
M ATERIALS AND M ETH O DS

M a te ria ls

1. D ru g

-D ic lo fe n a c  so d iu m  (B a tc h  D F S H  0 4 5 , C F S  P T E  L td ., 
S w itz e rla n d )

2 . C a rr ie rs

-E th y lc e llu lo se  (E th o c e l 10 cp s , D o w  C h e m ic a l C o m p a n y ,
บ .ร.A.)
-C h ito sa n  (U n ic o rd  P C L  L td ., T h a ila n d )
-C a rb o m e r  (C a rb o p o l 9 3 4 , B a tc h  N o . A 7 0 1 0 3 1 , d is tr ib u te d  b y  ร. 
T o n g  C h e m ic a ls  C o. L td ., T h a ila n d )
-M e th a c ry lic  a c id  c o p o ly m e r (E u d ra g it  R S  1 00 , R o h m  
P h a rm a , G e rm a n y )
-H y d ro x y p ro p y l m e th y lce llu lo se  (M e th o c e l E 4 M  P re m iu m , 
B a tc h  N o . M M 8 9 1 2 0 4 1 3 E , D o w  C h e m ic a l C o m p a n y , U .S .A .)

3. A d d itiv e s

-S p ra y  d rie d  ric e  s ta rc h  (E ra -T a b , L o t N o . T 9 1 0 1 1 8 , E ra w a n  
P h a rm a c e u tic a l  R e se a rc h  a n d  L a b o ra to ry  C o ., L td ., T h a ila n d )
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-C ro sc a rm e llo se  so d iu m , U S P  X X /N F  X V  (A c-D i-S o l, L o t N o . 
T 9 3 4 , A M C  C o ., U .S .A .)
-A ero sil (W a c k e r  C h e m ie  G M B H , G e rm a n y )
-M a g n e s iu m  s te a ra te  (L o t N o . M a F O l, I ta ly )

4 . O th e rs

-A b so lu te  e th a n o l (M e rc k , G e rm a n y )
-C o n c e n tra te d  h y d ro c h lo r ic  a c id  (M e rc k , G e rm a n y )
-G la c ia l a ce tic  a c id  (M e rc k , G e rm a n y )
-S o d iu m  p h o s p h a te  d o d e c a h y d ra te  (L o t N o . A 2 7 8 4 8 7 , M e rc k , 
G e rm a n y )

E q u ip m e n t

-A n a ly tic a l b a la n c e  (S a r to r iu s , M o d e l A 2 0 0 S , G e rm a n y )
-S iev e  N o . 4 0  (R e ts c h  G m b H  &  C o. K G , G e rm a n y )
-S p ra y  d ry e r  (B u c h i C o., B u c h i 190  M in i S p ra y  D ry e r , 
S w itz e rla n d )
-p H  m e te r  (S c h o tt  C o ., M o d e l C G  8 4 0 , G e rm a n y )
-S in g le  p u n c h  ta b le t t in g  m a c h in e  e q u ip p e d  w ith  s tra in e d  
g au g e  (V iu h a n g  E n g in e e rin g , T h a ila n d )
-S tra in  a m p lif ie r  (T o k y o  S o k k i K e n k y u jo  C o ., L td ., D A  12 A  
S tra in  M e te r, J a p a n )
-H a rd n e s s  te s te r  (D r. S c h le u n ig e r  C o ., T y p e  T H P -4 M , 
S w itz e rla n d )
-F r ia b ila to r  (K .S .L . E n g in e e rin g  C o ., L td ., E rw e k a  ty p e , 
T h a ila n d )
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-D is in te g ra tio n  a p p a ra tu s  (K .S .L . E n g in e e r in g  C o ., L td ., U S P  
t y p e , T h a ila n d )
-D is so lu tio n  a p p a ra tu s  (P h a rm a  T e s t  C o ., M o d e l T W  II, 
G e rm a n y )
-S p e c tro p h o to m e te r  (M ilto n  R o y  C o m p a n y , S p e c tro n ic  3 0 0 0  
A rra y , บ .S .A .)
-S c a n n in g  e le c tro n  m ic ro sc o p e  (Jeo l, JS M -3 5  C F , J a p a n )  
-D iffe re n tia l th e rm a l  a n a ly z e r  (S h im a d z u , M o d e l D T -3 0 , J a p a n )  
-X -ra y  d if f ra c to m e te r  (Jeo l, JD X  8 0 3 0 , J a p a n )

M e th o d s

1. P re p a ra tio n  o f  D ic lo fen a c  S o d iu m  S o lid  D is p e rs io n s

1.1 P re p a ra tio n  o f  3:1 D ic lo fen ac  S o d iu m :P o lv m e r  S o lid  
D isp e rs io n s

In  th is  s tu d y  v a r io u s  d ic lo fen a c  so d iu m  so lid  d isp e rs io n  
sy s te m s  w e re  d ev e lo p ed  u tiliz in g  d if fe re n t  ty p e s  o f  p o ly m e rs  a s  c a rr ie rs . 
T h e  p o ly m e rs  b e in g  u s e d  w e re  in so lu b le  p o ly m e rs , e th y lc e llu lo se  (E C ) 
a n d  m e th a c ry lic  a c id  c o p o ly m e r (E u d ra g it) ,  a n d  sw e lla b le  p o ly m e rs , 
h y d ro x y p ro p y l m e th y lce llu lo se  (H P M C ), c a rb o m e r  a n d  c h ito s a n . S in ce  
th e  d o se  o f  su s ta in e d  re le a se  d ic lo fen a c  so d iu m  is  q u ite  h ig h  a s  1 0 0  m g  in  
a  c o m m e rc ia l p ro d u c t (R e y n o ld s , 1 9 8 9 ), th e re fo re  o n ly  th e  lim ited  
a m o u n ts  o f  th e  p o ly m e rs  c a n  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  co n tro lle d  re le a se  so lid  d isp e rs io n s  o th e rw ise  th e  s ize  o f  th e  
d o sa g e  fo rm  w ill b e  to o  la rg e . F o r  th is  re a so n  th e  ra t io  o f  3 :1  d ic lo fen a c
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so d iu m  .p o ly m er w a s  c h o se n  a s  th e  s ta r t in g  p o in t  in  p re p a r in g  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 s .

In  o rd e r  to  p re p a re  th e  3 :1  d ru g :p o ly m e r  so lid  d is p e rs io n s  
th e  a c c u ra te  a m o u n ts  o f  d ic lo fe n a c  so d iu m  a n d  p o ly m e rs  w ere  w e ig h e d . 
T a b le  7  l is ts  th e  ty p e s  a n d  a m o u n ts  o f  v a r io u s  p o ly m e rs  in c lu d in g  th e  
a m o u n t  o f  th e  d ru g  b e in g  u se d  in  p re p a ra tio n  o f  d ic lo fe n a c  so d iu m  so lid  
d isp e rs io n s . T h e  d ru g  a n d  e a c h  p o ly m e r w ere  d is s o lv e d  s e p a ra te ly  in  
a b s o lu te  e th a n o l e x c e p t c h ito s a n  w h ic h  w a s  d isso lv ed  in  1 %  a c e tic  ac id . 
T o  p re p a re  so lid  d isp e rs io n , th e  p o ly m e r  so lu tio n  w a s  a d d e d  in to  th e  
d ic lo fen a c  so d iu m  so lu tio n . T h e  re su ltin g  so lu tio n  o r  c o llo id a l d isp e rs io n  
w a s  a d ju s te d  to  f in a l v o lu m e  b y  w a te r  o r  1 %  ac e tic  a c id  a n d  sp ra y -d r ie d  
u s in g  a  s p ra y  fe e d in g  ra te  o f  1 0  m l p e r  m in u te  a n d  in le t  te m p e ra tu re  
b e tw ee n  110 to  130°c. F ig u re  2  sh o w s  th e  d e ta il  o f  th e  s p ra y  d ry e r  b e in g  
u tiliz e d  in  th is  s tu d y . T h e  c o n d it io n s  o f  s p ra y  d ry in g  fo r  e a c h  p re p a ra t io n  
a re  a lso  sh o w n  in  T a b le  7 . T h e  3:1 d ic lo fe n a c  so d iu m :p o ly m e r  so lid  
d isp e rs io n s  w ere  th e n  k e p t  in  a  d e s ic c a to r .

1 .2  P re p a ra tio n  o f  D ic lo fen a c  S o d iu m  S o lid  D isp e rs io n  
S y s te m s  U s in g  E th v c e llu lo se  a n d  C h ito s a n  a s  S in g le  a n d  C o m b in e d  
C a rr ie rs

E th y lce llu lo se  a s  a n  in so lu b le  c a r r ie r  a n d  c h ito s a n  a s  a  
sw e lla b le  c a r r ie r  w e re  se lec te d  to  b e  u se d  a s  c o m b in e d  c a r r ie rs  in  
p re p a r in g  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 s . T o  
in v e s tig a te  th e  ro le  o f  e th y lc e llu lo se  a n d  c h ito s a n  a s  c o m b in e d  c a r r ie rs  in  
p re p a r in g  th e  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 , th e  
1 0 :(0 .9 5 + 0 .0 5 )  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  w a s



1 Air-intake2 Heating3 Flow-stabilized entrance into the drying chamber4 Cyclone. Here the product is separated from the air stream.5 Aspirator6 Temperature feeler "air inlet"This temperature can be regulated with the heating.7 Temperature feeler "air outlet”The optimum selection of the tempe­rature difference between the "inlet" and "outlet" temperatures is one of the most important aspects of spray drying. The outlet temperature cannot be set as desired since it results from a combination between the inlet tempe­rature -  aspirator setting and Product- feed pump performance”8 Receiving vessel for the final product.

Figure 2.1. Diagram of flow of drying air.

A Solution, emulsion or dispersion of the productB Peristaltic feed pump c Product channel.D Connection for spray flow (pressurized air or inert gas)E Connection for cooling water F Nozzle needle with twist channel. The needle can be used to clear the nozzle should it become clogged by the pro­duct. For difficult products, the nozzle needle can be operated automatically. This device is available as an acces­sory.

Figure 2.2. Diagram of flow of product and of spray nozzle.

Figure 2. Diagram show ing detail of Buchi 190 M ini Spray D iyer.
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Table 7. Form ulations and Spray Drying Conditions for Preparing 3:1
Diclofenac Sodium :Polymer Solid D ispersions.

Formulation EC Eudragit HPMC Carbomer Chitosan
Diclofenac 7.50 7.50 7.50 7.50 7.50
Sodium (g)
Polymer (g) 2.50 2.50 2.50 2.50 2.50

Absolute 280 280 280 200 2๓
Ethanol (ml)
Water (ml) 120 120 120 600 -

1% Acetic - - - - 400
Acid (ml)
Total 4๓ 400 4๓ 800 600
Volume (ml)
Pump Feed 10 10 10 10 10
Rate (ml / min)
Spray flow rate 450 450 450 450 <100
(normliter / hr)
Inlet 110 110 110 130 110
Temperature (°C)
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p re p a re d  a n d  its  d is s o lu tio n  p ro file  w a s  c o m p a re d  w ith  th o s e  o f  1 0 : 1  

d ru g iE C  a n d  10:0 .1  d r u g x h i to s a n  so lid  d isp e rs io n s .

S o lid  d is p e rs io n s  o f  10:1 d ic lo fe n a c  so d iu m :E C , 10 :0 .1  
d ic lo fen a c  s o d iu m x h ito s a n , a n d  1 0 :(0 .9 5 + 0 .0 5 )  d ic lo fe n a c  so d iu m : 
(E C + c h ito s a n )  w ere  p re p a re d  a c c o rd in g  to  T a b le  8 . T o  p re p a re  th e  th re e  
so lid  d isp e rs io n s , th e  p re d e te rm in e d  a m o u n ts  o f  d ic lo fe n a c  so d iu m  a n d  
e th y lc e llu lo se  w ere  d is so lv e d  se p a ra te ly  in  a b s o lu te  e th a n o l  w h ile  
a c c u ra te ly  w e ig h e d  c h ito s a n  o f  o n e  g ra m  w a s  d is so lv e d  in  1 0 0  m l o f  1 %  
ace tic  a c id  in  a  v o lu m e tr ic  f la sk  to  y ie ld  1 %  s to c k  c h ito s a n  so lu tio n . T h e n  
th e  e th y lc e llu lo se  so lu tio n  o r  1 0 . 0 0  m l o f  1 %  s to c k  c h i to s a n  so lu tio n  w a s  
a d d e d  to  th e  d ic lo fe n a c  so d iu m  so lu tio n . T h e  re s u ltin g  so lu tio n  o r  
co llo id a l d isp e rs io n  w a s  a d ju s te d  to  f i n d  v o lu m e  b y  w a te r  a n d  sp ra y -  
d r ie d  to  y ie ld  th e  re q u ire d  d ic lo fen a c  so d iu m  so lid  d isp e rs io n s . In  o rd e r  to  
p re p a re  1 0 :(0 .9 5 + 0 .0 5 )  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  
five m illite rs  o f  1 %  s to c k  c h ito s a n  so lu tio n  w a s  a d d e d  to  th e  m ix tu re  o f  
d ru g  a n d  e th y lc e llu lo se  in  a b s o lu te  e th a n o l. T h e  re s u ltin g  c o llo id a l 
d isp e rs io n  w a s  a d ju s te d  to  f in a l v o lu m e  b y  w a te r  a n d  sp ra y -d r ie d . T h e  
so lid  d ip e rs io n s  w ere  th e n  k e p t  in  a  d e s ic c a to r .

1 .3  P re p a ra t io n  o f  D ic lo fen a c  S o d iu m :Œ C + c h ito s a n l  S o lid  
D isp e rs io n s  A cc o rd in g  to  H a d a m a rd  M a tr ix  H  [ 8 ]

In  o rd e r  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  b e in g  u til iz e d  a s  c o m b in e d  c a rr ie rs  a n d  th e  o p tim u m  
c o n d itio n s  o f  s p ra y  d ry in g , a n  e x p e r im e n ta l  d e s ig n  u s in g  H a d a m a rd  
m a tr ix  H [ 8 ] a s  sh o w n  in  T a b le  9  w a s  g e n e ra te d . F o u r  p a ra m e te rs  w e re  
s tu d ie d  fo r  th e ir  m a in  e ffe c ts  o n  d is s o lu tio n  p ro file s  o f  th e  d ic lo fe n a c
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T a b le  8 . F o rm u la tio n s  a n d  s p r a y  D ry in g  C o n d it io n s  in  P re p a r in g  10:1 
D ic lo fen a c  S o d iu m :E C , 1 0 :0 .0 1  D ic lo fe n a c  S o d iu n r .C h ito sa n  
a n d  1 0 :(0 .9 5 + 0 .0 5 )  D ic lo fen a c  S o d iu m :(E C + c h ito sa n )  S o lid  

____________ D isp e rs io n s .______________________________________________________

Formulation EC Chitosan EC:Chitosan
(0.95:0.05)

Diclofenac Sodium (g) 10.00 10.00 10.00

Ethylcellulose (g) 1.00 - 0.95

Chitosan (g) - 0.10 0.05

Absolute Ethanol (ml) 280 280 280

Water (ml) 120 110 115

1% Acetic Acid (ml) - 10 5

Total Volume (ml) 400 400 400

Pump Feed Rate 
(ml/min)

10 10 10

Spray flow rate 
(normliter / hr)

450 450 450

Inlet Temperature 
(°C)

n o 110 110
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T a b le  9 . E x p e rim e n ta l D es ig n  b y  H a d a m a rd  M a tr ix  H [ 8 ] fo r  P re p a r in g  
____________ D ic lo fen a c  S o d iu m :(E C + c h ito sa n )  S o lid  D isp e rs io n s .__________

Experiment Diclofenac Feeding Absolute EC Chitosan
Sodium Volume Ethanol Content Content
(8) (Reduced Variable) (Reduced Variable) (Reduced Variable) (Reduced Variable)

I 10.00 1 1 1 1
n 10.00 -1 1 -1 1
ffl 10.00 1 -1 -1 1
IV 10.00 -1 -1 1 1
V 10.00 1 1 1 -1
VI 10.00 -1 1 -1 -1
v n 10.00 1 -1 -1 -1
Vffl 10.00 -1 -1 1 -1
Experiment Diclofenac Feeding Absolute EC Chitosan

' Sodium Volume Ethanol Content Content
(ร) (ml) fraction (ร) (ร)

I 10.00 500 0.70 3.00 0.10
n 10.00 200 0.70 1.00 0.10
m 10.00 500 0.30 1.00 0.10
IV 10.00 200 0.30 3.00 0.10
V 10.00 500 0.70 3.00 0.02
VI 10.00 200 0.70 1.00 0.02
v n 10.00 500 0.30 1.00 0.02
vm 10.00 200 0.30 3.00 0.02
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so d iu m :(E C + c h ito s a n )  so lid  d isp e rs io n s . T h o se  p a ra m e te rs  w ere  th e  
a m o u n t  o f  e th y lce llu lo se , th e  a m o u n t  o f  c h ito sa n , th e  f ra c tio n  o f  a b s o lu te  
e th a n o l e m p lo y ed , a n d  th e  s p ra y  fe e d in g  v o lu m e . T h e  la s t  p a ra m e te r , th e  
s p ra y  feed in g  v o lu m e , w a s  a n  in d ic a tio n  o f  th e  fe e d in g  liq u id  
c o n c e n tra tio n . In c re a s in g  fe e d in g  v o lu m e  w o u ld  re s u l t  in  d e c re a s in g  
c o n c e n tra tio n  o f  th e  fe e d in g  liq u id  a n d  v ice  v e rsa . B y  v a ry in g  th e se  
v a r ia b le s , e ig h t d ic lo fen ac  s o d iu m :(E C + c h ito s a n )  so lid  d is p e rs io n s  w ere  
ach iev ed .

D ic lo fen ac  so d iu m :(E C  +  c h i to s a n )  so lid  d is p e rs io n s  w ere  
p re p a re d  b y  s p ra y  d ry in g  u s in g  v a r io u s  a m o u n ts  o f  e th y lc e llu lo se  a n d  
c h ito s a n  a s  sh o w n  in  T a b le  10. T h e  v o lu m e  o f  a b s o lu te  e th a n o l, w a te r, 
a n d  fe e d in g  so lu tio n  e m p lo y e d  in  e a ch  p re p a ra t io n  a ls o  w e re  v a ried . T o  
p re p a re  e a ch  so lid  d isp e rs io n  th e  a c c u ra te  v o lu m e  o f  1 %  s to c k  c h ito s a n  
so lu tio n  w a s  a d d e d  to  th e  m ix tu re  o f  d ic lo fe n a c  so d iu m  a n d  
e th y le c e llu lo se  in  a b s o lu te  e th a n o l. T h e  re su ltin g  c o llo id a l d is p e rs io n  w a s  
a d ju s te d  to  fin a l v o lu m e  b y  w a te r  a n d  sp ra y -d r ie d . T h e  re su ltin g  so lid  
d isp e rs io n s  w e re  k e p t in  a  d e s ic c a to r.

2 . D isso lu tio n  S tu d ie s  o f  D ic lo fen ac  S o d iu m  S o lid  D isp e rs io n s

D isso lu tio n  s tu d ie s  o f  d ic lo fen a c  so d iu m  so lid  d is p e rs io n s , e a ch  
e q u iv a len t to  1 0 0  m g  d ru g , a s  c o m p a re d  to  1 0 0  m g  d ic lo fe n a c  so d iu m  
p o w d e r  w ere  c o n d u c te d  a c c o rd in g  to  M e th o d  A  d e s c r ib e d  u n d e r  D ru g  
R e le a se  in  U S P  X X II &  N F  X V II (T h e  U n ite d  S ta te s  P h a rm a c o p e il  
C o n v en tio n , 1990). T h e  d is s o lu tio n  m e d iu m  w a s  m a in ta in e d  a t  37+1 °c. 
T h e  d is so lu tio n  te s ts  w ere  ru n  b y  th e  U S P  ty p e  II d is s o lu tio n  a p p a ra tu s  
u s in g  a  s tirr in g  ra te  o f  50 rp m . T h e  p o w d e re d  d ru g  o r  d ic lo fe n a c  so d iu m
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T a b le  10. F o rm u la tio n  a n d  S p ra y  D ry in g  C o n d it io n s  in  P re p a r in g  
D ic lo fen a c  S o d iu m :(E C + c h ito sa n )  S o lid  D isp e rs io n s .

Formulation I n in IV V VI v n vm

Diclofenac 
Sodium (g)

10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00

Ethylcellulose (g) 3.00 1.00 1.00 3.00 3.00 1.00 1.00 3.00

Chitosan (g) 0.10 0.10 0.10 0.10 0.02 0.02 0.02 0.02

Absolute 
Ethanol (ml)

350 140 150 60 350 140 150 60

Water (ml) 140 50 340 130 148 58 348 138

1% acetic acid (ml) 10 10 10 10 2 2 2 2

Total Volume (ml) 500 200 500 200 500 200 500 200

Pump Feed Rate 
(ml/min)

10 10 10 10 10 10 10 10

Spray Flow Rate 
(normliter/hr)

450 450 450 450 450 450 450 450

Inlet Temperature
(°C)

110 110 110 110 110 110 110 110
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so lid  d isp e rs io n  w a s  d isso lv ed  firs tly  in  0 .1  N  HC1 fo r  2  h o u rs  a n d  la te r  in  
p H  6 . 8  p h o s p h a te  b u ffe r  so lu tio n  fo r  10 h o u rs . F iv e  m illite rs  o f  sa m p le  
so lu tio n s  w ere  w ith d ra w n  a t  p re d e te rm in e d  tim e  in te rv a ls . T h e  v o lu m e  
w ith d ra w n  a t  e a c h  tim e  in te rv a l w a s  re p la c e d  w ith  fre sh  q u a n ti ty  o f  
d is so lu tio n  m e d iu m . T h e  d is s o lu tio n  s tu d ie s  w e re  p e r fo rm e d  o n  s ix  
s a m p le s  o b ta in e d  fro m  e a c h  so lid  d isp e rs io n  sy s te m  a n d  fro m  d ic lo fen a c  
so d iu m  p o w d er.

A ssa y  - T h e  sa m p le  so lu tio n s  in  a c id  a n d  b u f fe r  m e d ia  w ere  
a s s a y e d  sp e c tro p h o to m e tr ic a lly  a t  2 7 5  n m  a n d  2 7 8  n m  fo r  d ic lo fen a c  
so d iu m  c o n ten t, re sp ec tiv e ly . F ig u re  3 a n d  4  i llu s tra te  th e  u ltra v io le t 
sp e c tra  o f  d ic lo fen a c  so d iu m  in  d is s o lu tio n  m e d ia , 0 .1  N  HC1 a n d  p H  6 . 8  

p h o s p h a te  b u f fe r  so lu tio n s . T h e  w a v e le n g th s  o f  m a x im u m  a b s o rp tio n  
fo r th e  tw o  so lv e n ts  w ere  2 7 5  a n d  2 7 8  n m , re sp ec tiv e ly . T h e  sa m p le  
c o n c e n tra t io n s  w ere  c a lc u la te d  fro m  s ta n d a rd  cu rv es .

S ta n d a rd  cu rve  - S ta n d a rd  c u rv e s  o f  d ic lo fen a c  so d iu m  in  0 .1  N  
HC1 a n d  p H  6 . 8  p h o sp h a te  b u ffe r  so lu tio n s , w ere  o b ta in e d  b e tw e e n  0 -5 0  
m g /m l a n d  0 -8 0  m g/m l, re sp ec tiv e ly . A b so rb a n c e  a t  2 7 5  n m  a n d  2 7 8  n m  
v e rsu s  c o n c e n tra tio n  p lo ts , a s  p re se n te d  in  F ig u re  5 a n d  6 , re v ea le d  th a t  
B ee r 's  law  w e re  fo llo w ed . T a b le  11 a n d  12 s h o w  th e  re la t io n sh ip s  
b e tw e e n  th e  c o n c e n tra t io n s  o f  d ic lo fe n a c  so d iu m  in  th e  tw o  d is s o lu tio n  
m e d ia  a n d  th e  a b s o rb a n c e s  a t  2 7 5  n m  a n d  2 7 8  n m , re sp e c tiv e ly . L in e a r  
re g re ss io n  w a s  a p p lie d  to  b u ild  th e  re la t io n sh ip  b e tw e e n  th e  o b ta in e d  
a b s o rb a n c e s  a n d  d ru g  c o n c e n tra t io n s . T h e  e q u a tio n s  re p re s e n te d  th e s e  
re la tio n sh ip s  a t  2 7 5  a n d  2 7 8  n m  th e n  w ere  d eriv ed .
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F i g u r e  3 .  U l t r a v i o l e t  s p e c t r u m  ( 2 0 0 - 4 0 0  n m )  o f  d i c l o f e n a c  
s o d i u m  i n  0 . 1  N  H C 1 .
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Nanometers
F i g u r e  4 . U l t r a v i o l e t  s p e c t r u m  (2 0 0 -4 0 0  ran) o f  d i c l o f e n a c  

i n  p H  6 . 8  p h o s p h a t e  b u f f e r .
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Figure 5. Standard curve plotting the concentration of diclofenac sodium  
versus absorbance at 275 nm.

( r2 = 0.996204 )
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T a b le  11. R e la tio n sh ip  b e tw e e n  C o n c e n tra t io n s  o f  D ic lo fe n a c  S o d iu m  in
0 .1  N  HC1 a n d  A b s o rb a n c e s  a t  2 7 5  n m .

C o n c e n tra t io n
(p g /m l)

A b s o rb a n c e a 
(2 7 5  n m )

0.0 0.000
1 0 . 2 0 .3 3 5

2 0 .4 0 .5 7 8

3 0 .6 0 .8 4 7

4 0 .2 1 .1 6 7

5 0 .5 1 .3 6 6

a A v e rag e  o f  tw o  d e te rm in a tio n s

T a b le  12. R e la tio n sh ip  b e tw e e n  C o n c e n tra t io n s  o f  D ic lo fe n a c  S o d iu m
P h o s p h a te  B u ffe r  p H  6 . 8  a n d  A b s o rb a n c e s  a t  2 7 8  n m .

C o n c e n tra t io n  
(p g  /m l)

A b s o rb a n c e 3  

(2 7 8  n m )

0 . 0 0 . 0 0 0

5.1 0 .1 6 2

10.3 0 .3 0 9

2 0 . 6 0 .6 3 8

2 9 .9 0 .9 1 3

3 9 .9 1 .2 1 7

5 9 .9 1 .8 4 7

7 9 .8 2 .3 8 7 5

a A v e rag e  o f  tw o  d e te rm in a tio n s
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3. V a lid a tio n  o f  o p t im iz e d  S o lid  D isp e rs io n

T h 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 )  c o n tro lle d  re le a se  so lid  d is p e rs io n s  w a s  p re p a re d  b y  s p ra y  
d ry in g  u s in g  o p tim u m  ra tio  a n d  c o n d itio n s  o b ta in e d  fro m  o p tim iz a tio n  o f  
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 s  in  1 .3 . T h e  
c o n d itio n s  o f  s p ra y  d iy in g  a re  d e m o n s tra te d  in  T a b le  13. T o  p re p a re  th e  
so lid  d isp e rs io n  th e  p re d e te rm in e d  a m o u n ts  o f  d ic lo fe n a c  so d iu m  a n d  
e th y lc e llu lo se  w ere  d is so lv e d  in  a b s o lu te  e th a n o l w h ile  a c c u ra te ly  
w e ig h e d  c h ito s a n  o f  o n e  g ra m  w a s  d isso lv ed  in  1 0 0  m l o f  1 %  a c e tic  a c id  
in  a  v o lu m e tr ic  f la sk  to  y ie ld  1 %  s to c k  c h ito s a n  so lu tio n . T h e n  th e  2 .0 0  
m l o f  1 %  s to c k  c h ito s a n  so lu tio n  w a s  a d d e d  to  th e  m ix tu re  o f  d ic lo fe n a c  
so d iu m  a n d  e th y lc e llu lo se  in  a b s o lu te  e th a n o l. T h e  re su ltin g  c o llo id a l 
d isp e rs io n  w a s  a d ju s te d  to  f in a l v o lu m e  b y  w a te r  a n d  sp ra y -d r ie d . T h e  
p re p a re d  so lid  d isp e rs io n  w a s  k e p t  in  a  d e s s ic a to r . I ts  d is s o lu tio n  p ro file  
w a s  s tu d ie d  b y  th e  sa m e  p ro c e d u re  a s  in  2 .

4 . P re p a ra tio n  o f  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 ts

T h 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  in c o rp o ra te d  in to  d ire c t  c o m p re s s e d  
ta b le ts . T a b le  14 lis ts  th e  in fo rm a tio n  o f  d ic lo fe n a c  so d iu m  ta b le t  
fo rm u la tio n s  b e in g  e m p lo y e d  in  ta b le t  p ro d u c tio n . A n  o r th o g o n a l  c e n tra l  
c o m p o s ite  d e s ig n  w a s  a p p lie d  fo r s tu d y in g  th e  e ffe c ts  o f  fo u r  p a ra m e te rs :  
th e  c o m p re s s io n  fo rce , th e  a m o u n t  o f  sp ra y -d r ie d  ric e  s ta rc h  (E ra -T a b ) , 
th e  a m o u n t o f  c ro s s  c a rm e llo se  so d iu m  (A c-D i-S o l), 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  b e in g  u tiliz ed  in  ta b le t  p ro d u c tio n , o n  ta b e t
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T a b le  13. F o rm u la tio n  a n d  s p r a y  D ry in g  C o n d it io n s  fo r  P re p a r in g
O p tim iz e d  D ic lo fen ac  
D isp e rs io n .

S o d iu m :(E C + c h ito sa n )  S o lid

F o rm u la tio n IX

D ic lo fen a c  S o d iu m  (g ) 1 0 . 0 0

E th y lce llu lo se  (g ) 2 .5 0

C h ito s a n  (g ) 0 . 0 2

A b so lu te  E th a n o l (m l) 140

W a te r  (m l) 5 8

1%  A ce tic  A c id  (m l) 2

T o ta l V o lu m e  (m l) 2 0 0

P u m p  F ee d  R a te  (m l /  m in ) 1 0

S p ra y  F lo w  R a te  (n o rm lite r  /  h r ) 4 5 0

In le t T e m p e ra tu re  (° C ) 1 1 0

T a b le  14. F o rm u la tio n  o f  D ic lo fen ac  
T a b le ts .

S o d iu m  C o n tro lle d  R e le a se

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

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

E ra -T a b  1 6 6 .5 2 , 1 7 4 .8 , 1 9 4 .8 ,2 1 4 .8 ,  2 2 3 .0 8  m g

A c-D i-S o l 1 .1 % , 1 .5 % , 2 .5 % , 3 .5 % , 3 .9 %

M a g n e s iu m  S te a ra te  0 .1 5 % , 0 .2 5 % , 0 .5 0 % , 0 .7 5 % , 0 .8 5 %

A ero sil 1 %
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p ro p e rtie s . T h e  d e ta il  o f  th e  e x p e r im e n ta l d e s ig n  is  d e m o n s tra te d  in  T a b le
15. T h e  h a l f  f ra c tio n a l fa c to r ia l  w a s  u se d  in  th is  d e s ig n  th e re fo re  th e  to ta l  
o f  17 fo rm u la tio n s  w ere  o b ta in e d .

T h e  n u m b e r  o f  e x p e r im e n ts  w a s  c a lc u la te d  from :
N = 2k'F + 2k + c

w h e re
k  =  n u m b e r  o f  v a r ia b le s
F  =  fra c tio n  o f  th e  fu ll fa c to ria l
c  =  n u m b e r  o f  c e n te rp o in t  re p lic a te s .

In  th is  s tu d y  th e  h a lf- fra c tio n a l fa c to r ia l-b a s e d  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  w a s  e m p o ly e d  re s u ltin g  in  th e  v a lu e s  
o f  k , F , a n d  c  o f  4 , 1, a n d  1, re sp e c te v e ly . T h e re fo re  th e  n u m b e r  o f  
e x p e r im e n ts  w a s  17.

T h e  ta b le ts  w e re  p re p a re d  b y  d ire c t c o m p re s s io n  b y  th e  
fo llo w in g  p ro c e d u re . F irs tly , a ll th e  ta b le t  in g re d ie n ts  w e re  sc re e n e d  
th ro u g h  a  4 0  m e sh  sieve . T h e n  th e  re q u ire d  q u a n ti ty  o f  th e  so lid  
d isp e rs io n  w a s  m ix ed  w ith  th e  re q u ire d  a m o u n ts  o f  E ra -T a b , A c-D i-S o l, 
m a g n e s iu m  s te ra ra te , a n d  a e ro s il  b y  tu m b lin g  a c tio n  fo r  5 m in u te s . T h e  
o b ta in e d  m ix tu re  w a s  d ire c tly  c o m p re s se d  in to  ta b le ts  u s in g  a  s in g le  
p u n c h  ta b le tt in g  m a c h in e  e q u ip p e d  w ith  a  s tra in  g u a g e . T h e  ta b le ts  w ere  
p re p a re d  to  h a v e  a  d ia m e te r  o f  1 2  m m  a n d  w e re  s to re d  in  a  d e s ic c a to r  fo r 
th e  fu r th e r  s tu d y .
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T a b le  15. E x p e r im e n ta l D es ig n  b y  C e n tra l C o m p o s ite  D es ig n .
Formulation Compression Era-Tab Ac-Di-Sol Magnesium

Force (psi) (mg) (%) Stearate (%)
I 560 174.8 1.5 0.25
แ 840 174.8 1.5 0.75
m 560 214.8 1.5 0.75
IV 840 214.8 1.5 0.25
V 560 174.8 3.5 0.75
VI 840 174.8 3.5 0.25
v n 560 214.8 3.5 0.25
vm 840 214.8 3.5 0.75
IX 900 194.8 2.5 0.50
X 500 194.8 2.5 0.50
XI 700 223.08 2.5 0.50
x n 700 166.52 2.5 0.50
xm 700 194.8 3.914 0.50
XIV 700 194.8 1.086 0.50
XV 700 194.8 2.5 0.8535
XVI 700 194.8 2.5 0.1465
XVII 700 194.8 2.5 0.50

Formulation XI X2 X3 X4
I -1 -1 -1 -1
n 1 -1 -1 1
m -1 1 -1 1
IV 1 1 -1 -1
V -1 -1 1 1
VI 1 -1 1 -1
v n -1 1 1 -1
vm 1 1 1 1
IX 1.414 0 0 0
X -1.414 0 0 0
XI 0 1.414 0 0
x n 0 -1.414 0 0
xm 0 0 1.414 0
XIV 0 0 -1.414 0
XV 0 0 0 1.414
XVI 0 0 0 -1.414
x v n 0 0 0 0
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5. S tu d y  o f  T a b le t  P ro p e r tie s

T h e  p re p a re 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  
w ere  in v e s tig a te d  fo r  ta b le t  w e ig h t v a r ia tio n , fr ia b ility , h a rd n e s s , 
d is in te g ra tio n  a n d  d is so lu tio n .

5 .1  T a b le t  W e ig h t  V a r ia tio n

T h e  ta b le t  w e ig h t v a r ia tio n  o f  e a c h  fo rm u a ltio n  w a s  
e v a lu a te d  o n  2 0  ta b le ts  o n  a n  e le c tro n ic  a n a ly tic a l  b a la n c e .

5 .2  T a b le t  F ria b ili ty

F ria b ili ty  w a s  d e te rm in e d  o n  2 0  ta b le t  s a m p le s  o b ta in e d  
fro m  e a ch  fo rm u la tio n  in  a  fr ia b ila to r  ro ta t in g  a t  th e  ra te  o f  2 5  rp m  fo r  4  
m in u te s .

5 .3  T a b le t  H a rd n e s s

T a b le t  h a rd n e s s  w a s  m e a s u re d  o n  5 ta b le ts  o f  e a c h  
fo rm u la tio n  u s in g  a  S c h le u n ig e r  h a rd n e s s  te s te r . T h e  a v e ra g e  v a lu e  w a s  
th e n  ca lc u la ted .

5 .4  T a b le t  D is in te g ra tio n

D is in te g ra tio n  t im e  s tu d ie s  w e re  c o n d u c te d  o n  te s t  ta b le ts  
a c c o rd in g  to  U S P  X X II  &  N F  X V II (T h e  U n ite d  S ta te s  P h a rm a c o p e il  
C o n v en tio n , 1 9 9 0 ) u s in g  U S P  ty p e  d is in te g ra tio n  a p p a ra tu s . T h e  a v e ra g e  
d is in te g ra tio n  tim e  w a s  o b ta in e d  fro m  6  ta b le ts .
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5 .5  T a b le t  D isso lu tio n

D isso lu tio n  s tu d ie s  o f  th e  d ic lo fe n 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  w e re  ru n  b y  th e  sa m e  p ro c e d u re  in  2 . T h e  
d is s o lu tio n  s tu d ie s  w e re  c o n d u c te d  o n  6  ta b le ts  o b ta in e d  fro m  e a c h  
fo rm u la tio n .

6 . V a lid a 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 lea se  T a b le t

T h e  o p tim ize 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  w a s  
p re p a re d  b y  d ire c t c o m p re s s io n  a c c o rd in g  to  a n  o p tim u m  fo rm u la tio n  
o b ta in e d  fro m  o p tim iz a tio n  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  4  a n d  5. T a b le  16 l is ts  th e  d e ta il  o f  th e  ta b le t  fo rm u la tio n . T h e  
p re p a re d  o p tim ize d  ta b le t  w a s  s tu d ie d  fo r  ta b le t  w e ig h t v a r ia tio n , 
fr iab ility , h a rd n e s s , d is in te g ra tio n  a n d  d is s o lu tio n  b y  th e  s a m e  p ro c e d u re s  
a s  in  5.

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

T h e  d ic lo fe n a c  so d iu m  p o w d e r  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  w e re  
in v e s tig a te d  a n d  p h o to g ra p h e d  b y  a  sc a n n in g  e le c tro n  m ic ro sc o p e . T h e  
sa m p le s  w ere  c o a te d  w ith  g o ld  u s in g  ion  s p u tte r in g  b e fo re  th e y  w e re  
e x a m in ed . T h e  o b ta in e d  p ic tu re s  w e re  c o m p a re d  in  o rd e r  to  c o m firm  th e  
fo rm a tio n  o f  d ic lo fen ac  so d iu m  so lid  d isp e rs io n .
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T a b le  16. 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  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 )

D ic lo fen a c  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 6 .4  (2 .0 % )

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

A ero s il 3 .2  (1 % )

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



7 8

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

T h e  d ic lo fe n a c  so d iu m , p o ly m er, a n d  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 isp e rs io n  p o w d e rs  w e re  a n a ly z e d  
fo r th e ir  m e ltin g  p o in ts  b y  a  d if fe re n tia l th e rm a l  a n a ly z e r . P o w d e r  w a s  
a c c u ra te ly  w e ig h e d  a n d  p u t  in to  th e  e q u ip m e n t u s in g  a  g iv en  c o n d itio n .

H e a tin g  ra te  =  1 0 ° c  p e r  m in u te  
S en s itiv ity  =  +  5 0  o r  ±  100  fiV  
A tm o sp h e re  =  s ta tic  a ir  
C h a r t  sp e e d  = 1 0  m m  p e r  m in u te

9 . X -ra y  D iff ra c tio n  S tu d y

T h e  d ic lo fen a c  so d iu m , p o ly m er, a n d  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  p o w d e rs  w e re  
e v a lu a te d  b y  a n  X -ra y  d if f ra c to m e te r  w h ic h  u s e d  ta rg e t  C u , v o lta g e  4 5 .0  
k u  a n d  sc a n n in g  fro m  5 - 9 0 °  w ith  2 0 .
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