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ABSTRACT 
Dissociation constants, solubilities and dissolution 
rates have been investigated for 1 6  nonsteroidal anti- 
inflammatory active compounds which belong to several 
chemical groups within the small class of acidic drug 
substances. The antiinflammatories are mostly character- 
ized by a very low aqueous solubility at lower pH-values. 
The solubilities increase rapidly with pH’s higher than 
the pKa. The pKa-values of the investigated compounds 
range from 3 . 5  to 6 . 3  with a mean directed to 4.6 . The 
dissolution rate determinations of equimolar amounts at 
pH 7.5  show a great variation from half a minute to 60 
minutes for the 50 8 level. 

INTRODUCTION 
Chemical, physico-chemical and physical properties are 
fundamental and important data of drug substances in the 
field of drug formulation, drug design and drug develop- 
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76 8 HERZFELDT AND KUMMEL 

ment. Because chemical  s t r u c t u r e  o f  drug  s u b s t a n c e s  re- 
s u l t s  i n  s e v e r a l  t e c h n o l o g i c a l  p r o p e r t i e s  w i t h  a lmos t  
unknown dimensions and v a r i a b i l i t y ,  on ly  t h o s e  pharmaceu- 
t i c a l  t e c h n o l o g i s t s ,  who have t o  work w i t h  t h e  d rug  i n  
o r d e r  t o  make and t o  e n s u r e  a recommended and good d rug  
p roduc t  are engaged i n  t h i s  f i e l d .  Some of  t h e  fundamen- 
t a l  d a t a  of a p u r e  drug  s u b s t a n c e  i n  technology are t h e  

aqueous s o l u b i l i t y ,  t h e  d i s s o c i a t i o n  c o n s t a n t  and t h e  
d i s s o l u t i o n  ra te .  

Aqueous s o l u b i l i t y  of  a d rug  s u b s t a n c e  can depend on pH. 
The importance of  i t s  knowledge i s  emphazised e . g .  by 
t h e  development of  i n j e c t a b l e  s o l u t i o n s  i n c l u d i n g  a pos- 
s i b l e  pH-dependent chemical  i n s t a b i l i t y  of  t h e  drug  sub- 
s t a n c e .  pH-dependent s o l u b i l i t y  can f u r t h e r  b e  i m p o r t a n t  
i n  t h e  case of o ra l  dosage f o r m u l a t i o n s  c o n s i d e r i n g  var- 
i a b l e  pH- t ime-prof i les  i n  t h e  gastro-intestinal-tract. 
The low s o l u b i l i t y  a t  a c i d i c  pH-values can r e q u i r e  f o r  
some o r a l  dosage forms of  a n t i i n f l a m m a t o r i e s  s p e c i a l  f o r -  
mu la t ion  f a c t o r s ,  e .g .  a l c a l y z i n g  i n g r e d i e n t s  cons ide r -  
i n g  t h e  d i s s o c i a t i o n  which i n f l u e n c e s  physico-chemical  
and p o s s i b l y  k i n e t i c  p r o p e r t i e s  o f  t h e  s a l t s  formed . 1 

The d i s s o c i a t i o n  o f  weak a c i d i c  and b a s i c  s u b s t a n c e s  may 
be  connected w i t h  t h e i r  pH-dependent s o l u b i l i t y ;  d i s s o -  
c i a t i o n  can i n f l u e n c e  s p e c t r o p h o t o m e t r i c  a n a l y s i s  and 
t h e  d i s s o c i a t i o n  c o n s t a n t  may perhaps  q u a n t i f y  s e v e r a l  
d i f f u s i o n  c o n t r o l l e d  p r o c e s s e s  . 2 

The d i s s o l u t i o n  r a t e  of t h e  pure  d rug  s u b s t a n c e  i s  d i -  

r e c t l y  r e l a t e d  t o  drug  dosage form des ign  and develop-  
ment, e . g . ,  t h e  d i s s o l u t i o n  must be i n c r e a s e d  o r  dec rea -  
s ed  by means of  fo rmula t ion  f a c t o r s  depending on t h e  
pharmacokine t ic  e f f e c t  d e s i r e d  3 .  The impor tance  of t h e  
d i s s o l u t i o n  r a t e  of a n t i i n f l a m m a t o r i e s  i s  f i n a l l y  proved 
by t h e  f a c t ,  t h a t  some of t h e i r  d rug  dosage forms are 

s u b j e c t  t o  t h e  d i s s o l u t i o n  t es t  USP XX,  e.g. Fenoprofen 
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NONSTEROIDAL ANTIINFLAMMATORIES 769 

Calcium Table ts ,  Ibupro fen  T a b l e t s ,  Indomethacin Capsu- 

les ,  Phenylbutazone T a b l e t s ,  S u l i n d a c  T a b l e t s ,  Tolmet in  

Sodium Capsules  . 4 

The o b j e c t i v e s  of  t h e  p r e s e n t  i n v e s t i g a t i o n s  are bound 

t o  some b a s i c s  of  pha rmaceu t i ca l  t echnology,  i . e . ,  t h e  

a n a l y s i s  and t h e  e f f e c t  of chemica l ,  physico-chemical  

and p h y s i c a l  p r o p e r t i e s  f a c i l i t a t e  d rug  dosage f o r m  de- 

s i g n  and development 5 .  The t h r e e  p r o p e r t i e s  i n v e s t i g a -  

t e d  g i v e  i n f o r m a t i o n s  t o  a t h e o r e t i c a l  k i n d  of  view, i n  

p a r t i c u l a r  i n  programming a f low-through t y p e  d i s s o l u -  

t i o n  model dev ice  by analogue computat ion '. These com-  
p u t a t i o n s  and subsequen t ly  t h e  d i s s o l u t i o n  model d e v i c e s  

need t o  be  programmed by i n t r i n s i c  pH-so lub i l i t y - t ime  

p r o f i l e s  of t h e  compounds independent  o f  t h e i r  t echno lo -  

g i c a l  f o r m u l a t i o n .  An o p t i m i z a t i o n  of  t h e  program r u n  

h a s  t o  f o l l o w  f o r  formula ted  dosage forms . 7 

MATERIALS AND METHODS 

Drug Subs tances  

The s u b s t a n c e s  have been d r i e d  t o  we igh t  Constance and 

used as t h e y  w e r e  w i t h o u t  a s s a y .  

Azapropazone 

Clofezone 

Dic lo fenac  Sodium 

Fenbuf en 

Fenoprofen Calc ium 
Flufenamic Acid 

F l u r b i p r o f e n  

Ibupro fen  

Indome t h a c i n  

Ketoprofen 

S i e g f r i e d  GmbH, Bad Sackingen ,  FRG 

H .  Mack Nachf . ,  I l l e r t i s s e n ,  FRG 

Ciba-Geigy AG, Wehr/Baden, FRG 

Cyanamid GmbH, Wolf r a t s h a u s e n  , FRG 

E l i  L i l l y  G m b H ,  GieRen, FRG 

Pa rke ,  Davis & Company, Miinchen, 

FRG 

D r .  K .  Thomae GmbH,  B ibe rach /R i s s ,  

FRG 

Kl inge  Pharma GmbH & C o . ,  Munchen, 

FRG 

Sharpe & Dohme GmbH, Munchen, FRG 

RhBne-Poulenc Pharma GmbH, Norder- 

s t e d t ,  FRG 
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7 70 HERZFELDT AND KUMMEL 

Naproxen Grunentha l  G m b H ,  S t o l b e r g ,  FRG 

Nif lumic  Acid von Heyden GmbH,  Munchen, FRG 

Oxyphenbutazone Ciba-Geigy AG, Wehr/Baden, FRG 
P heny 1 b u t  a zone Ciba-Geigy AG, Wehr/Baden, FRG 
P i r o x i  cam P f i z e r  G m b H ,  K a r l s r u h e ,  FRG 

Tolmetin Sodium Cilag-Chemie GmbH, Alsbach ,  FRG 

Buf fe r  Substan- 

p .a .  g r a d e ,  E .  Merck AG,  Darmstadt ,  FRG 

B u f f e r  S o l u t i o n s  

S o l u t i o n  A :  S o l u t i o n  B: 

H C 1  1 M  9 4 . 0  m l  Na2HP04 - 2 H 2 0  20.5 g 
Glycoco l l  0 . 5  g K H 2 P 0 4  2.8 g 
N a C  1 3.68 g N a C l  0 .15  g 

t o  1000.0 m l  2O H20 t o  1000.0 m l  

Buf fe r  s o l u t i o n s  w i t h  s e l e c t e d  pH-values have been pro- 

duced by mixing s o l u t i o n  A w i t h  s o l u t i o n  B t o  100.0 m l  
as shown i n  f i g u r e  1 .  

D i s s o c i a t i o n  Cons tan t s  
Drug s o l u t i o n s  were p repa red  by d i s s o l v i n g  an amount o f  

0 . 5  t o  2 . 0  mg i n  100 m l  o f  b o t h  s o l u t i o n  A and s o l u t i o n  

B.  D i f f e r e n t  amounts d i s s o l v e d  depend on t h e  minimum 
s o l u b i l i t y  i n  s o l u t i o n  A ( a c i d i c )  and on an optimum UV- 
a b s o r p t i o n  w i t h i n  0 .1  and 0 . 9  a b s o r p t i o n  u n i t s .  Both 

s o l u t i o n s  have been mixed t o  s e l e c t e d  and c o n t r o l l e d  

pH-values acco rd ing  t o  t h e  mixing diagram (see f i g .  1 ) .  

The s o l u t i o n s  w e r e  measured s p e c t r o p h o t o m e t r i c a l l y  i n  a 
1 cm-cell between 2 0 0  and 4 0 0  nm. These measurementsare  
t h e  r e f e r e n c e  a s s a y s  f o r  t h e  s o l u b i l i t y  measurements 
(see beyond) .  

Determina t ion  of pKa 

Method A f o r  s u b s t a n c e s  hav ing  a change i n  t h e  wave- 

l e n g t h  of t h e  a b s o r p t i o n  maximum w i t h  pH. An example i s  
g iven  f o r  Ni f lumic  Acid i n  f i g u r e  2 l e f t  s i d e .  
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I 1 I 1 1 1 1 

20 40 60 80 10 
ml B 

I 1 I I I 1 I 

100 80 60 40 20 
ml A 

F I G U R E  1 

Mixing diagram of  s e l e c t e d  pH-values by b u f f e r  s o l u t i o n  
A and B 

0.5 

0.4 

0.3 

a 

0.2 

0.1 

21 Onm 300nm 
h 

F I G U R E  2 

Dependence of  s p e c t r a l  a b s o r p t i o n  c h a r a c t e r i s t i c s  of  
Ni f lumic  Acid ( l e f t ,  used  f o r  method A-pKa-determination) 
and of Clofezone ( r i g h t ,  used f o r  method B-pKa-determi- 
n a t i o n )  on d i f f e r e n t  pH-values i n  aqueous s o l u t i o n  
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772 HERZFELDT AND KUMMEL 

t e s t  
abs .  

0 . 5 4 2  

1 .o 
1 . 0 4 2  

1 . 0 7 8  

1 . 0 2 1  

0 . 8 1 5  

0 . 8 0 7  

0 .839 

The wavelength o f  maximum a b s o r p t i o n  A has  been p l o t t e d  

vs .  pH as shown i n  t h e  t a b l e s .  The d i s s o c i a t i o n  c o n s t a n t  
h a s  been e i t h e r  e x t r a p o l a t e d  g r a p h i c a l l y  and c a l c u l a t e d  

by de te rmin ing  t h e  maximum change w i t h  pH. 

a m t  . 
exp. 
Emgl 

4 0 0  

4 00 

4 0 0  

100 

100 

2 0  

2 0  

2 0  

Method B f o r  s u b s t a n c e s  showing a change i n  a b s o r p t i o n  

h e i g h t  a t  t h e  same wavelength w i t h  pH. An example i s  g i -  

ven f o r  Clofezone i n  f i g u r e  2 r i g h t  s i d e .  

The change i n  a b s o r p t i o n  h e i g h t  w i t h  pH (dA/dpH) h a s  
been d i f f e r e n t i a l l y  p l o t t e d  as shown i n  t h e  t a b l e s .  The 

d i s s o c i a t i o n  c o n s t a n t  h a s  been e i t h e r  e x t r a p o l a t e d  g ra -  

p h i c a l l y  o r  c a l c u l a t e d  by e s t i m a t i o n  of  t h e  maximum 
change of h e i g h t  w i t h  pH. I n  one case t h e  d i r e c t  absorp-  
t i o n  uni t -pH-plo t  f o r  t h e  pKa-determination i s  shown. 

S o l u b i l i t y  

A s u i t a b l e  q u a n t i t y  of t h e  d rug  s u b s t a n c e  h a s  been weigh- 

e d  i n t o  each b u f f e r  s o l u t i o n  ( 1 0 0 . 0  m l ) .  The t r i a l s  w e r e  
exposed t o  a shak ing  d e v i c e  a t  room tempera tu re  f o r  4 8  

hours .  The d i s s o l v e d  p a r t  of t h e  s u b s t a n c e s  w a s  a s sayed  

s p e c t r o p h o t o m e t r i c a l l y  a t  t h e  wavelength of max imum ab- 

s o r p t i o n  a f t e r  f i l t r a t i o n  and s u i t a b l e  d i l u t i o n .  

P r o t o c o l  f o r  Ibuprofen:  

7.5  

7 

6 

5 

4 

3 

2 

1 . 2  

'J= r e f .  

L: nml 

217 

2 1  8 

2 1  7 

2 1  7 

2 1  7 

2 1  7 

216 

2 1 5  

2 1 7  

2 1 8  

2 1 7  

2 1 7  

2 1 6  

2 1 5  

2 1 4  

2 1 4  

0 . 4 1  

0 . 4 1  

0 . 3 9 3  

0 . 3 6 9  

0 . 3 4 9  

0 . 3 4 8  

0 . 3 6 1  

0 . 3 9 2  

d i l .  

1 : 2 5 0  

1 : 1 0 0  

1: 2 0  

1 :  4 
- 
- 
- 
- 

s o l u -  
b i l i t y  
[mg% 1 

3 3 1  

2 4 4  

5 3  

1 2  

2.9 

2 .3  

2.2 

2 . 1  
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NONSTEROIDAL ANTIINFLAMMATORIES 773 

Each d i s s o l v e d  p a r t  w a s  c a l c u l a t e d  i n  comparison t o  t h e  

r e f e r e n c e  a s s a y  a t  t h e  selected pH. P l o t s  of  mg% d i s s o l -  
ved vs .  pH are shown i n  t h e  t a b l e s .  

I n  some cases s o l u b i l i t y  d a t a  e n a b l e  t h e  d e t e r m i n a t i o n  

of d i s s o c i a t i o n  c o n s t a n t s  as d e s c r i b e d  by Krebs and 

Speakman '. The pKa-value r e s u l t s  i n  t h e  i n t e r c e p t  w i t h  

t h e  a b s c i s s a  when p l o t t i n g  log(S/So - 1 )  vs.  pH. The 

s o l u b i l i t y  S a t  any pH is  r e l a t e d  t o  t h e  s o l u b i l i t y  So 

a t  pH 1 . 2  . An example f o r  t h i s  p rocedure  i s  g i v e n  i n  
f i g u r e  3 f o r  Phenylbutazone.  F u r t h e r  examples are  no ted  

i n  t h e  t a b l e s .  

D i s s o l u t i o n  Rates 

D i s s o l u t i o n  ra tes  have been de termined  of equimolar  a- 
mounts of  t h e  pure  d rug  s u b s t a n c e s  ( 4 . 5 ~ 1 0 - ~  M/900 m l  ) 

w i t h  a p p a r a t u s  1 USP XX ( r o t a t i n g  b a s k e t ,  100 rpm) .  The 
s i e v e  bot tom of  t h e  b a s k e t  w a s  covered i n s i d e  w i t h  a 
c i r c u l a r  f i l t e r  pape r  i n  o r d e r  t o  keep t h e  s u b s t a n c e  

w i t h i n  t h e  b a s k e t  d u r i n g  t h e  t es t .  The d i s s o l u t i o n  me-  
dium used w a s  t h e  b u f f e r  s o l u t i o n  B (pH 7 . 5 ,  see above) .  
The amounts d i s s o l v e d  w i t h  t i m e  have been de termined  s i -  
mul taneous ly  by means of a c l o s e d  tube-pump-c i rcu i t .  The 

t es t  procedure  h a s  been r e p e a t e d  t w i c e  f o r  each  d r u g s u b -  

s t a n c e .  P l o t s  of % d i s s o l v e d  vs .  t i m e  are shown i n  t h e  
t a b l e s .  

I n  some cases ra te  c o n s t a n t s  of  d i s s o l u t i o n  c o u l d  b e  

e s t i m a t e d  from a semi loga r i thmic  p l o t  l o g  % r e s i d u a l  vs. 
t i m e .  Examples are g iven  i n  t h e  t a b l e s .  

Computer P l o t s  
The computer p l o t t e d  g r a p h i c s  w e r e  a r r a n g e d  by t h e  pro-  
gram "DISSOPLOT3" . 9 

Apparatus  
Beckman A c t a  I11 d u a l  beam spec t ropho tomete r  
Zeiss PM 3 mono beam spec t ropho tomete r  
Kottermann shak ing  water b a t h  No. 3047 
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F I G U R E  3 

Krebs and Speakman-plot for Phenylbutazone (arrow indi- 
cates pKa-value) 

Dissolution test apparatus 1 USP XX selfmade according 
to the USP-requi remen ts 
Ismatec mini-micro pump 
Commodore CBM 3032, CBM 4040 
Watanabe Digiplot WX 4671 

RESULTS 
The results of the pH-solubility-profiles, dissociation 
constant determinations and dissolution rate investiga- 
tions of the nonsteroidal antiinflammatory agents tested 
are alphabetically summarized in graph-table-combina- 
tions. This method allows either to be informed about 
the values in detail or about tendencies by plots. Each 
graph-table-combination is engaged in one compound in- 
troduced by its name and molecular weight, followed by 
the graphical pKa-determination, the pH-solubility-pro- 
file and the results of the dissolution rate investiga- 
tions. Each is finished by comments to the results. 
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NONSTEROIDAL ANTIINFLAMMATORIES 775 

Most of  t h e  compounds i n v e s t i g a t e d  e x h i b i t  pKa-values 

between 4.3 and 4 . 9  . The pKa's of Azapropazone ( 6 . 3 )  , 
Ibupro fen  ( 5 . 3 )  and Pi roxicam (5 .3 )  are i n c r e a s e d ,  t h e  

pKa's of Naproxen ( 4 . 1 ) ,  Ketoprofen ( 3 . 7 )  and Tolmet in  
Sodium ( 3 . 5 )  are dec reased  i n  r e l a t i o n  t o  t h e  mean. 

The s o l u b i l i t y  of t h e  s u b s t a n c e s  i n  a c i d i c  media (pH 1.2 

t o  3 .0)  do  n o t  r e a c h  t h e  10 mg% l e v e l .  The s o l u b i l i t y  

a t  p H  7 . 5  r anges  from 31 mg% (Clofezone)  t o  more t h a n  

4 0 0  mg% (Tolmet in  Sodium, K e t o p r o f e n ) ,  a h a l f  o f  t h e  
s u b s t a n c e s  s u r p a s s e s  t h e  2 0 0  mg% l eve l .  Subs tances  w i t h  

l o w  s o l u b i l i t y  a t  p H  7 .5  are Azapropazone ( 7 3  mg%) , Clo- 

fezone  (31 mg%) and perhaps  Nif lumic  Acid ( 9 3  mg%).  The 
r a p i d  i n c r e a s e  i n  s o l u b i l i t y  a t  a pH approximate ly  one 
u n i t  h i g h e r  t h a n  t h e  pKa i s  g e n e r a l l y  admi t t ed  t o  a l l  

s u b s t a n c e s .  

The d i s s o l u t i o n  ra tes  of t h e  s u b s t a n c e s  r ange  from h a l f  

a minute t o  abou t  60  minutes  i n  r e a c h i n g  t h e  50% l eve l .  
Nine substances need less t h a n  1 minute  t o  r e a c h  t h i s  

l e v e l .  R e l a t i v e l y  long  t i m e s  have been found f o r  A z a -  

propazone,  Clofezone ,  Oxyphenbutazone and Phenylbuta-  

zone. Middle i n  between Pi roxicam and Nif lumic  Acid are 
found. 

DISCUSSION 
The d i s s o c i a t i o n  c o n s t a n t s  of  t h e  a n t i i n f l a m m a t o r i e s  i n -  

v e s t i g a t e d  d i f f e r  over n e a r l y  3 u n i t s ,  a r e s u l t ,  which 

makes conven ien t  d i f f e r e n t  p o s s i b l e  i n t e r a c t i o n s  w i t h  

pha rmaceu t i ca l  i n g r e d i e n t s  l i k e  c a t i o n i c  polymers l o  or  
c a t i o n i c  par t s  of  a n t a c i d s  ' I .  I n  t h i s  matter t h e  more 
a c i d i c  compounds T o l m e t i n  Sodium and Ketoprofen  may b e  
of g r e a t e r  i n t e r e s t  t h a n  t h e  ve ry  weak a c i d i c  Azapropa- 
zone. The s p a r i n g  s o l u b i l i t y  i n  a c i d i c  media may t u r n  

one  t o  a l c a l y z i n g  i n g r e d i e n t s  f o r  a r a p i d  d i s s o l u t i o n  
w i t h i n  t h e  stomach. The b e t t e r  s o l u b i l i t y  a t  pH 7.5 has  
t o  be  r e f l e c t e d  upon t h e  normal  o r a l  dosage u n i t  and up- 
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776 HERZFELDT AND KUMMEL 

on the rate of disappearance from the GI-tract. The dis- 
solution rates of some substances (Fenoprofen Calcium, 
Ibuprofen, Indomethacin, Tolmetin Sodium) are intrinsic- 
ly so fast, that USP regulations seem to aim at techno- 
logical processes, but Indomethacin Capsules and Tolme- 
tin Sodium Capsules USP lack any process without the fil- 
ling. The intrinsic dissolution rates of Azapropazone, 
Clofezone, Oxyphenbutazone, Niflumic Acid, Flufenamic 
Acid and Piroxicam are 10 to 100 times lower than those 
and need attention as well. 
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NONSTERO IDAL ANTI INFLAMMATORIE S 7 7 7  

COMPOUND 

- zc 320'. 
0 - 

240.. 
CI - -I 
m a 
& 160.. 
v, 

AZAPROPAZONE 

DISSOCIATION 

1 .2  
2 . 0  

' 3.0 
4 .O 
5 .O 

' 6 . 0  
7 .O 
7 . 5  

DISSOLUTION RATE 

MW 336.4 

SO LUB I L I  TV 

'''1 pH - S [mg% 1 

8.7 
7 . 3  
6 .9  
7 . 1  
7 .4  
8 . 9  

34 
73  

t 
2 4 6 

PH 

COMMENTS 

pKa-determinat ion was only  p r a c t i c a b l e  by t h e  s o l u b i l i t y  
procedure ,  t h e  s p e c t r o p h o t o m e t r i c  methods f a i l e d .  
D i f f e r e n c e s  1 : I 0  occured  i n  t h e  s o l u b i l i t y  w i t h i n  pH 1 . 2  
and 7 . 5  . 
D i f f e r e n c e s  i n  t h e  d i s s o l u t i o n  r a t e s  depended on t h e  
f l o a t i n s  of  t h e  s u b s t a n c e ,  
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778 HERZFELDT AND KUMMEL 

COMPOUND 

- 320.' 
K 
Q - 

240. .  - 

CLOFEZONE 

DISSOC IATlON 

1.2 
2 .o 

.' 3 . 0  
4 .O 
5 .O 

2 4 fi 6 0 

DISSOLUTION RATE 

MW 5 9 3 . 1  

SO LUB I L I TV 

6 .O 1 7 . 0  
7 . 5  2 160 

VI 

S [mq% 1 

7 
6 . 7  
4.6 

18 
3 2  
39  
3 5  
3 1  

2 4 6 8 
pn 

COMMENTS 

The pKa-determination w a s  advantageous t o  t h i s  proce-  
du re  w i t h i n  t h e  methods proved.  S m a l l  d i f f e r e n c e s  ( 1 : s )  
i n  t h e  pH-dependent s o l u b i l i t y  between pH 1 .2  and 7 . 5  . 
F l o a t i n g  of  t h e  subs t ance  r e s u l t s  i n  d i f f e r e n c e s  of i t s  
d i s s o l u t i o n  behav iour .  
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7 79 NONSTEROIDAL ANTIINFLAMMATORIES 

COMPOUND 

DICLOFENAC SODIUM 

DI SSOC I ATION 

6 0 
fi4 

2 

DISSOLUTION RATE 

MW 318.1 

SO LUBILITV 

1.2 
2 .o 
3 .o 
4 .O 2.1 
5 .o 8.6 
6.0 59 
7 . 0  187 
7.5 169 

2 4 6 8 
pn 

1 2 3 4 5 6 7 8 9 
TIME (MINI 

COMMENTS 

The exact pKa-determination should be optimized by an- 
other method because of the irregularity at approx. pH4. 
The solubilities at p H  1.2 to 3 are below 0.4 mg% (not 
measurable as indicated). 
Uniformity of 3 dissolution rate determinations. 
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7 80 HERZFELDT AND KUMMEL 

COM PO U N D 

- 320.- 
K 
0 - 

240. .  " 

FENBUFEN 

DISSOCIATION 

1 . 2  
2 .o 

" 3 . 0  
4 .O 
5 .O 

5 

4 

0 
0 - 
' 3  
X 
L 
-8 
\ 

W 
a 
- 2  

1 

pKa = 4 . 3  

DISSOLUTION RATE 

100 

00 

40 

20 

MW 2 5 4 . 3  

SO LUBl L l  TY 

'''1 p H  
t -  

.I/ 

j [mg% 1 

0 . 2  
0 . 2  
0 . 2  
0 . 2  
0 . 6  
5 . 1  

46  
108 

P 
8 
- 

2 4 6 
Pn 

1 2 3 4 5 6 7 I 9 
TIHE IHINI 

COMMENTS 

Standa rd  t e s t  c o n c e n t r a t i o n  i s  dec reased  t o  0 . 2  mg% be- 
cause  of t h e  h igh  a b s o r p t i o n  c o e f f i c i e n t .  N o t i c e a b l e  so- 
l u b i l i t y  b e g i n s  a t  pH 6 .  The d i s s o l u t i o n  r a t e  de termina-  
t i o n s  r e q u i r e  2 t o  4 min t o  maximum. 
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781 NONSTEROIDAL ANTIINFLAMMATORIES 

COMPOUND 

FENOPROFEN CALCIUM MW 558.6 
DISSOCIATION 

2 4 6 FE 
DISSOLUTION RATE 

SO LUB I L I  TY 

1 .8  

41 
71 

147 
256 

2 4 6 8 
Ptl 

3 6 9 12 1s 18 21 24 27 
TIHE I H I N I  

COMMENTS 

pKa-determination w a s  advantageous t o  t h i s  p rocedure  
w i t h i n  t h e  methods proved.  A p e r c e i v i n g  s o l u b i l i t y  a- 
rises a t  pH 4 .  I t  t a k e s  5 t o  15 min t o  r e a c h  n e a r l y  
100 % of d i s s o l v e d  amount of t h e  d rug .  

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



782 HERZFELDT AND KUMMEL 

COMPOUND 

FLUFENAMIC A C I D  

DISSOCIATION 

4 

3.2 

0 - 
2.4 

n. 
W 
\ 
a ' 1.6 

.8  

2 4 6 m 
DISSOLUTION RATE 

MW 281.2 

SO LUBl LI TV 

2 4 6 
PH 

100 I 

d . . . . .  
12 24 36 48 60 72 8 4  96 108 I20 

TIHE (WIN1 

COMMENTS 

The pKa-determination supports only the region of the 
possible value. The pH-dependent solubility is very low. 
The 60%-level of the dissolution rate occurs after 20 to 
40 min. 
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NONSTEROIDAL ANTIINFLAMMATORIES 783 

COMPOUND 

240, .  - 
0.4 
-I 

3 

vl 

rn 

160.. 

FLURBIPROFEN 

DI SSOC IATION 

4 .O 
5 .O 

.. 6 . 0  
7 .O 
7 . 5  

2 4 6 
fi 

DISSOLUTION RATE 

-w 2 4 4 . 3  

SO LUBlLl TV 

“‘1 pH 
1 -  

DI/ 

S [mg% 1 

0 . 8  

f 
2 4 6 

pn 

100 

80 

n 

g 60 
w 
2- 

u) 
u) 
c-. 
n 

40 

20 

1 2 3 4 5 6 7 9 
TIME I M I N I  

COMMENTS 

Other  methods for pK,-determination are less e v i d e n t  
w i t h i n  t h e s e  i n v e s t i g a t i o n s .  pH-dependent s o l u b i l i t y  
i n c r e a s e s  t o  r e l a t i v e l y  h i g h  amounts. The d i s s o l u t i o n  
r a t e  d e t e r m i n a t i o n s  r e s u l t  i n  100 8 w i t h i n  10 min and 
80 % w i t h i n  1 t o  3 min. 
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784 HERZFELDT AND KUMMEL 

COMPOUND 

IBUPROFEN 

DISSOCIATION 

4 

3.2 

0 
0 - .. 

!! 2.4 
X 
p. 
W 
\ 
a 
2 1.6 

.8 

6 e 
f i4 

2 

DISSOLUTION RATE 

1 OC 

80 

+c 40 

20 

MW 206.3 

SO LUBlL I TV 

400 

320 
K 
w n - 

240 - - -I 

3 

v) 

m 

2: 160 

80 

1 . 2  
2 .o 
3 .O 
4 .O 
5 .O 
6 .O 
7 .O 
7.5 

2.1 
2.2 
2.3 
2.9 

1 2  
53 

244 
33 1 

2 I 6 8 
pn 

1 2 3 4 5 6 7 8 9 
TIRE (IIINI 

COMMENTS 

pK,-determination i s  more e v i d e n t  by t h i s  procedure  t h a n  
by o ther  methods (lit. d a t a :  5.2 12). pH-dependent solu- 
b i l i t y  i n c r e a s e s  t o  r e l a t i v e l y  h i g h  amounts. 
Rapid d i s s o l u t i o n  ra te .  
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785 NONSTEROIDAL ANT I INFLAMMATORIE S 

COMPOUND 

- Jzo” 
N 
0 - 

240.. 
L1 - -I 

m 2 160.. 
a 

INDOMETHACIN 

DISSOCIATION 

1 . 2  
2 .o 
3 . 0  
4 .O 
5 .O 0 .9  

*. 6 .0  1 2  
7 .0  8 4  
7 .5  1 7 0  

2 4 6 0 
FH 

DISSOLUTION RATE 

1 oc 

80 

60 

40 

20 

MW 357.8  

SO LUE I LI TY 

O O L  
2 4 6 8 

PH 

COMMENTS 

Rapid chan e of a b s o r p t i o n  w i t h  change i n  pH. L i t .  d a t a  
pKa = 4 . 5  q 3 .  The s o l u b i l i t y  up t o  pH 4 is  below 0 .9  mg%. 
Rapid d i s s o l u t i o n  r a t e .  
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786 HERZFELDT AND KUMMEL 

COMPOUND 

KETORROFEN 

DI SSOC I AT ION 

3 

1 

- c 
‘ 1  

d!  
0 
0 - 

(I 

-1 

DISSOLUTION RATE 

MW 254.3 

SO LUBl L l  TV 

PH 
400 f 

c -  
S Tmg% 1 

5.1  

135 28  I 

2 4 6 0 
PH 

LOO 

00 

60 

40 

20 

1 2 3 4 5 6 7 0 9 
TINE [ M I N I  

COMMENTS 

pK,-determination was o n l y  p r a c t i c a b l e  by t h e  s o l u b i l i t y  
procedure .  The s o l u b i l i t y  a t  p H  7.5 i s  h i g h e r  t h a n  4 0 0  
mg%. The d i s s o l u t i o n  rates r e q u i r e  1 t o  3 min t o  r e a c h  
t h e  maximum. 
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787 NONSTEROIDAZ, ANTIINFLAMMATORIES 

COMPOUND 

NAPROXEN 

DISSOCIATION 

2 - 4  6 8 
PH 

DISSOLUTION RATE 

MW 230.3 

SO LUB I L I T V  

I 1.2 
2 .o 

p 3.0  

5 .O 
' 6 .0  

7 .O 
7 . 5  

. 4.0 

1.3 

2.2 1.5 / 
53 

257 
315 

2 4 6 8 
pn 

COMMENTS 
The s t a n d a r d  t es t  s o l u t i o n  i s  0 .2  mg% b e c a u s e  o f  t h e  
h i g h  a b s o r p t i o n  c o e f f i c i e n t .  The s o l u b i l i t y  i n c r e a s e s  
v e r y  r a p i d  a t  pH 6 and h i g h e r .  I t  t a k e s  5 min  o r  less 
t o  r e a c h  100 8. 
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788 HERZFELDT AND KUMMEL 

COMPOUND 
MW 282.2  NIFLUMIC ACID 

DISSOCIATION 

2 4 6 B 
PH 

400 
PH ISEmg%l 

1.2 
2 .0  
3 .O 
4 .O 
5 .O 
6 .O 
7 .o 
7.5 

6 . 4  
1.9 
I . I  
1.9 
6 .5  

19 
7 4  
9 3  

2 4 6 B 
PH, 

I 

DISSOLUTION RATE 

100 

0 w > 
m 
ln 
ln 

A 60 

- 
n 
h: 40 

20 

10 20 30 40 50 60 70 80 90 
TIME [MINI 

COMMENTS 

The pKa-determination i s  e a s i l y  poss ib le  by t h e  p l o t  
wavelenqht  vs. pH. The s o l u b i l i t y  of 6.4 mg% a t  pH 1 . 2  
seems t o  be  i n f l u e n c e d  by t h e  s o l v e n t  c o n t a i n i n g  glyco-  
coll ( s o l u b i l i z i n g  ? )  , Two e x p o n e n t i a l  phases of d i s s o -  
l u t i o n  k i n e t i c s  are i n d i c a t e d  by t h e  i n s i d e  f i g u r e .  
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COMPOUND 

- 320- 
x 
0 
c - 

240-  - 
a 

OXYPHENBUTAZONE 

D I  SSOC I ATlON 

1 . 2  
2 .o 

*. 3 . 0  
4 .O 
5 .O 

‘‘1 pKa = 4.5 

2 4 6 0 
PH 

DISSOLUTION RATE 

MW 342.4 

SO LUBl L l  TV 

4001 pH 
t -  

t 7 

S [mg% 1 

2 
1.8 
2.1 
3.2 
5.8 

37 

2 4 6 8 
PH 

n 
x 

80 

60 

40 

20 

16 24 32  40 40 56 6 4  72 00 
TIHE l H J N 1  

COMMENTS 
pKa-determination is  e a s i l y  poss ib l e  by the  p l o t  wave- 
length v s .  pH. L i t .  da ta :  pKa = 4.7 14 .  The s o l u b i l i t y  
reaches about 2 0 0  mg% a t  pH 7 . 5  . The d i s s o l u t i o n  r a t e s  
obviously d i f f e r .  A twephaseexponent ia l  behaviour may 
be cons ideres  ( i n s i d e  f i g u r e ) .  
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COMPOUND 

- 320*. 
.’ w 

9 - - 240.. 
I- 

.-. 
m 

-w 

PHENYLBUTAZONE 

D1 SSOC I ATlON 

1 .2  
2 .o 
3.0 
4 .O 
5 .O 
6 . 0  
7 .O 

2 4 6 8 
PH 

DISSOLUTION RATE 

MW 308.4 

SO tUB I L I TY 

4 7  p H  - 3 [mg% 1 

1 . I  
3 .3  

28 
137 O q 8  i 

2 4 6 b 
PH 

100 

80 

9 w > 
r) ln 
v) 

2 60 

- 
a 
h: 40 

20 

t tminl 

110 132 154 176 198 22 44 66 88 
TINE [ M I N I  

COMMENTS 

pKa-determination i s  e a s i l y  p o s s i b l e  by t h e  p l o t  wave- 
l e n g t h  vs .  pM. L i t .  d a t a :  pKa = 4.5 1 3 .  The s o l u b i l i t y  
a t  pH 2 i s  n o t  measurable  by t h e  method proved.  Disso- 
l u t i o n  ra te  d e t e r m i n a t i o n s  need approx.  1 .5  hour s  t o  
r each  t h e  90%-level (one-phase e x p o n e n t i a l  f u n c t i o n ) .  
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COMPOUND 

- 320'. 
N 
0 - 
+ 240.. 
I- " 
L-. -I 
m 2 160- 
01 

PI ROXI CAM 

DI SSOCl ATlON 

1.2 
2 .o 2.3 
3 .O 1.6 
4 .O 1.9 
5 .O 2 .4  

* 6 . 0  7.6 
7 . 0  57  
7 . 5  103  

+ 

pKa = 5.3 ''1 
- 4  t 

t 

DISSOLUTION RATE 

MW 331.3  

SO LUBlL l  T V  

6 12 l a  24 30 36 42 4a 5 4  60 
TIM I H I N I  

COMMENTS 

pKa-determination i s  e a s i l y  p r a c t i c a b l e  by t h e  p l o t  as 
shown. The s o l u b i l i t y  i s  v e r y  l o w  up t o  pH 7 . 5  . D i s s o -  
l u t i o n  rates are  d i f f e r e n t  one t o  a n o t h e r .  I n  one case 
of  t h r e e  a two-phase e x p o n e n t i a l  behaviour  i s  shown i n  
t h e  i n s i d e  f i g u r e .  
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792 HERZFELDT AND KUMMEL 

COMPOUND 

TOLMETIN S O D I U M  

D I SSOC I AT ION 

pKa = 3.5 4i 
3.2 I 

6 8 
fi4 

2 

DISSOLUTION RATE 

MW 315.3 

SOLUBILITY 

PH 

1 .2  - 320.,  
N 2 .0  

* 4 .O 
5 . 0  

. 6 . 0  =: 
m 

7 .O a 

7.5 

400 . .  

I .  - 

- : ' 3.0  
240" 

: 160.. 

2 4 6 0 
PH 

1 DO 

80 

60 

40 

20 

I 2 3 4 5 6 7 8 9 
TIME I M I N )  

COMMENTS 

pKa-determination i s  e a s i l y  p o s s i b l e  by t h e  p l o t  shown. 
The s o l u b i l i t i e s  a t  pH 7 and 7.5 are h i g h e r  t h a n  4 0 0  mg%. 
Very r a p i d  d i s s o l u t i o n  rate. 
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