
C h a p te r  I I I

R e s u l t s

T h e  E v a lu a t io n s  o f  C h i to s a n  S o lu t io n

1. T he d e te rm in a tio n  of m o lecu la r w eig h t o f ch ito san

T he efflux  tim e a n d  d en s ity  o f deionized w a te r  an d  
ch ito san  so lu tions a re  p re se n te d  in  T able 24 in  A ppendix  I.

T he re la tiv e  viscosity  of ch ito san  so lu tions a re  
p re se n te d  in  T able 11,a n d  th e  p lo ts be tw een  In ใๅre 1 /co n cen tra tio n  
a n d  co n cen tra tio n  a re  show n in  F ig u re  10. In tr in s ic  v iscosities, 
th e  in te rc ep ts  o f th e  plo ts, o f th e  so lu tion  o f ch ito san  L, M, a n d  H 
w ere 6.83, 7.16 an d  9.70 respectively . T he v iscosity  av erag e  
m olecu lar w eigh ts (My) ca lcu la ted  from  th e  M ark -H o u w ink  
eq u a tio n  o f ch ito san  L, M, an d  H  w as 994,453.12, 1,046,197.21 
an d  1,449,978.86 respectively . T he m ethod  of ca lcu la tion  is 
described  in  A ppendix I.

2. V iscosity

T he a p p a re n t v iscosities o f ch ito san  so lu tio n s a t  
co n cen tra tio n  o f 0.25, 0.50, 0.75, 1.50, 2.00 an d  3.00 %พ/พ a re  
p re se n te d  in  T able 12 an d  F ig u re  11. T he s te e p e r  cu rve of th e  
so lu tion  o f H  in d ica ted  th a t  i t  h ad  m uch  h ig h e r v iscosity  th a n  th e  
so lu tion  o f M an d  L respectively . F rom  th e  curve, th e  sam e 
a p p a re n t viscosity  of 125 m P a.s of th e  so lu tions of L, M, an d  H 
w as o b ta in ed  a t  co n cen tra tio n  o f 2.025, 1.750, 0 .825 %พ/พ 
respectively . H ow ever, th e  a p p a re n t v iscosities of th e  so lu tio n s 
of L, M, a n d  H a t  th e  afo rem en tio n ed  co n cen tra tio n s m ea su re d  
w ith  H ak k e  v iscom eter w ere 125.87C+3.67), 129.83(+4.30) a n d  
123.17(+7.68) m P a.s respectively , an d  th a t  of com bined so lu tion  
o f L a n d  H (1:3) w as 118.73(+7.05) m P a.s. T he a p p a re n t 
v iscosities a t  co n cen tra tio n  1.00%พ/พ of th e  so lu tions o f L, M, 
an d  H  w ere 27.2, 34.5 an d  175.0 m P a.s respectively .



58

(เท rel)/conc

—  L —t— M H

F ig u r e  10 T he p lo ts b e tw een  In ๆr 61/cone an d  cone o f ch ito san  
so lu tions.

T a b le  11 T he re la tiv e  v iscosity  of ch ito san  so lu tions.

:
CHITOSAN L IHITOSAN M CHITOSAN II

CONC. t\rel (In แ  rel)/conc. urel (In r| rel)/conc. I^rel (In rel)/conc.
(g/100ml) (100ml/g) (100ml/g) (100ml/g)

0.050 1.43 7.15 1.48 7.84 1.59 9.27
0.075 1.63 6.51 1.63 6.51 1.97 9.04
0.100 1.73 5.48 1.85 6.15 2.56 9.40
0.250 3.17 4.61 3.44 4.94 5.91 7.11
0.500 7.20 3.95 12.40 5.04 20.63 6.05
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T a b le  12 The a p p a re n t viscosity of ch ito san  so lu tio n s.

VISCOSITY OF CHITOSAN SOLUTIONS
CHITOSAN L

CONC SAMPLE AVG(SD)
(๙100๙ A B c (mPa.s)

0.250 6.26 6.19 6.07 6.17(0.10)
0.500 13.62 14.65 12.23 13.50(1.21)
0.750 16.74 18.31 19.52 18.19(1.39)
1.500 52.03 56.04 61.87 56.65(4.95)
2.000 124.20 116.90 117.10 119.40(4.16)
3.000 352.20 368.90 369.50 363.53(9.82)

CHITOSAN M
CONC SAMPLE AVG(SD)
(๙100๙ A B C (mPa.s)

0.250 4.55 4.62 4.29 4.49(0.17)
0.500 15.12 15.91 16.04 15.69(0.50)
0.750 25.68 25.34 22.83 24.62(1.56)
1.500 75.58 74.93 74.87 75.13(0.39)
2.000 211.60 200.70 238.00 216.77(19.18)
3.000 781.80 752.90 726.40 753.70(27.71)

CHITOSAN H
CONC SAMPLE AVG(SD)

(๙!00๙ A B c (mPa.s)
0.250 18.90 19.62 19.75 19.42(0.46)
0.500 42.99 39.76 40.94 41.23(1.63)
0.750 111.80 105.40 103.40 106.87(4.39)
1.500 389.50 395.20 380.40 388.37(7.46)
2.000 605.70 597.60 593.80 599.03(6.08)
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F ig u r e  11 T he p lo t b e tw een  th e  a p p a re n t viscosity  a n d  
co n cen tra tio n  o f ch ito san  so lu tions.
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3. pH

T he pH  v a lu es o f ch ito san  so lu tio n s a re  show n in  
T able 13 an d  a re  p re se n te d  in  F ig rue  12. The pH  values of 
ch ito san  so lu tions a t  th e  sam e  co n cen tra tio n  w ere n ea rly  equal. 
T he pH  profile o f th e  so lu tio n  M  w as slig h tly  low er th a n  those  of 
th e  so lu tions o f L a n d  H, a n d  th e  pH  profile o f th e  so lu tion  o f L 
w as s im ila r  to  th a t  o f th e  so lu tio n  of H, a lth o u g h  th e  pH  profile of 
th e  so lu tion  o f L a t  co n cen tra tio n  0.25-0.5 g/100g w as sligh tly  
low er th a n  th a t  of th e  so lu tio n  o f H, a n d  a t  th e  co n cen tra tio n
0.5-2.0 g/100g th e  pH  profile o f th e  so lu tion  o f L w as sligh tly  
h ig h e r th a n  th a t  o f so lu tio n  o f H. T he pH  v a lu es o f so lu tions of 
th ese  th re e  ch ito san s w ere b e tw een  3.75-5.46, an d  th e  pH  of th e  
so lu tion  of L a t  co n cen tra tio n  2.025 g/100g w as 5.04, th e  pH  of 
th e  so lu tion  o f M a t  co n cen tra tio n  1.75 g/100g w as 4.74 an d  th e  
pH  of th e  so lu tion  of H  a t  co n cen tra tio n  0.825 g/100g w as 4.37.

T he a p p a re n t v iscosity  an d  pH  v alu e  o f th e  so lu tion  of 
ch ito san  H a t  co n cen tra tio n  3.00 g/100g could no t be m easu red  
since i t  could no t be com plete ly  h y d ra te d  a t  th is  co n cen tra tio n  
an d  it  w as too v iscous to te s t.

T a b le t  E v a lu a t i o n s

1 . W eight a n d  th ick n ess  in crease  a n d  ta b le t  ap p earan ce

T he d a ta  o f w eig h t a n d  th ick n ess  in c rease  an d  ta b le t 
ap p earence  a re  p re se n te d  in  T ab le  14.

1 .1  W eight v a r ia tio n  a n d  w eig h t in crease

T he m ean  a n d  s ta n d a rd  d ev ia tion  of th e  w eig h t of 
core ta b le t an d  coated  ta b le ts  a re  show n in  T able 25 in  A ppendix
II. T hey  w ere all w ith in  th e  lim it of U S P  s ta n d a rd . A fter coa ting  
w eigh t of coated  ta b le ts  w as in c re a sed  b e tw een  1.15-1.80 % พ/พ'. 
T he w eigh t o f core an d  coa ted  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  w as slig h tly  decreased , b u t a f te r  
exposure  to acce le ra ted  cond ition  for 1 w eek  th e ir  w eigh ts w ere 
increased .

1.2 T h ick n ess a n d  th ick n ess  in c rease
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T a b le  13 T he p H  v a lu es of ch ito san  so lu tions.
pH OF CHITOSAN L SOLUTION

CONC SAMPLE AVG
(g/100g) A B C (SD)

0.250 3.73 3.73 3.72 3.73(0.01)
0.500 4.08 4.08 4.08 4.08(0.00)
0.750 4.29 4.30 4.28 4.29(0.01)
1.500 4.70 4.70 4.71 4.70(0.01)
2.000 4.92 4.92 4.93 4.92(0.01)
2.025 5.05 5.05 5.02 5.04(0.02)
3.000 5.47 5.46 5.45 5.46(0.01)

pH OF CHITOSAN M SOLUTION
CONC SAMPLE AVG

(g/100g) A B c (SD)
0.250 3.73 3.72 3.73 3.73(0.01)
0.500 3.98 4.00 3.99 3.99(0.01)
0.750 4.19 4.19 4.18 4.19(0.01)
1.500 4.58 4.58 4.58 4.58(0.00)
1.750 4.78 4.72 4.73 4.74(0.03)
2.000 4.80 4.71 4.75 4.75(0.05)
3.000 5.10 5.15 5.10 5.12(0.02)

pH OF CHITOSAN H SOLUTION
CONC SAMPLE AVG

(g/100g) A B c (SD)
0.250 3.81 3.82 3.80 3.81(0.01)
0.500 4.11 4.11 4.12 4.11(0.01)
0.750 4.25 4.29 4.27 4.27(0.02)
0.825 4.38 4.36 4.36 4.37(0.01)
1.500 4.69 4.65 4.70 4.68(0.03)
2.000 4.90 4.91 4.90 4.90(0.01)
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F ig u r e  12 The pH  co n cen tra tio n  p rofiles o f ch ito san  so lu tions.
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The th ick n ess of tab le ts  a re  p re se n te d  in  T able 26 
in  A ppendix  II. T h e ir s ta n d a rd  deviation  n ev e r exceeded  + 0.082 
m m  for a ll fo rm ulations. T he rang e  o f th ick n ess  a f te r  coating  
w ere betw een  30-77 pm. T he th ickness o f  CORE, L0 a n d  MO 
a f te r  a t  room  tem p e ra tu re  for 1 w eek (CORE R, LO R a n d  MO R) 
w as decreased , b u t those  of HO R, LA 10 R a n d  LHO R w ere 
s ligh tly  increased , w h ereas th e  th ick n ess in c rease  o f core a n d  
coated  ta b le ts  a f te r  exposure to accelera ted  cond ition  for 1 w eek  
w as increased .

1.3 The color of ta b le t

The color o f core an d  coated  ta b le ts  a re  p re se n te d  
in  T able 14. A fter p rep a ra tio n , or k ep t a t  room  te m p e ra tu re  for 
1 w eek  or exposure to acce lera ted  condition th e  color o f core w as 
w hite . All fo rm ulation  o f coated  tab le ts  h ad  a  glossy su rface , 
b u t  w ith  a  d ifferen t sh ad e  of color. A fter coa ting  th e  color o f L0, 
MO, HO, M A IO , MA20, MA30, MC10, MC20, M C30, w as w hite  
a n d  th a t  o f LA, LB, LC, MB, HA, HB, HC ta b le ts  an d  LHO ta b le t 
w as yellow ish, and  th a t  of LHA system  w as yellow . A fter k e p t a t  
room  te m p e ra tu re  for 1 w eek  th e  color o f LO R, MO R a n d  LA10 R 
w as yellow  an d  th a t  of HO R an d  LHO R w as yellow ish , w h e rea s  
th e  color o f coated tab le ts  a f te r  exposure to acce le ra ted  cond ition  
for 1 w eek  of L0 ร, MO ร, HO ร and  LA10 ร ta b le ts  w as brow n, 
a n d  th a t  of LHO ร tab le ts  w as yellow.

2. D efect of coated  ta b le t
Some defects o f coated  ta b le ts  a re  ex h ib ited  in  

T able 14. V aria tions of defects betw een  fo rm u la tio n s  could  be 
obviously  observed. W hen usin g  a p lastic izer in  fo rm u la tio n  of 
ch ito san  M, H  and  LH as film  form er, th e  crack in g  a n d  sp littin g  
w ere less th a n  fo rm ulations u sing  p lastic ized  ch ito san  L, excep t 
fo rm u la tio n s of MC10, MC20, HC10 and  H C20. H ow ever th e  
p ick ing  o f p lasticized  film  coated  tab le t w as g re a te r  th a n  
unp lastic ized  film coated  tab le ts .

T he acce lera ted  condition  a p p a ren tly  in c re ased  th e  
defects, excep t in LA10 ร w hich th e  p ick ing  w as le ss  th a n  in  
LA10, an d  th e  coated  tab le ts  w hich w ere k e p t a t  room  
te m p e ra tu re  for 1 w eek h ad  m ore defects th a n  th a t  a f te r  
p rep a ra tio n .
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T a b le  14 The data of w eight and th ickness increase, and tablet 
appearence and defects.

FORMULA! WEIGHT THICKNESS % DEFECTCOLOR OF
INCREASED) INCREASED) TABLET CRACKING sP L inriN G PICKING

C O R E 0 .0 0 0 W H IT E *

C O R E R -0 .4 0 -3 W H IT E

C O R E  ร 0 .1 8 13 W H IT E

LO 1 .32 55 W H IT E 5 6 1

L O R 0 .8 2 46 Y E L L O W 5 7 1

L O S 1.70 60 B R O W N 11 9 6

MO 1 .25 47 W H IT E 7 20 0

M O R 0 .7 3 43 Y E L L O W 10 2 3 0

M O S 1 .7 4 56 B R O W N 8 6 2 4

HO 1.21 62 W H IT E 8 10 1

H O R 1 .06 82 Y E L L O W IS H 8 13 1

H O S 1.37 93 B R O W N 1 00 41 6

L A 10 1 .27 74 Y E L L O W IS H 3 12 11

L A 1 0 R 0 .9 1 95 Y E L L O W 4 12 12

L A 1 0 S 1 .49 134 B R O W N 7 15 8

L A 20 1.80 54 Y E L L O W IS H 2 2 7

L A 30 1.47 57 Y E L L O W IS H 9 17 2 1

L B  10 1 .6 4 61 Y E L L O W IS H 4 10 18

L B 2 0 1 .43 58 Y E L L O W IS H 7 9 3

L B 3 0 1.69 5 4 Y E L L O W IS H 0 3 6

L C 1 0 1 .71 6 4 Y E L L O W IS H 9 12 3 0

L C 2 0 1 .15 77 Y E L L O W IS H 9 10 12

L C 3 0 1 .31 59 Y E L L O W IS H 2 4 2
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T a b le  14 The data of w eight and thickness increase, and tablet 
appearence and defectSj(cont-).

FORMULA. : WEIGHT THICKNESS COLOR OF %  DEFECT
IN C R EA SE^) L INCHEASE(H) TABLET CRACKING SPLUTHNG PICKING

M A 10 1 .35 60 W H IT E 0 0 2

M A 20 1 .59 41 W H IT E 1 1 7

M A 30 1 .66 53 W H IT E 1 7 2

M B  10 1 .4 0 44 Y E L L O W 0 6 7 2

M B 2 0 1 .38 72 Y E L L O W 6 4 21

M B 30 1 .30 55 Y E L L O W 0 9 31

M C 1 0 1 .52 61 W H IT E 0 7 0 0

M C2Û 1 .5 2 42 W H IT E 0 48 0

M C 3 0 1 .6 4 51 W H IT E 2 6 9

H A 1 0 1 .50 51 Y E L L O W IS H 0 2 1

H A 2 0 1 .45 38 Y E L L O W IS H 0 1 1

H A 30 1 .53 39 Y E L L O W IS H 0 6 7

H B 1 0 1 .62 33 Y E L L O W IS H 7 7 36

H B 2 0 1 .64 41 Y E L L O W IS H 8 16 2 6

H B 3 0 1.45 53 Y E L L O W IS H 0 2 47

H C 1 0 1.37 38 Y E L L O W IS H 1 00 35 7

H C 2 0 1.76 30 Y E L L O W IS H 2 21 3

H C 3 0 1.49 45 Y E L L O W IS H 4 16 5

LHO 1 .5 2 56 Y E L L O W IS H 0 0 0

L H O R 1 .4 4 60 Y E L L O W IS H 0 1 1
L H O  ร 2 .1 0 59 Y E L L O W 0 9 5

L H A 1 0 1 .6 0 47 Y E L L O W 2 0 3

L H A 2 0 1 .38 48 Y E L L O W 5 8 4 5

L H A 3 0 1 .3 9 6 4 Y E L L O W 2 5 9 6
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3. Friability
The percentage o f friability o f core tablet and coated  

tablets (after preparetion, after kept at room tem perature for 1 
week and after exposure to accelerated condition for 1 week) are 
shown in Table 27 in Appendix II and depicted in Figure 13(A 
and B).

From Figure 13 (A), coated tab lets were not friable 
and showed that the w eight w as slightly  more than before test. 
The percentage of friability of core tab let w as 0.25%.

From Figure 13(B), after exposure to the accelerated  
condition for 1 w eek or kept at room tem perature for 1 w eek the  
coated tablets still showed the negative va lu es of percentage of 
friability, but that of a core tablet after kept at room  
tem perature for 1 w eek w as less than that o f core tablet which  
exposed to the accelerated condition and m uch less than that of 
core tablet after preparation.

4. Hardness
The average m eans o f hardness o f core and coated  

tablets are shown in Table 28 in Appendix II and depicted in 
Figure 14 (A). After coating the hardness o f coated tab lets w as 
increased.

The average m eans of hardness o f core and coated  
tablets after kept at room tem perature for 1 w eek  and after 
exposure to accelerated condition are tabulated  in Table 28 in 
Appendix II and portrayed in Figure 14 (B). The hardness of 
coated tablets after kept at room tem perature for 1 w eek w as 
slightly greater than that after coating. H owever, their hardness 
were increased nearly equal to core tablet after kept at the sam e 
condition.

5. D isintegration tim e
The disintegration tim e o f core and coated tab lets are 

presented in Table 29 in Appendix II and illustrated  in Figure 15 
A and B.
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F i g u r e  1 4  T h e  h a r d n e s s  o f  c o r e  a n d  c o a t e d  t a b l e t s ( k e y : A - A f t e r
c o a t i n g ,  B - A f t e r  k e p t  a t  d i f f e r e n t  c o n d i t i o n ) .
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The disintegration tim e o f core and coated tablets in 
dilute HC1(1:100) solution and deionized w ater is shown in 
Figure 15A. The disintegration te st o f LO and MO after coating  
in dilute HC1( 1:100) solution w as not m easured in this study.

The disintegration tim e o f core tablet in dilute HC1 
solution w as slightly  higher than that o f core tablet in deionized  
water. The disintegration tim e of LO w as less than those of MO 
and HO, and higher than that o f core tablet. In case o f using  
dilute HC1 solution as im m ersion fluid, the disintegration tim e of 
HO w as slightly greater than that of core tablet and less than  
that of HO in deionized water.

The increasing am ount o f propylene glycol decreased  
the disintegration tim e o f coated tablets both in dilute HC1 
solution and deionized w ater , and the disintegration tim e in  
dilute HC1 solution was less than that in deionized w ater. For 
LB tablets the increasing the am ount of PEG400 increased the 
disintegration tim e in dilute HC1 solution and the resu lts were 
reversed in deionized water. For LC tablets, the increasing the 
am ount of triacetin increased the disintegration tim e in dilute 
HC1 solution which apparently higher than those of LA and LB 
tablets.

In dilute HC1 soltion the disintegration tim e of M 
tablets was apparently higher than that in deionized water, 
except that of MC30. In dilute HC1 solution, the disintegration  
tim e of MA10 was slightly higher than that o f MA30, followed by 
that of MA20, and that o f M B30 w as greater than that of MB 10, 
followed by that o f MB20, and that o f MC20 was apparently  
higher than that o f MC10 and followed by that of MC30. In 
deionized water, the disintegration tim e o f MA30 w as slightly  
higher than that of MA20, followed by that o f MA10. The 
increase the am ount of PEG400 reduced the disintegration tim e 
and the result w as reversed in MC tablets.

In deionized water, H tablets exhibited the 
apparently higher disintegration tim e than in dilute HC1 
solution. In both im m ersion fluids, the increase the am ount of 
propylene glycol reduced the disintegration tim e. For HB 
tablets, the increasing the am ount o f PEG400 increased the 
disintegration tim e in dilute HC1 solution and in deionized w ater
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F i g u r e  1 5  T h e  d i s i n t e g r a t i o n  t i m e  o f  c o r e  a n d  c o a t e d  t a b l e t s
( k e y : A - A f t e r  c o a t i n g , B - A f t e r  k e p t  a t  d i f f e r e n t  c o n d i t i o n ) .
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the disintegration tim e was ranked by H B20>H B30>H B10  
repectively. For HC tablets, the disintegration tim e in deionized  
water and dilute HC1 solution w as ranked by
HC20>HC10>HC30. In the sam e im m ersion fluids, the
disintegration time of HC tablets w as less than th at o f HB  
tablets.The disintegration tim e o f HA tablets in dilute HC1 
solution was less than that of HB tablets and nearly equal to that 
of HC tablets.

In case of LH tablets, the disintegration tim e in  
dilute HC1 solution was ranked by LH0>LHA20>LHA10>LHA30 
respectively, and the disintegration tim e in deionized w ater w as  
ranked by LHA20>LH0>LHA10>LHA30.

In both im m ersion fluids, CORE R exhib ited
slightly higher disintegration tim e than CORE, followed by 
CORE ร. The disintegration tim e of LO R in deionized w ater w as 
dom inantly greater than those of LO and LO ร, but in dilute HC1 
solution it was nearly equal to LO and slightly  higher than  that
o f LO ร. MO, MO R and MO ร show ed the sam e resu lt as
presented in LO tablets. For HO tablets, the d isintegration tim e of 
HO ร was less than that of HO R and that of HO R in deionized  
w ater w as higher than that in dilute HC1 solution. In both 
im m ersion fluids, the disintegration tim e o f LA10 tab lets w as 
ranked as LA10>LA10 R>LA10 ร, and the d isintegration tim e in 
dilute HC1 solution was less than that in deionized w ater. For 
LHO tablets, the disintegration time of LHO ร in dilute HC1 
solution was the slow est and nearly equal to th at in deionized  
water. The disintegration tim e o f LHO R in deionized w ater w as 
higher than in dilute HC1 solution and higher than LHO after  
coating, but the disintegration tim e of LHO R in dilute HC1 
soution was less than LHO after coating.

In the short, the disintegration tim e o f coated  
tablets was higher than that o f core tablet. In dilute HC1 
solution, L, H and LH tablets exhibited less d isintegration  tim e  
than in deionized water, but the result o f M tablets w as reversed. 
An increase in the am ount of propylene glycol rather reduced the  
disintegration tim e in both im m ersion fluids, w hile an increase in 
the am ount of PEG400 increased the disintegration tim e in dilute 
HC1 solution and reduced in deionized w ater. In case o f using  
triacetin as plasticizer, it indicated that an increase in  the
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am ount o f triacetin rater increased the disintegration tim e in  
both im m ersion fluids.

6. D issolution studies o f propranolol HC1 core and coated
tablets.

Typical calibration curve for propranolol HC1 data as 
determ ined by using linear regression is shown in Appendix II 
(Table 22)and Figure 80.

The dissolution profiles of propranolol HC1 from core 
and coated tablets are presented in Figures 16-31 and  
experim ental data are tabulated in Table 30 in Appendix II.

The dissolution data and profiles were dem onstrated  
in four categories : firstly, show ing the effect o f m olecular w eight 
of chitosan (Figs. 16 -19); secondly, show ing the effect o f type of 
plasticizer (Figs.20-22); Third, show ing the effect of concentration  
of plasticizer (Figs. 23-26); Finally, show ing the effect of 
accelerated condition (Figs. 27-31). The drug release o f each  
coated formulation was also compared w ith the drug release o f  
core tablet.

6.1 Molecular w eight o f chitosan
The variation in dissolution profiles o f 

propranolol HC1 from LO, MO, HO, LHO and core tab lets are 
depicted in Figure 16. These profile, showed that core tablet 
exhibited the highest drug release at each tim e interval. For HO, 
the percentage of drug dissolved w as higher than LO, MO and  
LHO during the first 12 m inutes and then slightly less than  that 
o f LHO. For LO, MO and LHO, the sim ilar pattern  o f 
dessolution profile and the am ount of drug released  were 
obtained except that after 12 m inutes which the drug released  of 
LHO was higher than the others. For LO, the percentage o f drug 
dissolved was slightly greater than MO.

Figure 17(A) illustrated the dissolution profiles 
o f drug from coated tablets using different grades o f ch itosan  
w ith 10% propylene glycol. The drug release from core tablet 
w as the fastest followed by LA10, LHA10, MA10, HA10
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F ig u r e l6  The dissolution profiles of propranolol HC1 from  
core, LO, MO, HO and LHO.
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F i g u r e  1 7  T h e  d i s s o l u t i o n  p r o f i l e s  o f  p r o p r a n o l o l  H C 1  f r o m
c o a t e d  t a b l e t s  p l a s t i c i z e d  w i t h  p r o p y l e n e  g l y c o l
( k e y : A - 1 0 % , B - 2 0 % , C - 3 0 % ) .
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F ig u r e  18 The dissolution profiles o f propranolol HC1 from
coated tablets plasticized w ith PEG 400(key:A-10% , 
B-20%, C-30%).
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F i g u r e  19  T h e d is so lu t io n  p r o file s  o f  p ro p r a n o lo l HC1 fro m
coa ted  ta b le ts  p la s t ic iz e d  w ith  tr ia c e t in  (k ey:A -10% ,
B-20% , c  30%)
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respectively . F o r HA10, th e  d ru g  d isso lu tion  w as h ig h e r th a n  
th a t  o f MA10 d u rin g  th e  firs t 3 m in u tes  an d  th e n  less th a n  
MA10 a t  each  tim e in te rv a l. W hen  u sin g  propylene glycol a t  
co n cen tra tio n  20 % พ/พ , as dep ic ted  in  F igure 17(B), th e  d ru g  
re lea se  o f LA20 w as h ig h e r th a n  those  o f MA20, HA20 a n d  
LHA20 respectively . MA20 show ed th e  slow est d ru g  re lea sed  
d u rin g  th e  f irs t 3 m inu tes, b u t a f te r  th a t  i t  exh ib ited  th e  d ru g  
re lea sed  g re a te r  th a n  HA20 an d  LHA20. LHA20 show ed th e  
slow est d ru g  re lease  a f te r  th e  f irs t 3 m in u tes . W hile in creas in g  
th e  co n cen tra tio n  o f propylene glycol to 30 % พ/พ, as show n in  
F ig u re  17(C), th e  p a tte rn  of d ru g  re leased  w as sim ila r to  w hen  
u sin g  20 %  พ/พ excep t th e  f irs t 3 m in u tes  th e  d rug  re lea sed  o f 
M A30 w as g re a te r  th a n  HA30 an d  LHA30, an d  th e  d ru g  re lea sed  
o f  H A30 w as very  eq u a l to LHA30 d u rin g  th e  f irs t 6 m in u tes.

T he d ru g  re leased  profiles of coated  ta b le ts  
u s in g  th re e  co n cen tra tio n s of PE G 400 as  p lastic izer a n d  u sin g  
d iffe ren t g rad es  o f ch ito san  as film  fo rm er a re  graph ically  show n 
in  F ig u res  18 (A, B an d  C). HB ta b le ts  show ed d o m in an tly  
slow er d ru g  re lease  th a n  th e  o th ers . W hen using  20 an d  30 %  
พ/พ of P E G 400  , th e  d ru g  re lease  of HB ta b le ts  exh ib ited  m uch  
slow er th a n  th o se  o f th e  o th e rs  a n d  LB ta b le ts  show ed g re a te r  
th e  d ru g  re lea se  th a n  MB tab le ts . W hen using  10 % พ/พ o f 
PE G 400, th e  d ru g  re lea sed  of MB system  w as sligh tly  g re a te r  
th a n  LB system .

T he d isso lu tion  profiles o f coated  ta b le ts  u s in g  
tn a e e t in  a s  p las tic ize r a n d  usin g  d iffe ren t g rades o f ch ito san  as 
film  fo rm er a re  p re sen te d  in F igu re  19 (A, B an d  C). F ig u re  19 
(A), th e  d ru g  re lea sed  o f LC 10 w as less th a n  th e  o th e rs  d u rin g  
th e  f irs t 3.5 m in u te s  a n d  th en  g rad u a lly  increased  to g re a te r  
th a n  th a t  of H C10, b u t s till less th a n  th a t  of MC10. A fter 9.5 
m in u te s  th e  d ru g  re leased  o f LC10 show ed sligh tly  h ig h e r th a n  
M C10. F rom  figure 19(B). T he am o u n t o f d ru g  re lea sed  o f 
LC20 w as be tw een  M C20 an d  HC20 d u rin g  th e  f irs t 3 m in u te s  
a n d  th e n  w as g re a te r  th a n  MC20 an d  H C20 except th a t  a f te r  19 
m in u tes ; H C20 produced  slighly  h ig h e r d isso lu tion  th a n  th e  
o th e rs . F rom  figure 19 (C), LC30 show ed  th e  lag  tim e an d  
slow est re lea se  d u rin g  th e  firs t 3 m in u tes  an d  th en  su d d en ly  
in c re ased  th e  d ru g  re leased  to g re a te r  th a n  HC30 a t  4 m in u te s  
a n d  eq u a l to M C30 a t  6 m in u tes  an d  th e n  less th a n  M C30 a t  each
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tim e in te rv a l. T he d ru g  re lea sed  o f HC30 w as low er th a n  th e  
o th e rs  d u rin g  a f te r  th e  f irs t 4 m in u tes.

6.2 Type of p las tic ize r

F ig u res  20 (A, B an d  C) a re  d isso lu tion  profiles 
o f d ru g  from  coated  ta b le ts  u s in g  ch ito san  L as  film fo rm er and  
o f d iffe ren t co n cen tra tio n  of th re e  p las tic izers . LA coated 
ta b le ts  ex h ib ited  m ark ed ly  h ig h e r d ru g  re lea sed  th a n  LB an d  LC 
coated  tab le ts , how ever th ey  w ere still less th a n  th a t  of core 
tab le t. T he p e rcen tag e  o f d ru g  re leased  of LC10 w as g rea te r  
th a n  LB 10, as sam e as  th e  d ru g  re leased  o f LC20 w as m ore th a n  
LB20 d u rin g  th e  f irs t 12 m in u te s  an d  th e n  n ea rly  eq u a l to th e  
o th e rs  d u rin g  a f te r  12 m in u tes . F or LC30, th e  d isso lu tion  profile 
ex h ib ited  th e  slow est d ru g  re lea se  w hich n ea rly  eq u a l to th a t  of 
LB30 d u rin g  th e  f irs t  3 m in u te s  th e n  g rad u a lly  sligh tly  g rea te r  
th a n  LB30 d u rin g  3 to 6 m in u te s  a n d  th e n  less th a n  LB30 d u rin g  
6 to 11.5 m in u tes , a n d  n ea rly  eq u a l to th e  o th e rs  d u rin g  a f te r
11.5 m in u tes .

T he d isso lu tion  profiles o f d ru g  from  coated  
ta b le ts  u s in g  ch ito san  M as film  fo rm er a n d  added  th ree  
p la s tic ize rs  a t  10, 20 an d  30 % พ/พ o f ch ito san  a re  d isp layed  in  
F ig u re  21 (A, B an d  C). T he d ru g  re leased  d u rin g  th e  f irs t 10 
m in u te s  M B 10 w as g re a te r  th a n  th a t  of MA10, b u t less th a n  th a t  
of M C10. A t 20 % พ/พ o f p lastic izers , F igu re  21 (B), T he d ru g  
re lease  o f M B20 w as s lig h tly  g re a te r  th a n  th a t  o f MA20 an d  th a t  
o f MA20 w as g re a te r  th a n  th a t  of M C20 a t  th e  f irs t 3 m in u tes. 
D u rin g  3 to 12.5 m in u tes , th e  d ru g  d issolved of MA20 w as 
a p p a re n tly  h ig h e r th a n  M B20 an d  M C20 an d  th e  d ru g  dissolved 
of M B20 w as n ea rly  eq u a l to M C20. F igure  21(C), revealed  th a t  
M B30 p roduced  d o m in an tly  slow er d ru g  re lease  th a n  MA30 an d  
M C30 d u rin g  th e  f irs t 15 m in u te s  an d  MA20 exh ib ited  sligh tly  
g re a te r  d ru g  re lease  th a n  M C30 d u rin g  th e  f irs t 7.5 m in u tes.

In  th e  case of u sin g  ch ito san  H  as film  fo rm er 
a n d  ad d ed  p las tic ize rs  a t  co n cen tra tio n  10, 20 a n d  30 % พ/พ of 
polym er, th e  d isso lu tion  profiles a re  p o rtray ed  in  F igu re  22. HB 
ta b le ts  ex h ib ited  th e  d ru g  g rad u a lly  re lease  an d  p roduced  th e  
trem en d o u sly  slow er d isso lu tion  th a n  HA a n d  HC tab le ts . 
F ig u re  22(A), th e  d ru g  re lea sed  of H C10 w as a p p a re n tly  g rea te r  
th a n  th o se  of HA10 a n d  H B10 tab le ts . T he d ru g  d isso lu tion
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F i g u r e  2 0  T h e  d is so lu t io n  p r o file s  o f  p ro p r a n o lo l HC1 fro m
ta b le ts  co a ted  w ith  p la s t ic iz e d  c h ito s a n  L
(key:A -10% , B-20% , C-30% ).
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F i g u r e  21  T h e  d is s o lu t io n  p r o f ile s  o f  p r o p r a n o lo l HC1 from
ta b le ts  c o a te d  w ith  p la s t ic iz e d  c h ito s a n  M
(k e y :A -10%, B -20% , C -30% ) .
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F i g u r e  2 2  T h e  d is s o lu t io n  p r o f ile s  o f  p ro p r a n o lo l HC1 from
ta b le ts  c o a te d  w ith  p la s t ic iz e d  c h ito s a n  H
(key:A -10% , B -20% , C-30% ).
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profile in F ig rue 22(B) show ed th a t  HA20 could  re lea se  th e  d ru g  
g re a te r  th a n  HC20 an d  HB20 as sam e as th e  d ru g  re lea sed  o f 
HA30 w as h ig her th a n  HC30 an d  HB20 a s  show n in  F ig u re  
22(C), except th a t  du rin g  th e  f irs t 3 m in u tes  th e  d ru g  d issolved o f 
HA30 w as n ea rly  equal to th a t  o f HC30. T h e  d ru g  re lea sed  of 
HA30 w as dom inan tly  g re a te r  th a n  th a t  o f H B30.

6.3 C oncen tra tion  of p las tic izer

The com parison  of d isso lu tio n  p ro files of 
p roprano lo l HC1 from coated  ta b le ts  u s in g  th re e  co n cen tra tio n s  
(10, 20 and  30 % พ/พ of polym er) of th re e  p la s tic ize rs  w as 
d em o n stra ted  as following rem ark s .

For ch ito san  L as film  fo rm er, T he p lastic ized  
film  coated  tab le t w ith  th re e  co n cen tra tio n s o f p ropy lene  glycol 
(LA10, LA20 and  LA30) exh ib ited  th e  fa s te r  d ru g  d isso lu tio n  
th a n  unplastic ized  coated  ta b le t (LO), a s  i l lu s tra te d  in  F ig u re  
23(A). T hese th ree  fo rm u lars  show ed th e  sam e  d ru g  re lea se  
p a t te rn  w hich th e  fa s te s t d ru g  re lease  w as from  LA30, follow ed 
by LA20 and  LA10 respectively , how ever, d ru g  re lea sed  from  
th ese  th ree  profiles w as very  n ea rly  equal. T he d isso lu tio n  
p rofilles of plasticized film  coated  ta b le t w ith  PE G 400, as  show n  
in F igure 23(B), d isplayed th e  slow er d ru g  d isso lu tio n  th a n  LO. 
All th ese  plasticized fo rm ulas exh ib ited  th e  lag  tim e  d u rin g  th e  
f irs t 3 m in u tes  and  show ed th e  sam e d ru g  re lea se  p a t te rn  w hich  
th e  d ru g  dissolved w as very  n ea rly  eq u a l d u rin g  th e  f irs t  7.5 
m in u tes . T he dissolution  profiles of p las tic ized  coated  ta b le t  
w ith  triace tin , as depicted in  F igu re  23(C), show ed  th a t  th e se  
th re e  fo rm ulas had  th e  lag  tim es d u rin g  th e  f irs t  3 m in u te s  
w hich  LC30 show ed th e  low est d ru g  re leased , follow ed by th o se  
of LC20 and  LC10 respectively . LC30 p ro d uced  slow er d ru g  
re lease  th a n  LO, and  LC20 sligh tly  h ig h e r th a n  LC 10 d u rin g  4 to 
12 m in u tes.

For ch ito san  M, th e  d ru g  re le a se d  o f coa ted  
tab le ts  w hich used  propylene glycol as p la s tic ize r is i l lu s tra te d  in  
F igure  24(A). The d ru g  d isso lu to in  of MO w as s lig h tly  g re a te r  
th a n  MA20 du ring  the  f irs t 9 m in u tes  a n d  h ig h e r  th a n  t h a t  of 
MA10 d u rin g  the  first 12 m in u tes, b u t ex h ib ited  low er th a n  th a t  
of th a t  of MA30 a t each tim e in te rv a l. T he lag  tim es w ere  
ap p a ren tly  seen  in d isso lution  p rofiles of MA10 a n d  MA20 d u rin g



th e  f irs t 3 m in u tes. W hen u sin g  PEG 400 as  p las tic izer, as 
i l lu s tra te d  in F igure 24(B), the  d ru g  re leased  of M B30 w ere  less 
th a n  th a t  of MO du rin g  th e  firs t 13.5 m in u tes  an d  less th a n  th o se  
o f MB 10 an d  MB20 a t  each tim e in te rv a l. T he p ro files also 
exh ib ited  th e  lag  tim es of MB tab le ts  w hich th e  slow est d ru g  
re lease  d u rin g  th e  firs t 3 m in u tes w as from  MB30, follow ed w ith  
those  o f MB20, MB 10 an d  MO respectively . T he d isso lu tion  
p rofiles of th e  system  using  tr ia ce tin  a re  show n in  F ig u re  24(C). 
T he d ru g  re leased  of MC20 w as less th a n  those  o f th e  o th e rs  a t  
each  tim e in te rv a l and  clearly  show ed th e  lag  tim e d u rin g  th e  
f irs t 3 m in u tes . T he d ru g  re leased  of M C10 w as g re a te r  th a n  
th a t  of M C30 d u rin g  the firs t 8 m in u tes  a n d  g re a te r  th a n  th a t  of 
MO d u rin g  th e  f irs t 12 m inutes.

For ch itosan  H, th e  d isso lu tion  p ro files of 
coated  ta b le t p rep a red  by using  th re e  p las tic izers  a t  d iffe ren t 
co n cen tra tio n s a re  com parable. W hen u sin g  p ropy lene glycol as 
p las tic izer (F igure 25(A)), th e  slow est d ru g  d isso lu tio n  w as 
o b ta in ed  from  HA10 and  th e  d ru g  re lea sed  of H A20 w as slig h tly  
g re a te r  th a n  HA30. All p lastic ized  film  coated  fo rm u las  u s in g  
p ropylene glycol h ad  the d ru g  re lease  slow er th a n  HO d u r in g  th e  
f irs t 12 m in u tes. For HB tab le ts, as depic ted  in F ig u re  25(B), 
th e  slow est d ru g  re lease  w as o b ta in ed  from  H B20, follow ed by 
those  o f HB30, HB10 and  HO. All th ese  p lastic ized  fo rm u las  
d isp layed  th e  lag  tim e in  the  ea rly  stag e  ab o u t th e  f ir s t  6 
m in u tes . A fter th e  lag tim e, HB20 an d  H B30 g rad u a lly  re le a se d  
th e  d ru g  w hich w as slow er th a n  HB10. T he d isso lu tion  p ro files 
of HC ta b le ts  (Fig. 25(C)) show ed th a t  all p lastic ized  film  coa ted  
fo rm u las p roduced  th e  d ru g  re lease  slow er th a n  core ta b le t  an d  
HO. H C10 produced  fa s te r  d ru g  re lease  th a n  H C20 an d  H C30. 
D urin g  th e  f irs t 5 m inutes, the  d ru g  re lease  o f H C20 w as th e  
slow est an d  th a t  of HC10 w as n ea rly  eq u a l to th a t  o f H C30. T he 
d ru g  re lease  of HC30 w as slow er th a n  H C20 a t  each  tim e  
in te rv a l a f te r  5 m inu tes.

For ch itosan  LH, th e  d isso lu tion  p ro files of 
fo rm u las p rep a red  by using  propylene glycol a s  p la s tic iz e r a re  
dep ic ted  in F igure 26. The slow est d isso lu tion  p rofile  w as 
o b ta in ed  form  LHA20, an d  d u rin g  th e  f irs t 3 m in u te s  th e  p rofile  
o f LHO show ed th e  slow est d ru g  re lease  w hich  w as n e a r ly  e q u a l 
to th a t  of LHA20, followed by LHA30 an d  LH A10 respec tive ly .
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F i g u r e  2 3  T h e  d is s o lu t io n  p r o file s  o f  p ro p ra n o lo l HC1 from  ta b le ts
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(k ey :A -p ro p y len e  g ly co l, B -P E G 4 0 0 , C -tr ia c e tin ) .



DRUG RELEASE!*)
88

F ig u r e  26 T he d isso lu tion  p ro files of p ro p ran o lo l HC1 from  ta b le ts  
coated  w ith  u n p lastic ized  a n d  p lastic ized  ch ito san  LH.
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F ig u r e  27 The d isso lu tion  p ro files o f p ro p ran o lo l HC1 from  
IN D ER A L a n d  core ta b le t  a f te r  k e p t a t  d iffe ren t 
condition.
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6.4 A fter exposure  to acce le ra ted  condition .

T he com parison  of d ru g  d isso lu tion  a f te r  
p rep a ra tio n , k ep t a t  room  te m p e ra tu re  for 1 w eek  an d  a f te r  
con tacted  w ith  acce lera ted  cond ition  for 1 w eek  a re  g rap h ica lly  
illu s tra te d  in  F igu res 27-30.

The d isso lu tion  profile in  F ig.27 o f core ta b le t  
a f te r  p rep a ra tio n  w as n ea rly  e q u a l to th a t  a f te r  k e p t for 1 w eek  
a t  room  te m p e ra tu re  (CORE R), b u t s lig h tly  slow er th a n  th a t  
a f te r  exposure to acce lera ted  cond ition  (CO RE ร) a n d  th e  d ru g
re lease  of com m ercial ta b le t (Indera l® ) w as slig h tly  slow er th a n  
th e  o th e rs  d u rin g  th e  f irs t 9 m in u tes , a n d  th e n  a ll d isso lu tio n  
profiles d isp layed  n ea rly  equal.

The d ru g  d isso lu tio n  profile o f L0 a f te r  
exposure to acce lera ted  condition  in d ica ted  th a t  th e  d ru g  re lea se  
w as d ram atica lly  slow er th a n  L0 a n d  LO R, as  show n in  F ig u re  28 
(A). T he d ru g  re leased  o f LO R w as also m ark ed ly  low er th a n  L0, 
an d  also show ed th e  lag  tim e d u rin g  th e  f irs t 6 m in u te s  a n d  th e n  
th e  d isso lu tio n  p rofile  w as to  be a  s t r a ig h t  lin e  d u rin g  6Û¥-D+@  
m in u tes  an d  th e n  reached  to th e  p la te a u  p h ase . T he lag  tim e  of 

LO R w as longer th a n  L0. T he re lea sed  profile of L0 ร  show ed  
n ea rly  to be a s tra ig h t line.

T he d ru g  d isso lu tio n  p ro files o f MO a n d  HO 
a f te r  exposure to acce le ra ted  cond ition  in  F ig u re  28(B) an d  
F igu re  28(C) respectively , show ed th e  d ram a tica lly  red u c in g  th e  
d ru g  d isso lu tion  and  w ere also n e a r ly  to be a  s tr a ig h t  line. T he 
d isso lu tion  profiles of MO R a n d  HO R w ere  n e a rly  to be a  lin e a r  
d u rin g  th e  f irs t 21 m in u tes  an d  th e n  g rad u a lly  to th e  p la te a u  
ph ase , an d  could no t observed  th e  lag  tim e o f HO R , b u t  could 
see a sm all lag  tim e from  MO R d u rin g  th e  f irs t  3 m in u tes .

The d ru g  re lea se  o f LHO ร as show n in  F ig u re  
29(A) w as also d om inan tly  slow er th a n  th a t  o f LHO an d  s lih g tly  
slow er th a n  th a t  of LHO R. LHO R p rov ided  a m ax im u m  d ru g  
re leased  only 57.57 % a t  30 m in u tes . T he d isso lu tio n  p ro files of 
LHO R an d  LHO ร w ere n ea rly  to be a l in e a r  d u rin g  9 to 30

T h e d ru g  r e le a s e d  a t  e a c h  t im e  in te r v a l  o f  L H A 1 0  w a s  g r e a te r
th a n  L H A 30  a n d  fo llo w ed  b y  t h a t  o f  L H A 2 0  r e s p e c t iv e ly .
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----  LO - t -  LO R LO ร

DRUG R E L E A S E D )

MO MO R MO ร

DRUG R E L E A S E ( % )

---- HO —t— HO R HO ร

F i g u r e  2 8  T h e  d is so lu t io n  p ro file s  o f  p ro p r a n o lo l HC1 fro m
co a ted  ta b le t  a fte r  k e p t  a t  d if fe r e n t  c o n d it io n (k e y :
A-LO, B-MO, C-HO).
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DRU G R E L E A S E ! * )

F ig u r e  29 The d isso lu tion  profiles o f p ro p ran o lo l HC1 from  coated  
tab le t a f te r  k ep t a t  d iffe ren t condition  (key: A-LHO, 
B-LA10).
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F ig u r e  30 T he d isso lu tion  p ro files o f p ro p ran o lo l HC1 from  coated  
ta b le t  a f te r  k e p t a t  room  te m p e ra tu re  for 1 w eek.

D R U G  R E L E A S E D )

—  LOS —1— LA10 ร * MO ร -O- HO S -----LHO s

F ig u r e  31 T he d isso lu tion  p ro files o f p ro p rano lo l HC1 from  coated  
ta b le t  a f te r  ex p o su re  to acce le ra ted  condition .
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m in u tes . T he slopes o f d isso lu tio n  p rofiles o f LHO R an d  LHO ร 
d u rin g  th e  f irs t 9 m in u te s  w ere  slig h tly  less th a n  d u rin g  9 to 30 
m in u tes, b u t LHO a p p a re n tly  show ed  th e  lag  tim e d u rin g  th e  f irs t 
3 m in u tes.

T he d ru g  re lea se  of LA10 R as  p re se n te d  in  
F igu re  29(B) show ed th e  lag  tim e d u rin g  th e  f irs t 3 m in u te s  and  
exh ib ited  th e  d ru g  re lea se  w hich  w as slow er th a n  LA 10, an d  th e  
d isso lu tion  profile o f LA10 ร  in d ica ted  th a t  th e  d ru g  re lease  w as 
a p p a ren tly  slow er th a n  those  o f LA10 R a n d  LA10.

T he d isso lu tio n  p ro files o f film  coated  ta b le ts  
w hich w ere k ep t a t  room  te m p e ra tu re  for 1 w eek  a re  dep ic ted  in  
F igu re  30. T he a m o u n t of d ru g  re lea sed  of only LHO R could not 
reach  th e  p la te a u  s tag e  in  th e  f irs t 30 m in u tes . T he d rug  
re leased  o f LA10 R w as g re a te r  th a n  th a t  o f LO R, an d  MO R w as 
n ea rly  eq u a l to HO R.

T he d isso lu tio n  profiles o f coated  ta b le ts  a f te r  
exposure to acce le ra ted  cond ition  a re  i l lu s tra te d  in  F ig u re  31. 
T he profile of L0 ร  ex h ib ited  th e  slow est d ru g  re leased , followed 
by th a t  o f MO ร d u rin g  th e  f ir s t  20 m in u te s  a n d  th e n  th e  d ru g  
re leased  o f M 0 ร w as h ig h e r  th a n  LA10 ร. T he d ru g  re lea sed  of 
LHO ร d u rin g  th e  f irs t  6 m in u te s  w as closely eq u a l to th o se  of 
LA10 ร a n d  HO ร, a n d  th e n  w as g re a te r  th a n  th a t  o f LA10 ร 
b u t low er th a n  th a t  o f HO ร.

7. T he ap p ea ran ce  of co a ted  tab le ts .

T he p ic tu re  o f LHO as  d isp layed  in  F igu re  32 show ed 
th a t  coated  ta b le ts  w ere  yellow ish  a n d  glossy a n d  a f te r  
sub m ersio n  in  deionized  w a te r  for 5 m in u te s  as  dep ic ted  in 
F igure  32(C) th e  co a tin g  lay e r sw elled  a n d  a t r a n s p a re n t  gel 
lay e r a ro u n d  th e  core ta b le t  w as ob ta in ed . A fte r k e p t a t  room  
te m p e ra tu re  for 1 w eek  th e  color o f coated  ta b le ts  w as m ore 
yellow ish as dep ic ted  in  F ig u re  33(1)(A) a n d  a f te r  exposure  to 
acce lera ted  condition  as  i l lu s tra te d  in F ig u re  33(1)(B) its  color 
w as changed  to brow n, an d  a f te r  d isso lu tion  te s t  of coated  ta b le ts  
exposed to acce le ra ted  cond ition  i t  s till  show ed  brow n, glossy 
undisso lved  film  coated  ta b le t  as show n in  F ig u re  33(1)(C). 
S im ila r re su lts  w ere ex h ib ited  in  ta b le ts  o f L0, M0, HO a n d  LA10 
as show n in  F igu re  33(2)(A, B, c  an d  D) excep t th e  ta b le t  of M0
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F ig u r e  32 The appearance  o f coated  tab let(L H O )(key:A -low
m agnification, B -high m agn ification , C-in deion ized  
w a te r for 5 m inutes).



F ig u r e  33(1) The ap p earance  o f coated  tablet(LH O )( k ey :A -afte r 
k ep t a t  room  te m p e ra tu re  for 1 w eek, B -a fte r 
exposure to acce lera ted  condition , C -afte r ex p o su re  
to acce lera ted  condition a n d  d isso lu tio n  tes t) .

F i g u r e  3 3 (2 )  T h e  a p p ea r a n c e  o f  c o a te d  ta b le t s  a f te r  e x p o s u r e  to
a cc e ler a te d  c o n d itio n  a n d  d is s o lu t io n  te st(k ey :A -L O ,
B-MO, C-HO, D -L A IO ).
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ร a f te r  d isso lu tion  te s t  h ad  th e  edge sp littin g  show ing  th e  inside 
tab le t.

8. S urface  topography

S can n in g  e lec tron  m icrog raphs show ing th e  su rface  
to pography  of core an d  coated  tab le ts  a re  illu s tra te d  in F ig u res 
34-56. T he su rfaces a t  crow n a re a  a t  m agnification  75 an d  2000, 
an d  edge a re a s  a t  m agn ification  75 of th e  tab le ts  a re  depicted .

8.1 Core ta b le t

T he su rface  topography  of th e  core ta b le t  is 
i l lu s tra te d  in  F ig  34 (A,B a n d  C). T he rough  su rface  co n ta in in g  
th e  com pressed  s tru c tu re  of g ran u le s  an d  o th e r added  add itives 
w as c learly  depicted .

8.2 C oated  ta b le t

A reas of coated  ta b le t w ere sam pled  an d  
p h o to g rap hed . F ig u res  35-39, 40-44, 45-49, an d  50-51 a re  
illu s tra tio n s  o f coated  ta b le ts  u s in g  ch ito san  L, M, H an d  LH as 
film  fo rm er resp ec tiv e ly ,an d  F ig u res  52-55 a re  illu s tra tio n s  of 
coated  ta b le ts  w hen  exposed to acce lera ted  condition  w ith  an d  
w ith o u t sub jected  to d isso lu tion  tes t.

8.2.1 C h ito san  L

T he pho tom icrographs of L0 ex h ib ited  
r a th e r  sm ooth  su rface  an d  a  few of very  sm all po res on su rface . 
F or LA10, LA20 an d  LA30, th e ir  su rfaces h ad  degree of 
sm o o th n ess less th a n  th a t  of L0. LA10 h ad  sligh tly  m ore som e 
m o d era te  a n d  v ery  sm all pores on su rface  th a n  LA20 an d  LA30.

T he SEM  pho tom icrographs of LB 10 an d
LB20 il lu s tra te d  m an y  w hite  needle sh ap ed  c ry s ta l in  th e  film  
tex tu re . T he len g th  of th e  p artic le  w as ab o u t 5-100 m icron. By 
m ean s of com parison , LB20 com posed o f m ore p a rtic le s  th a n  
LB 10. T he p h o tom icrographs of LB20 an d  LB30 show ed th a t  
th e re  w ere w h ite  m old-like spo ts w hich occurred  in  LB30 m ore 
th a n  in  LB20. In  add ition , no needle sh ap ed  c ry s ta l could be 
observed  in  LB30. T hese  tab le ts  com posed of m ed ium  to very
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c
F i g u r e  3 4  T h e  p h o to m ic r o g r a p h s  o f  co re  ta b le t(k e y :A -c r o w n * 7 5 ,

B -cr o w n * 2 0 0 0 , C -e d g e * 7 5 )) .
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F i g u r e  3 5  T h e  p h o to m ic r o g r a p h s  o f  c o a te d  ta b le t(k ey :A -C (L O )
(A -crow n * 7 5 , B -c r o w n * 2 0 0 0 , C -e d g e* 7 5 ) , D -F (L A IO )
(D -cro w n * 7 5 , E -c r o w n * 2 0 0 0 , F -e d g e * 7 5 )) .
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F i g u r e  3 6  T h e  p h o to m ic r o g r a p h s  o f  c o a te d  ta b le t(k e y :A -C (L A 2 0 )

(A -crow n * 7 5 , B -c r o w n * 2 0 0 0 , C -e d g e* 7 5 ) , D -F (L A 3 0 )
(D -cro w n * 7 5 , E -c r o w n * 2 0 0 0 , F -e d g e * 7 5 )) .
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F i g u r e  3 7  T h e  p h o to m ic r o g r a p h s  o f  c o a te d  ta b le t(k e y :A -C (L B 1 0 )

(A -crow n * 7 5 , B -c r o w n * 2 0 0 0 , C -e d g e * 7 5 ) , D -F (L B 2 0 )
(D -cro w n * 7 5 , E -c r o w n * 2 0 0 0 , F -e d g e * 7 5 )) .
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F i g u r e  3 8  T h e  p h o t o m i c r o g r a p h s  o f  c o a t e d  t a b l e t ( k e y : A - C ( L B 3 0 )

( A - c r o w n * 7 5 ,  B - c r o w n * 2 0 0 0 ,  c  e d g e * 7 5 ) ,  D - F ( L C I O )
( D - c r o w n * 7 5 ,  E - c r o w n * 2 0 0 0 ,  F - e d g e * 7 5 ) ) .
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c F
F i g u r e  3 9  T h e  p h o t o m i c r o g r a p h s  o f  c o a t e d  t a b l e t ( k e y : A - C ( L C 2 0 )

( A - c r o w n * 7 5 ,  B - c r o w n * 2 0 0 0 ,  C - e d g e * 7 5 ) ,  D - F ( L C 3 0 )
( D - c r o w n * 7 5 ,  E - c r o w n * 2 0 0 0 ,  F - e d g e * 7 5 ) ) .
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sm all pores on surface liked  in ta b le t o f  LA20 an d  LA30, b u t the  
degree o f sm ooth n ess w as rather le ss  th an  LA tab le ts .

The su rfaces o f  LC10, LC20 an d  LC30  
tab le ts  w ere rather sm ooth  w ith  som e sm a ll pores a t  th e  crow n  
area. The am ount o f pores could be ran k ed  a s ะ 
LC30>LC 20>LC 10. M orever, th ere  w ere irregu lar  an d  rod 
sh ap ed  particles o f  0.5-3 m icron on th e  film  su rface . T h e a m ou n t  
o f p articles could be ranked as L C 10>L C 30>L C 20.

8.2 .2  C hitosan  M

The surface o f MO (F ig 40 A ,B  a n d  C) w a s  
rather sm ooth , but show ed le ss  d egree o f sm o o th n e ss  th a n  th a t  
o f surface o f L0 at h igh  m agn ification . In ad d ition  th ere  w ere  
m any m edium -sized  pores p resen ted  on th e crow n an d  ed ge  o f  
coated  tab let.

By m ean s o f com parison , th e  d eg ree  o f  
sm oo th n ess o f M A30 w as h igh er  th an  M A10 an d  M A 20. T h ese  
th ree tab lets com posed o f som e pores w h ich  th e  a m o u n t cou ld  be 
ranked  as ะ M A30<M A20<M A10.

The m icroscopic apperance o f ta b le ts  coated  
w ith  M con ta in in g  PE G 400 as p la stic izer  sh o w ed  th a t  th ere  
w ere a few7 particles and W'hite m old-like sp ots on th e  su rfa ce  o f  
M B 10, but the surfaces o f  M B20 and M B 30 m ain ly  e x h ib ited  on ly  
w h ite  m old-like spots as occurred in L B20 and  L B 30. T he  
am ou n t o f  พ7hite  m old-like sp ots could be ran k ed  a s fo llow ed  ะ 
M B 30>M B 20>M B 10. T he surface o f  th ese  th ree  ta b le ts  w ere  
rather sm ooth  w ith  som e sm all creek s on the edge o f  th e  tab le t.

The p ictu res sh ow ed  th a t th e  su rfa ce  w a s  
rath er rough in M C10. T here w ere m an y p ores on su rfa ce  o f  
M C10 and M C30, esp ecia lly  a t th e  ed ge o f th e  la tter  ta b le t. T he  
degree o f sm ooth n ess could be ran k ed  as ะ M B 20> M B 10> M B 30 . 
Som e particles w ere deposited  on th e  surface o f th e  film  พ7h ich  
the am ou n t o f p articles could be ran k ed  as : M B 30> M B 20> M B 10 .
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F i g u r e  4 0  T h e  p h o t o m i c r o g r a p h s  o f  c o a t e d  t a b l e t ( k e y : A - C ( M O )
( A - c r o w n * 7 5 ,  B - c r o w n * 2 0 0 0 ,  C - e d g e * 7 5 ) ,  D - F ( M A I O )
( D - c r o w n * 7 5 ,  E - c r o w n * 2 0 0 0 ,  F - e d g e * 7 5 ) ) .
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c F

F i g u r e  4 1  T h e  p h o t o m i c r o g r a p h s  o f  c o a t e d  t a b l e t ( k e y : A - C ( M A 2 0 )
( A - c r o w n * 7 5 ,  B - c r o w n * 2 0 0 0 ,  C - e d g e * 7 5 ) ,  D - F ( M A 3 0 )
( D - c r o w n * 7 5 ,  E - c r o w n * 2 0 0 0 ,  F - e d g e * 7 5 ) ) .
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F i g u r e  4 2  T h e  p h o t o m i c r o g r a p h s  o f  c o a t e d  t a b l e t ( k e y : A - C ( M B 1 0 )
( A - c r o w n * 7 5 ,  B - c r o w n * 2 0 0 0 ,  C - e d g e * 7 5 ) ,  D - F ( M B 2 0 )
( D - c r o w n * 7 5 ,  E - c r o w n * 2 0 0 0 ,  F - e d g e * 7 5 ) ) .

; / l  "N -
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F i g u r e  4 3  T h e  p h o t o m i c r o g r a p h s  o f  c o a t e d  t a b l e t ( k e y : A - C ( M B 3 0 )
( A - c r o w n * 7 5 ,  B - c r o w n * 2 0 0 0 ,  C - e d g e * 7 5 ) ,  D - F ( M C I O )
( D - c r o w n * 7 5 ,  E - c r o w n * 2 0 0 0 ,  F - e d g e * 7 5 ) ) .
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F i g u r e  4 4  T h e  p h o t o m i c r o g r a p h s  o f  c o a t e d  t a b l e t ( k e y : A - C ( M C 2 0 )
( A - c r o w n * 7 5 ,  B - c r o w n * 2 0 0 0 ,  C - e d g e * 7 5 ) ,  D - F ( M C 3 0 )
( D - c r o w n * 7 5 ,  E - c r o w n * 2 0 0 0 ,  F - e d g e * 7 5 ) ) .
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F i g u r e  4 5  T h e  p h o t o m i c r o g r a p h s  o f  c o a t e d  t a b l e t ( k e y : A - C ( H O )
( A - c r o w n * 7 5 ,  B - c r o w n * 2 0 0 0 ,  c  e d g e * 7 5 ) ,  D - F ( H A I O )
( D - c r o w n * 7 5 ,  E - c r o w n * 2 0 0 0 ,  F - e d g e * 7 5 ) ) .
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F i g u r e  4 6  T h e  p h o t o m i c r o g r a p h s  o f  c o a t e d  t a b l e t ( k e y : A - C ( H A 2 0 )
( A - c r o w n * 7 5 ,  B - c r o w n * 2 0 0 0 ,  C - e d g e * 7 5 ) ,  D - F ( H A 3 0 )
( D - c r o w n * 7 5 ,  E - c r o w n * 2 0 0 0 ,  F - e d g e * 7 5 ) ) .
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F i g u r e  4 7  T h e  p h o t o m i c r o g r a p h s  o f  c o a t e d  t a b l e t ( k e y : A - C ( H B 1 0 )

( A - c r o w n * 7 5 ,  B - c r o w n * 2 0 0 0 ,  C - e d g e * 7 5 ) ,  D - F ( H B 2 0 )
( D - c r o w n * 7 5 ,  E - c r o w n * 2 0 0 0 ,  F - e d g e * 7 5 ) ) .
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F i g u r e  4 8  T h e  p h o t o m i c r o g r a p h s  o f  c o a t e d  t a b l e t ( k e y : A - C ( H B 3 0 )

( A - c r o w n * 7 5 ,  B - c r o w n * 2 0 0 0 ,  C - e d g e * 7 5 ) ,  D - F ( H C I O )
( D - c r o w n * 7 5 ,  E - c r o w n * 2 0 0 0 ,  F - e d g e * 7 5 ) ) .
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F i g u r e  4 9  T h e  p h o to m icro g ra p h s  o f  co a te d  ta b le t(k e y :A -C (H C 2 0 )
(A -crow n *75 , B -cro w n * 2 0 0 0 , C -ed g e* 7 5 ), D -F (H C 3 0 )
(D -crow n *7 5 , E -cro w n * 2 0 0 0 , F -e d g e * 7 5 )).
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F i g u r e  5 0  T h e  p h o to m ic r o g r a p h s  o f  c o a te d  ta b le t(k ey:A -C (L H O )
(A -crow n * 75 , B -cr o w n * 2 0 0 0 , C -ed g e* 7 5 ), D -F (L H A IO )
(D -crow n * 7 5 , E -cro w n * 2 0 0 0 , F -e d g e * 7 5 )) .
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F i g u r e  51 T h e p h o to m ic r o g r a p h s  o f  c o a te d  ta b le t(k e y :A -C (L H A 2 0 )
(A -crow n *7 5 , B -c r o w n * 2 0 0 0 , C -e d g e * 7 5 ) , D -F (L H A 3 0 )
(D -crow n *7 5 , E -c r o w n * 2 0 0 0 , F -e d g e * 7 5 )) .
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The SEM  p h o tom icrographs o f HO show ed  
th a t  th e  su rface w as ra th e r  rough w ith  som e m ed iu m -sized  po res 
on th e  crow n and  very  sm all pores a t  th e  edge o f tab le t.

The surface of a ll th e se  ta b le ts  w as 
sm o o th er th a n  HO. The n u m b er of defect on th e  su rface  could  be 
ra n k e d  as : HA30>HA10>HA20.

M any needle sh ap ed  c ry s ta ls  o f ab o u t 5-200 
m icron w ere occurred  in the film tex tu re . T hese  p a rtic le s  w ere 
lo n ger th a n  those found in LB and  MB system s. T he n u m b e r  of 
p a rtic les  could be ra n k e r  as : H B 10>H B 20>H B30 an d  th e  a m o u n t 
o f w h ite  m old-like spots found on film su rfaces could be ra n k e d  
as  ะ H B20>HB30>H B10. All tab le ts  com posed of som e m ed iu m  
sized  pore w hich th e  am o u n t could be ra n k e d  ะ 
H B 30>H B 10>H B20 and  degree of sm oo thness could be ra n k e d  as 
:HB0>HB10>HB30.

T here w ere m any  sm a ll po res a n d  som e 
m ed ium  sized pores on surface of HC tab le ts . T he a m o u n t of 
p a rtic le s  could be ra n k e d  as ะ H C20>H C 10>H C30. T he  su rface  
o f HC system  w as ra th e r  rough. T he low est d eg ree  o f 
sm o o th n ess w as found in HC20.

8.2.4 C om bined ch ito san  L an d  H

The ra th e r  sm ooth  su rface  o f LHO h ad  
som e partic le  deposited. T hese p artic les  w ere ir re g u la r  sp h a p e  
an d  n arrow  size rang e  of 0.2-50 m icron. T he very  sm a ll p o res  
w ere m ain ly  observed in the  surface.

The surface of LHA10 w as r a th e r  ro u g h  
deposited  w ith  som e irre g u la r  shaped  p artic les  an d  som e defects 
w ere  also clearly  seen. The su rface  of LHA20 w as r a th e r  sm o o th  
com posed of some pores . T here w ere m any  defects in  su rfa ce  of 
LHA30 an d  the  surface w as ra th e r  rough.

8.3 Coated tab le t a f te r  exposu re  to ac ce le ra ted  
condition  and  coated tab le t a f te r  exposure acce le ra ted  cond ition  
a f te r  d isso lu tion  test.
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The SEM  photom icrographs of LO a fte r  exposu re  
to acce le ra ted  condition (LO ร) show ed a sm all crack on su rface . 
T h e  degree of sm oothness of LO and  LO ร w as alike, b u t  th e  
am o u n t o f pores of LO ร w as few er th a n  LO. T he su rface  o f LO ร 
a f te r  d isso lu tion  te s t  a t  low m agnification  w as sm o o th er th a n  
t h a t  o f LO, b u t a t  h igh  m agnification  th e re  w ere m any  p a rtic le s  
w hich  im beded  in th e  surface. T hese p artic les  w ere ir re g u la r  
a n d  rod  sh ap es  w hich th e  len g th  w as ab o u t 2-100 m icron. T he 
su rface  w as also seen  m any  pores occurred  b e tw een  p artic les .

The surface of LA10 ร w as sm o o th er th a n  LA10. 
T he a m o u n t of pores w as few er th a n  th a t  of LA10 an d  th e re  w as 
a  sm a ll crack  a t  th e  edge of the  tab le t. T he m icroscopic 
ap p e ran ce  o f LA10 ร a f te r  d isso lu tion  te s t show ed th e  ir re g u la r  
an d  rod sh ap es p artic les im beded in th e  surface . The le n g th  of 
th e  p a rtic les  w as ab o u t 0.5-250 m icron. M ost p a rtic le s  w ere  
la rg e r  th a n  found in LO ร a f te r  d isso lu tion  te s t. T he a m o u n t an d  
size o f po res of LA10 an d  LA10 ร a fte r  d isso lu tion  te s t  w ere a like .

The surface of MO ร w as sm o o th er th a n  MO. T he 
su rface  o f MO ร a fte r  d isso lu tion  te s t had  th e  ir re g u la r  a n d  rod 
sh a p es  p a rtic les  im beded in th e  surface; th e  len g th  of th e se  
p a rtic le s  w as abou t 0.5-80 m icron. The am o u n t of sm all p o res 
w as few er th a n  found in M0 an d  M0 ร.

The surface of HO ร h ad  m any  cracks occurrence 
a n d  could be observed som e crysta ls deposited  n e a r  th e  crack  
w hich  m ig h t be th e  c rysta l of som e su b stan ce  in core ta b le t  
com ponen t. T he degree of sm oothness of HO ร a f te r  d isso lu tio n  
te s t  w as m ore th a n  th a t  of HO ร. The ir re g u la r  an d  rod p a rtic le s  
w ere  found  im beded in surface. The len g th  of th ese  p a rtic le s  
w as ab o u t 0.5-30 m icron an d  long sc ra tch s could be observed  
n e a r  th e  defect of the  film surface as show n in F igu re  55 D. T he 
len g th  of th ese  sc ra tch s w as abou t 30-350 m icron.

L arge cracks on surface of LH0 ร w ere c learly  
seen  an d  som e w rink les w ere also observed  a t  h ig h e r 
m agn ification . The su rface  of LH0 ร a f te r  d isso lu tion  te s t  
com posed of m any  long sc ra tch s an d  som e ir re g u la r  p a rtic le s . 
T he len g th  of the  sc ra tch s w as abou t 75-350 m icron a n d  th e  
len g th  of p artic le  w as ab o u t 0.3-75 m icron. T h ere  w as little  long 
cracks occurred  inside som e scra tchs. Some w rin k le s  also could
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c  F

F ig u r e  52 T he pho tom icrographs o f coated  tablet(key:A-C(LO ร) 
(A-crown*75, B-crow n*2000, C-edge*75), D -F(L0 ร 
a f te r  d isso lu tion  test)(D -crow n*75, E-crow n*2000, 
F-edge*75)).
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c  F

F ig u r e  53 The p h o to m icro grap h s of coated  tablet(key:A -C (L A 10 ร) 
(A-crown*75, B-crow n*2000, C-edge*75), D-F(LA10 ร 
afte r d issolution)(D -crow n*75, E-crow n*2000, 
F-edge*75)).
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c  F

F ig u r e  54 The photom icrographs of coated  tablet(key:A -C(M O  ร) 
(A-crown*75, B-crown*2000, C-edge*75), D -F(M 0 ร 
afterd issolu tion)(D -crow n*75, E -crow n*2000, 
F-edge*75)).
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c  F

F ig u r e  55 The pho tom icrographs of coated  tablet(key:A -C (H 0 ร) 
(A-crown*75, B-crown*2000, C-edge*75), D -F(H 0 ร 
a f te r  dissolution)(D -crow n* 75, E-crow n*2000, 
F-edge*75)).
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F ig u r e  56 T he p h o to m icro grap h s of coated  tablet(key:A -C(LH O  ร) 
(A-crown*75, B-crow n*2000, C-edge*75), D -F(LH 0 ร 
a f te r  d issolution)(D -crow n*75, E-crow n*2000, 
F-edge*75)).
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be observed  an d  som e p o res an d  la rge  cracks could be clearly  
seen  as  found in LHO ร before d isso lu tion  tes t.

9. A ssay of active in g red ien t.

T he p e rc en ta g e s  o f d ru g  co n te n t a re  p re se n te d  in 
T able 15. The p ercen tag es  o f d ru g  co n ten t of core tab le t, CORE ร, 
LO ร, MO ร, HO ร an d  LHO ร w ere w ith in  th e  lim it of BP. 
s ta n d a rd (9 2 .5 -107.5%).
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T a b le  15 T he d ru g  co n ten t o f core a n d  coated  ta b le ts  
a f te r  exposure to acce le ra ted  condition .

FORMULA SAMPLE %DRUG CONTENT
1 2 ร AVG(SD)(%)

CORE 98.84 97.54 96.54 97.64(1.15)
CORES 94.22 96.25 94.54 95.01(1.09)
LOS 100.33 99.76 97.94 99.34(1.25)
MOS 98.99 99.31 98.99 99.10(0.18)
HOS 99.39 100.61 98.38 99.46(1.12)
LA10S 98.17 98.78 99.27 98.74(0.55)
LHO ร 97.61 95.77 96.31 96.56(0.95)
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T h e  E v a l u a t i o n s  o f  F r e e  F i l m

1. P h y s i c a l  a p p e r a n c e

T h e  c o l o r ,  t r a n s p a r e n c y ,  b l e e d i n g  a n d  d e t a c h a b i l i t y  o f  
p r e p a r e d  f r e e  f i l m s  a r e  s h o w n  i n  T a b l e  1 6 . T h e  p i c t u r e  o f  
p r e p a r e d  f r e e  f i l m s  o f  L O , M O , a n d  H O  i s  i l l u s t r a t e d  i n  F i g u r e  5 7 .

T h e  c o l o r  o f  L O , L H O , L A  a n d  L H A  f r e e  f i l m s  w a s  
y e l l o w ,  t h e  c o l o r  o f  L B ,  L C ,  M A , H A  a n d  H B  f r e e  f i l m s  w a s  
y e l l o w i s h ,  t h e  c o l o r  o f  M C  a n d  H C  f r e e  f i l m s  w a s  w h i t e  a n d  t h e  
c o l o r  o f  M B  s y s t e m ,  M O  a n d  H O  w a s  c o l o r l e s s .

T h e  f r e e  f i l m s  o f  L C ,  M C ,  H C  , M B 2 0 ,  a n d  M B 3 0  w e r e  
o b v i o u s l y  t r a n s l u c e n t  w h i l e  t h e  o t h e r  f r e e  f i l m s  w e r e  
t r a n s p a r e n t .  T h e  d e g r e e  o f  t r a n s l u c e n c y  i n c r e a s e d  w i t h  a n  
i n c r e a s e  i n  t h e  c o n c e n t r a t i o n  o f  p l a s t i c i z e r .

T h e  b l e e d i n g ,  a  s e p a r a t i o n  o f  t h e  p l a s t i c i z e r  o n  a  
s u r f a c e  o f  t h e  f r e e  f i l m ,  c o u l d  b e  o b s e r v e d  o n  t h e  s u r f a c e  o f  L B  
a n d  M B  s y s t e m s ,  M C 2 0 ,  H B 2 0 ,  a n d  H B 3 0 .  T h e  a m o u n t  o f  
b l e e d i n g  o f  L B  s y s t e m  i n c r e a s e d  w i t h  a n  i n c r e a s e  i n  t h e  
c o n c e n t r a t i o n  o f  P E G 4 0 0 .  T h e  b l e e d i n g  o f  H B  s y s t e m  a t  
c o n c e n t r a t i o n  o f  p l a s t i c i z e r  2 0  %  พ / พ  w a s  e q u a l  t o  t h a t  o f  
c o n c e n t r a t i o n  3 0  %  พ / พ  , b u t  t h e  b l e e d i n g  o f  H B 1 0  c o u l d  n o t  b e  
o b s e r v e d ,  a n d  t h e  b l e e d i n g  o f  M C 2 0  w a s  a l s o  o b s e r v e d .

A l l  f r e e  f i l m s  w e r e  r a t h e r  e a s i l y  d e t a c h a b l e  e x c e p t  
t h o s e  o f  L A 3 0 ,  M C 3 0 ,  H B 2 0  a n d  H B 3 0  w h i c h  w e r e  s t i c k y .  A l l  
t h e s e  f r e e  f i l m s  w e r e  r a t h e r  t o u g h  a n d  n o t  b r i t t l e .

2 . I n f r a r e d  s p e c t r o m e t r y

I n f r a r e d  s p e c t r o m e t r y  w a s  e m p l o y e d  i n  t h i s  s t u d y  t o  
a i d  t h e  d e t e r m i n a t i o n  o f  t h e  c h a i n  l e n g t h  a n d  d e g r e e  o f  
d e a c e t y l a t i o n  o f  c h i t o s a n  a n d  t o  a i d  t h e  d e t e r m i n a t i o n  o f  c h i t o s a n  
c h a r a c t e r i s t i c  i n  f r e e  f i l m .

T h e  I R  o f  o b t a i n e d  c h i t o s a n  L ,  M  a n d  H  w e r e  
c o m p a r e d  w i t h  t h a t  o f  i m p o r t e d  c h i t o s a n  p o w d e r  a s  d e p i c t e d  i n  
F i g u r e  5 8 .  I R  s p e c t r a  o f  c h i t o s a n  L , M  a n d  H  w e r e  q u i t e  s i m i l a r  
t o  t h a t  o f  c h i t o s a n  L ( J ) .  A l l  I R  s p e c t r a  c o u l d  b e  d i v i d e d  i n t o  3
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T a b l e  1 6  T h e  c o l o r ,  t r a n s p a r e n c y ,  b l e e d i n g  a n d  d e t a c h a b i l i t y  
o f  f r e e  f i l m s .

FORMULA COLOR TRANSPARENCY BLEEDING DETACHABLE
I F ” YELLOW R (-) E
MO COLORLESS R (-) E
HO COLORLESS R (-) E
LA10 YELLOW R (-) E
LA20 YELLOW R (-) E
LA30 YELLOW R (-) ร
LB10 YELLOWISH R (+) E
LB 20 YELLOWISH R C++) E
LB 30 YELLOWISH R (+ + +) E
LC10 YELLOWISH L(+) (-) E
LC20 YELLOWISH L(++) (-) E
LC30 YELLOWISH L(+++) (-) E
MA10 YELLOWISH R (-) E
MA20 YELLOWISH R (-) E
MA30 YELLOWISH R (-) E
MB10 COLORLESS R (+) E
MB20 COLORLESS L(+) (+ +) E
MB 30 COLORLESS L(+) (+ + +) E
MC10 WHITE L(+) (-) E
MC20 WHITE L(++) (+) E
MC30 WHITE L(+++) (-) ร

HA10 YELLOWISH R (-) E
HA20 YELLOWISH R (-) E
HA30 YELLOWISH R (-) E
HB10 YELLOWISH R (-) E
HB20 YELLOWISH R f t  +  +) ร
HB30 YELLOWISH R (+ + +) ร
HC10 WHITE L(+) (-) E
HC20 WHITE L(++) (-) E
HC30 WHITE L(+++) (-) E
LHO YELLOW R (-) E
LHA10 YELLOW R (-) E
LHA20 YELLOW R (-) E
LHA30 YELLOW R (-) E
R=TRANSPARENT
L=TRANSLUCENT

E=EASILY DETACHABLE 
s= STICKINESS

(-) NONE 
(+) SMALL

(+ -) MEDIUM 
(+ - +) HIGH



F i g u r e  5 7  T h e  p r e p a r e d  f r e e  f i l m s ( k e y : A - L O ,  B -M O , 
C - H O ) .
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c m - 1 ), v O H  ( b e n d i n g ,  3 5 5 0 - 3 2 0 0  c m - 1 ), v N H 2  ( 3 5 0 0 - 3 4 0 0  c m - 1 ) 
a n d  v N H  ( 3 5 2 0 - 3 4 0 0  c m - 1 ) ;  b e t w e e n  1 6 9 4 - 1 5 1 5  c m - 1  i n d i c a t i n g  V 
c = 0  ( 1 6 9 4 - 1 6 5 0  c m - บ )  a n d  N H  ( b e n d i n g ,  1 6 5 0 - 1 5 1 5  c m - 1 ) a n d  
b e t w e e n  1 1 7 0 - 1 1 1 4  c m - 1  i n d i c a t i n g  C -O -C  s t r e t c h i n g .  T h e  
m e t h y l  g r o u p  n e x t  t o  t h e  c = 0  a b s o r b s  s t r o n g l y  n e a r  1 3 8 0  c m - 1  
d u e  t o  s y m m e t r i c  C H 3  d e f o r m a t i o n .  S i n c e  c h i t o s a n  s t i l l  h a d  V 
c = 0  r e m a i n i n g  i n  d t h e  m o l e c u l e .  I t  w a s  s u g g e s t e d  t h a t  l o w e r  
p e a k  o f  v C = 0  o r  s y m m e t r i c  C H 3  d e f o r m a t i o n  w h e n  c o m p a r e d  t o  
o t h e r  p e a k  s u c h  a s  p e a k  b e t w e e n  3 2 0 0 - 3 6 0 0  c m - 1 ,  i n d i c a t e d  
h i g h e r  d e g r e e  o f  d e a c e t y l a t i o n .

I n  o r d e r  t o  e s t i m a t e  t h e  p o l y m e r  c h a i n  l e n g t h ,  t h e  
p e a k  h e i g h t  r a t i o ,  p a r t i c u l a r l y  p e a k  b e t w e e n  1 1 7 0 - 1 1 1 4  c m - 1  t o  
3 6 0 0 - 3 2 0 0  c m - 1  w a s  c o n d u c t e d .  H i g h e r  p e a k  r a t i o  i n d i c a t e d  
l o n g e r  p o l y m e r  c h a i n .

I R  s p e c t r a  o f  a c e t i c  a c i d  a n d  t r i a c e  t i n  ( F i g .  5 9 )  , a n d  
p r o p y l e n e  g l y c o l  a n d  P E G 4 0 0  ( F i g .6 0 )  w e r e  a l s o  u s e d  t o  
c h a r a c t e r i z e  t h e  m i x t u r e  i n  f r e e  f i l m .

I R  s p e c t r a  o f  L O ,  L A 2 0 ,  L B 2 0  a n d  L C 2 0  a r e  
e x i h i b i t e d  i n  F i g u r e  6 1 .  I R  s p e c t r a  o f  L A 2 0  a n d  L B 2 0  w e r e  
s i m i l a r  t o  L O  w h i c h  s h o w e d  a  s h o u l d e r  p e a k  a t  a b o u t  1 6 4 5  c m - 1 , 
a n d  a  m a i n  p e a k  a t  a b o u t  1 5 6 0  c m - 1  a n d  a  p e a k  a t  a b o u t  1 4 1 2  
c m - 1 .  T h e  p e a k  a t  1 5 9 0  c m - 1  w a s  n o t  f o u n d  b e c a u s e  o f  t h e  
o c c u r r e n c e  o f  t h e  m a i n  p e a k  a t  a b o u t  1 5 6 0  c m - 1 . T h e  p e a k  a t  
1 4 1 2  c m - 1  w a s  s h i f t e d  f r o m  1 4 2 3  c m - 1  o f  L  a n d  i t s  i n t e n s i t y  w a s  
h i g h e r  t h a n  t h e  p e a k  a t  a b o u t  1 6 4 5  c m - 1 . T h e  p e a k  i n t e n s i t y  a t  
a b o u t  1 3 8 0  c m - 1  w a s  a l s o  m o r e  t h a n  t h a t  o f  a t  a b o u t  1 6 4 5  c m - 1  
a n d  s l i g h t l y  l e s s  t h a n  t h a t  o f  t h e  p e a k  a t  1 4 1 2  c m - 1 . T h e  I R  
s p e c t r u m  o f  L C 2 0  w a s  s i m i l a r  t o  t h e  o t h e r  e x c e p t  t h a t  t h e r e  w e r e  
n e w  p e a k s  w h i c h  w e r e  t h e  c o m b i n a t i o n  p e a k  b e t w e e n  L O  a n d  
t r i a c e t i n  a t  1 7 4 5  a n d  1 2 2 5  c m - 1 .

I R  s p e c t r a  M  a n d  H  s y s t e m s ,  F i g u r e  6 2  a n d  6 3  
r e s p e c t i v e l y ,  w e r e  s i m i l a r  t o  L  s y s t e m  e x c e p t  t h a t  n o  s h o u l d e r  a t  
a b o u t  1 6 4 5  c m - 1 . T h e  p e a k  a t  a b o u t  1 3 5 0  a n d  1 4 1 2  c m - 1  h a d  
i n t e n s i t i e s  n e a r l y  t o  t h a t  a t  a b o u t  1 6 4 5  c m - 1 .

T h e  d i f f e r e n c e s  o f  a b s o r p t i o n  b a n d s  o b s e r v e d  i n  I R
s p e c t r a  o f  c h i t o s a n  a c e t i c ,  p l a s t i c i z e r ,  a n d  m i x t u r e  i n  f r e e  f i l m s
a r e  p r e s e n t e d  i n  T a b l e  1 7  .
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C M - 1

F i g u r e  5 8  I R  s p e c t r a  o r  c h i t o s a n  p o w d e r s ( k e y : A - L ( J ) ,  B - L ,  C - M , 
D - H ) .
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C M - 1

F i g u r e  5 9  I R  s p e c t r a ( k e y : A - a c e t i c  a c i d ,  B - t r i a c e t i n ) .
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CM-1

F i g u r e  6 0  I R  s p e c t r a ( k e y : A - p r o p y l e n e  g l y c o l ,  B - P E G 4 0 0 ) .
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CM-1

F i g u r e  6 1  I R  s p e c t r a  o f  f r e e  f ü m s ( k e y :A - L O ,  B - L A 2 0 ,  C - L B 2 0 ,  
D - L C 2 0 ) .
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CM-1

F i g u r e  6 2  I R  s p e c t r a  o f  f r e e  f i I m s ( k e y :A - M O , B - M A 2 0 ,  C - M B 2 0 ,  
D - M C 2 0 ) .
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T a b l e  1 7  T h e  d i f f e r e n c e s  o f  a b s o r p t i o n  b a n d s  o b s e r v e d  i n  I R  
s p e c t r a .
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T a b l e  1 8  P e a k  h e i g h t  r a t i o s  f r o m  t h e  I R  s p e c t r a .

ABSORBANCE RATIOS OF BAND PAIR
FORMULA 1155/3422 TO 3469 1655/3422 TO 3459 1423 OR 1412/3422 TO 3459 1380/3422 TO 3459

L(J) 0.26 0.44 0.21 0.22
L 0.29 0.47 0.21 0.23
M 0.31 0.50 0.21 0.26
H 0.41 0.51 0.25 0.31

LO 0.35 0.32
LA20 0.31 0.31
LB20 0.36 0.32
LC20 0.26 0.37

MO 0.33 0.36
MA20 0.31 0.30
MB20 0.32 0.38
MC20 0.32 0.30

HO 0.33 0.32
HA2Û 0.31 0.31
HB20 0.34 0.35
HC20 0.30 0.28

_________________
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Peak height ratios used to determine the chain length  
and degree of deacetylation are summarized in Table 18.

A peak height ratio of the peak at about 1150 to 3422- 
3459 cm-1 was used to determine the chain length, as the result 
that a peak ratio of H was apparently higher than that of M, 
followed by that of L and L(J) respectively, however a peak 
height ratio of M was slightly higher than L.

The degree of deacetylation of chitosan used in this 
experiment could be compared by using the peak height ratio at 
about 1655 to between 3422-3459 cm-1. According to their peak 
height ratios the degree of deacetylation could be ordered as 
L(J)>L>M>H, however that of H was slightly less than that of M.

3. The X-ray diffractograms
The powder X-ray diffraction patterns of chitosan 

powders, non-plasticized and plasticized free films are illustrated  
in Figures 64-71. It revealed that they were mostly in 
amorphous form, but with a few diffraction peaks.

3.1 Chitosan powders
The X-ray patterns of chitosan powders are 

displayed in Figure 64. The same major X-ray diffraction peak of 
chitosan L, M and H was particularly observed at 19° and the 
other smaller peak of chitosan powders could be clearly observed 
at 10.0°, 9.0° and 9.5° respectively. The peak height ratio of the 
smaller to the major peak of chitosan powders was 0.38, 0.54 and
0.31 respectively.

3.2 Unplasticized free films
The X-ray patterns of unplasticized free films are 

shown in Figure 65. The diffractogram of LO displayed four 
peaks at 7.5°, 10.5°, 17° and 23°. The diffraction peaks of MO 
occurred near the same position at that of its powder, except that 
the peak of MO at 19° was triplet. In the case of HO, it 
displayed the diffractogram similar to that of LO, except that the 
peak at about 19° did not clearly separate to be douplet. LHO 
showed different pattern, it could not clearly obserbed the sharp 
peak and the peak at 19° did not separate, and the peak occurred
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F igu re 64 X-ray diffractrograms of chitosan powders(key:A-L, 
B-M, C-H).
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F i g u r e  6 5  X -ray  d iffr a c tr o g r a m s o f  u n p la s t ic iz e d  free  f i lm s
(k ey:A -L 0 , B-MO, C-HO, D -LH O ).



KO

F i g u r e  6 6  X -ra y  d iffr a c tr o g r a m s o f  c h ito sa n  L p o w d er  a n d
u n p la s t ic iz e d  a n d  p la s t ic iz e d  free  f i lm s  w ith  p ro p y len e
g ly co l(k ey:A -L , B -L 0 ,C - L A 10, D -L A 2 0 , E -L A 3 0 ).
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F i g u r e  6 7  X -ray  d iffr a c tr o g r a m s o f  c h ito sa n  L  p o w d e r  a n d
u n p la s t ic iz e d  a n d  p la s t ic iz e d  free  f ilm s  w ith  PEG400
(k ey iA -L , B -L 0 ,C - L B  10, D -L B 2 0 , E -L B 3 0 ).



F i g u r e  6 8  X -ray  d iffr a c tr o g r a m s o f  c h ito s a n  L  p o w d e r  a n d
u n p la s t ic iz e d  a n d  p la s t ic iz e d  fr e e  f i lm s  w ith  tr ia c e t in
(key:A -L , B -L 0 .C - L C 1 0 , D -L C 2 0 , E -L C 3 0 ).
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F igu re 69 X-ray diffractrograms of chitosan M powder and 
unplasticized and plasticized free films (key:A-M 
B-M0,C- MA20, D-MB20, E-MC20).
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F igu re  70 X-ray diffractrograms of chitosan H powder and 
unplasticized and plasticized free films (key:A-H, 
B-H0,C- HA20 D-HB20, E-HC20).
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F igu re 71 X-ray diffractrograms of chitosan LH free films 
(key:A-LH, B-LHA20).
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at 8°, 11° and 19°. Notification was detected the diffractogram 
of LO and HO showed higher peak intensity at about 10° than 
that of MO and LHO, and could not observed the new peak at 
about 7.5° in the diffractogram of MO.

3.3 The plasticized free films
3.3.1 Chitosan L

The X-ray diffraction spectra of chitosan L 
free film plasticized with propylene glycol at concentration of 10, 
20 and 30 % พ/พ (LA10, LA20 and LA30) are demonstrated in 
Figure 66. The diffractogram of LA free films was similar to 
that of chitosan L powder, but showed lesser intensity. The new 
peaks occurred in LO at 7.5°, 17.0° and 23.0° could not observed 
in LA system. The diffractogram of LA20 showed lesser 
intensity of both peaks than that of LA10 and followed by that of 
LA30.

The X-ray diffractograms of free films of 
chitosan L plasticized with PEG400 at concentration of 10, 20 
and 30 % พ/พ (LB 10, LB20 and LB30) are illustrated in Figure
67. The more amount of PEG400 was increased, the 
diffractograms of LB free films were more similar to that of L0, 
however, the diffractograms of LB free films were not be clearly 
observed a douplet at 19°.

The X-ray diffractions spectra of free films of 
chitosan L plasticized with triacetin at concentration of 10, 20 
and 30 % พ/พ (LC10, LC20 and LC30) are presented in Figure
68. The diffractograms of LC free films were very similar to that 
of L0, but the intensities of the peak at 10° were higher than that 
of L0, which the peak height ratios of the peaks at 10° to 23° 
could be ranked as: LC20>LC30>LC10>LO (1.10, 0.85, 0.81 and
0.69) respectively.

3.3.2 Chitosan M
The X-ray diffraction spectra of free films of 

chitosan M plasticized with propylene glycol, PEG400 and 
triacetin at concentration of 20 % พ/พ (MA20, MB20 and MC20) 
are illustrated in Figure 69.
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The diffractograms of MA20, MB20 and 
MC20 were similar to MO, except that the peak at 9° of MO had 
lesser intensity than that of MA20, but higher than that of MB20 
and slightly higher than that of MC20. Notification was 
detected, the peak height ratios of the peaks at 9.0° to 19° of MO, 
MA20 MB20 and MC20 were 0.53, 0.61, 0.21 and 0.49 
respectively. The diffractograms of unplasticized and plasticized 
free films of chitosan M could not be observed the new peak 
near the peak at 9°.

3.3.3 Chitosan H
The diffractogram of HA20, HB20 and HC20 

are shown in Figure 70. The diffractograms of HA20 and HC20 
were different from that of HO, since the intensities of the peak at 
9.5° were apparently lesser than that of HO; this peak intensity  
of HA20 was also slightly lesser than HC20. Moreover, they  
could not be clearly observed the new peak at 7.5° like that of HO. 
In the case of HB20, the diffractogram was similar to that of HO, 
but with lesser peak intensity. The peak height ratios of the 
peaks at 9.5° to 19.0° of HO, HA20, HB20 and HC20 were 0.75,
0.26, 0.30, 0.29 respectively.

3.3.4 Combined chitosan L and H
The diffraction spectrum of LHA20 

compared to that of LH0 is shown in Figure 71. The peak 
intensity at 11° of LHA20 diffractogram was lesser than that of 
LHO, but the main peak at 19° was higher than that of LHO.

In conclusion, The peak at about 10° of 
difractograms of chitosan M system shifted to the right side more 
than those of chitosan H system, followed by that of chitosan L, 
and combined chitosan L and H system s respectively. The 
diffraction spectra of unplasticized free films of L0, HO and LHO 
showed some new peaks occurrence and peak intensities at 
about 10° of L0 and HO were higher than those of M0 and LHO. 
For plasticized free films, the free films of L, H and LH 
plasticized with propylene glycol showed the lower intensities of 
peak at about 10° than those of free films plasticized with 
PEG400, triacetin or unplasticized free film. For LB free films, 
the more amount of PEG400 added, the diffractograms were 
similar to L0. For LC free films, the diffractogram was similar to
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that of LO, but the peak height ratio of the peaks at 10° to 23° 
was higher than that of LO. But for HC20, the peak intensity at 
9.5° and the peak height ratio of the peaks at 9.5° to 19° was 
lesser than HO and that of MC20 was slightly lesser than that of 
MC.

4. DTA thermograms
The thermograms of chitosan powders, non- 

plasticized free films and plasticized free films are displayed in 
Figures 72-74, and melting points and weight loss of these 
materials are summarized in Table 19.

Chitosan powder (L) showed the melting endothermic 
peak at 165°c. LO displayed endothermic peak at 168°c and a 
small exothermic peak at 271°c. While LA20 also showed a 
melting endotherm at 168°c, but a small exothermic peak at 
235°c. LB20 showed the endothermic peak at 174°c and a small 
indothermic peak at 97°c, and LC20 showed the endothermic 
peak at 169°c.

Chitosan powder (M) showed the melting endotherm  
at 171°c and a small endotherm at 98°c. MO showed the 
endothermic peak at 170°c and two small endothermic peaks at 
98°c and 253°c. MA20 exhibited the endothermic peak at 178°c; 
MB20 exhibited the endothermic peak at 171°c and small 
endothermic peaks at 90°c and 253°c; and MC20 exhibited the 
endothermic peak at 175°c and a small endothermic peak at 
90°c. The weight loss of this system could be ordered as followed 
ะ M0>MC20>MA20<MB20>M.

Chitosan powder (H), and free films of HO and HA20 
showed the endothermic peak at 181°c, 167°c and 175°c 
respectively. HB20 exhibited the endothermic peak at 170° and 
small endothermic peaks at 98°c and 145°c, while HC20 
displayed the endothermic peak at 164°c and a small 
endothermic peak at 94°c. The weight loss of this system could 
be ranked as followed ะ HC20>H0>HA20>HB20>H.

In summary, the endothermic peak of chitosan L 
occurred at lower temperature than chitosan M and chitosan H 
exhibited the highest endothermic temperature. The non- 
plasticized free films of three chitosan grades showed a similar
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F i g u r e  7 2  D T A  t h e r m o g r a m s  o f  c h i t o s a n  L  p o w d e r  a n d  f r e e  f i l m s
( k e y : A - L ,  B - L O , C - L A 2 0 ,  D - L B 2 0 ,  E - L C 2 0 )
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F i g u r e  7 3  D T A  t h e r m o g r a m s  o f  c h i t o s a n  M  p o w d e r  a n d  f r e e  f i l m s
( k e y : A - M ,  B - M O , C - M A 2 0 ,  D - M B 2 0 ,  E - M C 2 0 ) .

9
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F i g u r e  7 4  D T A  t h e r m o g r a m s  o f  c h i t o s a n  H  p o w d e r  a n d  f r e e  f i l m s
( k e y : A - H ,  B - H O , C - H A 2 0 ,  D - H B 2 0 ,  E - H C 2 0 )
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Table 19 The summary of melting point peaks and weight loss of 
chitosan powders and free films.
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melting endothermic temperature. The plasticized free films 
showed different endothermic peaks which were not much more 
different. The resultant of a weight loss displayed that chitosan 
powder showed the lowest, followed by the free films which was 
plasticized with PEG400 and propylene glycol respectively. The 
highest weight loss could be observed from MO in the chitosan M 
free films and HC20 in chitosan H free films.

5. The moisture sorption.

Alteration of the film weight represented the moisture 
sorption ability are presented in Table 20.

The moisture sorption of L0 was nearly equal to that 
of HO and was greater than that of MO, however those of L0, MO 
and HO were less than that of LHO. The moisture sorption of 
chitosan free films plasticized with propylene glycol was rather 
greater than those plasticized with triacetin, but rather less than 
those plasticized with PEG400, however the relationship between 
the amount of plasticizer and degree of moisture sorption could 
not be clearly observed. Almost moisture sorptions of free films 
slightly gradually reduced upon longer storage time.

6. Swelling of free films

6.1 Weight swelling index (พ)

The data of film swelling which was determined 
by the weight difference in deionized water and in dilute 
HC1(1:100) solution are shown in Table 31 and 32 respectively in 
Appendix III.

The swelling index of free films which was 
determined by measurement the weight difference between 
before and after submersion in deionized water and dilute HCl (1 
ะ 100) solution are illustrated in Figure 75 A and B respectively.

After submersion in deionized water, unplasticized 
free films exhibited rather higher swelling index(w) than 
plasticized free films except MC10 , LHA10 and LHA30 which 
showed reversed results. For unplasticized free films, MO 
exhibited higher swelling index(w) than HO, followed by LO and 
LHO respectively. Similar results appeared in the plasticized
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Table 20 The moisture sorption of free films.

FORMULA INCREASED WEIGHT
AVG(SD)(%)

7 DAYS 10 DAYS 15 DAYS
L0 16 89(0 92) 17.21(1 02) 16 22(1 10)
MO 12 92(0 34) 1402(0 70) 12 62(1 46)
HO 17 07(0.14) 1680(0 82) 1526(1 06)

LA10 18 89(0.61) 1954(0.35) 17 55(0 52)
LA20 18 37(0 43) 17 64(0 610 16 08(0 26)
LA30 1955(241) 17.27(2.65) 16 49(282)
LB 10 17 05(0 54) 1622(0 68) 16 63(0 84)
LB 20 2444(0 85) 2282(0 95) 2438(1 30)
LB30 22 03(0 76) 21 70(0 03) 20 47(0 72)
LC10 17 45(169) 16.89(1.41) 16.89(1 30)
LC20 16 64(0 93) 1491(0 89) 13 66(1 11)
LC30 963(1 21) 8.60(1 44) 776(1 57)

MA10 16.73(1.64) 1402(1.24) 12 80(1 17)
MA20 1172(0.64) 9 17(0.60) 8 43(0 91)
MA30 1996(1.32) 1728(130) 15 36(1 51)
MB 10 2277(107) 21 26(078) 20 39(0 66)
MB20 2011(0.13) 20.57(1.69) 23 66(4 68)
MB 30 21.18(1.02) 21.41(2.300 18.40(2 23)
Me 10 1216(1.73) 10.45(1.27) 9.67(1.56)
MC20 1668(0.64) 1966(0 77) 15 28(0 34)
MC30 15.36(1.14) 1087(0 83) 6.94(1 14)

HA10 1486(0.60) 13.78(0.87) 13 68(0 98)
HA20 1222(106) 10 61(1 03) 12 78(2 36)
HA30 1360(066) 11 43(0 69) 1175(1 08)
HB10 20.45(0.18) 18 06(0.68) 19 13(0 16)
HB20 21.62(0.84) 19.51(1.09) 20 75(0 82)
HB30 2606(1 99) 1712(1 24) 16 13(1 68)
HCiO 10 48(2 26) 928(1 97) 826(238)
HC20 1486(0.86) 1463(1 01) 14 34(0 94)
HC30 13.43(0.16) 13.01(0.46) 13 85(0 81)

LHO 20.11(1.00) 19.66(1.10) 1980(1 31)
LHA10 1466(0.82) 1324(0.34) 1410(0 46)
LHA20 18.98(1 09) 16.83(0.65) 1292(0.69)
LHA30 2083(0 86) 17 96(1.29) 1432(1 47)
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For LA, MA, MB and MC free films, as the 
percentage of plasticizer increased, the swelling index (พ) had a 
tendency to decrease. For LB and LC free films, the highest 
weight swelling index (พ) could be observed in the free films of 
20% plasticizer, followed by those of LB 10 and LB30 and those of 
LC30 and LC10 respectively.

HA free films exhibited the highest swelling index 
in HA30, followed by that of HA10 and HA20 respectively. For 
HB free films, the highest swelling index could be obsered in 
HB20, followed by that of HB10 andHB30 respectively. HC free 
films exhibited the highest swelling index in HC20, followed by 
HC30 and HC10 respectively.

For LHA system, the highest weight swelling 
index (พ) could be observed in the free film of LHA10, followed by 
LHA30, LHO and LHA20.

LB free films exhibited rather higher swelling 
index than LC and LA systems respectively. For M free films, 
MB showed rather higher swelling index (พ) than MA free 
films, but less than MC10 and MC20. The swelling of the film 
of MC10 was apparently higher than that of MO, and that of 
MC20 was slightly less than that of MO.

After submersion in dilute HC1 (1:100) solution, 
unplasticized free films showed rather higher swelling index than 
plasticized free films except that the weight swelling index (พ) of 
the free films of LB20,LB30,LC20 and LC30 was higher than that 
of L0, and that of MC10 was higher than that of MO. In the case 
of the free film of HO, the weight swelling index (พ) was 
apparently higher than that of MO, followed by that of LHO and 
L0 respectively.

For LA and LHA free films, as the percentage of 
plasticizer increased, weight swelling index (พ) had a tendency to 
decrease. For LB,MB, MC and HB free films, as the percentage 
of plasticizer increased, weight swelling index (พ) had a tendency 
to increase. For LC, HA and HC free films, the highest weight 
swelling index (พ) could be observed in the free film containing

f i l m s  t h a t  M  f r e e  f i l m s  s h o w e d  r a t h e r  h i g h e r  s w e l l i n g  i n d e x ( w )
t h a n  H  f r e e  f i l m s ,  f o l l o w e d  b y  L  a n d  L H  f r e e  f i l m s .
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SW ELLING INDEX(W )

□  PROPYLENE GLYCOL m  PEG400 JÊÊÊ TRIACETIN

A

SW ELLING INDEX(W )

B

F igure 75 The weight swelling index(w) of free films determined 
by measurement the weight difference(key:A- 
indeionized water, B-in dilute HC1( 1:100) solution).
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For MA system, MA10 showed the highest weight 
swelling index(w), followed by MA30 which slightly higher than 
MA20.

t h e  p l a s t i c i z e r  a t  2 0  % พ / พ  , f o l l o w e d  b y  t h a t  c o n t a i n i n g  t h e
p l a s t i c i z e r  a t  3 0  %  พ / พ  a n d  1 0  % พ / พ  r e s p e c t i v e l y .

LA free films exhibited rather less swelling index 
than that of LB and LC systems. For M free films, the swelling  
index of free films submerged in dilute HCl (1 : 100) solution was 
similar to that of the free films which was submerged in 
deionized water. HB tablets showed rather greater weight 
swelling index (พ) than HA free films, but apparently less than 
HC20.

The weight swelling index (พ) of free films 
submerged in dilute HC1 (1:100) solution was rather greater than 
that of the free films submerged in deionized water.

6.2 Volume swelling index (v)

The swelling index of free films determined by the 
volume difference is illustrated in Figure 76 A and B respectively 
and the data are presented in Table 33 and 34.

After submersion in deionized water, the volume 
swelling index(v) of free films had a similar pattern to that 
determining using weight difference, except that the volume 
swelling index (v) was higher than weight swelling index (พ). 
For HB free films, as the percentage of plasticizer 
increased,volume swelling index (v) had a tendency to decrease 
and for LB free films, LB30 exhibited the highest volume 
swelling index(v), followed by LB 10 which was nearly to LB20.

After submersion in diluted HCl (1 ะ 100) solution, 
the swelling index of free films had a similar pattern to that 
determining using weight difference, except that M0, HO and 
MC10 showed very high swelling and could not be measured, 
and the swelling index of the free film of MB20 was higher than 
that of MB10 and MB30 respectively.



SW ELLING INDEX(V )

□  PROPYLENE GLYCOL PEG 400 TRIACETIN

SW ELLING INDEX(V )

B

F i g u r e  7 6  T h e  v o l u m e  s w e l l i n g  i n d e x ( v )  o f  f r e e  f i l m s  d e t e r m i n e d
b y  m e a s u r e m e n t  t h e  v o l u m e  d i f f é r é n c e ( k e y : A - i n
d e i o n i z e d  w a t e r ,  B - i n  d i l u t e  H C 1 ( 1 : 1 0 0 )  s o l u t i o n ) .
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7. Tensile properties

The ultimate tensile strength and percentage of 
elongation of prepared free film are presented in table 35 in 
Appendix III and graphically shown in Figure 77 A and B and 
Figure78 A and B.

For unplasticized free films, LO showed the lowest 
ultimate tensile strength, followed by MO and HO respectively, 
and LHO showed slightly higher than HO. LO exhibited the 
highest percentage of elongation, followed by MO, LHO, and HO 
respectively, however LHO exhibited slightly higher percentage of 
elongation than that of HO, and LO showed slightly higher 
percentage of elongation than MO, but apparently higher than 
HO and LHO.

The relationship between the ultimate tensile 
strength and percentage of elongation, and the type and amount 
of plasticizers could not be clearly observed, but might be 
mentioned that L free films exhibited rather less ultimate tensile 
strength than M free films, followed by H free films. MC free 
films showed apparently higher ultimate tensile strength than 
MB, MA and L free films, and HC free films showed higher 
ultimate tensile strength than HA, HB and LH system. As the 
percentage of propylene glycol increased, LH free films had 
tendency to decrease the ultimate tensile strength and increase 
the percentage of elongation.

The stress strain curves of free films of LO, MO and 
HO are portrayed in Figures 79 A, B and c  respectively The 
ultimate tentile strenght of the free films of LO, MO and HO was 
5.186, 7.522, 8.805 kg/mm2, and the percentage of elongation 
was 11.28, 20.24 and 25.18 respectively. From the stress strain 
curves, the tensile property of these free films was similar to the 
plastic like material which could be more stretched whenapplying 
the force .
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ULTIMATE TENS ILE  S TR E N G TH (hg /(cnvcm ))

LA LB -* -L C  - B -  MA MB MC

A

ULTIMATE TENS ILE  STR E N Q TH (^g /(cm *cm ))

HA —'— HB HC - B -  LHA

B

F i g u r e  7 7  T h e  u l t i m a t e  t e n s i l e  s t r e n g t h  o f  f r e e  f i l m s ( k e y : A  -
L A , L B , L C ,  M A , M B ,  M C  f r e e  f i l m s ,  B - H A ,  H B  H C ,
L H A  f r e e  f i l m s ) .
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ELONGATION(%)

LA 1 LB - * - L C  - B -  MA MB - s - MC

A

ELONGATION(%)

HA HB HC - s -  LHA

B

F ig u r e  78 T he p ercen tag e  of elongation  of free film s(key:A-LA, 
LB,LC, MA, MB, MC free films, B-HA, H B ,H C ,LH A  
free film s).



F i g u r e  7 9  T h e  s t r e s s - s t r a in  c u r v e s  o f  fr e e  film s(k ey:A -L O , B-MO,
C-HO).

F O R M U L A I?

LO . 11 M O H D

T H IC K N E S S (m c m ) 6 9 6 6 5 0

73 6 8 45

72 6 5 46

6 8 6 4 47

71 6 4 48

A V G (S D ) 7 0 .6 0 (2 .0 7 ) 6 5 .4 0 (1 .6 7 ) 4 7 .2 0 (1 .9 2 )

B R E A K IN G  F O R C E (K g ) 2 .0 8 7 2 .8 0 4 2 .3 6 9

U L T IM A T E  T E N .(K g /m m * m m ) 5 .1 8 6 7 .5 2 2 8 .8 0 5

% E L O N G A T IO N 1 1.28 2 0 .2 4 2 5 .1 8

T a b le  21 T he u ltim a te  ten sile  s tr e n g th  a n d  p ercen tag e  of 
elongation  of free film .
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