olecule an d  p ro d uced  a  low er w a te r  
soluble substance . T he d a ta  o f bleeding, th e  a p p e a ra n c e  of 
partic le  and  w hite m old-like spo t in p h o to m icro g rap h  could  be 
used  to su p p o rt th is  reason .

T riace tin  is e s te r  an d  less hydroph ilic  th a n  p ro p y len e  
glycol and  PEG400. I ts  less hydroph ilic ity  could re ta rd  d ru g  
re lease . H ow ever, coated  ta b le ts  p lastic ized  w ith  10% tr ia c e tin  of 
ch itosan  M an d  H exh ib ited  d ru g  re lea sed  fa s te r  th a n  th o se  
p lasticized  w ith  propylene glycol. T his w as due to th e  m ore 
pores in  MC10 an d  HC10. T he pore occu rrence  in  m o st 
p lasticized  coated  tab le ts  w ith  tria ce tin  m ig h t due to  th e  less 
incom patib ility  betw een  tria ce tin  an d  ch ito san . S ince th e re  w as 
tr ia ce tin  m olecule betw een  ch ito san , ch ito san  ch a in s  h a d  no bond  
to hold polym er chains to g e th er an d  th a t  th ey  h a d  ten d e n c y  to 
occur th e  gap betw een  th e  chains. T he gaps b e tw een  th e  c h a in s  
w ere th e  pores as seen  in SEM . T his re su lt  re la te d  to th e  re p o r t  
of O kor (1982) w hich a ttr ib u te d  to th e  p o te n tia l o f th e  less 
hydrophilic p lastic izer for p rom oting  film  sw elling  a n d  p o ro sity  in  
hydrophilic film.

The effect of am o u n t o f p las tic izers  on d ru g  re le a se  w as 
corresponding  to th e  type o f p lastic izers used. T he in c re a s in g  
the  am o u n t of propylene glycol in c reased  d ru g  re lea se , th e  
in creasing  th e  am o u n t o f PEG 400 d ecreased  d ru g  re le a se . In  
case of HB tab le ts, th e  d ru g  re lease  w as tre m e n o u s ly  slow er. 
The coated  tab le ts  w ith  H B 2 0  exh ib ited  th e  slow est d ru g  re le a se  
and  longest lag  tim e, an d  th is  re su lt re la te d  to th e  m o st w h ite  
m old-like spo t observed in pho tom icrograph . D ue to th e  less 
hydrophilic ity  of triace tin , th e  in c reas in g  th e  a m o u n t o f th is  
p lastic izer exh ib ited  th e  slow er d ru g  re lease . H ow ever i t  w as 
also d ep end en t on th e  ab ility  to prom ote th e  pore o ccu rren ce  as 
seen  in MC30 w hich exh ib ited  d ru g  re lease  fa s te r  th a n  M C20 a n d  
M C 1 0 . In  case of HC20, th e  slow er d ru g  re lea se  d u r in g  th e  f irs t  
5 m in u te s  m igh t due to its  su rface  co n ta in in g  a  la rge  n u m b e r  o f 
p artic les  deposited  w hich re ta rd e d  d ru g  re lease , ho w ev er a f te r  5 
m in u tes  th e  d rug  re lease  w as fa s te r  th a n  th a t  of H C30.

D ue to th e  reducing  in th e  bond fo rm atio n  in  core ta b le t  
by th e  m o istu re  sorp tion  a f te r  exposure to acce le ra ted  cond ition , 
th e  d ru g  re lease  of CORE ร w as sligh tly  fa s te r  th a n  th a t  o f core 
a fte r coating. The d ru g  re lease  of core a f te r  co a tin g  w as n e a r ly
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eq u a l to th a t  of core ta b le t a f te r  k ep t a t  room  te m p e ra tu re  for 1 

w eek (CORE R), a lth o u g h  CORE R m igh t occur th e  bond  
fo rm atio n  g rea te r  th a n  core ta b le t a f te r coating. T h is re s u l t  w as 
due to th e  h igh efficiency of d is in teg ran t.

A fter k ep t coated  tab le ts  (LO, MO, HO, LA10 a n d  LH O) 
a t  room  te m p e ra tu re  for 1 week, th e ir  d rug  re lea se  w ere slow er, 
an d  su rp ris in g ly  a fte r  th ey  exposure to acce le ra ted  cond ition  
th e ir  d ru g  re lease  w ere d ram atica lly  slow er th a n  a f te r  coa ting . 
T he reaso n s  w ere the  hydrolysis of ch itosan  sa lt  a n d  loss o f acetic  
acid.

All IR sp ec tra  of free film s exh ib ited  th e  m a in  p e a k  a t  
ab o u t 1560 cm-1 an d  th e  peak  a t  abou t 1412 cm-1 w hich  w ere  
ab so rp tion  p eak s of c= 0  group of ace ta te  sa lt (C olthup , D aly  a n d  
W iberley, 1990). The ace ta te  ion from  acetic acid  could  form  
ionic bond w ith  th e  -R-NH 3+ of ch itosan  m olecule. T h e  
fo rm ation  of ace ta te  sa lt  could be confirm ed w ith  an  in c re a s in g  o f 
th e  p eak  heigh  ra tio  of th e  peak  a t  abou t 1412 cm-1 to th e  p e a k  
be tw een  3422-3259 cm-1 of su b stan ce  in free film  co m p aring  w ith  
ch ito san  pow der. The p eak  a t  ab o u t 1380 cm - 1  w as th e  m e th y l 
group n ex t to th e  c= 0  group. T his peak  ra tio  a t  ab o u t 1380 cm - 1  

to 3422-3459 cm-1 w as also em ployed to confirm  th e  in c re a s in g  o f 
C H 3  group from  ace ta te  ion. This peak  ra tio  show ed th e  sam e  
re su lt  a s  th e  prev ious ra tio  peak  except th a t  th e  p ea k  ra tio  o f 
HC20 w as slightly  less th a n  th a t  o f ch itosan  H pow der a n d  th a t  
of HA20 w as equa l to ch ito san  H powder. The IR  sp e c tra  o f free  
film s p lastic ized  w ith  tria ce tin  w ere th e  com bination  p e a k  
betw een  th e  p eak  of unp lastic ized  free film  a n d  tr ia c e tin  a n d  
could n o t be observed th e  in te rac tio n  betw een  tr ia c e tin  a n d  
ch ito san . The sa lt form  w as also occurred  in  free  film  
p lastic ized  w ith  all p lastic izers used in th is  study .

A fter coating, a lth o u g h  they  w ere app lied  th e  h o t a i r  to 
ev ap o ra te  the  w a te r from  coated tab le ts. I t  m ig h t n o t be ab le  to 
get rid  of to ta l m oistu re  in core tab le t and  film . T h is  re s id u a l 
m o istu re  or th e  m oisure absorbed  by coating  su rface  w ere  ab le  to 
hydrolyze ch itosan  ace ta te . The break-dow n p ro d u c ts  o f 
hydro lysis w ere free acetic acid an d  ch itosan  in free am in e  form . 
T h is vo latile  product, acetic acid , could re lease  from  co a ted  
ta b le ts  (M asilungan  and  Lordi, 1984). T hus, th e  w e ig h t o f 
coated  tab le ts  w as sligh tly  reduced  in case of k ep t th e m  a t  room
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temperature for 1 week. Due to the more hydrophobic of free 
amine of chitosan than amine salt of chitosan, its solubility was 
also slower. The slower dissolution of chitosan in free amine 
form, the slower drug dissolved from coated tablets. Moreover, 
after exposure to the long duration of higher temperature and 
moisture coated tablets would more increasing in the hydrolysis 
of chitosan salt and promote acetic acid loss. Thus, it should 
more decreasing the dissolution of chitosan. From the picture of 
coated tablets after exposure to accelerated condition and 
dissolution test their film did not dissolve and still to the previous 
shape. Thus, the accelerated condition had much more influence 
on the property of coated tablets. The occurrence of insoluble 
product could be explained by the evident of Austin (1986) who 
found that chitosan, on treatment with certain of the disclosed 
carboxylic acids, notable formic, acetic, and pyruvic acids, the 
products containing substantially less than the stoichiometric 
amount of carboxylic acid were surprisingly water insoluble and 
could not dissolved in acidic solvent.

The insoluble free films were also clearly observed in 
photomicrographs. The length of insoluble particles of LO was 
shorter than that of MO, followed by that of HO. This result 
related to the data determining the chain length of chitosan. The 
longest particles were observed in LA10 might due to the more 
compatibility between propylene glycol and chitosan which the 
polymer chain of chitosan could expand easily in this plasticizer 
system. The more expansion of polymer chain when there is 
more compatible between polymer and plasticizer have been 
widely reported (Radebaugh, 1988; Shah and Zatz, 1992). In case 
of LHO, due to the high hydrogen bonding, it was slightly 
dissolved and not clearly seen the polymer fibers. The scratchs 
on surface of HO and LHO were due to some of chitosan H was 
dissolved while in case of LHO the short chains of chitosan L were 
binded to some chains of chitosan H with hydrogen bond and did 
not dissolve.

The decrease in the drug release of coated tablet after 
exposure to accelerated condition might also due to the curing 
effect (Bodmeier and Paeratakul, 1994), since the surface of LO ร 
and MO ร had the pore less than LO and MO respectively. 
Therefore, the slowest drug release of LO ร and the slow drug 
release of MO ร were due to this curing effect. The fastest drug
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released of HO ร and the fast drug released of LHO ร was due to 
there were many cracks and defects on their surface as seen in 
photomicrograph. The faster drug release of LA 10 ร than L0 ร 
was due to the plasticization effect of propylene glycol. This 
plasticization effect of LA 10 was also seen in case of kept this 
coated tablets at room temperature for 1 week, since LA10 R 
exhibited the fastest drug release, and the lowest drug released  
of LHO R was due to its stronger hydrogen bonding.

Since there were some small pores in insoluble film of 
coated tablets after exposure to accelerated condition to control 
drug release, their released profile was similar to zoro order 
kinetic of drug release.

The accelerated condition should not affect the stability 
of propranolol HC1, because the percentage of drug content after 
exposure to this condition was within the limit of BP standard. 
Howerver, the physical stabilities of coated tablets and drug 
released was markedly changed after exposure to this condition.

C O N C L U S I O N

Chitosan L, M and H derived from shrimp shell of 
Thailand dissolved in dilute acetic acid solution could form film 
coating upon the surface of propranolol HC1 core tablets and 
could be casted into free films. The molecular weight of chitosan 
could be ranked as: chitosan H>M>L. Tablets coated with 
chitosan solutions and free films were investigated and the data 
from the evaluaions of free films such as physical appearance, IR- 
spectra, X- ray diffractogram, DTA, film swelling, moisture 
sorption and tensile property were used to characterize these 
polymeric films.

Coated tablets were glossy and yellowish. The 
increasing molecular weight of chitosan dominantly retarded the 
drug release. The increasing the amount of propylene glycol 
enhanced drug release while the increasing the amount of 
PEG400 and triacetin prolonged drug release. The weight and 
volume swelling indexes of plasticized free films were less than 
those of unplasticized free films, since the plasticizer decreased 
the interaction between chitosan molecules. The moisture 
sorption of free films with PEG400 was greater than that of free
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films plasticized with propylene glycol and triacetin respectively. 
This result was due to the hygroscopicity of PEG400 and the less 
hydrophilicity of triacetin. However, the properties of coated 
tablets and free films also depended on the molecular structure of 
chitosan and the compatibility between chitosan and plasticizers. 
Propylene glycol was more suitable than PEG400 and triacetin to 
plasticize chitosan films.

The hydrolysis of chitosan acetate which was resulted 
from the interaction between NH3+ of chitosan and CH3COO' of 
acetic acid changed the physicochemical properties of propranolol 
HC1 coated tablets especially the color and solubility of coated 
films. The drug release was markedly decreased.
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