
CH APTER IV  

RESULTS AND DISCUSSIO N  

PART I - SO LID DISPERSIO N PO W DERS

3:1 D ic lo fen a c  S o d iu m :P o lv m e r  S o lid  D isp e rs io n s

T h e  d is s o lu tio n  p ro file s  o f  d ic lo fe n a c  so d iu m  p o w d e r  a n d  3:1 
d ic lo fen a c  so d iu m  ะ p o ly m e r  so lid  d is p e rs io n s  a re  d e m o n s tra te d  in  
F ig u re  7 . S in c e  d ic lo fe n a c  so d iu m  d isso lv ed  p o o rly  in  a c id  m e d iu m  
(A d e y e y e  a n d  L i, 1 9 9 0 ) th e re fo re  th e  v e ry  lo w  p e rc e n ta g e s  o f  d ru g  
re lea se  w ere  o b se rv e d  in  th e  f irs t  tw o  h o u rs . A ll so lid  d isp e rs io n  sy s te m s  
sh o w e d  s lo w e r d is s o lu tio n  p ro file s  th a n  d ic lo fen a c  so d iu m  p o w d e r. 
A m o n g  th e s e  sy s te m s  th e  d is so lu tio n  p ro file  o f  th e  d r u g x h i to s a n  so lid  
d isp e rs io n  sy s te m  w a s  th e  s lo w e s t fo llo w in g  b y  th o s e  o f  d ru g :E u d ra g it ,  
d ru g :E C , d ru g :H P M C , a n d  d ru g :c a rb o m e r, re sp ec tiv e ly . B y  c o m p a r in g  
d is s o lu tio n  p ro file s  o f  th e s e  sy s tem s, it  o b v io u s ly  sh o w e d  th a t  c a rb o m e r  
a n d  h y d ro x y p ro p y l m e th y lce llu lo se  w ere  n o t  su ita b le  to  b e  u s e d  a s  
c a rr ie rs  in  p re p a r in g  d ic lo fen a c  so d iu m  c o n tro lle d  re le a se  so lid  
d isp e rs io n s  s in c e  th e ir  d is s o lu tio n  p ro file s  w ere  to o  fa s t. H ig h e r  a m o u n ts  
o f  th e se  tw o  p o ly m e rs  w e re  to  e m p lo y  in  o rd e r  to  y ie ld  s lo w e r d is s o lu tio n  
s in ce  th e  d is s o lu tio n  re ta rd in g  e ffec t o f  a n y  sw e lla b le  p o ly m e r  o n  a  d ru g  
d e p e n d s  o n  th e  p o ly m e r v isco s ity . In c re a s in g  v isc o s ity  o f  th e  p o ly m e r  in  a  
m a tr ix  fo rm u la tio n  in c re a se s  th e  gel la y e r  v isc o s ity  a n d  th u s  s lo w s  d ru g  
d if fu s io n  (A ld e rm a n , 1 9 8 4 ). H o w ev er, in c re a s in g  th e  a m o u n ts  o f  H P M C
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F ig u r e  7 .  D i s s o l u t i o n  p r o f i l e s  o f  3 :1 d i c l o f e n a c  s o d i u m : p o l y m e r
s o l i d  d i s p e r s i o n s .
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a n d  c a rb o m e r  in  d ic lo fe n a c  so d iu m  c o n tro lle d  re le a se  fo rm u la tio n  w o u ld  
re su lt  in  to o  la rg e  d o se  size . F o r  3:1 d ic lo fe n a c  s o d iu m :c a rb o m e r  so lid  
d isp e rs io n  sy s tem , i t  w a s  a ls o  n o tic e d  th a t  s a tu ra tio n  o f  d ru g  so lu tio n  w a s  
a c h iev ed  sh o rtly  a f te r  th e  in itia l s tag e  o f  d is s o lu tio n  p ro file . T h is  m ig h t 
be d u e  to  c o m p e tin g  in  d is s o lu tio n  b e tw e e n  th e  d ru g  a n d  c a rb o m e r
in d ic a tin g  th a t  th e  a m o u n t  o f  c a rb o m e r  w a s  to o  h ig h .

In  c o n tra s t  w h e n  c h ito s a n  o r E u d ra g it  w a s  u s e d  th e  d is s o lu tio n  
p ro file  w a s  to o  s lo w  th a t  o n ly  3 0 %  o r  8 2 %  d ru g  d is so lv e d  w a s  re a c h e d  
a f te r  12 h o u rs . E th y lce llu lo se  seem ed  to  b e  a  m o re  s u ita b le  c a r r ie r  s in c e  it 
gav e  c o n tin u o u s  d ru g  d isso lv ed  o v e r 12 h o u rs  p e rio d . H o w ev e r, th e  in itia l 
s ta g e  o f  th is  d is s o lu tio n  p ro file  w a s  still to o  ra p id . S in ce  th e  d is s o lu tio n  
re ta rd in g  e ffec t o f  c h ito s a n  w a s  o b v io u s ly  d e m o n s tra te d  th e re fo re  
e th y lce llu lo se , a n  in so lu b le  p o ly m er, a n d  c h ito s a n , a  sw e lla b le  p o ly m e r, 
w ere  u se d  a s  c o m b in e d  c a r r ie r  in  a n  e ffo rt  to  im p ro v e  th e  d is s o lu tio n  
p ro file  o f  d ic lo fen a c  so d iu m  so lid  d isp e rs io n .

D ic lo fen ac  S o d iu m :Œ C + c h ito s a n f  S o lid  D isp e rs io n

D isso lu tio n  p ro file  o f  1 0 :(0 .9 5 + 0 .0 5 )  d ic lo fe n a c  so d iu m  
:(E C + c h ito sa n ) so lid  d isp e rs io n  a s  c o m p a re d  w ith  th o s e  o f  10:1 
d ic lo fen a c  so d iu m :E C  a n d  1 0 :0 .01  d ic lo fe n a c  s o d iu m x h i to s a n  is 
i l lu s tra te d  in  F ig u re  8 . T h e  c o m b in e d -c a rr ie rs  so lid  d isp e rs io n  sy s te m  
sh o w e d  s lo w er d is s o lu tio n  th a n  th e  s in g le  c a r r ie r  so lid  d isp e rs io n  sy s te m . 
H ow ev er, th e  d is s o lu tio n  p ro file  o f  th e  1 0 :(0 .9 5 + 0 .0 5 )  D S :(E C + c h ito s a n )  
so lid  d isp e rs io n  w a s  to o  s lo w  th a t  o n ly  8 3 %  d ru g  d is so lv e d  w a s  o b ta in e d  
a f te r  12 h o u rs . S in ce  th e  id e a l d is so lu tio n  ra te  fo r th e  c o n tro lle d  re le a se  
d ru g  sh o u ld  fo llo w  z e ro -o rd e r  k in e tic s  th e re fo re  tw o  c r i te r ia  w e re
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--------■ --------  D r u g : E C  1 0 : 1  --------o --------  D r u g  : c h i  t o s a n  1 0 : 0 . ฯ -------- ♦ -------- D r u g  ะ ( E C * c h i t o s a n  )
1 0 : ( 0 . 9 5 * 0 . 0 5 )

F ig ,น!'e  8 .  D i s s o l u t i o n  p r o f i l e s  o f  1 0 :1  d i c l o f e n a c  s o d i u m : E C  1 
1 0 : 0 .0 1  d i c l o f e n a c  s o d i u m : c h i t o s a n ,  a n d  1 0 : ( 0 . 9 5  + 0 . 0 5 )  

d i c l o f e n a c  s o d i u m : ( E C + c h i t o s a n )  s o l i d  d i s p e r s i o n s .
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e s ta b lis h e d  fo r  th e  d e v e lo p m e n t o f  o p tim u m  d is s o lu tio n  p ro file . T h o se  
c r ite r ia  w ere  th e  z e ro -o rd e r  d is s o lu tio n  ra te  c o n s ta n t  (K °) a n d  th e  
c o rre la tio n  c o e ff ic ie n t o f  l in e a r  re la tio n sh ip  (R 2) b e tw e e n  d ru g  re le a se  
a n d  tim e.

F o r  d ic lo fen a c  so d iu m  th e  id ea l K ° is 0 .1 3 9  m g  p e r  m in u te  o r  
8 .3 3  m g  p e r  h o u r. T h is  v a lu e  w a s  c a lc u la te d  b y  a s s u m in g  th a t  th e  lo a d in g  
d o se  re q u ire d  to  ach iev e  th e  th e ra p e u tic  d ru g  level is  2 5  m g , th e  d ru g  
h a lf-life  is 2  h o u rs  (A d e y e y e  a n d  L i, 1 9 9 0 ) a n d  th e  re q u ire d  d o s in g  
in te rv a l is  12 h o u rs . C a lc u la tio n  o f  th e  a m o u n t  o f  th e  d ru g  n e e d e d  in  th e  
su s ta in e d  c o m p o n e n t c a n  b e  a c c o m p lish e d  a c c o rd in g  to  th e  fo llo w in g  
re la tio n sh ip  (A b d o u , 1 9 8 9 )

R a te  o f  d ru g  in p u t =  R a te  o f  d ru g  o u tp u t. (a )

I f  i t  is  c o n s id e re d  th a t  e lim in a tio n  is g e n e ra lly  a  f ir s t-o rd e r  
p ro ce ss , th e n

R a te  o f  d ru g  o u tp u t  =  D K e (b )

w h e re  D  is  th e  lo a d in g  d o se  re q u ire d  to  ach iev e  th e  th e ra p e u tic  b lo o d
level, a n d  K e  is  th e  f irs t-o rd e r  ra te  c o n s ta n t  o f  e lim in a tio n . T h e  v a lu e  o f  
K e c a n  b e  o b ta in e d  i f  th e  b io lo g ica l h a lf- life  o f  th e  d ru g  ( t 1/2) is  k n o w n

K e =  0 .6 9 3  . (c )
*1/2

Therefore, the rate o f  drug output after adm inistering a  single
dose, D, can be calculated from the equation
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R a te  o f  d ru g  o u tp u t  =  0 .6 9 3  ( D f . (d )
*1/2

S u b s titu tin g  fo r  e q u a tio n  (d )  in  e q u a tio n  (a ) ,

R a te  o f  d ru g  in p u t  =  0 .6 9 3  f D t . (e )
*1/2

T h u s , in  o rd e r  to  c a lc u la te  th e  a m o u n t  o f  d ru g  n e e d e d  in  th e  
su s ta in e d  c o m p o n e n t to  re p re s e n t  th e  d o se  re q u ire d  fo r a d m in is tra t io n  a t  
ev e ry  T  h r  o f  d o s in g  in te rv a ls , e q u a tio n  (e )  c a n  b e  m u ltip lie d  b y  T .

A m o u n t o f  d ru g  n e e d e d  in  th e  su s ta in e d  re le a se d  c o m p o n e n t

=  0 .6 9 3 f p y r  ■
*1/2

In  th e  c a se  o f  su s ta in e d  re lea se  d ic lo fe n a c  so d iu m ; th e  v a lu e s  
o f  D , 1 1 / 2 5  a n d  T  a re  2 5  m g , 2  h o u rs , a n d  12 h o u rs , re sp e c tiv e ly . T h e re fo re

th e  a m o u n t  o f  d ru g  n e e d e d  in  th e  su s ta in e d  re le a se d  c o m p o n e n t  w as:

0 .6 9 3 x 2 5 x 1 2  =  1 0 3 .9  m g ,
2

w h ic h  w a s  a d ju s te d  to  100  m g  in  th is  s tu d y . T h u s  th e  re q u ire d  K ° 
b ec a m e  8 .3 3  m g  p e r  h o u r  o r  0 .1 3 9  m g  p e r  m in u te .

In  o rd e r  to  a c h iev e  th e  o p tim u m  d is s o lu tio n  p ro file  fo r 
d e v e lo p m e n t o f  d ic lo fen a c  so d liu m  c o n tro lle d  re lea se  d ru g  d e liv e ry  
sy s tem  it w a s  n e c e s sa ry  to  se a rc h  fo r th e  o p tim u m  ra tio  o f  e th y lc e llu lo se  
a n d  c h ito s a n  to  b e  u se d . S in ce  v a r ia t io n  o f  so lid  c o n te n t  in  s p ra y  
feed in g  liq u id  c a n  re s u lt  in  sp ra y -d r ie d  p o w d e r  o f  d if fe re n t  p ro p e r t ie s
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(B ro a d h e a d , R o u a n , a n d  R h o d e s , 1 9 9 2 ). T h e re fo re  th e  in f lu e n c e  o f  th e  
so lid  c o n te n t  o r  in  a n o th e r  w o rd  th e  s p ra y  fe e d in g  v o lu m e  o n  th e  d ru g  
re lea se  p ro file  w a s  a ls o  s tu d ie d . In  o rd e r  to  p re p a re  th e  
d ic lo fe n a c :(E C + c h ito sa n )  so lid  d isp e rs io n s , e th a n o lic  so lu tio n  w a s  
u tiliz ed  a s  a  c o m m o n  so lv e n t o f  th e  d ru g  a n d  c a rr ie rs . T h e  a lco h o l 
tra c tio n  o f  th e  sp ra y  fe e d in g  liq u id  w a s  e x a m in e d  fo r its  in f lu e n c e  
o n  th e  d is s o lu tio n  o f  th e  re su ltin g  sp ra y -d r ie d  so lid  d isp e rs io n s . T h e  
in f lu e n c e s  o f  th e  a m o u n ts  o f  e th y lc e llu lo se  a n d  c h ito sa n , th e  fra c tio n  o f  
a b s o lu te  e th a n o l em p lo y ed , a n d  th e  s p ra y  fe e d in g  v o lu m e  o n  d ru g  
d is s o lu tio n  a re  sh o w n  in  F ig u re  9 .

L in e a r  re g re ss io n  w a s  a p p lie d  to  th e  d is s o lu tio n  d a ta  o f  th e  e ig h t 
e x p e r im e n ts  d e s ig n e d  b y  H a d a m a rd  m a tr ix  H [ 8 ], T h e  K ° a n d  R 2  o f  e a ch  
e x p e r im e n t a re  c a lc u la te d  a n d  p re s e n te d  in  T a b le  17. T h e n  b y  u s in g  
m u ltip le  l in e a r  re g re ss io n  th e  e q u a tio n s  e x p re s s in g  th e  re la t io n sh ip s  
b e tw ee n  th e  re sp o n se , K ° o r  R 2, a n d  th e  fo u r  v a r ia b le s  w e re  c o n s tru c te d . 
T h e  m u ltip le  l in e a r  re g re s s io n  w a s  p e r fo rm e d  u s in g  a  s ta tis t ic a l  c o m p u te r  
p ro g ra m . T h e  re su ltin g  p r in to u ts  c o n s is tin g  o f  th e  v a lu e s  o f  re g re ss io n  
m o d e l co e ff ic ien ts  (fy) a n d  th e  c o rre la tio n  c o e ff ic ie n ts  o f  l in e a r  m o d e l ( r2)

w ere  d e m o n s tra te d  in  F ig u re s  1 0 -1 4 . T h e  s ta tis tic a l t-v a lu e s  a n d  p a r tia l  F - 
v a lu e s  w ere  a lso  c a lc u la te d  b y  th e  c o m p u te r  p ro g ra m  a s  p re s e n te d  in  
T a b le  18. T h e  c o n s tru c te d  e q u a tio n s  a re  sh o w n  in  T a b le  19. E q u a tio n s
1 . 1  a n d  2 . 1  re p re se n te d  th e  e q u a tio n s  o b ta in e d  w h e n  th e  s tu d ie d  v a r ia b le s  
w ere  c a lc u la te d  in  th e  te rm  o f  th e ir  re a l v a lu e s  w h ile  e q u a tio n s  1 . 2  a n d
2 . 2  re p re se n te d  th e  e q u a tio n s  o b ta in e d  w h e n  th e  s tu d ie d  v a r ia b le s  w ere  
c a lc u la te d  in  th e  te rm  o f  th e ir  re d u c e d  v a r ia b le s  (-1 to  1). T h e  f itn e ss  o f  
l in e a r  m o d e ls  b e tw e e n  e a c h  re sp o n se  a n d  th e  fo u r  v a r ia b le s  w ere  
co n firm ed  b y  th e  c a lc u la te d  r 2  w h ic h  w ere  0 .9 6 8 9 1 0  a n d  0 .9 0 5 0 0 6  fo r



1 Dr
ug 

Dis
solv

ed
86

1 w 11 ^ 111 I V * V

VI • 1 VII °  VIII

Figure 9. D issolution profiles of diclofenac sod ium :(E C  + ch itosan)
solid d ispersions.
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T A B L E  17. K ° a n d  R 2  V a lu e s  o f  D S :(E C + c h ito s a n )  S o lid  D isp e rs io n s .

Experiment Experimental
(mg/minute)

Experimental R2 Predicted K® 
(mg/minute)

Predicted R2

I 0.100740 0.913113 0.110952 0.922660

II 0.137521 0.887548 0.127189 0.874920

III 0.214311 0.854114 0.221342 0.854536
IV 0.212446 0.882822 0.205535 0.885481
V 0.142239 0.929054 0.132027 0.919507
VI 0.137932 0.859139 0.148264 0.871767

VII 0.249449 0.851806 0.242418 0.851384
VIII 0.219699 0.884987 0.226610 0.882328

T A B L E  18. T h e  S ta tis tic a l t -v a lu e s  a n d  P a r tia l  F -v a lu e s  
L in e a r  R e g re ss io n s .

o f  M u ltip le

Parameters t-values
K° R2

Partial F-values 
K° R2

Feeding Volume -0.021186 0.905798 0.000449 0.820470
Ethanol fraction -9.309850 3.104402 86.673305 9.637312
EC Content -1.580667 4.243532 2.498507 18.007566
Chitosan Content -2.079168 0.340062 4.322938 0.115642

D.F. = 1, 3 : F (a  = 0.01) = 34.12, F (a  = 0.025) = 17.44, F (a  = 0.05) = 10.13, F (a  = 0.10) =  5.54,

F (a  = 0.25) = 2.02

D.F. = 3 : t ( a  =  0.01) = 4.541, t(a  =  0.025) = 3.182, t(a  = 0.05) = 2.353, t(a  = 0.10) = 1.638,

t(a  =  0.25) = 0.765
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[a]

VoJ ume Ale. E.c. Chitosan R-square Rate Predicted R-square Predicted Rate
■ —«X—■ - ■ «— iX— ■ y — « V k h

1 500 1 .70 3.0Q .10 .313113 .100740 .922660 .110952
i 200 .70 1.00 .10 .887548 .137521 .874920 .127189
3 500 .30 1.00 .10 .854114 .214311 .854536 .221342
4 2๓ .30 3.00 .10 .882822 .212446 .885481 .205535
5 500 .70 3.00 .02 .929054 .142239 .919507 . 132027
b 200 .70 1.00 .02 .859139 .137932 .871767 .148264
7 500 .30 1.00 .02 .851806 .249449 .851384 .242418
8 200 .30 3.00 .02 .884987 219699 .882328 .226610

[b]
Volume Ale. E.c. Chitosan R-square Rate Predicted R-square Predicted Rate

1.00 1.00 1.00 1.00 .913113 .100740 .922660 . 110952
2 -1.00 1.00 -1.00 1.00 .887548 .137521 .874920 .127189
ร l.otf -1.00 -1.00 1.00 .854114 .214311 .854536 .221342
4 -1.00 -l.ee 1.00 1.00 .882322 .212446 .885481 .205535
J 1.00 1.00 1.00 -1.00 .929054 .142239 .919507 .132027
6 -1.00 1.00 -1.00 1 CD CD .859139 .137932 .871767 .148264
7 1.00 -1.00 -1.00 ' -1.00 .851806 .249449 .851384 .242418

-1.00 -1.00 1 00 -1.00 .884987 .219699 .382328 '>•>£1*:, 1p

Figure 10. T he printout of multiple regression program  utilizing data 
from experim ents I - VIII show ing predicted zero-order 
dissolution rate constant and R 2 value: [a] data  w ere 
calculated in term  of real values of param eters, [๖] data  
w ere calculated in term  of reduced variables.
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Beta Coefficient Table
Parameter: Value ะ________ std. Err.:______T-Value:______ Partial F :
INTERCEPT .326832 .022059 14.815966
Volume -.000001 .000034 -.021186 .000449
Ale. -.235921 .025341 -9.30985 86.673305
E.c. -.008011 .005068 -1.580667 2.498507
Chitosan -.263441 .126705 -2.079168 4.322938 1

Figure 11. The printout of multiple regression program for zero- 
order dissolution rate constant utilizing data from 
experiments I - VIII in term of real values of parameters.
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Figure 12. The printout of multiple regression program for R2 vlaue 
utilizing data from experiments I - VIII in term of real 
values of parameters.
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Beta Coefficient Table
5arameter : Value :________ std. Err.:______T-Value :______ Partial F :
INTERCEPT .176792 .005068 34.882667
Volume -.000107 .005068 -.021186 .000449
Ale. -.047184 .005068 -9.30985 86.673305
E.c. -.008011 .005068 -1.580667 2.498507
Chitosan -.010538 .005068 -2.079168 4.322938

Figure 13. The printout of multiple regression program for zero- 
order dissolution rate constant utilizing data from 
experiments I - VIII in term of reduced variables.
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DF:
Multiple -  Y ะ R-square Four X variables

______ R-squared: Std.Err.: Coef. Var.
.905006 013111 1.48516

Analysis of Variance Table
Source DF : Sum Squares : 'lean Square : F-test:
REGRESSION 4 .004913 .001228 7.145248
RESIDUAL 3 .000516 .000172 .05 < p < .10
TOTAL 7 .005429 _____________

Beta Coefficient Table
Parameter: Value: Std.Err.: T-Value : Partial F :
j INTERCEPT .882823 .004636 190.446016
i Volume .004199 .004636 .905798 .82047
: Ale. .014391 .004636 3.104402 9.637312
I E.c. .019671 .004636 4.243532 18.007566
1 Chitosan .001576 .004636 .340062 .115642

/ '/

Figure 14. The printout of multiple regression program for R2 value 
utilizing data from experiments I - VIII in term of 
reduced variables.
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T a b le  19. T h e  M u ltip le  L in e a r  E q u a tio n s  E x p re s s in g  th e  R e la tio n s h ip s  
b e tw e e n  th e  R e sp o n se s  a n d  th e  In d e p e n d e n t  V a r ia b le s .

Responses Pedicted Response Equations in Term of
Parameters and Reduced Variables* r2

Zero -order K° = -O.OOOOOlX! - 0.235921x2 - 0.00801 lx3 - 0.263441x4 0.968920
Dissolution +0.326832
Rate Constant [Equation 1.1]
(K°) K° = -0.000107Xj - 0.047184X2 - 0.008011X3-0.010538X4

+ 0.176792
[Equation 1.2]

Correlation R2 = 0.000028XJ + 0.071 9 5 3 x 2 + 0.019671x3 + 0.039409x4 0.905006
Coefficient of + 0.795342
Dissolution Profile [Equation 2.1]
(R2) R2 = 0.004199Xj + 0.014391X2 + 0.019671X3 + 0.001576X4

+ 0.882823
[Equation 2.2]

% Drug c12 = -0.02262x1 - 4 3 .1 4 3 7 x 2 - 3.07375x3 -108.281x4 0.782123
Released +131.3712
at 12 th Hour [Equation 3.1]
(C12) c12 = -3.39375Xx - 8.62875X2 - 3.07375X3 - 4.33125X4

+89.23625[Equation 3.2]

-Xj , x2 , X3 , x4 are the quantities of the feeding volume,
ethanol fraction, EC content, and chitosan content, respectively.

- X 1 , x 2 , X3 5 x 4 are the quantities of the feeding volume,
ethanol fraction, EC content, and chitosan content 
in term of the reduced variables.

* These equations are valid only in the range of -1 to +1 for the values of 
each reduced variable.
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th e  re s p o n s e  o f  K ° a n d  R 2, re sp ec tiv e ly . In  o rd e r  to  e v a lu a te  th e  
s ig n if ic a n t e ffe c t o f  e a c h  v a r ia b le  th e  s ta tis tic a l t-v a lu e s  a n d  p a r tia l  
F -v a lu e s  c a lc u la te d  fro m  th e  s ta tis tic a l c o m p u te r  p ro g ra m  w e re  a n a ly z e d . 
T h e  p re d ic te d  re sp o n se s  b e in g  c a lc u la te d  fro m  th e  p re d ic te d  re s p o n s e  
e q u tio n s  a re  a lso  lis ted  in  T a b le  17.

E ffec ts  o f  In d e p e n d e n t  V a r ia b le s  o n  Z e ro -o rd e r  D is s o lu to n  R a te  C o n s ta n t  
o f  D ic lo fen a c  S o d iu n u Œ C + c h ito s a n f  S o lid  D is p e rs io n s

F ro m  th e  p re d ic te d  K ° e q u a tio n  (e q u a tio n  1 .2 ) o f  th e  d ic lo fen a c  
so d iu m :(E C + c h ito s a n )  so lid  d is p e rs io n s  o f

K ° =  - 0 .0 0 0 1 0 7 X j - 0 .0 4 7 1 8 4 X 2 - 0 .0 0 8 0 1 1X 3 - 0 .0 1 0 5 3 8 X 4 

+ 0 .1 7 6 7 9 2 ,

th e  fo llo w in g  c o n c lu s io n s  c o u ld  b e  e s ta b lis h e d  b a s in g  o n  th e  t-v a lu e s  a n d  
p a r tia l  F -v a lu e s . F o r a n y  c h a n g in g  in  th e  lev e ls  o f  re d u c e d  v a r ia b le s  fro m  
-1 to  1, K ° w a s  in f lu e n c e d  m a in ly  b y  a lco h o l f ra c tio n  ( a  =  0 .0 1 )  a n d  
w a s  p a r tia lly  in f lu e n c e d  b y  c h ito s a n  c o n te n t  ( a  =  0 . 1 0 ) a n d  e th y lc e llu lo se  
c o n te n t  ( a  =  0 .2 5 ) . W h ile  th e  v o lu m e  o f  fe e d in g  so lu tio n  d id n 't  im p a r t  
a n y  s ig n if ic a n t e ffec t o n  K °. T h e re fo re  th e  c h a n g e  in  th e  level o f  th e  
feed in g  v o lu m e  fro m  -1 to  1 level d id n 't  a l te r  th e  K ° o f  th e  p re p a re d  
d ic lo fen a c  so d iu m  : (E C + c h ito s a n )  so lid  d isp e rs io n s .
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E ffec ts  o f  In d e p e n d e n t  V a r ia b le s  o n  th e  C o rre la tio n  C o e ff ic ie n t o f  
L in e a r i ty  o f  D isso lu tio n  P ro f ile  o f  D ic lo fen a c  S o d iu m : Œ C + c h i to s a n t  
S o lid  D isp e rs io n s

F ro m  th e  p re d ic te d  R 2  e q u a tio n  (e q u a tio n  2 .2 )  o f  th e  d ic lo fen a c  
so d iu m :(E C + c h ito s a n )  so lid  d is p e rs io n s  o f

R 2  =  0 .0 0 4 1 9 9 X j +  0 .0 1 4 3 9 1 X 2 +  0 .0 1 9 6 7 1 X 3 +  0 .0 0 1 5 7 6 X 4 
+  0 .8 8 2 8 2 3 ,

th e  fo llo w in g  c o n c lu s io n s  c o u ld  b e  fin a liz e d  b a s in g  o n  th e  s ta tis tic a l 
t-v a lu e s  a n d  p a r tia l  F -v a lu es . F o r  a n y  c h a n g in g  in  th e  lev e ls  o f  re d u c e d  
v a r ia b le s  fro m  -1 to  1, R 2  w a s  m a in ly  in f lu e n c e d  b y  e th y lc e llu lo se  c o n te n t  
( a  =  0 .0 2 5 )  a n d  w a s  p a r tia lly  in f lu e n c e d  b y  a lc o h o l f ra c tio n  ( a  =
0 .0 5 ) . W h ile  th e  s p ra y  fe e d in g  v o lu m e  a n d  c h ito s a n  c o n te n t  d id n 't  im p a r t  
s ig n if ic a n t e ffe c ts  o n  R 2. T h e re fo re  th e  c h a n g e  in  th e  fe e d in g  v o lu m e  fro m  
-1 level (2 0 0  m l)  to  1 level (5 0 0  m l)  d id n 't  a lte r  th e  R 2  v a lu e  o f  th e  
in v e s tig a te d  d ic lo fe n a c  so d iu m :(E C + c h ito s a n )  so lid  d isp e rs io n s .

O p tim iz a tio n  o f  D ic lo fen a c  S o d iu m  :Œ C + C h ito s a n ไ S o lid  D is p e rs io n s

In  o rd e r  to  a c h ie v e  th e  o p tim u m  d is s o lu tio n  p ro file  fro m  
d ic lo fen a c  so d iu m :(E C + c h ito s a n )  c o n tro lle d  re le a se  so lid  d isp e rs io n , K ° 
in  th e  ra n g e  o f  0 .1 3 8  to  0 .1 4 0  m g  p e r  m in u te  a n d  R 2  o f  n o t  le s s  th a n
0 .9 0 0  w ere  se t a s  th e  re q u ire d  re sp o n se s . A d d itio n a l c r i te r ia  o f  m a x im u m  
d ru g  re lea se  a t  tw e lf th  h o u r  ( C 12) w a s  a ls o  e s ta b lish e d , th e re fo re  a n o th e r
m u ltip le  l in e a r  e q u a tio n  re p re s e n tin g  th e  re la t io n sh ip  b e tw e e n  c 12 a n d  th e  
fo u r  v a r ia b le s  w a s  c o n s tru c te d  a n d  lis te d  in  T a b le  19. A  fe a s ib ility  
c o m p u te r  p ro g ra m  n a m e d  S IM O P T  (K a lv e lg e n  a n d  T ijm s, 1 9 9 0 )  w a s
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u se d  to  lo c a te  th e  v a lu e  o f  e a c h  v a r ia b le  th a t  w o u ld  b e  u se d  to  p re p a re  
d ic lo fen ac  so d iu m  so lid  d isp e rs io n  y ie ld in g  th e  d is s o lu tio n  p ro file  th a t  
w o u ld  m e e t a ll th e  c r i te r ia  b e in g  se t ab o v e . T h e  g o a l o f  th is  p ro g ra m  w a s  
to  m ax im iz e  a n  o b jec tiv e  fu n c tio n  b y  sp e c ify in g  g iv en  c o n s tra in ts .  In  
o rd e r  to  ru n  th is  p ro g ra m  th e  o b jec tiv e  fu n c tio n  a n d  th e  c o n s tra in te d  
fu n c tio n s  m u s t  b e  set. S in ce  th is  p ro g ra m  c o u ld  n o t  p e r fo rm e d  o n  th e
in p u t o f  n e g a tiv e  v a lu e s  th e re fo re  o n ly  th e  e q u a tio n s  o f  th e  rea l 
p a ra m e te r  v a lu e s  (X j ,  x 2, x 3, x 4), e q u a tio n s  1 .1 , 2 .1 , a n d  3 .1 , w o u ld  b e

u se d  a s  in p u t  o f  th e  p ro g ra m .

In  th e  p re s e n t  s tu d y  th e  o b jec tiv e  fu n c tio n  w a s  th e  fu n c tio n  o f  c 12
w h ic h  d e p e n d e d  o n  th e  fo u r  in d e p e n d e n t p a ra m e te rs , th e  fe e d in g  v o lu m e  
( x 1), th e  a lc o h o l frac tio n  (x 2), th e  e th y lc e llu lo se  c o n te n t  (x 3) a n d  th e  
c h ito s a n  c o n te n t  (x 4). T h e  c o n s tra in ts  w ere  th e  K ° o f  b e tw e e n  0 .1 3 8  to

0 .1 4 0  m g  p e r  m in u te  a n d  th e  R 2  o f  n o t  le s s  th a n  0 .9 0 0 . T h e re fo re  th e  a im  
o f  th e  s tu d y  w a s  to  m a x im iz e  C 1 2  su b je c tin g  to  K ° o f  0 .1 3 8  to  0 .1 4 0  m g

p e r  m in u te  a n d  R 2  o f  n o t  le s s  th a n  0 .9 0 0 , th e  ra n g e  o f  th e  p a ra m e te r  
v a lu e s  b e in g  s tu d ie d  a lso  w e re  fe e d e d  in to  th e  p ro g ra m . H en c e , th e  in p u t  
o f  th e  p ro g ra m  b ecam e:

M ax im iz e
-0 .0 2 2 6 2 x r 4 3 .1 4 3 7 x 2 - 3 .0 7 3 7 5 x 3 - 1 0 8 .3 8 1 x 4 + 1 3 1 .3 7 1 2  

(E q u a tio n  o f C 12)

S u b je c t to
-O.OOOOOlXj - 0 . 2 3 5 9 2 1 x 2 - 0 .0 0 8 0 1  l x 3  - 0 .2 6 3 4 4 1 x 4 

+  0 .3 2 6 8 6 2  >  =  0 .1 3 8
(E q u a tio n  o f  K °)
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-O.OOOOOIX! - 0 .2 3 5 9 2 l x 2 - 0 .0 0 8 0 1  l x 3  - 0 .2 6 3 4 4 1 x 4 
+  0 .3 2 6 8 6 2  <  =  0 .1 4 0

(E q u a tio n  o f  K °)
0 . 0 0 0 0 2 8 X J  + 0 . 0 7 1 9 5 3 x 2 + 0 .0 1 9 6 7 1 x 3 +  0 .0 3 9 4 0 9 x 4

+  0 .7 9 5 3 4 2  >  =  0 .9 0
(E q u a tio n  o f  R 2)

Xj >  =  2 0 0  
X! <  =  5 0 0  
x 2  >  =  0 .3 0  
x 2  <  =  0 .7 0  
x 3 > =  1  

x3 <  =  3  

x 4 >  =  0 . 0 2  

x 4  <  =  0 . 1 0

T h e  p r in to u t  o f  th e  p ro g ra m  is  d e m o n s tra te d  in  F ig u re  15. T h e  
re su ltin g  o p tim u m  v a lu e s  c o n s is te d  o f  th e  fe e d in g  v o lu m e  o f  2 0 0  m l, th e  
a lc o h o l frac tio n  o f  0 .6 8 , th e  e th y lc e llu lo se  c o n te n t  o f  2 .4 9  m g , a n d  th e  
c h ito s a n  c o n te n t  o f  0 .0 2  m g . T o  fa c ilita te  th e  fu r th e r  e x p e r im e n t th e  
a lc o h o l p ro p o r tio n  a n d  th e  e th y lc e llu lo se  c o n te n t  w e re  a d ju s te d  to  0 .7 0  
a n d  2 .5 0  m g , re sp ec tiv e ly . T h e re fo re  th e  fe e d in g  v o lu m e  o f  2 0 0  m l (-1 
level), th e  a lc o h o l fra c tio n  o f  0 .7 0  (1 level), th e  e th y lc e llu lo se  c o n te n t  
o f  2 .5 0  m g  (0 .5  lev e l) a n d  th e  c h ito s a n  c o n te n t  o f  0 .0 2  m g  (-1 lev e l) 
w ere  c h o se n  to  c o m b in e  w ith  1 0 . 0 0  g o f  d ic lo fe n a c  so d iu m  in  o rd e r  to  
p re p a re  th e  re q u ire d  o p tim u m  d ic lo fen a c  so d iu m  c o n tro lle d  re lea se  so lid  
d isp e rs io n . H o w ev er, th is  se t o f  o p tim u m  c o n d it io n s  w a s  n o t  th e  o n ly  o n e  
th a t  fu lfillin g  th e  re q u ire d  c r ite ria . In  fa c t i t  w a s  th e  f i r s t  o n e  th a t  w a s
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The f o l lo w in g  n od a l wan read:
O b jeo tiv e  F u n otion  :HAX -0 .0 2 2 6  XI -4 3 .1 4 3 7  X2 -3 .0 7 3 7  X3 -1 0 8 .2 8 1 0  X4 + 1 3 1 .3 7 1 2  X5S u b jeo t to  ะ

Î . 1 . 0 0 0 0 X5 = 1 . 0 0 0 0
2 . - 0 . 0 0 0 0 XI - 0 . . 2 3 5 9  X2 - 0 . 0 0 8 0 X3 - 0 . 2 6 3 4 X4 + 0 . 3 2 6 8 X5 > = 0 . 1 3 8 0
3 . - 0 . 0 0 0 0 XI - 0 . . 2 3 5 9  X2 - 0 . 0 0 8 0 X3 - 0 . 2 6 3 4 X4 + 0 . 3 2 6 8 X5 < = 0 . 1 4 0 0
4 . o i o o o o XI + 0 . , 0 7 2 0  X2 + 0 . 0 1 9 7 X3 + 0 . 0 3 9 4 X4 + 0 . 7 9 5 3 X5 > = 0 . 9 0 0 05. 1 . 0 0 0 0 XI > = 2 0 0 . 0 0 0 0
6 . 1 . 0 0 0 0 XI < = 5 0 0 . 0 0 0 0
7 . • 1 . 0 0 0 0 X2 > = 0 . 3 0 0 0
8 . 1 . 0 0 0 0 X2 <= 0 . 7 0 0 0
9 . 1 . 0 0 0 0 X3 > = l l o o o o

1 0 . 1 . 0 0 0 0 X3 < = 3 . 0 0 0 0
1 1 . 1 . 0 0 0 0 X4 > = 0 . 0 2 0 0
1 2 . 1 . 0 0 0 0 X4 < = 0 . 1 0 0 0

Sunnary o f  R e su lts
V alue O b je o tiv e F u n otion  : 8 7 .50 3 7
V a riab le A o t iv i t y  L eve l Reduoed Co
XI : 2 0 0 .0 0 0 0 0 .0 0 0 0X2 J. 0 .6 84 1 0 .0 0 0 0X3 2 .4 9 3 4 0 .0 0 0 0X4 0 .0 2 0 0 0 .0 0 0 0X5 1 .0 00 0 0 .0 0 0 0

Figure 15. The printout of SIMOFT program searching for 
optimized solid dispersion.

the
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c a lc u la te d  b y  th e  c o m p u te r  p ro g ra m  a n d  o n e  sh o u ld  a c k n o w le d g e  th e  
e x is te n c e  o f  th e  o th e r  se ts  o f  o p tim u m  c o n d itio n s .

T o  se a rc h  fo r th e  o p tim u m  ra n g e  o f  s p ra y  d ry in g  c o n d it io n s  fo r  
p re p a r in g  th e  o p tim ize d  d ic lo fen a c  s o d iu m :(E C + c h ito s a n )  c o n tro lle d  
re le a se  so lid  d isp e rs io n s , th e  a p p lic a tio n  o f  re s p o n s e  s u rfa c e  p lo t  a n d  
c o n to u r  p lo t  w ere  em p lo y ed . T h e  su rfa c e  p lo ts  a n d  c o n to u r  p lo ts  o f  K ° 
a n d  R 2  w e re  o b ta in e d  b y  fix in g  tw o  v a r ia b le s  a t  c o n s ta n t  lev e ls  a n d  
v a ry in g  th e  lev e ls  o f  th e  tw o  re m a in in g  v a r ia b le s  in  th e  ra n g e  th a t  b e in g  
s tu d ie d . T h o se  p lo ts  a re  i llu s tra te d  in  F ig u re s  1 6 -1 9  .

F ro m  th e  e q u a tio n s  1.1 o r  1 .2  a n d  2 .1  o r  2 .2 , th e  in c re a se  in  
th e  v o lu m e  o f  fe e d in g  so lu tio n  fro m  2 0 0  m l to  5 0 0  m l d id n 't  im p a r t  a n y  
s ig n if ic a n t e ffec t o n  K ° o r  R 2. E c o n o m ic a lly  it  w o u ld  b e  b e n e f i t  to  f ix  th e  
v o lu m e  o f  fe e d in g  so lu tio n  to  2 0 0  m l (-1 lev e l). T h e  re s p o n s e  su rfa c e  p lo t  
o f  e q u a tio n  1 .2  is  d e m o n s tra te d  in  F ig u re  16. F ig u re  1 6 a  s h o w e d  th a t  
w h e n  fix in g  th e  fe e d in g  v o lu m e  a t  - 1  level a n d  a lc o h o l p ro p o r t io n  a t  1  

level, th e  v a r ia tio n  in  e th y lc e llu lo se  o r  c h ito s a n  c o n te n t  o r  b o th  w o u ld  
re s u lt  in  th e  K ° o f  d ic lo fe n a c  so d iu m  so lid  d is p e rs io n s  in  th e  ra n g e  o f
0 .1 1 0  to  0 .1 5 0  m g  p e r  m in u te . W h ile  F ig u re  1 6b  d e m o n s tra te d  th a t  w h e n  
th e  fe e d in g  v o lu m e  a n d  a lc o h o l fra c tio n  w ere  f ix ed  a t  - 1  a n d  - 1  

re sp ec tiv e ly , th e  v a r ia tio n  in  e th y lc e llu lo se  o r  c h ito s a n  c o n te n t  o r  b o th  
w o u ld  y ie ld  th e  K ° in  th e  ra n g e  o f  0 .2 0 5  to  0 .2 4 0  m g  p e r  m in u te . T h e s e  
re su lts  c o u ld  b e  u se d  a s  a  g u id e lin e  to  se le c t th e  lev e ls  o f  v a r ia b le s  th a t  
w ill g ive th e  re q u ire d  o p tim u m  K °. T h e re fo re  th e  K ° o f  0 .1 3 9  m g  p e r  
m in u te  c o u ld  b e  o b ta in e d  b y  fix in g  th e  lev e ls  o f  fe e d in g  v o lu m e  a n d  
a lc o h o l fra c tio n  a t  - 1  a n d  1  re sp ec tiv e ly , a n d  th e n  th e  o p tim u m  lev e ls  
o f  e th y lc e llu lo se  a n d  c h ito s a n  c o n te n ts  c o u ld  b e  se le c te d  p ro p e rly . T o
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Figure 16. The response surface plots for zero-order dissolution rate 
constant (mg/minute) as functions of ethylcellulose and 
chitosan contents ะ [a] fixing X 1 = -1 and x 2 = 1, 
[b] fixing X j = -1 and x 2 = -1.
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Figure 17. The contour plot for zero-order dissolution rate constant 
(mg/minute) as a function of ethylcellulose and chitosan  
contents when X j = -1 and X 2 =  1.
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Figure 18. The response surface plots for R2 value as a function of 
ethylccllulose and chitosan contents ะ [a] fixing X 1 = -1 
and x 2 =  1, [๖]- fixing X j = -1 and x 2 = - 1
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fa c ilita te  th e  se lec tio n  o f  th e  o p tim u m  lev e ls  o f  e th y lc e llu lo se  a n d  c h ito s a n  
c o n te n ts  th e  c o n to u r  p lo t  o f  fix in g  th e  lev e ls  o f  fe e d in g  v o lu m e  a n d  
a lco h o l p ro p o r tio n  a t  -1 a n d  1 w a s  c o n s tru c te d  a s  sh o w n  in  F ig u re  17.

T h e  su rfa c e  p lo ts  a n d  c o n to u r  p lo t o f  th e  re s p o n s e  R 2  a re  a lso  
i llu s tra te d  in  F ig u re s  18 a n d  19, re sp ec tiv e ly . T h e s e  g ra p h s  w e re  a lso  
p lo tte d  b y  fix in g  th e  lev e ls  o f  fe ed in g  v o lu m e  a n d  a lc o h o l fra c tio n  a t  - 1  

a n d  1 o r  -1 a n d  -1 , re sp ec tiv e ly . T h e  su rfa c e  p lo t sh o w e d  th a t  R 2  o f  0 .8 7 0  
to  0 .9 1 0  c o u ld  b e  ac h ie v e d  b y  fix in g  th e  lev e ls  o f  th e  fe e d in g  v o lu m e  a n d  
a lco h o l f ra c tio n  a t  -1 a n d  1 re sp e c tiv e ly  w h ile  v a ry in g  th e  lev e ls  o f  E C  
a n d  c h ito s a n  c o n te n ts  free ly  fro m  - 1  to  1 .

In  o rd e r  to  se a rc h  fo r th e  o p tim u m  lev e ls  o f  e th y lc e llu lo se  a n d  
c h ito s a n  c o n te n ts  th a t  w o u ld  g ive th e  m o s t p o ss ib le  re q u ire d  K ° w ith  th e  
a c c e p ta b le  R 2  v a lu e , th e  tw o  c o n to u r  p lo ts  o f  K ° a n d  R 2  w e re  
su p e r im p o se d  a s  sh o w n  in  F ig u re  2 0 . F ro m  th is  su p e r im p o se d  c o n to u r  
p lo t a  re s tr ic te d  a re a  w h ic h  w o u ld  g iv e  th e  K ° b e tw e e n  0 .1 3 6  to  0 .1 4 2  m g  
p e r  m in u te  a n d  th e  R 2  v a lu e  o f  m o re  th a n  0 .8 8 0  w a s  id e n tif ie d . W ith in  
th is  a re a  th e  o p tim u m  lev e ls  o f  e th y lc e llu lo se  a n d  c h ito s a n  c o n te n ts  w h ic h  
w o u ld  g ive  th e  m o s t p o ss ib le  re q u ire d  K ° o f  0 .1 3 6  to  0 .1 4 2  m g  p e r  
m in u te  w ith  th e  a c c e p ta b le  R 2  v a lu e  o f  m o re  th a n  0 .8 8 0  c o u ld  b e  
ch o sen .

V a lid a tio n  o f  th e  O p tim u m  D ic lo fe n a c T E C + c h ito sa n !  S o lid  D isp e rs io n

T h e  d is s o lu tio n  p ro file  o f  th e  o p tim u m  d ic lo fen a c  so d iu m  so lid  
d isp e rs io n  (e x p e r im e n t IX ), th e  1 0 :(2 .5 + 0 .0 2 )  d ic lo fe n a c  so d iu m :(E C +  
c h ito sa n ), is  i l lu s tra te d  in  F ig u re  2 1 . T h e  K ° a n d  R 2  w ere  c a lc u la te d  a n d
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EC content

F ig u re  2 0 . T h e  su p e r im p o se d  c o n to u r  p lo ts  fo r  z e ro -o rd e r  d is s o lu tio n  ra te  
c o n s ta n t  (0 .1 3 6 -0 .1 4 2  m g /m in u te )  a n d  R 2  v a lu e  (0 .8 8 0 -0 .9 1 0 )  
w h e n  X j =  -1 a n d  x 2 =  1.
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Figure 21. Dissolution profile of the optimized 10ะ(2.5+0.02) 
diclofenac sodium:(EC+chitosan) solid dispersion as 
compared to the predicted dissolution profile with 99%
confidence level.
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c o m p a re d  w ith  th e  p re d ic te d  K ° a n d  R 2  b e in g  c a lc u la te d  fro m  th e  
m u ltip le  l in e a r  e q u a tio n s . T h o se  in fo rm a tio n s  a re  sh o w n  in  T a b le  2 0 . T h e  
e x p e rim e n ta l K ° a n d  R 2  w ere  0 .1 4 7 1 2 8  m g  p e r  m in u te  a n d  0 .9 2 8 0 3 0  
w h ile  th e  th e  p re d ic te d  K ° a n d  R 2  w ere  0 .1 3 6 2 4 8  m g  p e r  m in u te  a n d
0 .9 0 1 2 7 5 , re sp ec tiv e ly . F ro m  th e  p re d ic te d  K °, th e  p re d ic te d  d is s o lu tio n  
p ro file  h av in g  R 2  o f  1 .0 0 0 0  c o u ld  b e  d ra w n  a s  sh o w n  in  F ig u re  2 1 . T h e  
9 9 %  c o n fid en c e  lin e s  o f  th e  p re d ic te d  d is s o lu tio n  p ro file  w e re  c o n s tru c te d  
a c c o rd in g  to  t-v a lu e  ( t 1 / 2  =  2 .9 2 1 )  a n d  F -v a lu e  (F 0 1 2 1 6  =  6 .2 3 ) .  T h e

e x p e rim e n ta l p ro file  o f  th e  o p tim ize d  d ic lo fen a c  so d iu m  so lid  d isp e rs io n  
lied  a lm o s t c o m p le te ly  w ith in  th e  9 9 %  c o n fid e n c e  b a n d  in d ic a tin g  th e  
v a lid ity  o f  th e  p re d ic tio n  b y  th e  K ° e q u a tio n . T o  c o n firm  th e  a c c u ra c y  o f  
p re d ic tio n , th e  o b ta in e d  K ° a n d  R 2  fro m  e x p e r im e n t IX  w ere  c o m b in e d  
w ith  th o se  fro m  e x p e r im e n t I-V III a n d  th e  m u ltip le  l in e a r  re g re s s io n  w a s  
p e rfo rm e d . F ig u re s  2 2 -2 4  sh o w  th e  p r in to u ts  o f  th e  m u ltip le  lin e a r  
re g re ss io n  m o d e l. T h e  m o d e l re g re ss io n  co e ff ic ien ts , th e  s ta tis tic a l t-  
v a lu e s  a n d  p a r tia l  F -v a lu e s , a n d  th e  c o rre la tio n  o f  lin e a r ity  o f  th e  m o d e l 
( r 2) w ere  a ll e x p re s se d  in  th e  p r in to u ts . T h e  re s u l t  i llu s tra te d  th a t  fo r b o th  
re sp o n se s , th e  K ° a n d  R 2, th e  d a ta  fro m  a ll n in e  e x p e r im e n ts  sh o w e d  th e  
m u ltip le  l in e a r  re la t io n sh ip  b e tw e e n  e a c h  re s p o n s e  a n d  th e  fo u r  v a r ia b le s . 
T a b le  21 sh o w s  th e  r 2  v a lu e s  o b ta in e d  fro m  e x p e r im e n ts  I-V III a n d  I-IX  
w h ich  w ere  0 .9 6 8 9 1 0  a n d  0 .9 6 6 3 3 9  fo r  th e  re s p o n s e  K ° a n d  0 .9 0 5 0 0 6  
a n d  0 .8 6 4 2 9 8  fo r  th e  re sp o n se  R 2, re sp ec tiv e ly . S im ila rity  b e tw e e n  th o se  
v a lu e s  co n firm ed  th e  v a lid ity  o f  th e  p re d ic te d  e q u a tio n s  fo r  th e  tw o  
re sp o n se s . T h e re fo re  th e  e q u a tio n s  1.1 o r  1 .2  a n d  2 .1  o r  2 .2  c o u ld  b e  
u se d  to  p re d ic t  K ° a n d  R 2  a c cu ra te ly .
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Table 20. Experim ental Design o f  the Optim ized Diclofenac Sodium:
(EC+chitosan) Solid D ispersions (Experim ent IX) and the
Observed and Predicted Responses.

Drug Reduced Variables Observed Predicted
Xi x 2 *3 x 4 K° R2 K° R2

10 -1 1 0.5 -1 0.147128 0.928030 0.136248 0.901275
(g)

Drug Parameters Observed Predicted
X 1 x 2 x3 x4 K° R2 K° R2

10 200 0.70 2.50 0.02 0.147128 0.928030 0.136248 0.901275
(g) (ml) (g) (g)

T a b le  2 1 . C o m p a riso n  o f  th e  r 2  V a lu e s  C a lc u la te d  fro m  E x p e r im e n ts  
I-V III a n d  I-IX .

R e sp o n se s E x p e r im e n ts  I-V III 
r 2

E x p e r im e n ts  I-IX  
r 2

KO 0 .9 6 8 9 1 0 0 .9 6 6 3 3 9

R 2 0 .9 0 5 0 0 6 0 .8 6 4 2 9 8
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Volume Ale. E.c. 1 Chitosan R-square Rate Predicted R-square Predicted RateHH X ■ ■ ■ ■  ; ■ ■ ■ ■ ■  X ■ ■ ■ ■ ■ mm X mm ; ■ ■ ■ ■  X ■ ■ ■ ■ mÊ—m y mamma ■ ■ Vhb
1 1.00 1.00 j 1.00 1.00 .913113 .100740 .923752 . 111396
1J -1.00 1.00 ! -1.00 1.00 .887548 . 137521 .878196 .128521
3 1.ÛÔ -1.00 -1.00 1.00 .854114 .214311 .849076 .219122
4 -1.00 -1.00 1.00 1.00 .882822 .212446 .886573 .205979
5 1.00 1.00 1.00 -1.00 .929054 .142239 .924968 .134248
6 -1.00 1.00 -1.00 -1 00 .859139 . 137932 .879412 .151373
7 ไ.00 -1.00 -1.00 -1.00 .851806 .249449 .850292 .241974
8 -1.00 -1.00 1.00 -1.00 .884987 .219699 .887789 .228831
9 -1.00 1.00 .50 -1.00 .928030 .147128 .910557 .140022

Figure 22. The printout of multiple regression program, utilizing 
data from experiments I - IX in term of reduced 
variables, show ing predicted zero-order dissolution rate 
constant and R2 value.
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Parameter ะ Value ะ
Beta Coefficient Table 

Std.Err.: T-Value: Partial F :
INTERCEPT .17768 .004462 39.819108
Volume -.000996 .004462 -.223116 .049781
Ale. . -.046296 .004462 -10.375161 107.643965
E.c. -.007567 .004609 -1.641961 2.696034
Chitosan -.011426 .004462 -2.56059 6.556622

Figure 23. The printout of multiple regression program for zero- 
order dissolution rate constant utilizing data from 
experiments I - EX in term of reduced variables.
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Multiple -  Y ะ R-squar* Four X variables
DF: ?-squared ะ Std. Err.: Coef. Var.:
8 .864298 .015678 1.765887

Analysis of Variance Table
Source DF: Sum Squares ะ '•lean Square ะ F-test:
REGRESSION 4 .006262 .001566 6.369082
RESIDUAL 4 .000983 .000246 .05 < p < .10
TOTAL 8 .007246

Beta Coefficient Table
Parameter : Value ะ________std. Err.:______T-Value ะ______ Partial โ ะ
INTERCEPT .885007 .005312 166.60309
Volume .002015 .005312 .379268 .143844
Ale. .016575 .005312 3.120216 9.73575
E.c. .020763 .005486 3.78457 14.32297
Chitosan -.000608 .005312 -.114419 .013092

Figure 24. The printout of multiple regression program for R2 value 
utilizing data from experiments I - IX in term of reduced
variables
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P A R T  I I  -  S O L ID  D I S P E R S I O N  T A B L E T S  

E v a lu a tio n  o f  D ic lo fen a c  S o d iu m  C o n tro lle d  R e lea se  T a b le ts

In  o rd e r  to  fo rm u la te  th e  o p tim iz e d  10 :(2 .5 —0 .0 2 )  d ic lo fen a c  
so d iu m :(E C + c h ito s a n )  so lid  d isp e rs io n  in to  o p tim u m  c o n tro lle d  re lea se  
ta b le t d o sa g e  fo rm  b y  d ire c t c o m p re s s io n , th e  p a ra m e te rs  h av in g  
in flu e n c e s  o n  ta b le t  d is s o lu tio n  m u s t  b e  co n tro lle d  a t  th e  o p tim u m  levels . 
F o u r p a ra m e te rs  c o n s id e re d  h av in g  th e se  in f lu e n c e s  w ere  c o m p re s s io n  
fo rce , c o m p re s s ib le  ex c ip ie n t, d is in te g ra n t, a n d  lu b r ic a n t  u tiliz ed  in  
d ic lo fen ac  so d iu m  ta b le t  p ro d u c tio n . L in  a n d  L in  (1 9 9 3 )  s tu d ie d  th e  
e ffec ts  o f  d if fe re n t ty p e s  o f  d ire c t  c o m p re s s ib le  e x c ip ie n ts  o n  d irec t-  
c o m p re s se d  th e o p h y llin e  ta b le ts  c o n ta in in g  E u d ra g it  R S P M /R L P M . T h e y  
d e m o n s tra te d  th a t  th e  ta b le ts  m a d e  b y  d ic a lc iu m  p h o s p h a te  a n h y d ro u s  
(D C P A ) o r  m ic ro c ry s ta llin e  c e llu lo se  (A v ice l P H  1 0 1 ) e x h ib ite d  th e  m o s t 
c o n tro lled  re le a se  b eh a v io r. H o w ev er, th e  re lea se  ra te  o f  th e o p h y llin e  
fro m  th e  ta b le ts  p ro d u c e d  b y  d ic a lc iu m  p h o s p h a te  c h a n g e d  s ig n if ic a n tly  
w h en  p H  o f  th e  d is so lu tio n  m e d iu m  w as  a lte re d  fro m  1.2 to  6 .5 , w h ile  th e  
pH  c h a n g e  sh o w e d  m u c h  less  e ffe c t o n  th e  d ru g  re lea se  ra te  fro m  th e  
ta b le ts  o f  m ic ro c ry s ta llin e  ce llu lo se . T h e re fo re , it a p p e a re d  th a t  A vicel P H  
1 0 1  sh o u ld  b e  th e  d ire c t  c o m p re s s ib le  e x c ip ie n t o f  ch o ice  fo r fa b r ic a tin g  
d ic lo fen ac  so d iu m  c o n tro lle d  re lea se  tab le ts . H o w ev er, th e  p re p a re d  
sp ra y -d r ie d  d ic lo fen a c  so d iu m  so lid  d isp e rs io n  w a s  b u lk y  a n d  th u s  a  
c o m p ress ib le  d ilu e n t h av in g  h ig h  b u lk  d e n s ity  w as  req u ired . B u lk  d e n s ity  
o f  A vicel P H  101 is q u ite  lo w  o f  0 .2 8  g/'cc (A m e ric an  P h a rm a c e u tic a l  
A sso c ia tio n , 1 9 8 6 ) th e re fo re  it w a s  n o t a p p ro p r ia te  to  b e  u sed  in 
fa b rica tin g  th e  d ic lo fen a c  so d iu m  c o n tro lle d  re lea se  ta b le ts  b y  d ire c t 
co m p ress io n .
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E ra -T a b , a  d ire c t  c o m p re s s ib le  ex c ip ie n t, is  sp ra y -d r ie d  ric e  
s ta rc h  h a v in g  h ig h  b u lk  d e n s i ty  o f  0 .5 3  g /cc  (V a ra v in it  a n d  M itrev e j, 
1 9 8 9 ). I t  w a s  d e m o n s tra te d  th a t  th e  re le a se  ra te  o f  ta b le ts  m a d e  b y  s ta rc h  
w a s  p H -in d e p e n d e n t (L in  a n d  L in , 1 9 9 3 ). T h e re fo re  th e  d e c is io n  w a s  
m a d e  to  e m p lo y  E ra -T a b  a s  c o m p re s s ib le  e x c ip ie n t  in  th e  d ic lo fe n a c  
so d iu m  c o n tro lle d  re le a se  ta b le t  fo rm u la tio n . F a ss ih i, P a rk e r , a n d  
P o u rK a v o o s  (1 9 8 5 )  s tu d ie d  th e  in f lu e n c e  o f  c o m p re s s io n  fo rc e  o n  th e  
re lea se  ra te  o f  th e o p h y llin e  fro m  so lid  d is p e rs e d  sy s te m  ta b le ts . T h e  
re lea se  ra te  o f  d ru g  d is p e rs e d  in  a  p o ly m e ric  m ix tu re  o f  p o ly e th y le n e  
g ly co l a n d  a c ry lic /m e th a c ry lic  e s te rs  w a s  fo u n d  to  d e p e n d  o n  th e  
c o m p re s s io n  fo rce . In  o rd e r  to  c o u n te r  th e  e ffe c t o f  c o m p re s s io n  o n  ta b le t  
d isso lu tio n , a  d is in te g ra n t is  re q u ire d  in  th e  ta b le t  fo rm u la tio n . In  th is  
s tu d y  c ro sc a rm e llo se  so d iu m  (A c -D i-S o l)  w a s  se lec te d  d u e  to  its  h ig h  
d is in te g ra tin g  e ffec t o n  th e  ta b le ts  (S h a n g ra w , W a lla c e , a n d  B o w e rs , 
1 9 8 1 ). T h e  re ta rd in g  e ffe c t o f  h y d ro p h o b ic  lu b r ic a n ts  o n  ta b le t  
d is in te g ra tio n  w a s  c o m m o n ly  k n o w n . H en c e , th e  o p tim u m  level o f  th e  
h y d ro p h o b ic  lu b ric a n t, m a g n e s iu m  s te a ra te , u tiliz e d  in  th e  d ic lo fe n a c  
so d iu m  c o n tro lle d  re lea se  ta b le t  fo rm u la tio n  m u s t  b e  se a rc h e d .

T h e  w e ig h t v a r ia tio n , fr iab ility , h a rd n e s s  a n d  d is in te g ra tio n  tim e  
o f  d ic lo fen a c  so d iu m :(E C + c h ito s a n )  so lid  d isp e rs io n  ta b le ts  p re p a re d  
fro m  all 17 fo rm u la tio n s  a re  sh o w n  in  T a b le  2 2 . D is s o lu tio n  p ro f ile s  o f  
th e  in v e s tig a te d  ta b le t  fo rm u la tio n s  a re  a lso  d e m o n s tra te d  in  F ig u re  2 5 . 
T h e  K° a n d  R 2  o f  th e  d e s ig n e d  d ic lo fe n a c  so d iu m  c o n tro lle d  re le a se  ta b le t  
fo rm u la tio n s  c a lc u la te d  fro m  th e ir  d is s o lu tio n  p ro file s  u s in g  lin e a r  
re g re ss io n  a re  p re se n te d  in  T a b le  2 2 . T h e  s e c o n d -o rd e r  m u ltip le  
re g re ss io n  w a s  em p lo y ed  to  c o n s tru c t  th e  re la t io n s h ip s  b e tw e e n  a  
re sp o n se  (Y j) a n d  th e  fo u r  v a r ia b le s , th e  c o m p re s s io n  fo rce  (X j) ,  th e
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T a b le  2 2 . T a b le t  P ro p e r t ie s  o f  D ic lo fen a c  S o d iu m  C o n tro lle d  R e le a se  
T a b le ts  F ro m  V a r io u s  F o rm u la tio n s .

Form ฟ ation Weight
Variation
(%)

Friability
(%)

Hardness
(kp)

DisintegrationTime
(minutes)

I 2.12 0.20 2.86 1.66
II 1.88 0.10 5.12 1.88
III 2.20 0.38 3.36 1.52
IV 1.29 0.15 5.80 1.73
V 4.07 0.35 3.24 1.13
VI 1.74 0.08 5.90 1.46
VII 2.05 0.71 2.96 1.11
VIII 2.44 0.06 6.16 1.80
IX 2.94 0.05 6.40 1.40
X 2.49 0.45 3.42 1.32
XI 2.18 0.15 5.80 1.61
XII 1.55 0.11 4.46 1.14
XIII 4.27 0.20 4.52 1.11
XIV 2.28 0.19 4.54 1.48
XV 1.86 0.22 4.58 1.23
XVI 3.03 0.23 5.04 1.32
XVII 2.50 0.26 5.26 1.21

Formulation K°
( mg per minute)

R2

I 0.119907 0.922725
II 0.119997 0.903966
III 0.122161 0.945490
IV 0.099279 0.925693
V 0.147456 0.908940
VI 0.149350 0.882547
VII 0.177620 0.911575
VIII 0 179568 0.838984
IX 0.154044 0.881433
X 0.156840 o'891720
XI 0.143407 0.951921
XII 0.154080 0.928060
XIII 0200047 0.873209
XIV 0.116939 0.945551
XV 0.145629 0.824239
XVI 0.154524 0.880134
XVII .0.138216 0.896059
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Figure 25. Dissolution profiles of diclofenac sodium  controlled 
release tab lets prepared from the designed tablet 
formulations.
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a m o u n t  o f  E ra -T a b  (X 2) 5 th e  a m o u n t  o f  A c-D i-S o l (X 3) a n d  th e  a m o u n t  
o f  m a g n e s iu m  s te a ra te  (X 4). T h e  e q u a tio n s  e x p re s se d  th e  s e c o n d -o rd e r  
re la t io n sh ip s  b e tw e e n  th e  fo u r  v a r ia b le s  a n d  ta b le t  w e ig h t v a r ia t io n  (Y j) ,  
f r ia b ility  (Y 2), h a rd n e s s  (Y 3), d is in te g ra tio n  tim e  (Y 4), K ° (Y 5), a n d  R 2  

(Y 6) th e re fo re  w e re  d e riv ed . T h e  p r in to u ts  o b ta in e d  fro m  th e  m u ltip le  

re g re ss io n  p ro g ra m  a re  sh o w n  in  F ig u re s  2 6 -3 2 .

In  o rd e r  to  d e te rm in e  th e  f i tn e ss  o f  th e  in v e s tig a te d  re la t io n s h ip s  
to  th e  s e c o n d -o rd e r  m o d e l, th e  c o rre la tio n  c o e ff ic ie n t ( r 2) fo r  e a ch  
in v e s tig a te d  re la t io n sh ip  w a s  c a lc u la ted . T h e  r 2  v a lu e  o f  m o re  th a n  0 .8 0 0  
w a s  ju s t i f ie d  a s  a n  in d ic a tio n  o f  a c c e p ta b le  f i tn e s s  o f  th e  s e c o n d -o rd e r  
m o d el. I t  is  o f  b e n e fit  to  a s s u m e  a  s e c o n d -o rd e r  m o d e l to  a n y  re la t io n sh ip
sin ce  it  is  a lso  a p p lic a b le  i f  th e  re la tio n sh ip  is  a  f ir s t-o rd e r  m o d e l. In  su c h  
c a se  th e  re g re ss io n  c o e ff ic ie n ts  (b j) o f  th e  in te ra c tio n s  (x k. 1 x k) a n d  th e

s q u a re d  te rm  (X k2) w ill b e  in s ig n if ic a n t a n d  th e  m o d e l c a n  b e  re d u c e d  to  

f irs t-o rd e r  m o d e l a u to m a tic a lly . T h e  s ig n ific an c e  o f  th e  m a in  e ffe c ts , th e  
in te ra c tio n s , o r  th e  sq u a re d - te rm  e ffec ts  c a n  b e  d e te rm in e d  u til iz in g  th e  
s ta tis tic a l t-v a lu e s  o r  th e  p a r tia l  F -v a lu es.

D e te rm in a tio n  o f  th e  P re d ic te d  R e sp o n se  E q u a tio n s

S in ce  th e  c e n tra l c o m p o s ite  d e s ig n  o f  fo u r  v a r ia b le s  b e in g  u tiliz e d  
in  th is  s tu d y  b a s e d  o n  h a l f  f ra c tio n a l fa c to ria l  th e re fo re  e v e ry  tw o -fa c to r  
in te ra c tio n  w a s  a lia se d  w ith  a n o th e r  tw o -fa c to r  in te ra c tio n  (M o n tg o m e ry ,
1 9 9 1 ). T h ese  a lia s  re la t io n sh ip s  w ere: X jX 2  =  X 3 X 4, X jX 3  =  X 2 X 4, a n d  
X 2 X 3  =  X 1 X 4, re sp ec tiv e ly . In  o rd e r  to  d is t in g u is h  th e s e  tw o -fa c to r

in te ra c tio n s , th e  c e n tra ' c o m p o s ite  d e s ig n  m u s t  b a s e  o n  th e  fu ll fa c to ria l 
d e s ig n  a n d  h en c e  th e  to ta l  o f  2 7  e x p e r im e n ts  sh o u ld  b e  e m p lo y e d  (F ra n z
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Pressure 1 EroTUb 1 Ac-Di-Sol j Mg. St. X1X2=X3X4 XlX3=X2X4 XlX4=X2X3 X1X1 X? X?wmmmm V wmmmm mmm V wmmm ; wmmmmm X m—mm j wmmmm y mmmm y ^—mmmm y mmmmmmwmmmmmmm V M»»s r ,-:i / M BMI V awn1 •1000! -1000 -1.000 -1.000 1.000 1000 1 000 I ooc 1 C’O2 1.000 -1.000 -1.000 1.000 -1.000 -1.000 1 000 1.000 1 0003 -1.0Û0 1.000 -1.000 1.000 -1.000 1.000 -1.000 1.000 1.0004 1.000 1.000 -1.000 -1.000 1.000 -1.000 -1.000 1.000 1.0005 -1.000 -1.000 1.000 1.000 1.000 -1.000 -1.000 1.000 1.0006 1.000 -1.000 1.000 -1.000 -1.000 1.000 -1.000 1.000 1 0007 -1.000 1.000 1.000 -1.000 -1.000 -1.000 1.000 1.000 1.0008 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.0009 1.414 0 0 0 0 0 0 1.999 010 -1.414 0 0 0 0 0 0 1.999 011 0 1.414 0 0 0 0 0 0 1.99912 0 -1.414 0 0 0 0 0 0 1.99913 0 0 1.414 0 0 0 0 0 014 0 0 -1.414 0 0 0 0 0 015 0 0 0 1/114 0 0 0 0 016 0 0 0 -1.414 0 0 0 0 j 017 0 0 0 0 0 0 0 0 1 0

X3X3 X4X4 Hardnesi Rale R-jquare Friability---- 1--- --- Wl. Var. Disinl. lime
1 1.000 1.000 y'โ.;-1 .119907 .922725 .2009 2.12 1 662 1.000 1.000 ร.12 .119997 .903966 .0977 1.66 1.68
3 1.000 1.000 3.36 .122161 .946490 .3825 2.20 1.524 1.000 •1.000 5.80 .099279 .925693 .1492 1.29 1.73
5 1.000 1.000 3.24 .147456 .908940 .3534 4.07 1.13
6 1.000 1.000 5.90 .149350 .882547 .0838 1.74 1.467 1.000 1.000 2.96 .177620 .911575 .7068 2.05 1.11
8 1.000 1.000 6.16 .179568 .853287 .0602 ■ 2.44 1.809 0 0 6.40 .154044 .881433 .0511 2.94 1.4010 0 0 3.42 .156840 .891720 /<509 249 1.3211 0 0 5.80 .143407 .951921 .1499 2.18 1.61

12 0 0 4.46 .154080 .928060 .1094 1.55 1.1413 1.999 0 4.52 200047 .873209 .1984 4.27 1.1114 1.999 0 4.54 .116939 .945551 .1892 2.28 1.48IS 0 1.999 4.58 .145629 .624239 .2176 1.66 1.2316 0 1.999 5.04 .154 524 .880134 .2261 3.03 1.3217 0 0 5.26 .136216 .696059 .2615 2.50 ไ 21

Figure 26. The printout of multiple regression program utilizing data 
from experiment I - XVII in term of reduced variables. 
(Compression pressure = X* 1 Era-Tab content = x 2 , 
A c-D i-Sol content = x 3 1 magnesium stearate content = X 4 )
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Beta Coefficient Table
5arameter ะ Value: Std.Err.: T-Value : Partial F ะ
INTERCEPT 2.76225 .529709 5.214653
Pressure -.204496 246634 -.829147 .687485
EraTab -.078273 .246634 -.317365 ■ 10072
Ac-D1-Sol .468702 .246634 1.900398 3.611513
Mq. St. .14465 .246634 .586496 .343977
X1X2 .25625 .302048 .848375 .71974
X1X3 -.09875 .302048 -.326935 .106886

Beta Coefficient Table
Parameter : Value: Std.Err.: T-Value: Partial F :
X1X4 -.10125 .302048 -.335211 .112367
X1X1 -.056414 .313501 -.179947 .032381
X2X2 -.481542 .313501 -1.536016 2.359344
X3X3 .223671 .313501 .713463 .509029
X4X4 -.191454 .313501 -.610698 .372952

Figure 27. The printout of multiple regression program for tablet
weight variation (%) utilizing data from experiments
I-XVII in term of reduced variables.
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Multiple -  Y ะ F riab ility  Eleven X v a ria b le s
DF: î-squared ะ Std.Err.: Coef. Var.:
16 .94486 .070168 30.675933

Analysis of Variance Table
Source________ DFj___________ Sum Squares ะ Mean Square ะ F-test ะ
REGRESSION 11 .421849 .03835 7.788972
RESIDUAL 5 .024618 .004924 .01 <p< .025
TOTAL 16 .446467

Beta Coefficient Table
3arameter ะ Value: Std.Err.: T-Value: Partial F :
INTERCEPT .189093 .043507 4.346264
Pressure -.151517 .020257 -7.47975 55.946664
EraTab .031686 .020237 2.331313 6.510218
Ac-Di-Sol .032246 .020237 1.391834 2.533935
Mq. St. -.021579 .020257 -1.065254 1.134765
XIX2 -.063368 .024808 -2.555092 6.528494
X1X3 -.072463 .024808 -2.920897 8.531637

Figure 28. The printout of multiple regression program for tablet
friability (%) utilizing data from experiments I-XVII in
term of reduced variables.
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Beta Coefficient Table
Parameter : Value: Std.Err.: T-Value : Partial F :
INTERCEPT 5.262922 .223548 23.542724
Pressure 1.231267 .104084 11.829527 139.937707
EraTab .254589 .104084 2.44599 5.982865
Ac-Di-Sol .090986 .104084 .874156 .764148
Mq. St. -.024206 .104084 -.232559 .054084
XIX2 .09 .12747 .706047 .498503
XIX3 .145 .12747 1.137521 1.293953

Beta Coefficient Table
5arameter ะ Value: Std.Err.: T-Value: Partial F ะ
XIX4 -.15 .12747 -1.176745 1.38473
X1X1 -.176879 .132303 -1.336922 1.787361
X2X2 -.066846 .132303 -.505249 .255276
X3X3 -.366937 .132303 -2.773449 7.69202
X4X4 -.226894 .132303 -1.714956 2.941073

Figure 29. The printout of multiple regression program for tablet
hardness (kp) utilizing data from experiments I-XVII in
term of reduced variables.
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M ultiple -  Y ะ D isin t. tim e Eleven X v a r ü b l t s
DF: î-squared: Std.Err.: Coef. Var.:
16 .858785 .181575 12.904609

Analysis of Variance Table
Source DF: Sum Squares ะ Mean Square ะ F-test:
REGRESSION 11 1.002505 .091137 2.764264
RESIDUAL 5 .164848 .03297 .10 < p < .25
TOTAL 16 1.167353

Beta Coefficient Table
Parameter ะ Value: Std.Err.: T-Value : Partial F :
INTERCEPT 1.12314 .112583 9.976085
Pressure .130273 .052419 2.485229 6.176364
EraTab .057887 .052419 1.104324 1.219531
Ac-Di-Sol -.173504 .052419 -3.30995 10.955771

[Mq.st, .02023 .052419 .365936 .148947
X1X2 .04375 .064197 .6815 .464442
X1X3 .07375 .064197 1.148815 1.319775

Figure 30. The printout of multiple regression program for tablet
disintegration time (minutes) utilizing data from
experiments I-XVII in term of reduced variables.
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M ultiple -  Y : R at* Eleven X v a r ia b l ts
DF: - R-squared : Std.Err.: Coef. Var.:
16 .913295 .01343 9.209406

Source DF:
Analysis of Variance Table

Mean Square : F-test:
REGRESSION 11 .009499 .000864 4.787916
RESIDUAL 5 .000902 .00018 .025 < p < .05
TOTAL 16 .010401

Beta Coefficient Table
5arameter ะ Value ะ Std.Err.: T-Value ะ Partial F :
INTERCEPT .155905 .008327 18.722851
Pressure -.001909 .003877 -.492338 .242397
EraTab .002236 .003877 .376664 .332341
Ac-Di-Sol .02385 .003877 6.667349 44.433346
Mq. St. .000871 .003877 .224602 .050446
X1X2 -.002865 .004748 -.603339 .364018
X1X3 .003329 .004748 .701166 .491634

Beta Coefficient Table
Parameter • Value: Std.Err.: T-Value ะ sartial F :
XIX4 .009856 .004748 2.075698 4.308524
X1X1 -.002442 .004928 -.495604 .245623
X2X2 -.005793 .004928 -1.17542 1.381611
X3X3 -000916 .004928 -.185965 .034583
X4X4 -.003126 .004928 -1.040137 1.081884

Figure 31. The printout of multiple regression program for tablet 
zero-order dissolution rate constant (m g per minute) 
utilizing data from experiments I-XVII in term of 
reduced variables.



123

M ultiple -  Y ะ R - s q u r *  Eleven X w i i b l M
DF: -̂squared ะ Std. Err.: ะoef. Var.:
16 .92752 .016491 1.829126

Analysis of Variance T
Source - DF ะ Sum Squares ะ

able
'dean Square ะ F-test ะ

REGRESSION 11 .0174 .001582 5.816749
RESIDUAL 5 .00136 .000272 .025 < p < .05
TOTAL 16 .01876

/

Beta Coefficient Table
Parameter: Value: ______ std. Err.:______ T-Valueะ_______ Partial โ :
INTERCEPT .890664 .010225 87.108066
Pressure -.011483 .004761 -2.412055 5.818009
EraTab .004301 .004761 .903433 .816192
Ac-Di-Sol -.02032 .004761 -4.268304 18.218422
Mq.st. -.009159 .004761 -1.923802 3.701013
X1X2 -.004117 .00583 -.706069 .498534
X1X3 -.005766 .00583 -.9889 .977923

/y

Beta Coefficient Table
Parameter ะ Value: Std. Err.: T-Value ะ Partial F ะ
X1X4 -.00889 .00583 -1.524717 2.324763
X1X1 -.00137 .006051 -.226405 .051259
X2X2 .025345 .006051 4.188282 17.541708
X3X3 010035 006051 1.658313 2.750002
X4X4 -.01857 .006051 -3.068751 9.41723

Figure 32. The printout of multiple regression program for tablet R2
value utilizing data from experiments I-XVII in term of
reduced variables.
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et al., 1990). However, in the present รณdy the central composite design 
based on half fractional factorial was chosen since this design would yield 
only 17 experiments while the main effect o f  each independent variable 
could be completely analyzed. If any one o f  these main effects was proven 
to be insignificant then this half fractional factorial-based central 
composite design would be sufficient to use for evaluation o f  a required 
relationship. Since it was possible to project this half fractional factorial- 
based central composite design into a full factorial-based central 
composite design o f  the remaining three significant variables. In contrast 
if  all the four independent variables were proven to have significant main 
effects on an investigated dependent variable then the design could be 
expanded later to base on full factorial o f four variables. Therefore by 
multiple regression using a statistical computer program, the relationships 

-between an investigated response (Yj) and the remaining three
independent variables could be established. These relationships are 
expressed by equations in Table 23. The values o f  r2 o f  these equations 
were also shown. The statistical t-values and the partial F-values o f the 
equations are calculated and listed in Table 24.

1. Weight Variation

The relationships between the tablet weight variation and the 
four investigated variables as shown in equations 4.1 or 4.2  were 
obtained from the half fractional-factorial based central composite design. 
The printout o f  multiple regression program for weight variation obtained 
from the 17 experiments is shown in Figure 27. The regression coefficient 
o f each variable and the r2 value o f  the multiple regression also were 
calculated.
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Table 23. The Values of Correlation Coefficient (r2) Calculated According
to the Number of Independent Variables Being Included.

Variable
Included

Correlatioi Coefficient (r2)
W eight

Variation
Friability Hardness Disintegration

time
K° R2

X,X2̂ ,^4 0.643948 0.944860 0.969855 0.858785 0.913295 0.92752
x „ x 2,x 3 0.646648 0.922900 0.971002 0.827682 0.897598 0.915356
X„X2,X, 0.359951 0.914577 0.956758 0.582090 0.176894 0.752110
x „ x 3,x  4 0.558026 0.879773 0.973461 0.858690 0.890414 0.834168
x^x^x. 0.589813 0.374740 0.151079 0.641715 0.904438 0.842658

Equations Derived From Full Factorial Central Com posite D esigns of
____________________________ Three Variables.____________________________
Yj = - 0.204496XJ - 0.078273X2 + 0.468702X3 + 0.256250X1X2 - 0.098750X1X3 -0.101250X2X3 

-0.119392X12 -0.544521X22 + 0.160692X32 + 2.802536 (4.3) (r2=0.646648)
Y 2 = - 0.151517Xj +0.051686X2 +0.032246X3 -O.OôSSSSXiX2 - 0.072463XJX3+0.012087X2X3 

+ 0.043688Xj2 - 0.017005X22 + 0.015079X32 + 0.196254 (5.3) (r2=0.922900)
Y 3  = 1.231267X! +  0.090986X3 - 0.024206X4 + 0.145000X1X3 - 0 .1 5 0 0 0 0 X3 X4  +0.090000X3X4 

- 0.20994 IX J2 - 0.399998X32 - 0.259956X42 + 5.306513 (6.3) (r2=0.973461)
Y 4 = 0.130273Xj - 0.173504X3 + 0.020230X4 + 0.073750X1X3 + 0 .0 7 6 2 5 0 X3 X4  +0.043750X3X4 

+ 0.186893X]2 + 0.106869X32 + 0.144381X42 + 1.060854 (7.3) (r^O.SSSÔOO)
Y 5 = 0.002236X2 + 0.025850X3 + 0.000871X4 + 0.009856X2X3 + 0.003329X2X4 -0.002865X3X4 

- 0.004805X22 + 0.000072X32 - 0.004138X42 + 0.151641 (8.3) (r2=0.904438)
Y 6 = - 0.011483X3 + 0.004301X2 - 0.020320X3 - 0.004117XJX2 - 0.005766X1X3 -0.008890X2X3 

-0.011330X12 + 0.015385X22 + 0.000075X32 + 0.904841 (9.3) (r^O.giSSSô)
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Tabic 24. The Statistical t-values and Partial F-values Obtained fromMultiple Regression Equations Derived from the Full FactorialCentral Composite Design of Three Variables.

Parameters
t-value

Friability Hardness Disintegration
Time

K0 R2
X , -6.326483 13.022432 2.613865 - -2.829727
x ; 2.158107 - - 0.555015 1.059872
X 3 1.346397 0.962307 -3.481274 6.417042 -5.007405
X - -0.256011 0.405912 0.21617 -

X jX  2 -2.161134 - - - -0.828332
x , x , -2.470538 1.25223 1.208278 - -1.160138
x j x . - -1.29541 1.249236 - -
X X 0.412111 - - 1.997772 -1.788738
x ^ - - - 0.674843 -
X A - 0.777246 0.716775 -0.580688 -
X 2 1.216108 -1.480285 2.499949 - -1.861342
X 2 -0.473366 - - -0.795131 2.527521
X , 2 0.419751 -2.820373 1.429519 0.111867 0.012351

____X L _ - -1.83294 1.931283 -0.684794 -

Parameters
Partial F-value

Friability Hardness Disintegration
Time

K0 R2

X! 40.024392 169.583734 6.832293 - 8.007354
X , 4.657427 - - 0.308041 1.123329
x ; 1.812784 0.926034 12.119272 41.178427 25.074104
X - 0.065542 0.164765 0.046729 -

X X 4.670502 - -5 - 0.686134
X iX , 6.103556 1.568079 1.459935 - 1.34592
X iX 4 - 1.678087 1.560591 - -

0.169836 - - 3.991093 3.199583
x , x 4 - - - 0.455413 -
x , x 4 - 0.604111 0.513766 0.337199 -

1.478919 2.191244 6.249745 - 3.464594
x > 0.224075 - - 0.632233 6.388361
X , 2 0.176191 7.954503 2.043524 0.000141 0.000153
x 42 - 3.359668 3.729845 0.468943 -

D.F. = 1,ระ F (a= .01) = 16.26, F (a = .025 ) = 10.01, F (cx=.05) = 6 .61, 
F (a= .10) = 4 .06, F (a = .2 5 ) = 1.69

D.F. = ระ t (a= .0005) = 6.869, t (a = .0 01 ) = 5.893, t (a = .0 02 5 ) = 4.773, 
t (a= .005 ) = 4.002, t (a = .0 1 ) = 3.365, t (a =  .025) = 2.571, 
t (a= .05) = 2.015, t (a = .1 0 ) = 1.476, t («ะ=.25) = 0.727
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Weight variation equation (r2 = 0 .643948)

Y j = - 0.204496Xj - 0.078273X2 + 0.468702X3 + 0.14465X4

+0.25625X!X2 - 0.09875X1X3-0.101250XjX 4- 0.056414XJ2 

- 0.481542X22 + 0.223671X32- 0.191454X42 + 2.76225 (4.1)

or
Y 1 = - 0.204496X 1 - 0.078273X2 + 0.468702X3 + 0.14465X4 

+ 0.25625X3X 4-0.09875X2X 4-0.101250X2X 3-0.056414X12 

-0.481542X22+0.223671X32 -0.191454X42 +2.76225 (4.2)

The r2 value obtained from the multiple regression o f the 
equation 4.1 or 4.2 was 0.643948 which was quite low. Therefore the 
assumption could be concluded that the equation 4.1 or 4.2  was not valid. 
Thus the influences o f  independent variables on tablet weight variation 
couldn't be accurately predicted by the equation. However, the tablet 
weight variations obtained from all 17 tablet formulations were within 
acceptable range o f +7.5% (The United State Pharmacopeil Convention, 
1980) therefore any change in the levels o f independent variables from 
-1.414 to 1.414 yielded the diclofenac sodium tablets o f  acceptable 
weight variation. Figures 33-36 are the printouts o f  the multiple 
regression program calculated in terms o f only three variables.

2. Tablet Friability

Equation 5.1 or 5.2 described the relationship between the 
friability o f  diclofenac sodium tablets (Y 2) and the independent variables.
These equations were derived by multiple regression using tablet friability



128

M ultiple -  Y ะ v t .  V ar. Nine X v a ria b le s
DF: î-squared: std. Err.: Coef. Var. :
14 .646648 .822014 34.25059

Analysis of Variance Table
Source________ DFj___________ Sum Squares : Mean Square : F-test :
REGRESSION 9 6.182864 .686985 1.01669
RESIDUAL 5 3.378536 .675707 p > .25
TOTAL 14 9.5614

Beta Coefficient Table
Parameter : Value: Std. Err.: T-Value : Partial F :
INTERCEPT 2.302536 .67102 4.176533
Pressure -.204496 .237307 -.361734 .742586
EraTab -.078273 .237307 -.329838 .108793
Ac-Di-Sol .468702 .237307 1.975088 3.900972
XIX2 .25625 .290626 .881718 .777426
X1X3 -.09875 .290626 -.339784 .115453
X2X3 -.10125 .290626 -.348336 .121373

Beta Coefficient Table
Parameter: Value: Std.Err.: T-Value: PartialF:
X1X1 -.119392 .355961 -.335403 .112499
X2X2 -.544521 .355961 -1.529722 2.340049
X3X3 .160692 .355961 .451433 .203792

3

Figure 33. The printout of multiple regression program for tablet 
weight variation (%) utilizing data of 3 independent 
variables (X j 1 X 2 1 X 3) from 15 experiments in term of 
reduced variables.
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M ultiple -  Y ะ v t .  V ar. Nine X v a ria b le s
DF: î-squared: Std. Err.: Coet. Var. :
14 .589813 .902604 33.18123

Analysis of Variance Table
Source________ DFj___________ Sum Squares : Mean Square : F-test :
REGRESSION 9 5.857288 .65081 .7^8839
RESIDUAL 5 4.073472 .814694 p > .25
TOTAL 14 9.93076

Beta Coefficient Table
Parameter : Value ะ std. Err. : _ T-Value : Partial โ :
INTERCEPT 2.712508 .736806 3.63144
EraTab -.078273 .260573 - .300388 .090233
Ac-Di-Sol .468702 .260573 1.79874 3.235465
Mq. St. .14465 .260573 .555122 .308161
X2X3 -.10125 .319119 -.31728 . 100667
X2X4 -.09875 .319119 -.309446 .095757
X3X4 .25625 .319119 .802992 .644797

Beta Coefficient Table
Parameter : Value : ____ std. Err.:______ T-Value :_______ Partial F :
X2X2 -.476993 .390859 -1.220373 1.489309
X3X3 .22822 .390859 .583893 .340931
X4X4 -.186906 .390859 -.478192 .228668

Figure 34. The printout of multiple regression program for tablet 
weight variation (%) utilizing data of 3  independent 
variables (X 2 , X 3 1 X 4) from 15 experim ents in term of 
reduced variables.
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DF:
14

M ultiple -  Y ะ v t .  v * r . Nine X v a ria b le s
______ R-squared :_____std. Err. :______ Coef. Var. :

.558026 .911024 36.774369
Analysis of Variance Table

Source DF: Sum Squares : •dean Square : F-test :
REGRESSION 9 5.239472 .582164 .701432
RESIDUAL 5 4.149821 .829964 p > .25
TOTAL 14 9.389293 //

Beta Coefficient Table
Parameter : Value: Std. Err.: T-Value: Partial F :
INTERCEPT 2.995927 .743679 4.028521
Pressure -.204496 .263003 -.777541 .604569
Ac-Di-Sol .468702 .263003 1.782116 3.175939
Mq. St. .14465 .263003 .549992 .302491
X1X3 -.09875 .322096 -.306586 .093995
XIX4 -.10125 .322096 -.314348 .098815
X3X4 .25625 .322096 .795571 .632934 /

Beta Coefficient T3ble
Parameter: Value: std. Err.:______ T-Valueะ PartialF:
X1X1 -.264451 .394505 -.670336 .44935
X3X3 .015634 .394505 .03963 .001571
X4X4 -.399491 .394505 -1.01264 1.02544

3

Figure 35. The printout of multiple regression program for tablet 
weight variation (%) utilizing data of 3 independent 
variables (X 1 , x 3 1 X 4) from 15 experiments in term of 
reduced variables.
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Beta Coefficient Table
Parameter: Value: Std.Err.: T-Value :______ Partial F :
INTERCEPT 2.525785 .747757 3.377816
Pressure -.204496 .264445 -.7733 .597994
EraTab -.078273 .264445 -.295989 08761
Mq. St. .14465 .264445 .546993 .299201
X1X2 .25625 .323862 .791233 .62605
X1X4 -.10125 .323862 -.312634 .09774
X2X4 -.09875 .323862 -.304914 .092973

Beta Coefficient Table
Parameter: Value: Std.Err.: T-Value: Partial F :
X1X1 .088191 .396668 .222331 .049431
X2X2 -.336937 .396668 -.849419 .721512
X4X4 -.046849 .396668 -.118107 .013949

3

Figure 36. The printout of multiple regression program for tablet 
weight variation (%) utilizing data of 3 independent 
variables (X j 1 X 2 1 X 4) from 15 experiments in term of 
reduced variables.
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data obtained from the 17 tablet formulations. Figure 28 shows the 
printout o f  the multiple regression program.

Friability equation (r2 = 0.944860)

Y2 = - 0.151517Xj + 0.051686X2 + 0.032246X3 - 0.021579X4

- 0.063388X!X2 -0.072463X1X 3 + 0.012087X1X 4 + 0.040014X!2

- 0.020679X22 +0.011405X32 +0.025435X42 + 0.189093 (5.1)

or
¥ 2 = - 0.151517X1 + 0.051686X2 + 0.032246X3 - 0.021579X4

- 0.063388X3X 4 - 0.072463X2X 4 + 0.012087X2X 3 + 0.040014X!2

- 0.020679X22+0.011405X32+ 0.025435X42 + 0.189093 (5.2)

The r2 o f  the relationship was 0 .944860 indicating the 
validity o f  the equation. One could notice that this value was obtained 
from the half fractional factorial-based central composite design o f  four 
variables. In order to differentiate the two-factor interaction alias, the 
experimental data were submitted to the full factorial-based central 
composite design o f three variables. This could be done by omitting one 
variable at a time therefore the four equations represented the 
relationships between the tablet weight variation and the remaining three 
variables could be established by running the multiple regression 
program. The printouts o f  the multiple regression are presented in 
Figures 37-40 the r2 o f  those relationships were also calculated as shown
in Table 23. From these r2 value one could recognize the significance o f  
compression force (X  1) on the diclofenac sodium tablet friability since 
when was omitted the r2 o f  the relationship became 0.374740 while 
when either x 2, X 3, or x 4 was obmitted the r2 were 0.879773, 0.914577,
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M ultiple -  Y : F riab ility  Nine X v a ria b le s
DF : R-squared: Std.Err.: Coef. Var.:
14 .9229 .08296 36.122807

Analysis of Variance Table
Source DF ะ Sum Squares ะ Mean Square : F-test :
REGRESSION 9 .411912 .045768 6.650099

1RESIDUAL 5 .034412 .006882 025 < p < .05
TOTAL 14 .446323

/

Beta Coefficient Table
Parameter : Value: Std.Err.: T-Value : Partial F :
INTERCEPT .196254 .067721 2.89798
Pressure -.151517 .02395 -6.326483 40.024392
EraTab .051686 .02395 2.158107 4.657427
Ac-Di-Sol .032246 .02395 1.346397 1.812734
X1X2 -.063388 .029331 -2.161134 4.670502
XIX3 -.072463 .029331 -2.470538 6.103556
X2X3 .012087 .029331 .412111 .169836

Beta Coefficient Table
Parameter: Value: Std.Err.: T-Value: Partial โ :
X1X1 .043688 .035924 1.216108 1.478919
X2X2 -.017005 .035924 -.473366 .224075
X3X3 .015079 .035924 .419751 .176191

3

Figure 37. The printout of multiple regression program for tablet 
friability (%) utilizing data of 3 independent variables 
( X j  1 X 2 , x 3) from 15 experiments in term of reduced 
variables.
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M ultiple -  Y ะ F riab ility  Nine X v a riab le s
DFj___________ R-squared:_____Std. Err.:______ Coef. Var.:
14 .37474 .213769 94.632847

Analysis of Variance Table
Source________ DFj___________ Sum Squares: Mean Square: F-test:
REGRESSION 9 .136939 .015215 .332964
RESIDUAL 5 .228485 .045697 p > .25
TOTAL 14 .365424

Beta Coefficient Table
Parameter: Value: Std.Err.: T-Value: Partial F :
INTERCEPT .136534 .174502 1.068953
EraTab .051686 .061713 .837521 .701442
Ac-Di-Sol .032246 .061713 .522512 .273018
Mq. St. -.021579 .061713 -.349664 .122265
ะ*:2X3 .012087 .075579 .159933 .025578
X2X4 -.072463 .075579 -.95877 .91924
X3X4 -.063388 .075579 -.838696 .70341 1

Beta Coefficient Table
Parameter: Value: Std.Err.: T-Value: Partial F :
X2X2 -.009715 .092569 -.104948 .011014
X3X3 .02237 .092569 .241654 .053397
X4X4 .036399 .092569 .393208 .154613

Figure 38. The printout of multiple regression program for tablet 
friability (%) utilizing data of 3 independent variables 
(X 2 , x 3 1 X 4) from 15 experiments in term of reduced 
variables.
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M ultiple -  Y : F riab ility  Nine X v a ria b le s
DF: -̂squared ะ std. Err.: Coef. Var.:
14 .879773 .100899 41.701749

Analysis of Variance Table
Source________ DFj___________ Sum Squares ะ Mean Square : F-test :
REGRESSION 9 ,372438 .041333 4.035347
RESIDUAL 5 .050903 .010181 .05 < p < .10
TOTAL 14 .42339

//

Beta Coefficient Table
Parameter: Value: Std.Err.: T-Value: Partial F :
INTERCEPT ,22699b .082365 2.755988
Pressure -.151517 .029128 -5.201677 27.057439
Ac-Di-Sol .032246 .029128 1.107016 1.225435
Mq. St. -.021579 .029128 -.740814 .543806
X1X3 -.072463 .035673 -2.031292 4.126140
X1X4 .012087 .035673 .338841 .114313
X3X4 -.063338 .035673 -1.776399 3.15737

Beta Coefficient Table
Parameter: Value: Std.Err.: T-Value: Partial F :
X1X1 .020629 .043693 .472131 .222908
V 7 V 7r.-jriû -.00798 .043693 -.132639 .033357
X4X4 .006049 .043693 .13845 .019168

Figure 39. The printout of multiple regression program for tablet 
friability (%) utilizing data of 3 independent variables 
(X 1 1 X 3 , X 4) from 15 experiments in term of reduced 
variables.
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M ultiple -  Y : F riab ility  Nine X v a ria b le s
DF: -̂squared : std. Err.: Coef. Var.:
14 .914577 .037061 37.301342

Analysis of Variance Table
Source________ DFj___________ Sum Squares: Mean Square: F-test:
REGRESSION 9 .405759 .045084 5.948057
RESIDUAL 5 .037898 .00758 .025 < p < .05
TOTAL 14 .443657

Beta Coefficient Table
Parameter: Value: std. Err.:______ T-Value:_______ Partial โ :
INTERCEPT .205607 .071069 2.89305
Pressure -.151517 .025134 -6.028426 36.341917
EraTab .051636 .025134 2.056433 4.228917
Mq. St. -.021579 .025134 -.858558 .737123
X1X2 -.063388 .030781 -2.059317 4.240789
X1X4 .012087 .030781 .392696 .15421
X2X4 -.072463 .030781 -2.354144 5.541993

Beta Coefficient Table
Parameter : Value : ________std. Err. :______ T-Value :_______ Partial F :
X1X1 .036673 .037701 .972734 .946212
X2X2 -.024021 .037701 -.637145 .405953
X4X4 .022093 .037701 .536018 .343417

3

Figure 40. The printout of multiple regression program for tablet 
friability (%) utilizing data of 3 independent variables 
P^l » X 2 , X 4) from 15 experiments in term of reduced 
variables.
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or 0.922900, respectively. Thus when one independent variable was 
obmitted the equation 5.3 having the best r2 value o f  0 .922900 was 
chosen to describe the relationship between tablet friability and the 
studied independent variables. By examining the statistical t-values or 
the partial F-values o f the main effects, the interactions, and the squared- 
term effects it was confirmed that tablet friability was mainly influenced 
by compression force, Xj, ( a  = 0 .001) and was partially influenced by 
Era-Tab content, x2, ( a  = 0 .05) interaction between compression force 
and Era-Tab content, X 1X 2, (a  = 0.05), and interaction between 
compression force and Ac-Di-Sol content, X 1X 3, ( a  = 0.05), respectively.
Therefore the friability equation could be reduced to the first order 
relationship.

Y 2 = - 0.151517Xj + 0.051686X2 + 0.063388XJX2 - 0.072463X1X 3

+ 0.196254 (5.3)

( a  = 0 .10)

From equation 5.3, increasing in compression force caused 
decreasing in tablet friability while increasing in Era-Tab content resulted 
in increasing in tablet friability. The positive effect o f  compression force 
on tablet friabiliy was well-known elsewhere. It was noticed that when 
the levels o f the indepenent variables varied from -1.414 to 1.414, the 
obtained values o f  tablet friability were between 0.05 to 0.71% which  
were within acceptable range o f tablet production. (Banker and 
Anderson, 1986). Hence, any change in the levels o f  the investigated 
independent variables didn't cause any deviation o f  tablet friability from 
the acceptable limit.
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3. Tablet Hardness

Equation 6.1 or 6.2, obtained from the multiple regression 
program as shown in Figure 29, expressed the relationship between tablet 
hardness (Y 3) and the independent variables.

Hardness equation (r2 = 0.969885)

Y 3 = 1.231267Xj + 0.254589X2 + 0.090986X3 - 0.024206X4

+0.900000XiX 2 +0.145000X1X 3 -0.150000X1X 4 -0.176879X!2 

- 0.066846X22 -0.366937X32 -0.226894X42 +5.262922 (6.1)

or
Y 3 = 1.231267Xj + 0.254589X2 + 0.090986X3 - 0.024206X4

+0.900000X3X 4 +0.145000X2X 4 -0.150000X2X 3 -0.176879XJ2 

-0.066846X22 -0.366937X32 -0.226894X42 +5.262922 (6.2)

This relationship was valid since the r2 value o f  the equation 
was 0.965885. In order to establish the accurate relationship between 
tablet hardness and the independent variables the equations obtained by 
omitting one independent variable as described in Table 23 were derived 
by multiple regression and the equation having the highest r2 value o f
0.973461 which was comparable to the r2 value o f  eqution 6.1 or 6.2 was 
selected. The printouts o f  the program are demonstrated in Figures 41-44. 
From the calculated t-values or the partial F-values it was demonstrated 
that the tablet hardness o f  diclofenac sodium tablets was influenced 
mainly by compression force, X j ,  ( a  = 0 .0005) and was partially 
influenced by squared-term effects o f  Ac-Di-Sol, x 32, (a  = 0.025 ), 
compression force, X j 2, (a  = 0.10), and magnesium stearate, X 42, ( a  =



139

M ultiple -  Y : H ardness Nine X v a ria b le s
DF: R-squared: Std. Err.: Coef. Var. :
14 .971002 .352568 7.576672

Analysis of Variance Table
Source________ DFj___________ Sum Squares : Mean Square : F-test :
REGRESSION 9 20.811813 2.312424 18.602964
RESIDUAL 5 .62152 .124304 .0001 <p< .00=
TOTAL 14 21.433333

Parameter : Value :
Beta Coefficient Table 

std. Err.: T-Value: Partial F :
INTERCEPT 5.413211 .237805 18.808596
Pressure 1.231267 .101783 12.097022 146.337943
Eralab .254589 .101783 2.5013 6.256499
Ac-Di-Sol .090986 .101783 .893923 .799097
XIX2 .09 .124652 .722013 .521302
XIX3 .145 .124652 1.163243 1.353134
X2X3 -.15 .124652 -1.203355 1.448062

Beta Coefficient Table
Parameter: Value: std. Err.: T-Value: PartialF:
X1X1 -.239973 .152674 -1.899295 3.607322
X2X2 -.17994 .152674 -1.178533 1.33907
X3X3 -.48003 .152674 -3.144153 9.885696

3

Figure 41. The printout of multiple regression program for tablet 
hardness (kp) utilizing data of 3 independent variables 
(X i , X 2 1 X 3) from 15 experiments in term of reduced 
variables.
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M ultiple -  Y : H ardness Nine X v ariab le s
DF: R-squared ะ Std.Err.: Coef. Var.:
14 .151079 1.6996 36.629305

Analysis of Variance Table
Source________ DFj___________ Sum Squares : Mean Square : F-lest :
REGRESSION 9 2.570404 .2856 .09887
RESIDUAL 5 14.443196 2.8S8639 p > .25
TOTAL 14 17.0136

Parameter : Value ะ
Beta Coefficient Table 

Std.Err.: T-Value: Partial F :
INTERCEPT 5.37986S 1.387403 3.877653
EraTab .254589 .490657 .518874 .26923
Ac-Di-Sol .090986 .490657 .185437 .034387
Mq. St. -.024206 .490657 -.049333 .002434
X2X3 -.15 .600899 -.249626 .062313
X2X4 .145 .600899 .241305 .058228
X3X4 .09 .600899 .149776 .022433

Beta Coefficient Table
Parameter: Value: Std.Err.: T-Value: Partial F :
X2X2 -.15493 .735985 -.210507 .044313
X3X3 -.45502 .735985 -.618246 .332229
X4X4 -.314978 .735985 -.427968 .183156

3

Figure 42. The printout of multiple regression program for tablet 
hardness (kp) utilizing data of 3 independent variables 
(X 2 1 x 3 , X 4) from 15 experiments in term of reduced 
variables.



141

M ultiple -  Y ะ H ardness Nine X v a ria b le s
DF: î-squared: Std.Err.: 'oef. Var. :
14 .973461 .327513 7.103334

Analysis of Variance Table
Source________ DFj___________ Sum Squares : Mean Square : F-test :
REGRESSION 9 19.672363 2.185319 it’O Î  t »’ 40
RESIDUAL 5 .536325 .107265 .0001 < p < .005
TOTAL 14 20.203693

Beta Coefficient Table
Parameter: Value: Std.Err.: T-Value: Partial F :
INTERCEPT 5.306513 .267353 19.843341
Pressure 1.231267 .09455 13.022432 169.583734
Ac-Oi-Sol .090986 .09455 .962307 .926034
Mq. St. -.024206 .09455 -.256011 .065542
X1X3 .145 .115793 1.25223 1.568079
X1X4 -.15 .115793 -1.29541 1.678087
X3X4 .09 .115793 .777246 .604111

Beta Coefficient Table
Parameter :____ Value :_________std. Err.:__  T-Value : Partial F :
X1X1 -.209941 .141825 -1.480285 2.191244
X3X3 -.399993 .141825 -2.320373 7.954503
X4X4 -.259956 .141825 -1.33294 3.359668

Figure 43. The printout of multiple regression program for tablet 
hardness (kp) utilizing data of 3 independent variables 
(X 1 1 x 3 1 x 4) from 15 experiments in term of reduced 
variables.
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M ultiple -  Y : H ardness Nine X v a ria b le s
DF: î-squared ะ Std. Err.: Coef. Var.:
14 .956753 .431577 9.200753

Analysis of Variance Table
Source DF: Sum Squares : Mean Square : F-test:
REGRESSION 9 20.6054 2.239439 12.29199
RESIDUAL 5 .931293 .136259 .005 < p < .01
TOTAL 14 21.536693

Parameter : Value:
Beta Coefficient Table 

std. Err. : T-Value: Partial F :
INTERCEPT 5.506573 .352301 15.630297
Pressure 1.231267 .124592 9.882412 97.662057
EraTab .254589 .124592 2.043335 4.175422
Mq. St. -.024206 .124592 -.194281 .037745
X1X2 .09 .152585 .589833 .347903
X1X4 -.15 .152585 -.983056 .966398
X2X4 .145 .152535 .950237 .903046

Beta Coefficient Table
Parameter : Value :_________std. Err.:______ T-Value :_______ Partial โ :
X1X1 -.360001 .186388 -1.926297 3.710621
X2X2 -.249963 .136833 -1.337531 1.783983
X4X4 -.410016 136838 -2 193918 4.813278

3

Figure 44. The printout of multiple regression program for tablet 
hardness (k.p) utilizing data of 3 independent variables 
(X ! 1 X 2 , X 4) from 15 experiments in term of reduced 
variables.
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0.10), respectively. Therefore the hardness equation could be simplified 
into the following second-order multiple relationship.

Y3 = 1.231267Xj - 0.209941Xj2 - 0.399998X32 - 0.259956X42

+ 5.306513 (6.3)

( a  = 0.10)

All 17 diclofenac sodium tablet formulations yielded the 
tablets having the hardness in the range o f  about 2 - 7 kp, however the 
tablet friabilities o f  all formulations were acceptable. Increasing in 
compression force caused increasing in tablet hardness while variations in 
the other variables imparted little change in tablet hardness.

4. Tablet Disintegration

The r2 value o f equation 7.1 or 7.2 indicated the validity o f  the 
relationship between tablet disintegration time and the independent 
variables. Figure 30 shows the printout o f  multiple regression program 
and was utilized to describe the relationship between the tablet 
disintegration time and the independent variables as expressed by the 
following eqution.

Disintegration time equation (r2 = 0.858785)

Y4 = 0.130273Xj + 0.057887X2 - 0.173504X3 + 0.020230X4 

+ 0.043750X1X 2 + 0.073750XjX 3 + 0.076250XJX 4 

+ 0.129324X}2 + 0.136826X22 + 0.049299X32 

+ 0.086811X42 + 1.123140 (7 .1 )
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or
Y4 = 0.130273X1 + 0.057887X2 - 0.173504X3 + 0.020230X4 

+ 0.043750X3X 4 + 0.073750X2X 4 + 0.076250X2X 3 

+ 0.129324X}2 + 0.136826X22 + 0.049299X32 + 0.086811X42

+ 1.123140 (7.2)

However, the accurate relationship could be expressed 
precisely by choosing the appropriate equation o f  highest r2 value from 
the equations obtaining by omitting one independent variable at a time. 
The printouts o f  the computer program utilized in defining these 
equations are illustrared in Figures 4 5 - 4 8 .  The selected equation 
demonstrated that the tablet disintegration time was mainly affected 
by compression force, Xj , ( a  = 0 . 0 1 )  and the amount o f  Ac-Di-Sol, 
X 3, ( a  = 0 . 0 1 ) ,  and was partially affected by the squared-term effect 
o f compression force, X j2, ( a  = 0 . 0 5 )  and the squared-term effect o f  
magnesium stearate, x 42, ( a  = 0 . 1 0 ) .  Therefore the following predicted 
disintegration time equation (r2 = 0 . 8 5 8 6 9 0 )  was obtained.

Y4 = 0.130273Xj - 0.173504X3 + 0.186893X!2 + 0.144381X42

+ 1.060854 (7.3)

( a  =  0 . 1 0 )

The disintegration times o f  diclofenac sodium controlled release 
tablets obtained from all formulations were within few minutes which 
were considered to be very fast. However, the obtained tablet 
disintegration times were based on the test utilizing distilled water as 
medium and hence no swelling action o f chitosan, an swellable polymer, 
was observed since this swelling action was found to occur in acidic
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M ultiple -  Y : D isint. tim e Nine X v a r ia b le s
DF: î-squared ะ Std. Err.: Coef. Var. :
14 .827682 .196798 13.813538

Analysis of Variance Table
Source________ DFj___________ Sum Squares : Mean Square : F-test :
REGRESSION 9 .930127 .103347 2.668457
RESIDUAL 5 .193646 .038729 .10 <p < .25
TOTAL 14 1.123773

Beta Coefficient Table
Parameter : Value: Std. Err.: T-Value : Partial F :
INTERCEPT 1.094197 .160648 6.811142
Pressure .130273 .056813 2.292999 5.257843
Erasab .057887 .056813 1.018905 1.038168
Ac-Di-So! -.173504 .056813 -3.053928 9.326477
XIX2 .04375 .069578 .628787 .395373
X1X3 .07375 .069578 1.059955 1.123504
X2X3 .07625 .069578 1.095885 1.200964

Beta Coefficient Table
Parameter : Value ะ_________Std. Err.: T-Value: PartialF:
X1X1 .161883 .08522 1.89959 3.608443
X2X2 .169336 .03522 1.987624 3.950649
X3X3 .081859 .08522 .960561 .922678

3

Figure 45. The printout of multiple regression program for tablet 
disintegration time (m inutes) utilizing data of 3  

independent variables (X 1 1 x 2 1 x 3) from 15 experiments 
in term of reduced variables.



1 4 6

Multiple -  Y ะ Disint. time Mine X variables
DF: R-squared : Std. Err.: Coef. Var. :
14 .641715 .283201 20.391613

Analysis of Variance Table
Source DF: Sum Squares : "dean Square : F-test:
REGRESSION 9 .743833 .082648 .99504
RESIDUAL 5 .4153 .08306 p > .25
TOTAL 14 1.159133

[ /

Beta Coefficient Table
Parameter: Value: std. Err.:______ T-Value :_______Partial F :
INTERCEPT 1.065356 .235262 4.530501
EraTab .057887 .083201 .695757 .434077
Ac-Di-Sol -.173504 .083201 -2.035367 4 348754
Mq. St. .02023 .083201 .243151 .059123
X2X3 .07625 .101895 .748322 ,559986
X2X4 .07375 .101895 .723787 .523868
X3X4 .04375 .101395 .429365 .184355

Beta Coefficient Table
Parameter : Value : Std. Err.: T-Value : Partial F :
X2X2 .190644 .124801 1.527533 2.33351
X3X3 .103118 .124301 .826256 .682699
X4X4 .140629 .124801 1.126825 1.269734

3

Figure 46. The printout of multiple regression program for tablet 
disintegration time (minutes) utilizing data of 3 
independent variables (X 2 , x 3 1 x 4) from 15 experim ents 
in term of reduced variables.
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Multiple -  Y : Disint. time Nine X variables
DF: -̂squared : Std. Err.: Coef. Var..
14 .85369 .17264 12.232373

Analysis of Variance Table
Source________ DFj___________ Sum Squares : Mean Square : F-test :
REGRESSION 9 .905551 .100617 3.375902
RESIDUAL 5 .149022 .029804 .05 < p < .10
TOTAL 14 1.054573

Beta Coefficient Table
Parameter: Value: std. Err.: T-Value: Partial Fะ
INTERCEPT 1.060854 .140928 7.527648
Pressure .130273 .049839 2.613865 6.832293
Ac-Di-Sol -.173504 .049839 -3.481274 12.119272
Mq. St. .02023 .049839 .405912 .164765
X1X3 .07375 .061037 1.208278 1.459935
XIX4 .07625 .061037 1.249236 1.560591
X3X4 .04375 .061037 .716775 .513766

Beta Coefficient Table
Parameter: Value: std. Err.: T-Value: PartialF:
X1X1 .186393 .074759 2.499949 6.249745
X3X3 .106369 .074759 1.429519 2.043524
X4X4 .144381 .074759 1.931233 3.729854

3

Figure 47. The printout of multiple regression program for tablet 
disintegration time (m inutes) utilizing data of 3  

independent variables (X 1 , x 3 , x 4) from 15 experim ents 
in term of reduced variables.
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Multiple -  Y ะ Disint. time Nine X variables
DFj___________ R-squared:_____ std. Err.:______ Coef. Var.:
14 .58209 .2763 19.25832

Analysis of Variance Table
Source________ DFj___________ Sum Squares : Mean Square : F-test :
REGRESSION 9 .531665 .059074 .77381
RESIDUAL 5 .381708 .076342 p > .25
TOTAL 14 .913373

Beta Coefficient Table
Parameter : ร;alue :________ std. Err.:_______T-Value :_______Partial F :
INTERCEPT 1.119205 .225547 4.962135
Pressure .130273 .079765 1.633213 2.667385
EraTab .057837 .079765 .725726 .526679
Mq. St. .02023 .079765 .253625 .064326
X1X2 .04375 .097687 .44786 .200579
XIX4 .07625 .097687 .780556 .609268
X2X4 .07375 .097687 .754964 .569971

Beta Coefficient Table
Parameter: Value;_________std. Err,:______ T-Value :_______ Partial F :
X1X1 .143126 .119647 1.19623 1.430966
X2X2 .150628 .119647 1.258933 1.534913
X4X4 .100613 .119647 .840912 .707134

3

' Figure 48. The printout of multiple regression program for tablet 
disintegration tim e (minutes) utilizing data of 3  

independent variables (X 1 , x 2 , x 4) from 15 experim ents 
in term of reduced variables.
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e n v iro n m e n t (S ta n d fo rd , 1 9 8 9 ). B u t  in  th e  re a l s i tu a tio n  th e  d ic lo fe n a c  
so d iu m  c o n tro lle d  re le a se  ta b le ts  w ere  in g e s te d  in to  th e  ac id ic  
e n v iro n m e n t o f  s to m a ch . In  th a t  s itu a tio n  th e  sw e llin g  a c tio n  o f  c h ito s a n  
w o u ld  o c c u r  im p a r tin g  h ig h  v isc o s ity  e n v iro n m e n t to  th e  ta b le ts  a n d  
h e n c e  re su ltin g  in  re ta rd a tio n  o f  ta b le t  d is in te g ra tio n . T h is  s itu a tio n  w a s  
b e le iv ed  to  b e  a  m e c h a n is m  in  c o n tro l th e  re le a se  o f  d ic lo fe n a c  so d iu m  
fro m  th e  d ic lo fen a c  so d iu m :(c h ito s a n + E C ) c o n tro lle d  re le a se  so lid  
d isp e rs io n  ta b le ts . T h e re fo re  th e  d is in te g ra tio n  tim e  o f  d ic lo fe n a c  so d iu m  
so lid  d isp e rs io n  ta b le ts  w a s  n o t  a  fa c to r  to  b e  c o n s id e re d  in  d e v e lo p m e n t 
o f  d ic lo fen a c  so d iu m  c o n tro lle d  re lea se  so lid  d isp e rs io n  ta b le ts .

5. T a b le t  D isso lu tio n

T h e  re la tio n sh ip  b e tw e e n  th e  K ° (Y 5) o r  R 2  (Y 6) a n d  th e  fo u r  

in d e p e n d e n t  v a r ia b le s  w ere  e x p re s se d  b y  e q u a tio n  8 .1  o r  8 .2  a n d  9 .1  o r
9 .2 , re sp ec tiv e ly . T h e  p r in to u ts  o f  th e  e m p lo y e d  m u ltip le  re g re ss io n  
c o m p u te r  p ro g ra m  a re  d e m o n s tra te d  in  F ig u re s  31 a n d  3 2 .

K ° e q u a tio n  ( r 2  =  0 .9 1 3 2 9 5 )

Y 5 =  - 0 .0 0 1 9 0 9 X j  + 0 .0 0 2 2 3 6 X 2 + 0 .0 2 5 8 5 0 X 3 + 0 .0 0 0 8 7 1 X 4

- 0 .0 0 2 8 6 5 X 1X 2 + 0 .0 0 3 3 2 9 X 1X 3 + 0 .0 0 9 8 5 9 6 X ! X 4 - 0 .0 0 2 4 4 2 X J 2

- 0 .0 0 5 7 9 3 X 22 - 0 .0 0 0 9 1 6 X 32 - 0 .0 0 5 1 2 6 X 42 + 0 .1 5 5 9 0 5  (8 .1 )

o r
Y 5 =  - 0 .0 0 1 9 0 9 X }  + 0 .0 0 2 2 3 6 X 2 + 0 .0 2 5 8 5 0 X 3 + 0 .0 0 0 8 7 1 X 4

- 0 .0 0 2 8 6 5 X 3X 4 + 0 .0 0 3 3 2 9 X 2X 4 + 0 .0 0 9 8 5 9 6 X 2X 3 - 0 .0 0 2 4 4 2 X J 2

- 0 .0 0 5 7 9 3 X 22 - 0 .0 0 0 9 1 6 X 32 - 0 .0 0 5 1 2 6 X 42 + 0 .1 5 5 9 0 5  ( 8 .2 )



1 5 0

R 2  e q u a tio n  ( r 2  =  0 .9 2 7 5 2 0 )

Y 6  =  -  0 .0 1 1 4 8 3 X j  + 0 .0 0 4 3 0 1 X 2 - 0 .020320X3 - 0 .0 0 9 1 59X 4

- 0 . 0 0 4 1 1 7 X ^ 2  - 0 .0 0 5 7 6 6 X jX 3 - 0 .0 0 8 8 9 0 X 1X 4 - 0 .0 0 1 3 7 0 X ! 2

1 +  0 .0 2 5 3 4 5 X 22 + 0 .0 1 0 0 3 5 X 32 - 0 .0 1 8 5 7 0 X 42 + 0 .8 9 0 6 6 4  ( 9 .1 )

o r
Y 6 =  -  0 .0 1 1 4 8 3 X j  +  0 .0 0 4 3 0 1 X 2 -  0 .0 2 0 3 2 0 X 3 -  0 .0 0 9 1 5 9 X 4

-  0 .0 0 4 1 1 7 X 3X 4 - 0 .0 0 5 7 6 6 X 2X 4 -  0 .0 0 8 8 9 0 X 2X 3 -  0 .0 0 1 3 7 0 X ! 2 

+  0 .0 2 5 3 4 5 X 22 +  0 .0 1 0 0 3 5 X 32 - 0 .0 1 8 5 7 0 X 42 + 0 .8 9 0 6 6 4  ( 9 .2 )

T h e  v a lid iy  o f  th e  K ° a n d  R 2  e q u a tio n s  w a s  c o n f irm e d  b y  th e  
c a lc u la te d  r 2  v a lu e  o f  0 .9 1 3 2 9 5  a n d  0 .9 2 7 5 2 0 , re sp e c tiv e ly . T h e  
a p p ro p r ia te  K ° a n d  R 2  e q u a tio n s  w ere  o b ta in e d  fro m  th e  e q u a tio n s  in  
T a b le  2 3  w h ic h  w e re  d e riv e d  b y  a s s u m in g  th a t  th e  e ffe c t o f  o n e  
in d e p e n d e n t v a r ia b le  w a s  n eg lig ab le . T h e  p r in to u ts  o f  th e  m u ltip le  
re g re ss io n  p ro g ra m  sh o w in g  th e  re la t io n s h ip s  b e tw ee n  K ° o r  R 2  a n d  th e  
re m a in in g  th re e  in d e p e n d e n t v a r ia b le s  a re  p re s e n te d  in  F ig u re s  4 9 -5 6 . 
T h e  se lec te d  p re d ic te d  K ° e q u a tio n  a n d  th e  se lec te d  R 2  e q u a tio n  e x h ib ite d  
th e  r 2  v a lu e s  o f  0 .9 0 4 4 3 8  a n d  0 .9 1 5 3 5 6 , re sp e c tiv e ly . T h e  K ° a n d  R 2  o f  
d ic lo fen a c  so d iu m  c o n tro lle d  re lea se  ta b le ts  w ere  fo u n d  to  d e p e n d  
m a in ly  o n  th e  a m o u n t  A c-D i-S o l, x 3, b e in g  e m p lo y e d  ( a  =  0 .0 0 1

a n d  a  =  0 .0 0 2 5 ) . T h e  o th e r  e ffe c ts  o n  K ° c a m e  fro m  in te ra c tio n  b e tw e e n  
E ra -T a b  c o n te n t a n d  A c-D i-S o l c o n ten t, X 2 X 3, ( a  =  0 .1 0 ) .  T h e  R 2  w a s  
a lso  p a r tia lly  in f lu e n c e d  b y  c o m p re s s io n  fo rce , x l 5  ( a  =  0 .0 2 5 ) , th e  
in te ra c tio n  b e tw e e n  E ra -T a b  a n d  A c-D i-S o l c o n te n ts , X 2 X 3, ( a  =  0 .1 0 ) , 
th e  sq u a re d - te rm  e ffe c ts  o f  E ra -T a b , x 22, ( a  =  0 .0 5 )  a n d  c o m p re s s io n  
fo rce , X j2, ( a  =  0 .1 0 ) . T h e re fo re  th e  tw o  se c o n d -o rd e r  re la t io n s h ip s

c o u ld  b e  w ritte n  in to  th e  fo llo w in g  e q u a tio n s .



1 5 1

Multiple -  Y ะ Rate Nine X variables
DF: î-squared ะ Std. Err.: Coef. Var.;
14 .897598 .014538 10.008485

Analysis of Variance Table
Source________ DFj___________ Sum Squares ะ Mean Square : F-test :
REGRESSION 9 .009264 .001029 4.869688
RESIDUAL 5 .001057 .00021 1 .025 < p < .05
TOTAL 14 .01032

Beta Coefficient Table
Parameter: Value: std. Err.: T-Value: Partial F :
INTERCEPT .15343 .011868 12.928204
Pressure -.001909 .004197 -.454797 .20684
EraTab .002236 .004197 .532693 .283761
Ac-Pi-Sol .02585 .004197 6.158955 . 37.932728
XIX2 -.002865 .00514 -.557333 .310621
XIX3 .003329 .00514 .647701 .419517
X2X3 .009856 .00514 1.917424 3.676514

Beta Coefficient Table
Parameter : Value : Std. Err.: T-Value: Partial F :
X1X1 -.002796 .006296 -.444145 .197265
X2X2 -.006146 .006296 -.976302 .953165
X3X3 -.00127 006296 -201761 .040707

3

Figure 49. The printout of multiple regression program for tablet 
zero-order dissolution rate constant (m g per minute) 
utilizing data of 3 independent variables (X i 1 x 2 1 x 3) 
from 15 experiments in term of reduced variables.



1 5 2

Multiple -  Y ะ Ret* Nine X variables
DFj___________ R-squared:_____std. Err.:______ Coef. Var.:
14 .904438 .013954 9.653497

Analysis of Variance Table
Source________ DFj___________ Sum Squares ะ Mean Square : F-test :
REGRESSION 9 .009214 .001024 5.25S023
RESIDUAL 5 .000974 .000195 .025 < p < .05
TOTAL 14 .010187

Beta Coefficient Table
Parameter: Value: std. Err.: T-Value: Partial F :
INTERCEPT .151641 .011391 13.3128S8
EraTab 002236 .004028 .555015 .303041
Ac-Di-Sol .02585 .004028 6.417042 41.178427
Mq. St. .000871 .004028 .21617 .046729
X2X3 .009856 .004933 1.997772 .ร.991093
X2X4 .003329 .004933 .674843 .455413
X3X4 -.002865 .004933 -.580683 .337199

Beta Coefficient Table
Parameter: Value: std. Err.: T-Value: PartialF:
X2X2 -.004305 .006042 -.795131 .632233
X3X3 .000072 .006042 .011867 .000141
X4X4 -.004138 .006042 -.684794 .468943

3

Figure 50. The printout of multiple regression program for tablet 
zero-order dissolution rate constant (m g per minute) 
utilizing data of 3 independent variables (X 2 1 x 3 , x 4) 
from 15 experiments in term of reduced variables.



1 5 3

Multiple -  Y ะ Rate Nine X variables
DF: -̂squared ะ Std.Err.: Coef. Var.:
14 .390414 .015043 10.343103

Analysis of Variance Table
Source DF; F-test:
REGRESSION 9 .009193 .001021 4.514015

1RESIDUAL 5 .001131 .000226 .05 < p < .10
TOTAL 14 .010325 //

Beta Coefficient Table
Parameter: Value: Std.Err.: T-Value: Partial F :
INTERCEPT .153375 .01223 12.530361
Pressure -.001909 .004343 -.439545 .1932
Ac-Di-Sol .02585 .004343 5.952419 35.431293
Mq. St. .000371 .004343 .200518 .040203
X1X3 .003329 .005318 .625981 .391852
XIX4 .009856 .00531 o 1.853124 3.43407
ท, 3X4 -.002865 .005318 -.533644 .290137

/

Beta Coefficient Table
Parameter: Value: Std.Err.: T-Value : Partial F :
XIXI -.00313 .006514 -.48043 .230813
X3X3 -.001604 .006514 -.246174 .060602
X4X4 -.005313 .006514 -.892394 .796366

Figure 51. The printout of multiple regression program for tablet 
zero-order dissolution rate constant (m g per minute) 
utilizing data of 3 independent variables (X 1 1 x 3 1 X 4) 
from 15 experiments in term of reduced variables.



1 5 4

Multiple -  Y ะ Rate Nine X variables
DF:___________ R-squared:_____std. Err.;______ Coef. Var.ะ
14 .176894 .032922 22.840189

Analysis of Variance Table
Source________ DFะ ________Sum Squares: Mean Square: F-test:
REGRESSION 9 .001165 .000129 .119395
RESIDUAL 5 .005419 .001084 p > .25
TOTAL 14 .006584

Beta Coefficient Table
Parameter: Value: std. Err.: T-Value: Partial Fะ
INTERCEPT .150624 .026874 5.604771
Pressure -.001909 .009504 -.200842 .040337
EraTab .002236 .009504 .235241 .055338
Mq. St. .000871 .009504 .091623 .008395
X1X2 -.002865 .01164 -.246123 .060576
X1X4 .009856 .01164 .846749 .716984
X2X4 .003329 .01164 .28603 .081813

Beta Coefficient Table
Parameter: Value: std. Err.: T-Value: Partial F :
X1X1 -.000691 .014256 -.04S484 .002351
X2X2 -.004041 .014256 -.233439 .030366
X4X4 -.003375 .014256 -.236723 .056038

3

Figure 52. The printout of multiple regression program for tablet 
zero-order dissolution rate constant (m g per minute) 
utilizing data of 3 independent variables (X j , x 2 1 X 4) 
from 15 experiments in term of reduced variables.
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Multiple -  Y : R-square Nine X variables
DF: R-squared: Std. Err.: Coef. Var.:
14 .915356 .014057 1.547342

Analysis of Variance Table
Source________ DFj___________ รน๓ Squares : Mean Square : F-test :
REGRESSION 9 .010684 .001137 6.007853
RESIDUAL 5 .000988 .000198 .025 < p < .05
TOTAL 14 .011672

Beta Coefficient Table
Parameter: Value:________std. Err.:____ T-Value: PartialF:
INTERCEPT .904841 .011475 73.855978
Pressure -.011483 .004058 -2.829727 8.007354
EraTab .004301 .004053 1.059372 1.123329
Ac-Di-Sol -.02032 .004053 -5.007405 25.074104
X1X2 -.004117 .00497 -.828332 .686134
X1X3 -.005766 .00497 -1.160133 1.34592
X2X3 -.00889 .00497 -1.788738 3.199583

Beta Coefficient Table
Parameter: Value: std. Err.: T-Vâlue: PartialF:
X1X1 -.01133 .006087 -1.861342 3.464594
X2X2 .015385 •0060S7 2.527521 6.333361
X3X3 .000075 .006087 .012351 .000153

3

Figure 53. The printout of multiple regression program for tablet 
R2 value utilizing data of 3 independent variables 
(X j 1 X 2 , X 3) from 15 experiments in term of reduced 
variables.



1 5 6

Multiple -  Y ะ R-square Nine X variables
DF: -̂squared ะ Std. Err.: Coef. Var. :
14 .842658 .02393 2.648445

Source DF:
Analysis of Variance Table

F-test:
REGRESSION 9 .015335 .001704 2.975324
RESIDUAL 5 .002863 .000573 .10 < p <  .25
TOTAL 14 .018198

Beta Coefficient Table
Parameter: Value :_________std. Err.:______ T-Value :_______ Partial F :
INTERCEPT .893374 .019535 45.733003
EraTab .004301 .006908 .622569 .337592
Ac-Di-Sol -.02032 .006908 -2.94135 8.651538
Mq. St. -.009159 .006908 -1.325719 1.757532
X2X3 -.00889 .008461 -1.050705 1.10398
X2X4 -.005766 .008461 -.681465 .464395
X3X4 -.004117 .008461 -.486562 .236743

Beta Coefficient Table
Parameter: Value: ______std. Err.:______ T-Value;_____  PartialF:
X2X2 .023986 .010363 2.314663 5.357665
X3X3 .003676 .010363 .837252 .700991
X4X4 -.019929 .010363 -1.923183 3.693632

3

Figure 54. The printout of multiple regression program for tablet 
R2 value utilizing data of 3 independent variables 
(X 2 , x 3 1 x 4) from 15 experim ents in term of reduced 
variables.



1 5 7

Multiple -  Y ะ R-square Nine X variables
DF: î-squared ะ Std. Err.: Coef. Var.:
14 .834168 .022399 2.498711

Analysis of Variance Table
Source________ DFj___________ Sum Squares : Mean Square : F-test :
REGRESSION 9 .012619 .001402 2.79456
RESIDUAL 5 .002509 .000502 .10 < p < .25
TOTAL 14 .015128

Beta Coefficient Table
Parameter: Value: std. Err.: T-Value: Partial F :
INTERCEPT .875564 .018285 47.834594
Pressure -.011483 .006466 -1.775783 3.153407
Ac-Di-Sol -.02032 .006466 -3.142376 9.874529
Mq. St. -.009159 .006466 -1.416326 2.005973
X1X3 -.005766 .007919 -.72804 .530042
XIX4 -.00889 .007919 -1.122515 1.26004
X3X4 -.004117 .007919 -.519316 .270209

Beta Coefficient Table
Parameter: Value: std. Err.: T-Value: Partial F :
X1X1 .01063 .0097 1.095891 1.200976
X3X3 .022035 .0097 2.271719 5.160707
X4X4 -.00657 .0097 -.677373 .453341

Figure 55. The printout of multiple regression program for tablet 
R2 value utilizing data of 3 independent variables 
(X 1 , X 3 1 X 4) from 15 experiments in term of reduced 
variables.



1 5 8

Multiple -  Y ะ R-square Nine X variables
DF: î-squared: Std. Err.: Coef. 'v'ar. :
14 .75211 .028169 3.123048

Analysis of Variance Table
Source DF: Sum Squares : 'dean Square : F-test:
REGRESSION 9 .012037 .001337 1.685532
RESIDUAL 5 .003967 .000793 p > .25
TOTAL 14 .016005

Beta Coefficient Table
Parameter : Valueะ_________std. Err.:______ T-Value :_______ Partial F :
INTERCEPT .835771 .022994 38.521134
Pressure -.011483 .008132 -1.412082 1.993975
EraTdb .004301 .008132 .528894 .279729
Mq. St. -.009159 .008132 -1.126.245 1.268429
X1X2 -.004117 .009959 -.413352 .17086
XIX4 -.00889 .009959 -.892611 .796754
X2X4 -.005766 .009959 -.578929 .335153

Figure 56. The printout of multiple regression program for tablet 
R2 value utilizing data of 3 independent variables 
(X 1 1 x 2 , x 4) from 15 experiments in term of reduced 
variables.



1 5 9

Y 5 =  0 .0 2 5 8 5 0 X 3 +  0 .0 0 9 8 5 6 X 2X 3 +  0 .1 5 1 6 4 1  ( 8 .3 )

Y 6 =  - 0 .0 1 1 4 8 3 X j  -  0 .0 2 0 3 2 0 X 3 - 0 .0 0 8 8 9 0 X 2X 3 - 0 .0 1 1 3 3 0 X ! 2

+  0 .0 1 5 3 8 5 X 22 +  0 .9 0 4 8 4 1  ( 9 .3 )

( a  =  0 . 1 0 )

F ro m  th e  a b o v e  e q u a tio n s  o n e  c o u ld  c o n c lu d e  th a t  o n ly  th e  
c o n te n t  o f  th e  d is in te g ra n t, A c-D i-S o l, e x h ib ite d  s ig n if ic a n t e ffe c t o n  th e  
K ° o f  th e  d ru g . In c re a s in g  in  A c-D i-S o l level in  th e  ra g e  o f  -1 .4 1 4  to  
1 .4 1 4  c a u se d  fa s te r  d ru g  re lease . S w e llin g  a c tio n  o f  A c-D i-S o l w a s  
th o u g h t  to  c a u se  w id e n in g  in  th e  p o re s  o f  th e  m a tr ix  a n d  h e n c e  re su ltin g  
in  fa s te r  d if fu s io n  o f  d ru g  m o lec u le  fro m  th e  m o re  lo o se n  m a trix .

S ea rc h in g  fo r th e  O p tim u m  C o n d itio n s

S in ce  th e  w e ig h t v a r ia tio n  a n d  fr ia b ili ty  o f  th e  d ic lo fe n a c  so d iu m  
ta b le ts  p re p a re d  fro m  th e  17 fo rm u la tio n s  w ere  w ith in  a c c e p ta b le  ra n g e s . 
W h ile  th e  ta b le t  d is in te g ra tio n  tim e  o f  e a c h  ta b le t  fo rm u la tio n  w a s  fo u n d  
to  be  v e ry  fa s t. A lth o u g h  th e  h a rd n e s s  o f  d ic lo fe n a c  so d iu m  c o n tro lle d  
re lea se  ta b le ts  w a s  a ffe c ted  m a in ly  b y  c o m p re s s io n  fo rce  h o w e v e r  th e ir  
fr ia b ilitie s  w ere  a c c e p ta b le  fo r  a ll ta b le t  fo rm u la tio n s . T h e re fo re , th e  m a in  
c o n s id e ra tio n  in  d ev e lo p in g  th e  o p tim u m  d ic lo fe n a c  so d iu m  c o n tro lle d  
re lea se  ta b le t  w a s  a im ed  a t  th e ir  d is s o lu tio n s  re g a rd le s s  o f  th e  o th e r  
re sp o n se s .

In  o rd e r  to  a c h ie v e  th e  o p tim u m  d is s o lu tio n  p ro file  fo r  th e  
d ic lo fen a c  so d iu m  c o n tro lle d  re lea se  ta b le ts , th e  K ° in  th e  ra n g e  o f  0 .1 3 7  
to  0 .1 4 1  m g  p e r  m in u te  a n d  R 2  o f  n o t le s s  th a n  0 .9 1 0  w ere  c o n s id e re d  a s  
th e  re q u ire d  re sp o n se s . B y  e x a m in in g  th e  e q u a tio n  w h ich  d e s c r ib e d  th e



1 6 0

re la tio n sh ip  b e tw ee n  th e  ta b le t  K ° a n d  th e  in d e p e n d e n t  v a r ia b le s , i t  w a s  
n o tic a b le  th a t  th e  m a in  e ffec t o f  A c-D i-S o l (X 3) a n d  th e  in te ra c tio n s
b e tw ee n  E ra -T a b  a n d  A c-D i-S o l (X 2 X 3) p la y e d  im p o r ta n t  ro le s  in

d e te rm in in g  th e  K ° o f  d ic lo fe n a c  so d iu m  c o n tro lle d  re le a se  ta b le ts . W h ile
th e  re la tio n sh ip  b e tw e e n  R 2  a n d  th e  in d e p e n d e n t  v a r ia b le s  im p lied  th a t
th e  im p o r ta n t  fa c to rs  h a v in g  in f lu e n c e s  o n  R 2  v a lu e  c a m e  fro m  th e  m a in  
e ffec t o f  A c-D i-S o l (X 3), c o m p re s s io n  fo rce  (X j) ,  a n d  th e  sq u a re d - te rm
effec t o f  E ra - ta b  (X 22). S in ce  th e  in f lu e n c e s  o f  m a g n e s iu m  s te a ra te  level 
(X 4), o n  K ° a n d  R 2  w e re  n eg lig ib le  th e re fo re  a n y  m a g n e s iu m  s te a ra te

level in  th e  ra n g e  o f  -1 .4 1 4  to  1 .4 1 4  c o u ld  b e  c h o se n . F u r th e rm o re , th e  
level o f  c o m p re s s io n  fo rce  (X j)  w a s  se lec ted  a t  m id d le  level o f  0  in  o rd e r

to  p ro d u c e  th e  ta b le ts  o f  a d e q u a te  h a rd n e s s  a n d  lo w  fr ia b ility . In  th is  
m a n n e r  X ! a n d  X 4  w ere  se t a t  th e  p re d e te rm in e d  level o f  0 .

B y  se ttin g  X ! a n d  x4 a t  0  level, th e  re s p o n s e  s u rfa c e  p lo ts  a n d  

th e  c o n to u r  p lo ts  o f  th e  e q u a tio n s  re p re se n tin g  th e  re la t io n s h ip s  b e tw e e n
K ° o r  R 2  a n d  th e  re m a in in g  tw o  in d e p e n d e n t v a r ia b le s , th e  level o f  E ra -  
T a b  (X 2), a n d  th e  level o f  A c-D i-S o l (X 3), w e re  d ra w n  a n d  p re se n te d  in

th e  F ig u re s  5 7 -6 0 . T h e  re s p o n s e  su rfa c e  p lo t o f  K ° e q u a tio n  sh o w e d  th a t  
w h e n  fix in g  X j a n d  X 4  a t  0  level, th e n  v a r ia t io n  in  th e  lev e ls  o f  E ra -T a b

a n d  A c-D i-S o l c o n te n ts  free ly  fro m  -1 .4 1 4  to  1 .4 1 4  w o u ld  re s u l t  in  th e  K ° 
o f  d ic lo fen a c  so d iu m  c o n tro lle d  re le a se  ta b le ts  in  th e  ra n g e  o f  0 . 1 0 0  to
0 .2 1 0  m g  p e r  m in u te . S im ila ry , th e  re s p o n s e  s u rfa c e  p lo t o f  R 2  

d e m o n s tra te d  th a t  w h e n  fix in g  x l a n d  X 4  a t  0  level, th e n  v a r ia tio n  in  th e

leve ls  o f  E ra -T a b  a n d  A c-D i-S o l c o n te n ts  fro m  -1 .4 1 4  to  1 .4 1 4  w o u ld  
re su lt  in  R 2  v a lu e  in  th e  ra n g e  o f  0 .8 8 0  to  0 .9 9 0 .
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Figure 57. The response surface plot for zero-order 
constant (mg/minute) as a function 
A c-D i-Sol contents when X i = 0 and

dissolution rate 
of Era-Tab and
x 4 = 0 . .
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Figure 58. The contour plot for zero-order dissolution rate constant 
(mg/minute) as a function of Era-Tab and A c-D i-Sol 
cofitents when X j = 0  and X 4 = 0 .
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Figure 59. The response surface plot for R2 value 
Era-Tab and A c-D i-Sol contents when X j

as a function of 
= 0  and X 4 = 0 .
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Figure 60. The contour plot for R2 value as a function of Era-Tab 
and A c-D i-Sol contents when X j = 0 and x 4 = 0.



1 6 5

In  o rd e r  to  se a rc h  fo r  th e  o p tim u m  lev e ls  o f  E ra -T a b  a n d  
A c-D i-S o l c o n te n ts  w h ic h  w o u ld  y ie ld  th e  m o s t  p o ss ib le  re q u ire d  K ° w ith  
th e  a c c e p ta b le  R 2  v a lu e , th e  tw o  c o n to u r  p lo ts  o f  K ° a n d  R 2  w ere  
su p e r im p o se d  a s  sh o w n  in  F ig u re  6 1 . F ro m  th is  su p e r im p o se d  c o n to u r  
p lo t a  re s tr ic te d  a re a  w h ic h  w o u ld  g ive th e  K ° b e  w een  0 .1 3 7  to  0 .1 4 1  m g  
p e r  m in u te  a n d  th e  R 2  v a lu e  o f  n o t  le ss  th a n  0 .9 1 0  w a s  id e n tif ie d . W ith in  
th is  a re a  th e  o p tim u m  lev e ls  o f  E ra -T a b  a n d  A c-D i-S o l c o n te n ts  w h ic h  
w o u ld  y ie ld  th e  m o s t p o s s ib le  re q u ire d  K ° b e tw e e n  0 .1 3 7  to  0 .1 4 1  m g  p e r  
m in u te  w ith  th e  a c c e p ta b le  R 2  v a lu e  o f  n o t  l e s s . th a n  0 .9 1 0  c o u ld  b e  
ch o se n . F ig u re  6 2  d e m o n s tra te s  th e  su p e r im p o se d  c o n to u r  p lo t o f  th e  
sa m e  tw o  re sp o n se s  b u t  in  th is  c a se  th e  m o re  sp ec ific  in  th e  re q u ire d  K ° 
o f  0 .1 3 9  m g  p e r  m in u te  w a s  d e f in e d  ra th e r  th a n  th e  ra n g e  o f  a c c e p ta b le
K °. F ro m  th e  su p e r im p o se d  c o n to u r  p lo ts  th e  o p tim u m  ta b le t  fo rm u la tio n  
c o n s is tin g  o f  xt, x2, x3, a n d  X 4  a t  th e  lev e ls  o f  0 , 0 , -0 .5 , a n d  0  w a s

se lec ted  fo r  d ev e lo p m e n t o f  d ic lo fen a c  so d iu m  c o n tro lle d  re le a se  ta b le t .  
T h ese  o p tim u m  c o n d itio n s  w ere  c o rre sp o n d e d  w ith  th e  c o m p re s s io n  fo rc e
o f  7 0 0  p si, th e  E ra -T a b  c o n te n t  o f  1 9 4 .8  m g  p e r  ta b le t, th e  A c-D i-S o l 
c o n te n t o f  6 .4  m g  p e r  ta b le t, a n d  th e  m a g n e s iu m  s te a ra te  c o n te n t  o f  1 .6  
m g  p e r  ta b le t, re sp ec tiv e ly . T h e  o p tim ize d  ta b le t  fo rm u la tio n  is  sh o w n  in  
T a b le  2 5 .

V a lid a tio n  o f  th e  O p tim iz e d  D ic lo fen a c  S o d iu m  C o n tro lle d  R e le a se  T a b le t

T h e  d isso lu tio n  p ro file  o f  th e  o p tim iz e d  d ic lo fe n a c  so d iu m  
c o n tro lle d  re lea se  ta b le t  is  i llu s tra te d  in  F ig u re  6 3 . T h e  K ° a n d  R 2  w e re  
c o m p u te d  a n d  c o m p a re d  w ith  th e  p re d ic te d  K ° a n d  R 2  c a lc u la te d  fro m  th e  
p re d ic te d  re sp o n se  e q u a tio n s . T h o se  in fo rm a tio n s  a re  sh o w n  in  T a b le  2 6 . 
T h e  o p tim ize d  ta b le t  fo rm u la tio n  g av e  th e  ta b le ts  h a v in g  K ° o f  0 .1 2 5 0 5 6
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Figure 61. The superimposed contour plot for zero-order dissolution  
rate constant (0.137-0.141 mg/minute) and R 2 value 
(0 .910-0 .950) when X j = 0 and X 4 = 0.
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Figure 62. The superimposed contour plot for zero-order dissolution  
rate constant (0 .139 mg/minute) and R 2 value (0 .910- 
0.950) when X j = 0 and X 4 = 0.
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T a b le  2 5 . F o rm u la tio n  o f  o p t im iz e d  D ic lo fen a c  S o d iu m  C o n tro lle d  
R e le a se  S o lid  D isp e rs io n  T a b le t.

In g re d ie n t  A m o u n t P e r  T a b le t  (m g ) L evel o f  R e d u c e d  V a r ia b le

D ic lo fen a c  S o d iu m 1 2 5 .2 -

S o lid  D isp e rs io n

E ra -T a b 1 9 4 .8 0

A c-D i-S01 6 .4 -0 .5

M a g n e s iu m  S te a ra te 1 . 6 0

A ero sil 0 .3 2 -

C o m p re s s io n  F o rce 7 0 0  p si 0

T a b le  2 6 . T h e  O b se rv e d  a n d  P re d ic te d  R e s p o n s e s  o f  th e  O p tim iz e d  
D ic lo fen ac  S o d iu m  C o n tro lle d  R e le a se  S o lid  D isp e rs io n  
T ab le t.

R e sp o n se s O b se rv e d P re d ic te d

W e ig h t v a r ia tio n  (% ) 1.51 2 .6 1

F ria b ili ty  (% ) 0 .2 9 0 .1 8

H a rd n e s s  (k p ) 4 .1 4 5 .1 6

D is in te g ra tio n  T im e  (m in u te ) 1.83 1 .0 8

K ° (m g  /  m in u te ) 0 .1 2 5 0 5 6 0 .1 3 8 7 3 5

R 2 0 .9 2 8 9 3 5 0 .9 1 5 0 2 0
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Figure 63. Dissolution profile of the optimized diclofenac sodium  
controlled release tablet (X j = 0, X 2 = 0, X 3 — -0.5, 
x4 = 0) as compared to the predicted dissolution profile 
with 99% confidence level.
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m g  p e r  m in u te  a n d  R 2  o f  0 .9 2 8 9 3 5 , w h ile  th e  p re d ic te d  K ° a n d  R 2  w ere
0 .1 3 8 7 3 5  m g  p e r  m in u te  a n d  0 .9 1 5 0 2 0 , re sp ec tiv e ly . F ro m  th e  p re d ic te d  
K °, th e  p re d ic te d  d is so lu tio n  p ro file  h av in g  R 2  o f  1 .0 0 0 0  c o u ld  b e  d ra w n  
a s  sh o w n  in  F ig u re  6 3 . T h e  9 9 %  c o n fid en c e  lin e s  o f  th e  p re d ic te d  
d is so lu tio n  p ro file  w ere  c o n s tru c te d  a c c o rd in g  to  t-v a lu e  (to 1 / 2  1 6  =  2 .9 2 1 )  
a n d  F -va lue  (F 0  1 2 1 6  =  6 .2 3 ) . T h e  e x p e rim e n ta l d is s o lu tio n  p ro file  o f  th e  

o p tim ize d  d ic lo fen a c  so d iu m  ta b le t  lied  a lm o s t c o m p le te ly  w ith in  th e  9 9 %  
c o n fid en c e  b a n d  in d ic a tin g  th e  v a lid ity  o f  th e  p re d ic te d  K ° e q u a tio n .

T o  v a lid a te  th e  a c c u ra c y  o f  p re d ic tio n , th e  o b ta in e d  K ° a n d  R 2  

fro m  th e  o p tim ize d  fo rm u la tio n  ( fo rm u la tio n  X V III)  w ere  c o m b in e d  w ith  
th o se  fro m  fo rm u la tio n  I-X V II a n d  th e  se c o n d -o rd e r  m u ltip le  re g re ss io n  
w a s  p e rfo rm e d . T h e  p r in to u ts  o f  th e  m u ltip le  re g re ss io n  p ro g ra m  a re  
p re se n te d  in  F ig u re s  6 4 -6 6 . T h e  re s u lt  in d ic a te d  th a t  fo r  b o th  re sp o n se s , 
K ° a n d  R 2, th e  d a ta  fro m  all 18 fo rm u a ltio n s  sh o w e d  th e  n o n lin e a r  
re la tio n sh ip  b e tw ee n  e a ch  re sp o n se  a n d  th e  fo u r  in d e p e n d e n t  v a r ia b le s  a s  
c o n firm ed  b y  th e  v a lu e s  o f  c o rre la tio n  co e ff ic ien t ( r2) o f  th e  m o d e l w h ich  
w ere  0 .8 9 5 2 0 2  a n d  0 .9 0 5 3 2 5  a s  lis te d  in  T a b le  2 7 .

H o w ev er, th e  o b se rv e d  K ° o f  0 .1 2 5 0 5 6  m g  p e r  m in u te  w h ic h  w a s  
o b ta in e d  fro m  th e  o p tim ize d  d ic lo fen a c  so d iu m  c o n tro lle d  re le a se  ta b le t  
w a s  still so m e  d if fe re n t fro m  th e  p re d ic te d  K ° o f  0 .1 3 8 7 3 5  m g  p e r  m in u te  
c a lc u la te d  fro m  th e  p re d ic te d  re s p o n s e  e q u a tio n . W h ile  th e  d if fe re n t 
b e tw e e n  th e  o b se rv e d  R 2  a n d  th e  p re d ic te d  R 2  o f  th e  o p tim iz e d  d ic lo fen a c  
so d iu m  co n tro lle d  re lea se  ta b le t  w a s  re la tiv e ly  sm a ll a s  s h o w n  in  T a b le
2 6 . T h is  re s u lt  c o m fo rm e d  w ith  th e  r 2  v a lu e s  o f  th e  se c o n d  o rd e r  
re la tio n sh ip s  o b ta in e d  fro m  th e  c e n tra l c o m p o s ite  d e s ig n  o f  17 
e x p e rim e n ts . S in ce  th e  r 2  o f  0 .9 0 4 4 3 8  in d ic a te d  th a t  th e  re la tio n sh ip
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Pressure Erarsb Ac-Di-Sol Ms. Si. XlX2=X3X4 XlX3=X2X4 XIX4=X2X3 XlXI X2X2
l •1 ouo -1.000 -1.000 -1.000 1.000 1 000 1.000 1 000 l 0002 1.000 -1.000 •1.000 1.000 -1.000 -1.000 1.000 1 000 l 000ใ -l.obo 1.000 -1.000 1.000 -1.000 1.000 •1.000 1.000 1.0004 1.000 1.000 -1.000 •1.000 1.000 -1.000 -1.000 1.000 1.0005 -1.000 •1.000 1.000 1.000 1.000 -1.000 •1.000 1.000 1.000b 1.000 •1.000 1.000 -1.000 -1.000 1.000 •1.000 1.000 1 0007 •1.000 1.000 1.000 -1.000 -1.000 •1.000 1.000 1.000 1.0008 1.ÜUU 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.0009 1.414 0 0 0 0 0 ■ 1̂ 1.999 010 -1.414 0 0 0 0 0 0 1.999 011 0 1.414 0 0 0 0 0 0! 1.99912 0 -1.414 0 0 0 0 0 0 1.99913 0 0 1.414 0 0 0 0 0 014 0 0 -1.414 0 0 0 0 0 015 0 0 0 1 ๙414 0 0 0 0 016 0 0 __0_ -1414 0 0 0 0 017 0 0 0 0 0 0 0 0 018 0 0 -.500 0 0 0 0 0 0

X3X3 X4X4 Rile K-squsre
mmmXmmm ■ MM X ■ ■ ■ ■ i Vh mmmmymmÊmm

1 1.000 1.000 .119907 .9227252 1.000 1.000 .119997 .9039663 1.000 1.000 .122161 .9454904 1.000 1.000 .099279 .9256935 1.000 1.000 .147456 3089406 1.000 1.000 .149350 ,8825477 1.000 .J300 .177620 .9115758 1.000 1.000 .179568 3532879 0 0 .154044 .88143310 0 0 .156640 .691720
11 0 0 .143407 .95192112 0 0 .154080 .92806013 1.999 0 .200047 .87320914 1.999 0 .116939 .94555115 0 1.999 .145629 .62423916 0 1.999 154524 .88013417 0 0 .138216 .89605918 .250 0 .125056 .928935

Figure 64. T he printout of m ultiple regression program  utilizing data  
from experim ent I - X VIII in term  of reduced variables. 
(C om pression p ressu re  ■  X j 1 Era-Tab content = x 2 , 
Ac-Di-Sol content = X 3  , m agnesium  stearate  content = X 4  )
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I
!

iI

Multiple - Y : Rat* El*v*n X variables 1I:
DF: -̂squared: Std.Err.: Coef. Var.: 11
17 .895202 .01374 9.497135 ! j

Souroe DF:
Analysis of Variance Table

Sum Squares ะ Mean Square ะ F-test:
i
i

! REGRESSION 111 ! .009676 1.00088 14.65934 1
i

1 RESIDUAL 16 1.001133 1.000189 .025 < p < .05 i 1 Ii TOTAL ill__ 1.010808 ___ ____ i //

Beta Coefficient Table
Parameter ะ Value ะ Std.Err.: T-Value: Partial F :
j INTERCEPT 1.151264 .007414 20.401825 11
j Pressure -.001909 .003967 -.48123 .231582 I
1 EraTab .002236 .003967 .563653 .317705
j Ac-Di-Sol .026393 .003936 6.705724 44.966738
IMq.St. .000871 .003967 .219535 .048195
1X1X2-X3X4 -.002865 .004858 -.589726 .347777
1X1X3-X2X4 .003329 .004858 .685347 .4697

Beta Coefficient Table
Parameter: Value:____Std.Err.:___T-Value:____ Partial F :
X1X4-X2X3 .009856 .004858 2.028867 4.116301
X1X1 -.000969 .004863 -.199211 .039685
X2X2 -004319 .004863 -.888188 788879
X3X3 .000149 .004949 .030155 .000909

1x4X4 1-.003652 .004863 -.751082 .564124
i

Figure 65. The printout of multiple regression program for tablet 
zero-order dissolution rate constant (m g/m inute) utilizing 
data from experiments I-XVIII in term of reduced 
variables.
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Multiple - Y ะ R-square Eleven X variables
DF: R-squared: std. Err.: Coef. Var.:

----1

17 .905325 .017527 1.940752

source
Analysis of Variance T 

>F ะ Sum Squares ะ
able
'dean Square: F-test:

REGRESSION 11 .017624 .001602 5.215865
11---7
//

RESIDUAL ร .001843 .000307 .025 < p < .05
TOTAL 17 .019467

Beta Coefficient Table
Parameter: Value: std. Err.: T-Value: Partial F :
INTERCEPT .897378 .009458 94.883759
Pressure -.011483 .00506 -2.269494. 5.150601

1
i

EraTab .004301 .00506 .850037 .722563 111Ac-DI-Sol -.021107 .005021 -4.203946 17.673165
Ma. St. -.009159 .00506 -1.810098 3.276454 1
X1X2-X3X4 -.004117 .006197 -.664330 .441345 112X1X3-X2X4 -.005766 .006197 -.930452 .865741 //J'

Beta Coefficient Table
Parameter: Value: std. Err.: T-Value: PartialF:
X1X4-X2X3 -.00889 .006197 -1.434601 2.05808
X1X1 -.003502 .006203 -.564643 .318822
X2X2 .023213 .006203 3.742269 14.00458
X3X3 .008493 .006313 1.345351 1.80997
X4X4 -.020703 .006203 -3.3376 11.139573 3

//

Figure 6 6 . The printout of multiple regression program for tablet R 2 

value utilizing data from experim ents I-XVIII in term of 
reduced variables.
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T a b le  2 7 . C o m p a riso n  o f  th e  V a lu e s  o f  โ2 C a lc u la te d  fro m  
E x p e rim e n ts  I-X V II a n d  X V III.

R e sp o n se s E x p e rim e n ts
I-X V II I-X V III

W e ig h t V a r ia t io n  (% ) 0 .6 4 3 9 4 8 0 .5 9 1 1 7 9

F ria b ili ty  (% ) 0 .9 4 4 8 6 0 0 .9 4 0 2 5 9

H a rd n e s s  (% ) 0 .9 6 9 8 8 5 0 .9 3 7 4 6 1

D is in te g ra tio n  T im e  (m in u te ) 0 .8 5 8 7 8 5 0 .6 5 6 5 1 6

K ° (m g /m in u te ) 0 .9 1 3 2 9 5 0 .8 9 5 2 0 2

R 2 0 .9 2 7 5 2 0 0 .9 0 5 3 2 5
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b e tw ee n  K ° a n d  th e  fo u r  v a r ia b le s  a lth o u g h  se e m e d  to  fo llo w  th e  
e s ta b lis h e d  re la t io n sh ip  b u t  so m e  d e v ia tio n  w a s  s till e x is te d  ( a  =  0 .0 5 ) .

In  o rd e r  to  im p ro v e  th is  o p tim iz e d  K °, th e  in f lu e n c e  o f  th e  a m o u n t  
o f  A c-D i-S o l (X 3), o n  K ° w h ile  fix in g  th e  leve ls  o f  Xj, X2, a n d  x 4 a t  0
level w a s  in v e s tig a te d  a s  sh o w n  in  T a b le  2 8  a n d  F ig u re  6 7 . In  th e  
ra n g e  o f  x3 fro m  -1.414 to  1.414, a p o ly n o m ia l e q u a tio n  ( r2 =  0 .9 9 9 8 7 2 )

w a s  fo u n d  to  b e  m o re  s u ita b le  to  th e  re la tio n sh ip  b e tw e e n  K ° a n d  th e  
a m o u n t  o f  A c-D i-S o l th a n  th e  l in e a r  e q u a tio n  ( r2 =  0 .9 1 1 5 3 2 ) . T h e  
p o ly n o m ia l e q u a tio n  a n d  its  r2 a re  lis te d  in  T a b le  2 9 . T h is  ta b le  a ls o  
sh o w e d  th e  l in e a r  re la t io n sh ip  b e tw e e n  R 2 a n d  th e  a m o u n t  o f  A c-D i-S o l 
( r2 =  0 .9 3 4 2 4 1 )  w h e n  th e  lev e ls  o f X 1? x 2, a n d  x 4 w ere  fix ed  a t  0 .

T h e  p o ly n o m ia l e q u a tio n  o f  K ° a n d  th e  l in e a r  e q u a tio n  o f  R 2 w ere

Y 5 =  0 .0 2 9 4 5 6 X 3 +  0 .0 1 0 3 6 3 X 32 + 0 .1 3 7 7 3 9  (1 0 .1 )

( r2 =  0 .9 9 9 8 7 2 )
a n d

Y 6 =  - 0 .0 2 6 5 8 6 X 3 +  0 .9 0 7 6 1 5  (1 1 .2 )

( r 2 =  0 .9 3 4 2 4 1 ) .

F ro m  th e  p o ly n o m ia l e q u a tio n  it  w a s  e v id e n t th a t  w h e n  x 3 w a s  a t

0  level, th e n  K ° w o u ld  b e  0 .1 3 7 7 3 9  m g  p e r  m in u te  w h ic h  w a s  v e ry  c lo se  
to  th e  re q u ire d  K ° o f  0 .1 3 9  m g  p e r  m in u te . W h ile  th e  l in e a r  e q u a tio n  o f  
th e  re sp o n se  R 2 in d ic a te d  th a t  w h e n  X 3 w a s  a t  0 level th e  R 2 v a lu e  w o u ld  
be  0 .9 0 7 6 1 5  w h ic h  w a s  w ith in  a c c e p ta b le  lim it. T h e re fo re  i f  X j, X 2, x 3, 
a n d  X 4 w ere  fix ed  a t  0 level th e  im p ro v e d  o p tim u m  d ic lo fen a c  so d iu m

co n tro lle d  re le a se  ta b le t  w o u ld  b e  ach iev ed . F o rm u la tio n  X V II c o n s is te d



1 7 6

T a b le  2 8 . T h e  K ° a n d  R 2 o f  D ic lo fen a c  S o d iu m  C o n tro lle d  R e le a se  
T a b le ts  a s  F u n c tio n  o f  A c-D i-S o l C o n te n t  (X 3), W h e n  fix in g
^  =  0, ^  =  0, a n d  x 4 = 0.

K0 R 2 A c-D i-S o l (X 3) E x p e r im e n t

0 .1 1 6 9 3 9 0 .9 4 5 5 5 1 -1 .4 1 4 X IV

0 .1 2 5 0 5 6 0 .9 2 8 9 3 5 -0 .5 X V III

0 .1 3 8 2 1 6 0 .8 9 6 0 9 5 0 X V II

0 .2 0 0 0 4 7 0 .8 7 3 2 0 9 1 .4 1 4 X III

T a b le  2 9 . T h e  E q u a tio n s  R e p re se n tin g  th e  R e la tio n s h ip s  b e tw e e n  K °
(Y5) a n d  x 3 W h e n  X Y =  X2 =  x 4 = 0.

P o ly n o m ia l E q u a tio n  ( r2 =  0 .9 9 9 8 7 2 )
Y 5 =  0 .0 2 9 4 5 6 X 3 + 0 .0 1 0 3 6 3 X 32 +  0 .1 3 7 7 3 9 (1 0 .1 )

L in e a r  E q u a tio n  ( r2 =  0 .9 1 1 5 3 2 )
Y 5 =  0 .0 3 0 4 6 1 X 3 + 0 .1 4 8 8 7 2 (1 0 .2 )

T h e  E q u a tio n s  R e p re se n tin g  th e  R e la tio n sh ip s  b e tw e e n  
R 2 ( ¥ 6) a n d  x 3 W h e n  X j =  X 2 =  x 4 = 0.

P o ly n o m ia l E q u a tio n  ( r2 =  0 .9 4 1 6 4 0 )
Y 6 =  - 0 .0 2 6 8 4 0 X 3 +  0 .0 0 2 5 8 6 X 32 +  0 .9 0 4 8 3 8 (1 1 .1 )

L in e a r  E q u a tio n  ( r2 =  0 .9 3 4 2 4 1 )
Y 6 =  - 0 .0 2 6 5 8 6 X 3 + 0 .9 0 7 6 1 5 (1 1 .2 )
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L e v e l o f  A c -D i-S o l (X 3 )

Figure 67. The relationship between zero-order dissolution rate 
constant and the level of A c-D i-Sol (-1 .414  to 1.414) 
when X 1 = x 2 = x 4 = 0 .
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o f  Xj, X2, x 3, a n d  x 4 a t  0 level, h en c e  th is  fo rm u la tio n  w a s  c h o se n  a s  

th e  im p ro v e d  o p tim u m  d ic lo fen a c  so d iu m  c o n tro lle d  re le a se  ta b le t  
fo rm u la tio n . T h e  se lec te d  fo rm u la tio n  th u s  c o n s is te d  o f  c o m p re s s io n  fo rce  
o f  7 0 0  p si, E ra -T a b  c o n te n t o f  1 9 4 .8  m g  p e r  tab le t, A c-D i-S o l c o n te n t  o f  
8 m g  p e r  ta b le t, a n d  m a g n e s iu m  s te a ra te  c o n te n t  o f  1 .6  m g  p e r  tab le t. 
F ig u re  68  i llu s tra te s  th e  d is s o lu tio n  p ro file  o f  th is  im p ro v e d  d ic lo fen a c  
so d iu m  c o n tro lle d  re le a se  ta b le t  a n d  th e  p re d ic te d  d is s o lu tio n  p ro file  
a c co rd in g  to  th e  p re d ic te d  K °. T h e  9 9 %  c o n fid e n c e  b a n d s  o f  th e  p re d ic te d  
d isso lu tio n  p ro file  w ere  c o n s tru c te d  a c c o rd in g  to  t-v a lu e  ( t  0 .1 /2 , 1 6  =  2 .9 2 1 )  
a n d  F -v a lu e  (F 0 1216 =  6 .2 3 ) . T h e  e x p e rim e n ta l d is s o lu tio n  p ro file  o f  th e

im p ro v e d  o p tim u m  d ic lo fen a c  so d iu m  c o n tro lle d  re lea se  ta b le t  lied  a lm o s t 
c o m p le te ly  w ith in  th e  9 9 %  c o n fid en c e  b a n d s . T h e  K ° a n d  R 2 o f  th is  
p ro file  w e re  fo u n d  to  b e  0 .1 3 8 2 1 3  m g  p e r  m in u te  a n d  0 .8 9 6 0 5 9  w h ic h  
w ere  c o m p a ra b le  to  th e  p re d ic te d  K ° a n d  R 2 o f  0 .1 3 7 7 3 9  m g  p e r  m in u te  
a n d  0 .9 0 7 6 1 5 , re sp ec tiv e ly . T h e  ta b le t  w e ig h t v a r ia tio n , fr iab ility , 
h a rd n e ss , a n d  d is in te g ra tio n  tim e  o f  th e  im p ro v e d  o p tim u m  d ic lo fen a c  
so d iu m  ta b le t  w ere  2 .5 0 % , 0 .2 6 % , 5 .2 6  k p , a n d  1 .21 m in u te ,
re sp ec tiv e ly . T a b le  3 0  d e m o n s tra te s  th e  in fo rm a tio n  o f  th e  im p ro v e d  
o p tim u m  d ic lo fen a c  so d iu m  c o n tro lle d  re le a se  ta b le t  fo rm u la tio n . 
T h e  v a r io u s  ta b le t  c h a ra c te r is tic s  o f  th e  d ic lo fen a c  so d iu m  c o n tro lle d  
re lea se  ta b le t  m a n u fa c tu re d  fro m  th is  fo rm u la tio n  is s h o w n  in  T a b le  
3 1 .

C o m p a r i s o n  b e tw e e n  O p tim iz e d  P o w d e r  a n d  T a b l e t

In  th is  s tu d y  th e  o p tim ize d  d ic lo fen a c  so d iu m  c o n tro lle d  re lea se  
so lid  d isp e rs io n  p o w d e r  w a s  fo rm u la te d  in to  ta b le ts . T h is  in v e s tig a tio n  
d e m o n s tra te d  th a t  th e  o p tim ize d  d ic lo fen a c  so d iu m  c o n tro lle d  re lea se
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Figure 6 8 . Dissolution profile of the improved optimum diclofenac 
sodium controlled release tablets (Xj = 0, x2 = 0, x3 = 0, 
x4 = 0 ) as compared to the predicted dissolution profile 
with 99% confidence level.
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T a b le  3 0 . F o rm u la tio n  o f  Im p ro v e d  o p t im u m  D ic lo fe n a c  S o d iu m  
C o n tro lle d  R e le a se  T ab le t.

In g re d ie n t A m o u n t P e r  T a b le t  (m g )

D ic lo fen ac  S o d iu m  S o lid  D isp e rs io n 1 2 5 .2

E ra -T a b 1 9 4 .8

A c-D i-S o l 8 .0  (2 .5 % )

M a g n e s iu m  S te a ra te 1 .6  (0 .5 % )

A ero sil 3 .2 ( 1 % )

C o m p re s s io n  F o rce 7 0 0  p s i

T a b le  3 1 . V a r io u s  P ro p e r t ie s  o f  th e  Im p ro v e d  O p tim iz e d  D ic lo fen a c
S o d iu m  C o n tro lle d  R e le a se  T ab le t.

R e sp o n se s E x p e r im e n ta l P re d ic te d

W e ig h t V a r ia tio n  (% ) 2 .5 0 2 .8 0 a

F ria b ility  (% ) 0 .2 6 0 .2 0 b

H a rd n e s s  (k p ) 5 .2 6 5 .3 C

D is in te g ra tio n  T im e  (m in u te ) 1.21 1 .0 6 d

K ° (m g  /  m in u te ) 0 .1 3 8 2 1 6 0 . 1 3 7 7 3 9 e

R 2 0 .8 9 6 0 5 9 0 .9 0 7 6 1 5 f
C o m p u te d  fro m  e q u a tio n  4 .3  
C o m p u te d  fro m  e q u a tio n  5 .3  
C o m p u te d  fro m  e q u a tio n  6 .3  
d co m p u ted  fro m  e q u a tio n  7 .3  
C o m p u te d  fro m  e q u a tio n  10.1 
C o m p u te d  fro m  e q u a tio n  1 1 .2
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so lid  d isp e rs io n  h av in g  e x p e r im e n ta l K ° o f  0 .1 4 7 1 2 8  m g  p e r  m in u te  a n d  
R 2 o f  0 .9 1 0 5 7 7  c o u ld  b e  d e v e lo p ed  in to  d ic lo fe n a c  so d iu m  c o n tro lle d  
re lea se  ta b le ts  h av in g  e x p e r im e n ta l K ° b e tw e e n  0 .0 9 9 2 7 9  to  0 .2 0 0 0 4 7  m g  
p e r  m in u te  a n d  R 2 b e tw e e n  0 .8 2 4 2 3 9  to  0 .9 5 1 9 2 1 . H ig h e r  K ° o b ta in e d  
fro m  so m e  ta b le t  fo rm u la tio n s  w h e n  c o m p a re d  to  th e  o p tim iz e d  so lid  
d isp e rs io n  p o w d e r  m ig h t d u e  to  w e ttin g  effec t. T h e  d ic lo fe n a c  so d iu m  
c o n tro lle d  re le a se  so lid  d isp e rs io n  p o w d e r  w a s  p o o r ly  w e tte d  w h e n  
d isso lu tio n  s tu d y  w a s  p e r fo rm e d  s in c e  it f lo a te d  o v e r th e  d is s o lu tio n  
m e d iu m  in  th e  in itia l p e r io d  o f  th e  te s t. In  c o n tra s t  th e  d ic lo fe n a c  so d iu m  
c o n tro lle d  re le a se  ta b le ts  s a n k  in  th e  d is s o lu tio n  m id iu m  a n d  h e n c e  m o re  
w e ttin g  o f  th e  d ru g  w a s  a c h ie v e d  re su ltin g  in  fa s te r  d is s o lu tio n  in  so m e  
ta b le t  fo rm u la tio n s .

T a b le  3 2  c o m p a re s  th e  K ° a n d  R 2 o b ta in e d  fro m  th e  p re p a re d  
o p tim ize d  d ic lo fen a c  so d iu m  c o n tro lle d  re lea se  so lid  d is p e rs io n  p o w d e r  
a n d  ta b le ts  in  te rm  o f  b o th  e x p e r im e n ta l a n d  p re d ic te d  v a lu e s . O n e  c o u ld  
a c k n o w le d g e  th a t  th e  v a lu e s  o f  th e  e x p e r im e n ta l a n d  p re d ic te d  K ° a n d  R 2 
o f  th e  im p ro v e d  o p tim u m  d ic lo fen a c  so d iu m  c o n tro lle d  re le a se  ta b le t  w ere  
v e ry  c lo se  to  th o se  o f  th e  o p tim iz e d  d ic lo fen a c  so d iu m  c o n tro lle d  re lea se  
so lid  d isp e rs io n  p o w d e r. T h e re fo re  th e  a p p lie d  o p tim iz a tio n  s tra te g y  w a s  
p ro v e n  to  b e  u se fu l in  d e v e lo p m e n t o f  th e  d ic lo fe n a c  so d iu m  c o n tro lle d  
re lea se  ta b le t  fro m  th e  d ic lo fe n a c  so d iu m  c o n tro lle d  re le a se  so lid  
d isp e rs io n  p o w d e r  y ie ld in g  a lm o s t th e  sa m e  o p tim u m  d is s o lu tio n  p ro file  
fo r  co n tro lle d  re lea se . D is s o lu tio n  p ro file s  o f  th e  o p tim u m  d ic lo fen a c  
so d iu m  c o n tro lle d  re le a se  so lid  d isp e rs io n  p o w d e r  a n d  ta b le t  w ere  
c o m p a re d  a s  sh o w n  in  F ig u re  6 9 .
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T a b le  3 2 . C o m p a riso n  B e tw e e n  th e  E x p e r im e n ta l a n d  P re d ic te d  K °  a n d  
R 2 b e tw e e n  o p t im iz e d  D ic lo fen a c  S o d iu m  S o lid  D isp e rs io n  
P o w d e r  a n d  Im p ro v e d  O p tim u m  D ic lo fen a c  S o d iu m  S o lid  
D isp e rs io n  T ab le t.

E x p e r im e n ta l P re d ic te d e d
K ° R 2 K ° R 2

(m g /m in u te ) (m g /m in u te )

O p tim iz e d  P o w d e r 0 .1 4 7 1 2 8  0 .9 2 8 0 3 0 0 .1 3 6 2 4 8 0 .9 0 1 2 7 5

O p tim u m  T a b le t 0 .1 3 8 2 1 6  0 .8 9 6 0 5 9 0 .1 3 7 7 3 9 0 .9 0 7 6 1 5
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optimized ublet -----๐---- Optimized powdei ----- ♦ ----  Impioved optimum ublet

Figure 69. Dissolution profiles of the optimum diclofenac sodium 
controlled release powder and tablets.
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T h e  d is s o lu tio n  p ro file  o f  a  c o m m e rc ia lly  a v a ila b le  su s ta in e d  
re lea se  d ic lo fen a c  so d iu m , V a lta re n  S R  (C ib a -G e ig y  L im ite d ) , w a s  a lso  
s tu d ie d  a s  i llu s tra te d  in  F ig u re  7 0 . D ru g  re le a se  fro m  th e  c o m m e rc ia l 
ta b le t  re a c h e d  o n ly  a b o u t  7 8 %  a t  tw e lf th  h o u r  in te rv a l w h ile  th e  im p ro v e d  
o p tim u m  ta b le t  y ie ld  th e  c12 o f  a b o u t  86%. T h e  in itia l s ta g e  o f  d is s o lu tio n

p ro file  o f  th e  im p ro v e d  o p tim u m  ta b le t  w a s  fa s te r  th a n  th e  o n e  o f  th e  
co m m e rc ia l ta b le t. T h e  K ° a n d  R 2 o f  th e  c o m m e rc ia l ta b le t  w e re
0 .1 3 2 2 0 3  m g  p e r  m in u te  a n d  0 .9 8 3 3 0 5 , re sp e c tiv e ly . T h e re fo re  th e  
c o m m e rc ia l ta b le t  w a s  still a p a r t  f ro m  th e  re q u ire d  K ° a lth o u g h  its  R 2 w a s  
q u ite  h ig h . T h e  fa s t  in tia l  s ta g e  o f  d is s o lu tio n  p ro file  o f  th e  im p ro v e d  
o p tim u m  d ic lo fen a c  so d iu m  ta b le t  m ig h t b e  b e n e f i t  in  th e  c a se  o f  
a c h ie v in g  ra p id  th e ra p e u tic  b lo o d  level w ith o u t  u s in g  a n  a d d itio n a l  
lo a d in g  d o se . W h e re a s  th e  d ru g  re lea se  p a t te rn  o f  th e  fo llo w in g  s ta g e  o f  
th e  im p ro v e d  o p tim u m  ta b le t  w a s  s im ila r  to  th e  c o m m e rc ia l ta b le t  in  te rm  
o f  th e  s lo p e  o f  th e  d is s o lu tio n  p ro file . M o re  c o m p le te  in  d ru g  re lea se  w a s  
a lso  o b se rv e d  in  th e  im p ro v e d  o p tim u m  ta b le t  c o m p a r in g  to  th e  
c o m m e rc ia l tab le t.
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Improved optimum tablet ---- ๐----  Commercial tablet

Figure 70. Dissolution profiles of the improved diclofenac sodium  
controlled release tablet and the commercial sustained 
release diclofenac sodium tablet.
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P A R T  I I I  - C O N T R O L L E D  R E L E A S E  M E C H A N I S M

S c a n n in g  E le c tro n  M ic ro sc o p e  S tu d y

T h e  p h o to m ic ro g ra p h s  o f  d ic lo fen a c  so d iu m  a n d  th e  o p tim iz e d  
1 0 :(2 .5 + 0 .0 2 )  d ic lo fen a c  so d iu m :(E C + c h ito s a n )  so lid  d is p e rs io n  o b ta in e d  
fro m  th e  sc a n n in g  e le c tro n  m ic ro sc o p e  a re  d isp la y e d  in  F ig u re s  71 
a n d  7 2 , re sp ec tiv e ly . T h e  1 0 :(3 + 0 .0 2 )  d ic lo fe n a c  s o d iu m :(E C + c h ito s a n )  
so lid  d isp e rs io n  p re p a re d  b y  u tiliz in g  2 0 0  m l o f  s p ra y  fe e d in g  liq u id  
h av in g  lo w  a b s o lu te  e th a n o l fra c tio n  o f  0 .3  w a s  a ls o  p h o to g ra p h e d  b y  th e  
sc a n n in g  e le c tro n  m ic ro sc o p e  a n d  its  p h o to m ic ro g ra p h  is  s h o w n  in  F ig u re  
7 3 .

B y  c o m p a rin g  th e  p h o to m ic ro g ra p h s  o f  d ic lo fe n a c  so d iu m  a n d  
th e  d ic lo fen a c  so d iu m  so lid  d is p e rs io n s  it w a s  c le a rly  d e m o n s tra te d  th a t  
th e  p a r tic le  s ize  o f  th e  d ru g  w a s  e n o rm o u s ly  re d u c e d  in  th e  so lid  
d isp e rs io n s . A lm o s t c o m p le te  so lid  d isp e rs io n  fo rm a tio n  w a s  o b se rv e d  in  
th e  p h o to m ic ro g ra p h  o f  th e  o p tim iz e d  d ic lo fen a c  so d iu m  so lid  d isp e rs io n . 
In  th e  so lid  d isp e rs io n  o b ta in e d  fro m  th e  s p ra y  fe e d in g  liq u id  o f  lo w  
a lco h o lic  p ro p o r tio n  th e  p h o to m ic ro g ra p h  in d ic a te d  in c o m p le te  so lid  
d isp e rs io n  fo rm a tio n  a s  s h o w n  b y  th e  p re se n c e  o f  th e  s e p a ra te d  p a r tic le s  
o f  d ru g , e th y lce llu lo se , c h ito s a n , a n d  th e  so lid  d isp e rs io n . T h e  o p tim iz e d  
d ic lo fen a c  so d iu m  so lid  d isp e rs io n  w a s  p re p a re d  fro m  2 0 0  m l o f  s p ra y  
feed in g  liq u id  c o n s is tin g  o f  h ig h  e th a n o l f ra c tio n  o f  0 .7  a n d  h e n c e  
in c re a s in g  e th a n o l fra c tio n  in  th e  fe e d in g  liq u id  re su lte d  in  m o re  c o m p le te  
fo rm a tio n  o f  so lid  d isp e rs io n .

T h e  p h o to m ic ro g ra p h s  o f  c h ito s a n  (R itth id e j, e t a l., 1 9 9 4 ) a n d  
e th y lc e llu lo se  (E th o c e l)  a re  p re se n te d  in  F ig u re  7 4  (A m e ric a n
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F i g u r e  7 1 . T h e  p h o t o m i c r o g r a p h s  o f  d i c l o f e n a c  s o d i u m  p o w d e r :  
[ a ]  x 5 0 0 ,  [ ๖ ]  x 2 0 0 0
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F i g u r e  7 2 .  T h e  p h o t o m i c r o g r a p h s  o f  t h e  o p t i m i z e d  1 0 : : ( 2 . 5  +  0 . 0 2 )  

d i c l o f e n a c  s o d i u m : ( E C  +  c h i t o s a n )  s o l i d  d i s p e r s i o n :
[ a ]  x 5 0 0 ,  [ b ]  x 2 0 0 0 .
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F i g u r e  7 3 .  T h e  p h o t o m i c r o g r a p h s  o f  1 0 : ( 3  +  0 . 0 2 )  d i c l o f e n a c  s o d i u m  
ะ ( E C  +  c h i t o s a n )  s o l i d  d i s p e r s i o n  p r e p a r e d  f r o m  2 0 0  m l  
s p r a y  f e e d i n g  l i q u i d  h a v i n g  a l c o h o l  p r o p o r t i o n  o f  0 , 3 :  
[ a ]  x 5 0 0 ,  [ ๖ ]  x 2 0 0 0 .
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Magnification: 60X Volugc: 10 kv

Magnification: 600X Voltage: lokv'

. 19KU X30 500a* aa. .0034ร*

F i g u r e  7 4 .  T h e  p h o t o m i c r o g r a p h s  o f  e t h y l c e l l u l o s e  ( E t h o c e l ) ะ
[ a ]  x 6 0 ,  [ ๖ ]  x 6 0 0  ( A m e r i c a n  P h a r m a c e u t i c a l  A s s o c i a t i o n - ,  
1 9 8 4 ) ,  a n d  c h i t o s a n :  [ c ]  x 5 0  ( R i t t h i d e j  e t  a l . ,  1 9 9 4 )



1 9 1

P h a rm a c e u tic a l  A sso c ia tio n , 1 9 8 6 ). T h e  s im ila r ity  b e tw e e n  th e  
a p p e a ra n c e s  o f  e th y lc e llu lo se  a n d  th e  o p tim iz e d  1 0 :(2 .5 + 0 .0 2 )  d ic lo fe n a c  
so d iu m :(E C + c h ito s a n )  so lid  d isp e rs io n  w a s  o b se rv e d  in d ic a tin g  th e  
fo rm a io n  o f  so lid  d isp e rs io n  o f  th e  d ru g  in  e th y lc e llu lo se  m a trix .

D iffe ren tia l T h e rm a l A n a ly s is  S tu d y

T h e  m a jo r  u se  o f  th e rm a l a n a ly s is  in  e v a lu a tio n  sp ra y -d r ie d  
p ro d u c ts  is  in  th e  id e n tif ic a tio n  o f  th e  p o ly m o rp h ic  o r  c ry s ta l l in e  fo rm  o f  
th e  d ru g  in  th e  p ro d u c t  s in c e  s p ra y  d ry in g  m a y  re s u lt  in  a  p o ly m o rp h ic  
c h a n g e  (F o rd  a n d  T im m in s , 1 9 8 9 ). C o rrig a n  a n d  H o lo h a n  (1 9 8 4 )  
in c o rp o ra te d  p o ly v in y lp y rro lid o n e  (P V P )  in to  th e  sp ra y -d r ie d  e th a n o lic  
so lu tio n  o f  h y d ro flu m e th ia z id e . D iffe re n tia l s c a n n in g  c a lo r im e try  (D S C ) 
sc a n  o f  th e  sp ra y -d r ie d  p ro d u c ts  d isp la y e d  a n  e x o th e rm  c o r re s p o n d in g  to  
re c ry s ta ll iz a tio n  o f  th e  a m o rp h o u s  sa m p le . C o rrig a n , H o lo h a n , a n d  R e illy  
(1 9 8 5 )  s im ila r ly  e x a m in e d  sp ra y -d r ie d  in d o m e th a c in  a n d  n a p ro x e n  w ith  
a n d  w ith o u t P V P  a n d  fo u n d  th a t  th e  s a m p le s  c o n ta in in g  4 0 %  P V P  w ere  
a m o rp h o u s . Y a k o u  e t a l. (1 9 8 4 )  p re p a re d  p h e n y to in -p o ly e th y le n e  g ly co l 
6 0 0 0  so lid  d isp e rs io n  b y  m e tltin g  m e th o d . T h e  m e lt  c o n ta in in g  1 0 %  
p h e n y to in  d isp la y e d  o n ly  a n  e n d o th e rm  e q u iv a le n t to  th e  m e ltin g  o f  th e  
p o ly e th y le n e  g ly co l a n d  a s  th e  c h a ra c te r is tic  p e a k s  o f  th e  d ru g  w ere  
in a p p a re n t  in  X -ra y  d if f ra c tio n  sp e c tra  th e n  f in a lly  th e  c o n c lu s io n  w a s  
a s s u m e d  th a t  th e  d ru g  w a s  d isp e re d  in  th e  m o le c u la r  o r  a m o rp h o u s  s ta te .

F ig u re s  7 5  a n d  7 6  d e m o n s tra te  th e  D T A  th e rm o g ra m s  o f  
d ic lo fen a c  so d iu m  a n d  th e  o p tim ize d  d ic lo fen a c  so d iu m  so lid  d isp e rs io n , 
re sp ec tiv e ly . T h e  s h a rp  m e ltin g  p e a k  o f  d ic lo fe n a c  so d iu m  th e rm o g ra m  
w a s  o b se rv e d  a t  a b o u t  290°c in d ic a tin g  th e  d ru g  m e ltin g  p o in t. T h e  so lid
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Figure 75. The thermogram of diclofenac sodium.
(Heating rate 10 ° c  /  minute, sensitivity +. 50 JJ,V)
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Figure 76. The thermogram of the optimized diclofenac sodium  
solid dispersion.
(Heating rate 10 ° c  /  minute, sensitivity ±  50 n V )
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d isp e rs io n  th e rm o g ra m  sh o w e d  a  b ro a d  m e ltin g  p o in t  p e a k  a t  a b o u t  1 0 0  
to  1 4 0 ° c  a n d  a  s h a rp  m e ltin g  p o in t  p e a k  a t  a b o u t  2 6 5 ° c ,  re sp e c tiv e ly . 
T h e  th e rm o g ra m s  o f  e th y lc e llu lo se  a n d  c h ito s a n  a re  sh o w n  in  F ig u re s  7 7  
a n d  78  in d ic a tin g  m e ltin g  p e a k s  a t  2 1 0 ° c  a n d  1 6 5 ° c ,  re sp e c tiv e ly . S in ce  
e th y lc e llu lo se  (E th o c e l 10  c p s )  w a s  re p o r te d  to  h a v e  so fte n in g  p o in t  ra n g e  
b e tw ee n  135 to  1 5 5 ° c  a n d  m e ltin g  p o in t  ra n g e  b e tw e e n  165  to  1 8 5 ° c  
d e p e n d in g  o n  e th o x y  c o n te n t  (T h e  D o w  C h e m ic a l C o m p a n y , 1 9 7 8 ), a n d  
c h ito s a n  w a s  sh o w n  to  h av e  m e ltin g  p e a k  a t  a b o u t  1 6 5 ° c .  T h e re fo re  th e  
b ro a d  m e ltin g  p e a k  ra n g e  b e tw e e n  1 00  to  1 4 0 ° c  o f  th e  o p tim iz e d  so lid  
d isp e rs io n  w a s  c o n s id e re d  to  re p re s e n t  th e  so fte n in g  a n d  m e ltin g  p o in t  
ra n g e  o f  th e  m ix tu re  o f  e th y lc e llu lo se  a n d  c h ito sa n . T h e  re m a in in g  s h a rp  
m e ltin g  p e a k  o f  2 6 5 ° c  sh o w n  in  th e  th e rm o g ra m  w a s  d e te rm in e d  a s  th e  
m e ltin g  p o in t  o f  d ic lo fen a c  so d iu m .

T h e  o b se rv e d  m e ltin g  p o in t  o f  p u re  d ic lo fen a c  so d iu m  w a s  h ig h e r  
th a n  th e  o n e  o b ta in e d  fro m  th e  o p tim ize d  d ic lo fen ac  so d iu m  so lid  
d isp e rs io n  th e rm o g ra m . T h e  lo w e rin g  in  m e ltin g  p o in t  o f  d ic lo fe n a c  
so d iu m  in  th e  so lid  d isp e rs io n  in d ic a te d  th e  p re s e n c e  o f  a  m e ta s ta b le  fo rm  
o r  p o ly m o rh  o f  d ic lo fe n a c  so d iu m  in  th e  so lid  d isp e rs io n . T h e  
p h o to m ic ro g ra p h s  o f  th e  o p tim iz e d  d ic lo fe n a c  s o d iu m :(E C + c h ito s a n )  
so lid  d isp e rs io n  re v ea le d  th e  sy s te m  o f  a lm o s t c o m p le te  so lid  d isp e rs io n  
fo rm a tio n . S o m e  tra c e s  o f  o th e r  p a r tic le s  r a th e r  th a n  th e  so lid  d isp e rs io n  
p a r tic le s  w ere  o b se rv e d  in  th e  p ic tu re . T h o se  p a r tic le s  w ere  b e le iv ed  to  b e  
th e  m ic ro p a rtic le  o f  d ic lo fe n a c  so d iu m  in  p o ly m o rp h ic  s ta te .

T h e  th e rm o g ra m  o f  th e  1 0 :(3 + 0 .0 2 )  d ic lo fe n a c  so d iu m : 
(E C + c h ito sa n )  so lid  d isp e rs io n  p re p a re d  fro m  2 0 0  m l o f  s p ra y  fe e d in g  
liq u id  h a v in g  lo w  a lc o h o lic  fra c tio n  o f  0 .3  is  i l lu s tra te d  in  F ig u re  7 9 .
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Figure 77. The thermogram of ethylccllulosc.
(Heating rate 10 ° c  /  minute, sensitivity ±  25 1-iV)
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Figure 79. The thermogram of 10;(3+0.02) diclofenac sodium  
ะ(EC+chitosan) solid dispersion prepared from 200 ml 
spray-dried liquid having alcohol fra c tio n  of 0.3 . 
(Heating rate 10 ° c  /  minute, sensitivity +. 25 JJ-V)
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T h e  th e rm o g ra m  sh o w e d  a  b ro a d  m e ltin g  p e a k  a t  a b o u t  250  to  2 9 0 °c , 
w ith  a  s h a rp  m e ltin g  p o in t a t  2 8 0 °c , a n d  a  b ro a d  m e ltin g  ra n g e  b e tw e e n  
190 to  2 3 0 °c . T h e  b ro a d  m e ltin g  p e a k  a s  c o m p a re d  to  th e  m e ltin g  p o in t  
o f  d ic lo fen a c  so d iu m  o f  2 9 0 ° c  in d ic a te d  th a t  so m e  p o ly m o rp h ic  
fo rm a tio n  w a s  o c c u rre d . T h e  h ig h  m e ltin g  te m p e ra tu re  o f  a b o u t  2 9 0 ° c  
in d ic a te d  th e  p re se n c e  o f  so m e  d ic lo fen a c  so d iu m  in  th e  c ry s ta l l in e  fo rm . 
T h e  d ru g  m e ltin g  p o in t  a t  2 8 0 °c , a s  c o m p a re d  to  th e  d ru g  m e ltin g  p o in t  
a t  2 6 5 °c  o f  th e  o p tim iz e d  so lid  d isp e rs io n  th e rm o g ra m , in d ic a te d  th e  
p re se n c e  o f  th e  d ru g  a s  a  m o re  s ta b le  p o ly m o rp h ic  fo rm  in  th e  
10:(3+0.02) d ic lo fe n a c  s o d iu m :(E C + c h ito s a n )  so lid  d isp e rs io n . T h e  
re m a in in g  b ro a d  m e ltin g  ra n g e  b e tw ee n  190 to  2 3 0 °c  w a s  b e le iv ed  to  
re p re s e n t so fte n in g  a n d  m e ltin g  ra n g e s  o f  e th y c e llu lo se  a n d  c h ito s a n . 
T h e re fo re  th e  th e rm o g ra m  o f  th e  10:(3+0.02) d ic lo fe n a c  
so d iu m :(E C + c h ito s a n )  in d ic a te d  th e  p re se n c e  o f  d ic lo fe n a c  so d iu m  a s  
b o th  p o ly m o rp h ic  fo rm  a n d  th e  m o re  s ta b le  c ry s ta ll in e  fo rm .

X -R a v  D iff ra c tio n  S tu d y

T h e  X -ra y  d if f ra c to g ra m s  o f  d ic lo fen a c  so d iu m  a n d  th e  o p tim iz e d  
1 0 :(2 .5 + 0 .0 2 )  d ic lo fen a c  s o d iu m :(E C + c h ito s a n )  so lid  d is p e rs io n  a re  
d e m o n s tra te d  in  F ig u re  8 0 . F ig u re  8 0  a lso  d e m o n s ta te s  th e  X -ra y  
d if fra c to g ra m  o f  sp ra y -d r ie d  d ic lo fen a c  so d iu m  p re p a re d  fro m  fe e d in g  
liq u id  c o n ta in in g  10 g d ru g  d isso lv ed  in  2 0 0  m l o f  e th a n o lic  so lu tio n  
h av in g  e th a n o l f ra c tio n  o f  0 .7 . T h is  d if f ra c to g ra m  w a s  s im ila r  to  th e  
d if fra c to g ra m  o f  th e  d ru g  in d ic a tin g  th e  p re se n c e  o f  o f  d ic lo fe n a c  so d iu m  
a s  c ry s ta ll in e  fo rm  in  th e  sp ra y -d r ie d  d ru g . T h e  d if f ra c to g ra m  o f  th e  
1 0 :(3 + 0 .0 2 )  d ic lo fe n a c  s o d iu m :(E C + c h ito s a n )  so lid  d is p e rs io n  p re p a re d  
b y  u tiliz in g  2 0 0  m l o f  s p ra y  fe e d in g  liq u id  h a v in g  lo w  a b s o lu te  e th a n o l
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Figure 80. X-ray diffractograms of [a] diclofenac sodium [b] spray-dried 
diclofenac sodium, [c] 10:(3+0.02) diclofenac sodium. (EC+chitosan) 
solid dispersion prepared from 200 ml feeding liquid having absolute 
ethanol fraction of 0.3, [d] optimized 10:(2.5+0.02) diclofenac 
sodium:(EC+chitosan) solid dispersion.
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Figure 81. X-ray diffractograms of [a] chitosan (Ritthidej, et al., 1994),
[b] ethylcellulose.
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frac tio n  o f  0 .3  is a ls o  sh o w n . F ig u re  81 d e m o n s tra te s  X -ra y  
d if f ra c to g ra m s  o f  c h ito s a n  (R itth id e j, e t a l., 1 9 9 4 )  a n d  e th y lc e llu lo se , 
b o th  d if f ra c to g ra m s  d id  n o t  e x h ib it  a n y  p ro m in e n t  p e a k  in d ic a tin g  th e  
p re se n c e  o f  b o th  p o ly m e rs  in  a m o rp h o u s  s ta te .

B y  c o m p a rin g  th e  d if fra c to g ra m  o f  th e  o p tim iz e d  d ic lo fen a c  
so d iu m  so lid  d isp e rs io n  w ith  th e  o n e  o f  d ic lo fen a c  so d iu m , th e  c h a n g e  in 
th e  p a tte rn  o f  th e  d if f ra c to g ra m  w a s  o b se rv e d  b y  ra is in g  in  th e  b a s e  line  
a n d  a b s e n c e  in  so m e  p e a k s  o f  d ic lo fen a c  so d iu m . T h e  o p tim ize d  
d ic lo fen ac  so d iu m  so lid  d isp e rs io n  s till d isp la y e d  w e ll-d e f in e d  p e a k s  
c o rre sp o n d in g  to  th e  p e a k s  o f  d ic lo fen a c  so d iu m  in d ic a te d  th e  p re se n c e  o f  
d ic lo fen ac  so d iu m  in  p o ly m o rp h ic  fo rm . T h e  re s u lt  o b ta in e d  fro m  
d if fe re n tia l th e rm a l a n a ly s is  c o n firm e d  th e  p re s e n c e  o f  d ic lo fe n a c  so d iu m  
a s  p o ly m o rp h ic  fo rm  in  th e  o p tim iz e d  d ic lo fen a c  so d iu m  so lid  d isp e rs io n .

T h e  p re se n c e  o f  th e  d ru g  a s  m o le c u la r  o r  co llo id a l d isp e rs io n  in  
th e  o p tim ize d  so lid  d isp e rs io n  w a s  d e m o n s tra te d  b y  ra is in g  in  th e  b a se  
lin e  o f  th e  d if fra c to g ra m . In  g e n e ra l th e  d if f ra c to g ra m  o f  th e  d ru g  
p re se n te d  a s  a m o rp h o u s  o r  m o le c u la r  d isp e rs io n  w o u ld  e x h it  a b s e n c e  in  
d if fra c to g ra m  p e a k s  (B isw a s  e t  a l., 1 9 9 3 ; C h io u , 1 9 7 1 ; C h io u , 1 9 7 7 ; 
F lego , L ev rec ich , a n d  R u b e ssa , 1 9 8 8 ; Im a i e t  a l., 1 9 8 9 ; R a v is  a n d  C h en , 
1 9 8 1 ) w h ile  th e  p o ly m o rp h ie  d ru g  w o u ld  sh o w  th e  w e ll-d e f in e d  p e a k s  
in d ic a tin g  th e  p re se n c e  o f  c ry s ta l  la ttice . T h e re fo re  X -ra y  d if f ra c to g ra m  o f  
th e  so lid  d isp e rs io n  c o n s is tin g  o f  b o th  m o le c u la r  d isp e rs io n  a n d  
p o ly m o rp h ic  fo rm  o f  th e  d ru g  w o u ld  a lso  e x h ib i t  b o th  d if f ra c to g ra m  
p a tte rn s . T h e  d if fra c to g ra m  o f  th e  o p tim ize d  d ic lo fe n a c  so d iu m  so lid  
d isp e rs io n  i llu s tra te d  th is  p h e n o m e n o n .



202

T h e  d if fra c to g ra m  o f  th e  d ic lo fen a c  so d iu m  so lid  d isp e rs io n  
p re p a re d  fro m  2 0 0  m l o f  s p ra y  feed in g  liq u id  h a v in g  lo w  a lc o h o lic  
c o n te n t  w a s  s im ila r  to  th e  d if f ra c to g ra m  o f  th e  d ru g . T h e  s im ila r ity  
b e tw ee n  th e  tw o  d if f ra c to g ra m s  in d ic a te d  th e  p re se n c e  o f  th e  c ry s ta ll in e  
d ru g  in  th e  so lid  d isp e rs io n . T h is  re s u lt  w a s  s u p p o r te d  b y  th e  
p h o to m ic ro g ra p h  o f  th e  so lid  d isp e rs io n  w h ic h  illu s tra te d  th e  p re se n c e  o f  
th e  d ru g  a n d  th e  tw o  c a rr ie rs  se p a ra te ly  fro m  th e  so lid  d isp e rs io n  o f  d ru g  
in  th e  c a rr ie rs . T h e  so lid  d isp e rs io n  d if f ra c to g ra m  a ls o  sh o w e d  so m e  
ra is in g  o f  th e  b a s e  lin e  b u t  in  le s s  e x te n t th a n  th e  o n e  o f  th e  o p tim iz e d  
so lid  d isp e rs io n . T h e re fo re  m o re  a m o rp h o u s  fo rm a tio n  w a s  a c h ie v e d  fro m  
th e  o p tim ize d  d ic lo fen a c  so d iu m  so lid  d isp e rs io n . T h is  p h e n o m e n o n  
m ig h t b e  a tt r ib u te d  fro m  th e  fo rm a tio n  o f  so lid  d is p e rs io n  in  la rg e r  e x te n t  
in  th e  o p tim iz e d  d ic lo fen a c  so d iu m  so lid  d isp e rs io n . S in ce  th e  
p h o to m ic ro g ra p h  o f  th e  so lid  d isp e rs io n  p re p a re d  f ro m  s p ra y  fe e d in g  
liq u id  h av in g  lo w  a lc o h o lic  c o n te n t  e x h ib ited  th e  fo rm a tio n  o f  so lid  
d isp e rs io n  in  sm a ll ex ten t. T h e re fo re  th e  re su lts  o b ta in e d  fro m  X -ra y  
d if fra c to g ra m  a n d  p h o to m ic ro g ra p h  c o n firm ed  th a t  th e  so lid  d isp e rs io n  
fo rm a tio n  w a s  ac h ie v e d  m o re  c o m p le te ly  fro m  th e  s p ra y  fe e d in g  liq u id  
u s in g  h ig h e r  a lc o h o lic  c o n ten t.

M e c h a n ism  o f  D ru g  R e le a se  fro m  th e  o p t im iz e d  C o n tro lle d  R e le a se  S o lid  
D isp e rs io n

T h e  m e c h a n is m  o f  d ru g  re lea se  fro m  th e  o p tim iz e d  1 0 :(2 .5 + 0 .0 2 )  
d ic lo fen a c  s o d iu m :(E C + c h ito s a n )  so lid  d isp e rs io n  in  p H  6 .8  p h o s p h a te  
b u f fe r  so lu tio n  a p p e a re d  to  f i t  w ell w ith  H ig u ch i m o d e l r a th e r  to  z e ro - 
o rd e r  m o d el. T h e  p lo t b e tw e e n  p e rc e n ta g e  o f  d ru g  re le a se d  a n d  s q u a re  
ro o t tim e  is  sh o w n  in  F ig u re  8 2 . T h is  p lo t y ie ld e d  r2 o f  0 .9 6 3 3 0 2  w h ile
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Figure 82. Linearization of the release profiles of the optimized  
diclofenac sodium solid dispersion according to ะ 
[a] zero-order model, [๖] Higuchi model.
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th e  p lo t b e tw e e n  p e rc e n ta g e  o f  d ru g  re le a se d  a n d  t im e  g av e  r 2 o f
0 .9 1 3 8 0 6 . H en c e , b y  u s in g  o p tim iz a tio n  s tra te g y  th e  o p tim ize d  
d ic lo fen ac  so d iu m  c o n tro lle d  re le a se  so lid  d isp e rs io n  o f  th e  b e s t  p o ss ib le  
re q u ire d  z e ro -o rd e r  k in e tic s  d ru g  re lea se  c o u ld  b e  ach iev ed .

F ro m  th e  K ° e q u a tio n  a s  a  fu n c tio n  o f  fe e d in g  v o lu m e  ( X ^ ,  
a b so lu te  e th a n o l fra c tio n  (X 2), e th y lc e llu lo se  c o n te n t  (X 3), a n d  c h ito a n  
c o n te n t (X 4) o f

K ° =  -0 .0 0 0 1 0 7 X ! - 0 .0 4 7 1 8 4 X 2 - 0 .0 0 8 0 1 1X 3 - 0 .0 1 0 5 3 8 X 4 

+  0 .1 7 6 1 9 2 .

T h e  c h a n g e  in  e th a n o l frac tio n  in  s p ra y  fe e d in g  liq u id  fro m
0 .3 0  (-1 lev e l) to  0 .7 0  (1 lev e l) c a u se d  d e c re a s in g  in  K °. In  a n o th e r  w o rd , 
in c re a s in g  a lco h o l f ra c tio n  re su lte d  in  m o re  re ta rd a tio n  o f  d ru g  re le a se  
fro m  th e  d ic lo fen a c  so d iu m :(E C + c h ito s a n )  so lid  d isp e rs io n s . S in ce  th e  
d ru g  a n d  e th y lc e llu lo se  d isso lv e  w ell in  a b s o lu te  e th a n o l b u t  a re  p o o rly  
so lu b le  in  w a te r . T h e re fo re  d e c re a s in g  a lc o h o l fra c tio n  o f  s p ra y  fe e d in g  
liq u id  w o u ld  re su lt  in  le s s  d ru g  a n d  e th y c e llu lo se  b e in g  d is s o lv e d  in  th e  
feed in g  liq u id . T h is  c o u ld  b e  e v id e n t b y  th e  a p p e a ra n c e  o f  th e  s p ra y  
feed in g  liq u id s  in  th e  fo rm  o f  w h ite  co llo id a l d is p e rs io n s  w h e n  th e  a lc o h o l 
p ro p o r tio n  w a s  0 .3  w h ile  th e  lig h t y e llo w ish  so lu tio n s  w e re  o b ta in e d  
w h en  th e  e th a n o l f ra c tio n  w a s  0 .7 .

W h e n  th e  fe e d in g  liq u id  o f  low  e th a n o l fra c tio n  w a s  s p ra y  d rie d  
th e  re su ltin g  p o w d e r  w a s  b e le iv ed  to  c o n s is t  o f  d ru g , e th y lc e llu lo se , 
ch ito san , a n d  d ru g -c a rr ie rs  so lid  d isp e rs io n  se p a ra te ly  s in c e  th e  fe e d in g  
liq u id  w a s  co llo id a l d isp e rs io n  ra th e r  th a n  h o m o g e n e o u s  so lu tio n  a s  in  th e  
ca se  o f  h ig h  a lc o h o l frac tio n . D u rin g  s p ra y  d ry in g  th e  d ru g ,
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e th y lce llu lo se , a n d  c h ito s a n  d isp e rse d  p a r tic le s  p re c ip ita te d  o u t  f ir s t  w h ile  
th e  re m a in in g  d ru g -c a r r ie rs  so lu tio n  w o u ld  u n d e rg o  to  b e  sp ra y -d r ie d  
so lid  d isp e rs io n  la te r  o n . T h e  p h o to m ic ro g ra p h  o f  th e  1 0 :(3 + 0 .0 2 )  
d ic lo fen a c  so d iu m :(E C + c h ito s a n )  so lid  d isp e rs io n  o b ta in e d  b y  u s in g  lo w  
fra c tio n  o f  a b s o lu te  e th a n o l c o n firm e d  th is  c o n c lu s io n  s in c e  th e  
p h o to m ic ro g ra p h  sh o w e d  th e  a p p e a ra n c e  o f  s e p a ra te d  p a r tic le s  o f  d ru g , 
c a rrie rs , a n d  th e  so lid  d isp e rs io n .

F o r  th e  s p ra y  fe e d in g  liq u id  h a v in g  h ig h  e th a n o l f ra c tio n  o f  0 .7 , 
th e  d ru g  a n d  c a rr ie rs  w e re  in  h o m o g e n e o u s  so lu tio n  re su ltin g  in  m o re  
c o m p le te  in  fo rm a tio n  o f  so lid  d isp e rs io n . A fte r  s p ra y  d ry in g  m o s t  o f  th e  
sp ra y -d r ie d  p o w d e r  th u s  c o n s is te d  o f  m o le c u la r  o r  c o llo id a l d isp e rs io n  o f  
d ic lo fen ac  so d iu m  in  th e  c a rr ie rs  w h ile  so m e  p o r tio n  o f  th e  p o w d e r  
re p re se n te d  th e  d ru g  in  p o ly m o rp h ic  fo rm .

S in ce  m o re  c o m p le te  in  so lid  d isp e rs io n  fo rm a tio n  w a s  fo u n d  in  
th e  o p tim ize d  d ic lo fen a c  so d iu m  so lid  d isp e rs io n  a s  c o m p a re d  to  th e  so lid  
d isp e rs io n  p re p a re d  fro m  th e  fe e d in g  liq u id  o f  lo w  a lc o h o lic  c o n ten t, 
th e re fo re  m o re  d is s o lu tio n  re ta rd in g  e ffe c t w a s  fo u n d  in  th e  o p tim iz e d  
so lid  d isp e rs io n .

In c re a s in g  e v a p o ra tio n  ra te  d u e  to  h ig h e r  fra c tio n  o f  a lc o h o l a lso  
re su lte d  in  s h o r te r  p e r io d  o f  tim e  b e in g  u tiliz e d  fo r  c ry s ta ll iz a tio n  o f  d ru g  
m o lecu le s . T h u s  th e  p o ly m o rp h ic  fo rm  o f  th e  d ru g  w a s  e x p e c te d  in  so lid  
d isp e rs io n s  o b ta in e d  fro m  s p ra y  fe e d in g  liq u id  h a v in g  h ig h e r  fra c tio n  o f  
a b s o lu te  e th a n o l s in ce  th e  s h o r t  in te rv a l o f  so lid if ic a tio n  is c ritic a l in  
fo rm a tio n  o f  m e ta s ta b le  so lid  d isp e rs io n s  (C h io u  a n d  R ieg e lm an , 1 9 6 9 ). 
T h e  d a ta  fro m  th e  th e rm o g ra m  a n d  X -ra y  d if f ra c to g ra m  o f  th e  o p tim ize d
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d ic lo fen a c  so d iu m  so lid  d isp e rs io n  rev ea led  th e  a p p e a ra n c e  o f  d ic lo fe n a c  
so d iu m  in  p o ly m o rh ic  fo rm . In  c o n tra s t  s lo w e r  e v a p o ra tio n  o c c u re d  in  
sp ra y  d ry in g  o f  th e  fe e d in g  liq u id  w h ich  c o n s is te d  o f  lo w  e th a n o l frac tio n . 
A s  th e  re s u l t  m o re  tim e  w a s  a v a ila b le  fo r c ry s ta ll iz a tio n  o f  d ru g  m o lec u le s  
a n d  th u s  m o re  s ta b le  p o ly m o rp h ic  fo rm  o f  d ic lo fe n a c  so d iu m  w as  fo rm e d  
in  th is  c a se  a s  e v id e n t b y  its  th e rm o g ra m  a n d  X -ra y  d if ffa c to g ra m .

O n e  c o u ld  n o tic e  fro m  th e  p re d ic te d  e q u a tio n  th a t  th e  h ig h e r  th e  
a m o u n t  o f  e th y lc e llu lo se  o r  c h ito s a n  w as  u tiliz ed , th e  m o re  d is s o lu tio n  
re ta rd in g  e ffe c t w a s  o b ta in e d . In  p re p a r in g  so lid  d is p e rs io n  th e  in f lu e n c e  
o f  th e  a m o u n t  o f  c a r r ie r  o n  d is s o lu tio n  m o d ify in g  e ffe c t w a s  re c o g n iz e d  
e lsew h e re . In  g e n e ra l th e  h ig h e r  th e  a m o u n t  o f  th e  c a r r ie r  b e in g  
e m p lo y ed , th e  m o re  d is s o lu tio n  m o d ify in g  e ffe c t w a s  a c h ie v e d  (F o rd , 
1 9 8 6 ). T h e  e ffec ts  o f  e th y lc e llu lo se  a n d  c h ito s a n  o n  d is s o lu tio n  
re ta rd a tio n  w ere  a d d itiv e  a s  c le a rly  d e m o n s tra te d  b y  th e  m in u s  s ig n  o f  
th e ir  re g re ss io n  m o d e l c o e ff ic ie n ts  in  th e  p re d ic te d  e q u a tio n . T h e  
c o m b in e d  m e c h a n is m s  o f  d ru g  d if fu s io n  th ro u g h  in so lu b le  m a tr ix  a n d  
th ro u g h  v isc o u s  e n v iro n m e n t w e re  b e le iv ed  to  b e  re s p o n s ib le  fo r  th e  
a d d itiv e  e ffec ts . In c re a s in g  c h ito s a n  c o n te n t  im p a r te d  m o re  v isc o u s  
e n v iro n m e n t a ro u n d  th e  so lid  d isp e rs io n s  a n d  th u s  d e la y e d  th e  d if fu s io n  
o f  th e  d ru g  fro m  th e  so lid  d isp e rs io n s . H ig h e r  a m o u n t  o f  a n  in so lu b le  
ca rrie r , e th y lce llu lo se , p re se n te d  in  th e  so lid  d is p e rs io n s  a lso  re su lte d  in  
le s s  p a th w a y  a v a ila b le  fo r d is s o lu tio n  m e d iu m  p e n e tra t io n  a n d  d ru g  
d iffu s io n , th e re fo re  m o re  re ta rd a t io n  in  d ru g  d is s o lu tio n  w a s  ach iev ed .

M o le c u la r  o r  co llo id a l d isp e rs io n  o f  d ru g s  in  so m e  l in e a r  p o ly m e r  
w ere  p ro p o se d  to  o c c u r  in  so lid  d isp e rs io n s  (C h io u  a n d  R ieg e lm an , 1 9 6 9 ; 
C h io u  a n d  R e ig e lm an , 1 9 7 1 ; M cG in ity , M a n e ss , a n d  Y a k a ta n , 1 9 7 4 -
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1 9 7 5 ). M o le c u la r  o r  co llo id a l d isp e rs io n  c a n  b e  a c h ie v e d  b y  
c o p re c ip ita t io n  in  th e  fo rm  o f  in te rs ti tia l  so lid  so lu tio n . C ry s ta ll in e  
p o ly m e rs  o f  h ig h  m o le c u la r  w e ig h t a p p e a r  to  b e  lo g ica l c h o ice s  fo r 
in te rs ti tia l  so lid  so lu tio n s  s in ce  th e y  a re  c a p a b le  o f  e n tra p p in g  lo w  
m o le c u la r  w e ig h t c o m p o u n d s  in  th e ir  in te rs ti tia l  sp a c e . H ig h  v isc o s ity  o f  
p o ly m e rs  is  a n o th e r  fa c to r  w h ic h  m a y  c o n tr ib u te  to  th e  fo rm a tio n  o f  
m e ta s ta b le  so lid  so lu tio n s  (C h io u  a n d  R ieg e lm an , 1971 ). T h e  e ffec t o f  
v isc o s ity  o f  c a rr ie rs  b e in g  u tiliz ed  in  p re p a ra t io n  o f  c o p re c ip ita te s  h a s  
b e e n  m e n tio n e d  p re v io u s ly  (C h io u  a n d  R ieg e lm an , 1 9 6 9 ; C h io u  a n d  
R ieg e lm an , 1 9 7 1 ). In  th e  v isc o u s  m e d iu m  th e  c ry s ta l l iz a tio n  o f  d ru g  is 
re ta rd e d  d u e  to  th e  d if f icu lty  in  n u c lé a tio n  o f  th e  d ru g . T h u s  in  th is  s tu d y  
a s  th e  m o re  v isc o u s  fe e d in g  so lu tio n  w a s  e m p lo y e d  in  s p ra y  d ry in g , th e  
m o re  re d u c tio n  in  p a r tic le  s ize  o f  th e  d ru g  b e in g  d is p e rs e d  in  th e  so lid  
d isp e rs io n s  w o u ld  b e  th e  re su lt. T h e  o p tim ize d  1 0 :(2 .5 + 0 .0 2 )  d ic lo fen a c  
so d iu m :(E C + c h ito s a n )  s o l id . d isp e rs io n  w a s  p re p a re d  fro m  th e  feed in g  
liq u id  c o n ta in in g  h ig h  a m o u n t  o f  e th y lc e llu lo se  a n d  a b s o lu te  e th a n o l. In  
th e  o p tim ize d  feed in g  liq u id  th u s  th e  c o m p le te  d is s o lu tio n  o f  
e th y lc e llu lo se  w a s  a c h ie v e d  re su ltin g  in  th e  fe e d in g  liq u id  o f  h ig h  
v isc o s ity  a n d  c o n se q u e n tly  th e  fo rm a tio n  o f  m o le c u la r  o r  co llo id a l 
d isp e rs io n  o f  d ru g  in  th e  c a rr ie rs  w a s  o b ta in e d  a s  s u p p o r te d  b y  its  
th e rm o g ra m  a n d  X -ra y  d if f ia c to g ra m . W h ile  in c o m p le te  d is s o lu tio n  o f  
e th y lc e llu lo se  w as  o b se rv e d  in  th e  1 0 :(3 + 0 .0 2 )  d ic lo fe n a c  so d iu m : 
(E C + c h ito s a n )  feed in g  liq u id  o f  lo w  a lc o h o lic  c o n te n t  a s  e v id e n t b y  th e  
a p p e a ra n c e  o f  th e  fe e d in g  liq u id  a s  w h ite  co llo id a l d isp e rs io n  ra th e r  th a n  
so lu tio n . T h e re fo re  th e  lo w  a lc o h o lic  fe e d in g  liq u id  w a s  le s s  v isc o u s  a n d  
h en c e  m o le c u la r  o r c o llo id a l d isp e rs io n  w a s  le s s  a c c o m p lish e d .

r
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R2 =  0 .0 0 4 1 9 9 X j +  0 .0 1 4 3 9 1 X 2 +  0 .0 1 9 6 7 1 X 3 +  0 .0 0 1 5 7 6 X 4 

+ 0 .8 8 2 8 2 3 .

In c re a s in g  e th a n o l fra c tio n  fro m  0 .3 0  (-1 lev e l) to  0 .7 0  (1 lev e l) 
re su lte d  in  h ig e r  R 2. T h u s , w h e n  e th a n o l fra c tio n  w a s  in c re a s e d  th e  d ru g  
re lea se  p ro file  b e c a m e  c lo se r  to  th e  z e ro -o rd e r  k in e tic s  m o d e l o f  re lea se . 
S in ce  th e  sp ra y -d r ie d  p o w d e r  o b ta in e d  fro m  th e  lo w  a lc o h o lic  fe e d in g  
liq u id  c o n s is te d  o f  d ic lo fen a c  so d iu m  a s  b o th  so lid  d isp e rs io n  a n d  
se p a ra te d  d ru g  p a r tic le s  w h ile  th e  s p ra y -d r ie d  p o w d e r  o b ta in e d  fro m  th e  
h ig h  a lc o h o lic  fe e d in g  liq u id  c o n s is te d  o f  d ic lo fe n a c  so d iu m  la rg e ly  a s  
so lid  d isp e rs io n . T h e re fo re  th e  m o re  c o n s is te n c y  in  d ru g  re le a se  w a s  
o b ta in e d  in  th e  so lid  d isp e rs io n  p re p a re d  fro m  th e  fe e d in g  liq u id  o f  h ig h e r  
a lco h o l frac tio n .

In  c o n c lu s io n , th e  m e c h a n is m  o f  d ru g  re lea se  fro m  th e  o p tim iz e d  
d ic lo fen a c  so d iu m  c o n tro lle d  re lea se  so lid  d isp e rs io n  d e riv e d  fro m  
m o le c u la r  o r  c o llo id a l d isp e rs io n  o f  d ru g  in  th e  m a tr ix  o f  e th y lc e llu lo se  
a n d  c h ito s a n  cau sin g :

1. S lo w  d if fu s io n  o f  d ru g  th ro u g h  th e  in so lu b le  c a rr ie r , 
e th y lce llu lo se , a n d

2 . S lo w  d if fu s io n  o f  d ru g  th ro u g h  v isc o u s  e n v iro n m e n t p ro d u c e d  
b y  sw ellin g  a c tio n  o f  th e  sw e lla b le  ca rrie r , c h ito s a n , in  a c id ic  m e d iu m .

From the R2 equation as a  function o f  feeding volume (X j),
absolute ethanol fraction (X 2), ethylcellulose content (X 3), and chitoan
content (X 4) o f
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M e c h a n ism  o f  D ru g  R e le a se  fro m  th e  o p t im iz e d  D ic lo fe n a c  S o d iu m  
C o n tro lle d  R e le a se  S o lid  D isp e rs io n  T a b le ts

T h e  m e c h a n is m  o f  d ru g  re lea se  fro m  th e  im p ro v e d  o p tim u m  
d ic lo fen a c  so d iu m  c o n tro lle d  re le a se  ta b le t  in  p H  6 .8  p h o s p h a te  b u ffe r  
so lu tio n  f it  w ell w ith  H ig u c h i m o d e l r a th e r  to  z e ro -o rd e r  m o d e l. T h e  p lo t  
b e tw ee n  p e rc e n ta g e  o f  d ru g  re le a se d  a n d  sq u a re  ro o t t im e  is  sh o w n  in  
F ig u re  8 3 . T h is  p lo t g av e  r2 o f  0 .9 6 8 1 2 2  w h ile  th e  r2 o f  th e  p lo t  b e tw e e n  
p e rc e n ta g e  o f  d ru g  re le a se d  a n d  tim e  w a s  0 .9 2 3 8 8 4 . T h e re fo re  th e  
d ic lo fen a c  so d iu m  c o n tro lle d  re lea se  ta b le t  o f  o p tim u m  z e ro -o rd e r  k in e tic s  
d ru g  re le a se  c o u ld  b e  d e v e lo p ed  w ith  sm a ll n u m b e r  o f  e x p e r im e n ts  b y  
u s in g  o p tim iza tio n  s tra teg y .

R e fe rrin g  to  th e  e q u a tio n  o f  K ° a s  a  fu n c tio n  o f  fo u r  v a r ia b le s ; 
c o m p re s s io n  fo rce  (X  1), E ra -T a b  level (X 2), A c-D i-S o l lev e l (X 3), a n d  
m a g n e s iu m  s te a ra te  level (X 4), in  th e  fo rm  o f

K ° =  0 .0 2 5 8 5 0 X 3 +  0 .0 0 9 8 5 6 X 2X 3 + 0 .1 5 1 6 4 1 .

O n ly  A c-D i-S o l level a n d  in te ra c tio n  b e tw e e n  E ra -T a b  level a n d  
A c-D i-S o l level im p a r te d  s ig n if ic a n t e ffec t o n  K °. A c-D i-S o l level w a s  th e  
m o s t p ro m in e n t fa c to r  im p a r tin g  e ffec t o n  K ° o r  d ru g  re le a se  ra te . 
In c re a s in g  A c-D i-S o l lev e l in  th e  ra n g e  o f  -1 .4 1 4  to  1 .4 1 4  c a u s e d  fa s te r  
d ru g  re lea se . A s th e  a m o u n t  o f  A c-D i-S o l in  th e  d ic lo fe n a c  so d iu m  
c o n tro lle d  re lea se  ta b le ts  in c re a se d , th e  ta b le ts  sh o u ld  d is in te g ra te  m o re  
ra p id ly  in to  th e  d ic lo fe n a c  so d iu m  so lid  d is p e rs io n s  a n d  s u b s e q u e n tly  
fa s te r  d ru g  re lea se  w a s  o b ta in e d . S in ce  c h ito s a n  sw e lled  in  a c id ic  m e d iu m  
im p a r tin g  b in d in g  e ffec t to  th e  ta b le ts  d u e  to  h ig h  v isc o s ity  th e re fo re  h ig h
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211

a m o u n t o f  A c-D i-S o l w a s  n e e d e d  in  o rd e r  to  c o u n te r  th is  e ffe c t o th e rw ise  
to o  s lo w  in  d ru g  re lea se  w o u ld  b e  th e  re su lt. H o w ev e r, i f  to o  h ig h  in  th e  
a m o u n t o f  A c-D i-S o l w a s  u se d  th e  ta b le ts  w o u ld  d is in te g ra te  to o  fa s t  
re su ltin g  in  to o  h ig h  in  th e  v a lu e  o f  K °. H en ce , th e  o p tim u m  level o f  
A c-D i-S o l w a s  req u ired .

T h e  K ° w a s  a ls o  fu n c tio n  o f  in te ra c tio n  b e tw e e n  A c-D i-S o l level 
a n d  E ra -T a b  level. A t to o  lo w  level o f  A c-D i-S o l level, th e  ta b le ts  w o u ld  
n o t d is in te g ra te  d u e  to  d is in te g ra tio n  re ta rd in g  e ffe c t o f  c h ito sa n . 
In c re a s in g  E ra -T a b  level in  th is  c a se  w o u ld  c a u s e  m o re  d is s o lu tio n  
re ta rd in g  e ffe c t s in c e  E ra -T a b  w a s  sp ra y -d r ie d  ric e  s ta rc h  w h ic h  w a s  
in so lu b le  a n d  h e n c e  w a s  t ra p p e d  in  th e  ta b le ts . A s  th e  c o n te n t  o f  
E ra -T a b  in c re a se d , h ig h e r  a m o u n t  o f  E ra -T a b  w o u ld  b e  t r a p p e d  a n d  th u s  
c re a tin g  le s s  d if fu s io n  p a th w a y  a v a ila b le  fo r  th e  p a s s a g e  o f  d is s o lu tio n  
m e d iu m  a n d  d ru g  th ro u g h  th e  ta b le ts . A s  th e  re su lt, d ru g  re le a se  b y  
d if fu s io n  w a s  re ta rd e d . B u t  a t  h ig h  level o f  A c-D i-S o l, th e  d is in te g ra tin g  
e ffec t o f  A c-D i-S o l o v e rc a m e  th e  d is in te g ra tio n  re ta rd in g  e ffe c t o f  
c h ito s a n  a n d  th e  ta b le ts  w e re  a b le  to  d is in te g ra te  in to  so lid  d isp e rs io n  
p o w d e rs . In  th is  s itu a tio n  in c re a s in g  th e  a m o u n t  o f  E ra -T a b  w o u ld  re s u l t  
in  h ig h e r  K ° d u e  to  sw e llin g  a c tio n  o f  E ra -T a b  w h ic h  c o n tr ib u te d  to  
d is in te g ra tin g  e ffec t o f  A c-D i-S o l.

W h e n  c o m p a rin g  th e  e ffec ts  o f  A c-D i-S o l a t  lo w  a n d  a t  h ig h  level 
o f  E ra -T a b , i t  w a s  re c o g n iz e d  th a t  m o re  e n h a n c e m e n t  in  K ° w a s  o b se rv e d  
in  th e  la t te r  c a se . A t h ig h  level o f  E ra -T a b , th e  c o n tr ib u tin g  e ffe c t o f  
E ra -T a b  o n  ta b le t  d is in te g ra tio n  w o u ld  b e  h ig h e r  a n d  c o n se q u e n tly  fa s te r  
d ru g  re lea se  o r  h ig h e r  K ° w o u ld  b e  ach iev ed .
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C o m p re s s io n  fo rce  ( X j)  w a s  fo u n d  to  h av e  in s ig n if ic a n t e ffe c t o n  

K ° o f  th e  d ic lo fen a c  so d iu m  c o n tro lle d  re le a se  ta b le ts .  A lth o u g h  th e  
in f lu e n c e  o f  c o m p re s s io n  fo rc e  o n  so lid  d isp e rs io n  ta b le ts  p re p a re d  fro m  
th e o p h y llin e  d is p e rs e d  in  a  p o ly m e ric  m ix tu re  o f  p o ly e th y le n e  g ly co l a n d  
a c ry lic /m e th a c ry lic  e s te rs  w a s  re p o r te d  (F a ss ih i, P a rk e r ,  a n d  P o u rK a v o o s , 
1 9 8 5 ). H o w ev er, c o m p re s s io n  fo rce  h a s  u s u a lly  b e e n  th o u g h t  to  h av e  
little  in f lu e n c e  o n  d ru g  re le a se  fro m  m a tr ix  ta b le ts . S in c e  th e  p o ro s ity  o f  
th e  h y d ra te d  m a trix , w h ic h  d o e s  a ffe c t re le a se  a s  in  H ig u c h i's  m o d e l, is  
in d e p e n d e n t  o f  th e  in itia l p o ro s ity . T h e re  se e m s  to  b e  a  b a s is  fo r  th is  
s ta te m e n t, a t  le a s t  in  th e  c a se  o f  m a tr ic e s  o f  h y d ro s o lu b le  a c tiv e  
p rin c ip le s . M o s t o f  th e  a v a ila b le  d a ta  p o in t  a lo n g  th e s e  l in e s  (M itc h e ll  e t  
a l., 1 9 9 0 ; N a k a n o  e t  a l., 1 9 8 3 ). N e v e rth e le s s , a s  in d ic a te d  b y  K o rs m e y e r  
e t  a l. (1 9 8 3 ) , th e  in itia l p o ro s ity  m ig h t b e  m o re  im p o r ta n t  th a n  it  m a y  a t  
f irs t  seem . In  th e  d ic lo fen a c  so d iu m  c o n tro lle d  re le a se  so lid  d isp e rs io n  
ta b le ts  th e  m e c h a n is m  o f  A c-D i-S o l a s  ta b le t  d is in te g ra n t  w a s  sw e llin g  
ac tio n . H ig h  sw e llin g  c a p a c ity  o f  A c-D i-S o l w a s  th o u g h t  to  e lim in a te  th e  
e ffe c t o f  in itia l p o ro s ity  o n  d ru g  re le a se  fro m  ta b le ts . T h e re fo re  th e  
c h a n g in g  o f  c o m p re s s io n  fo rce , w h ile  a ffe c tin g  th e  in itia l  p o ro s ity  o f  th e  
d ire c tly  c o m p re s se d  d ic lo fe n a c  so d iu m  c o n tro lle d  re le a se  ta b le ts , d id  n o t  
im p a r t  a n y  s ig n if ic a n t e ffe c t o n  K °.

T h e  e ffec t o f  m a g n e s iu m  s te a ra te , a n  in so lu b le  lu b r ic a n t, o n  ta b le t  
d is s o lu tio n  re ta rd a tio n  h a s  b e e n  re c o g n iz e d . H y d ro p h o b ic  lu b r ic a n ts  su c h  
a s  m a g n e s iu m  s te a ra te , a lu m in u m  s te a ra te , s te a r ic  a c id  a n d  ta lc , d e c re a s e  
th e  e ffec tiv e  d ru g -so lv e n t in te rfa c ia l a r e a  b y  c h a n g in g  th e  s u r fa c e  
c h a ra c te r is tic s  o f  th e  ta b le ts  w h ic h  re s u l ts  in  re d u c in g  its  w e ttab ility , 
p ro lo n g in g  its  d is in te g ra tio n  tim e  a n d  d e c re a s in g  th e  a re a  o f  th e  in te rfa c e  
b e tw e e n  th e  ac tiv e  in g re d ie n t  a n d  so lv e n t (L e v y  a n d  G u m to w , 1 9 6 3 ). In
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th is  s tu d y , th e  v a r ia t io n  in  th e  level o f  m a g n e s iu m  s te a ra te  u s e d  in  
d ic lo fen a c  so d iu m  ta b le t  fo rm u la tio n s  d id  n o t  im p a r t  s ig n if ic a n t e ffe c t o n  
K °. S in ce  th e  c o n c e n tra t io n  o f  m a g n e s iu m  s te a ra te  im p a r tin g  d is s o lu tio n  
re ta rd in g  e ffec t o n  ta b le ts  w a s  fo u n d  to  d e p e n d  o n  th e  n a tu re  o f  a c tiv e  
in g re d ie n t. I ran lo y e  a n d  P a r ro t t  (1 9 7 8 )  c o m p a re d  th e  e ffe c t o f  se v e ra l 
h y d ro p h o b ic  lu b r ic a n ts  o n  th e  d is s o lu tio n  ra te  o f  a s p ir in  a n d  sa licy lic  a c id  
ta b le ts . W ith  m a g n e s iu m  s te a ra te , th e y  fo u n d  th a t  a  c o n c e n tra t io n  o f
0 .5 %  d e c re a se d  th e  d is s o lu to n  ra te  o f  sa licy lic  a c id  a n d  a s p ir in  b y  3 3  a n d  
2 7 % , re sp ec tiv e ly . Ja m in e t, D e L a tta , a n d  D e lp o r te  (1 9 6 9 )  in v e s tig a te d  th e  
e ffec t o f  d if fe re n t lu b r ic a n ts  o n  th e  d is s o lu tio n  ra te  o f  p h é n o b a rb ita l  
ta b le ts  a n d  fo u n d  th a t  th e  o p tim u m  c o n c e n tra t io n  o f  m a g n e s iu m  w a s  
a b o u t 1%  o r less . In c re a s in g  its  q u a n ti ty  to  1 .5 %  re su lte d  in  ta b le ts  w ith  
d e c re a se d  d iso lu tio n  ra te . In  th is  in v e s tig a tio n  th e  c o n c e n tra t io n  o f  
m a g n e s iu m  s te a ra te  u s e d  in  th e  d ic lo fen a c  so d iu m  ta b le t  fo rm u la tio n s  
w ere  b e tw e e n  0 .1 5  to  0 .8 5 % , w h ic h  w ere  su ff ic ie n t to  y ie ld  ta b le ts  o f  
a c c e p ta b le  ta b le t  p ro p e r t ie s . T h e re fo re  th e  a b s e n c e  o f  d is s o lu tio n  
re ta rd in g  e ffec t o f  m a g n e s iu m  s te a ra te  o n  th e  d ic lo fe n a c  so d iu m  
co n tro lle d  re lea se  ta b le ts  w a s  re su lte d  fro m  n o t  h ig h  e n o u g h  in  th e  
a m o u n t o f  m a g n e s iu m  s te a ra te  w a s  u tilized .

F ro m  th e  R 2 e q u a tio n  a s  a  fu n c tio n  o f  c o m p re s s io n  fo rce  (X j) ,  
E ra -T a b  level (X 2), A c-D i-S o l level (X 3), a n d  m a g n e s iu m  s te a ra te  lev e l 
(X 4) o f

R2 =  - 0 .0 1 1 4 8 3 X j - 0 .0 2 0 3 2 0 X 3 - 0 .0 0 8 8 9 0 X 2X 3 
-0 .0 1 1 3 3 0 X !2 +  0 .0 1 5 3 8 5 X 22 +  0 .9 0 4 8 4 1 .
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A c-D i-S o l w a s  th e  m o s t  im p o r ta n t  fa c to r  in  d e te rm in in g  R 2 v a lu e  
o f  th e  d ic lo fe n a c  so d iu m  c o n tro lle d  re le a se  ta b le ts . In c re a s in g  level 
o f  A c-D i-S o l in  th e  ra n g e  o f  -1 .4 1 4  to  1 .4 1 4  c a u s e d  m o re  d ev ia tio n  o f  
d is s o lu tio n  p ro file  fro m  th e  z e ro -o rd e r  k in e tic s  m o d e l. H o w ev e r, th e  e ffec t 
o f  A c-D i-S o l o n  R 2 v a lu e  a ls o  d e p e n d e d  o n  th e  lev e l o n  E ra -T a b  a s  
d e m o n s tra te d  b y  th e  in te ra c tio n  b e tw e e n  A c-D i-S o l a n d  E ra -T a b . A t lo w  
E ra -T a b  level, th e  n eg a tiv e  e ffe c t o f  A c-D i-S o l o n  R 2 v a lu e  w a s  le ss  
p ro m in e n t  th a n  a t  h ig h  E ra -T a b  level. S im ila rly , th e  e ffe c t o f  
E ra -T a b  o n  R 2 v a lu e  d e p e n d e d  o n  A c-D i-S o l level. M o reo v e r, th e  
E ra -T a b  e ffec t i ts e l f  w a s  fo u n d  to  h av e  s q u a re d - te rm  e ffe c t o n  R 2 v a lu e . 
C o m p re s s io n  fo rce  a lso  im p a r te d  s ig n if ic a n t e ffe c t o n  R 2 v a lu e . I ts  
in f lu e n c e  w a s  c o m p lic a te d  a s  d e m o n s tra te d  b y  b o th  its  m a in  e ffe c t a n d  
sq u a re d - te rm  effec t.
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