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ABSTRACT 

The s o l u b i l i t y ,  h y g r o s c o p i c i t y  and i n t r i n s i c  d i s s o l u t i o n  r a t e  o f  t h e  

v a r i o u s  s a l t s  o f  a weak ac id -base (RS-82856) were e v a l u a t e d .  The phosphate  

s a l t  was a m i x t u r e  o f  monobasic  and d i b a s i c  s a l t s  and was n o t  p h y s i c a l l y  

s t a b l e .  The hydrogen s u l f a t e ,  and c h l o r i d e  s a l t s  were l e s s  h y g r o s c o p i c  and 

more s o l u b l e  i n  w a t e r  t h a n  t h e  c a t i o n  s a l t s  t e s t e d  ( s o d i u m  and p o t a s s i u m ) .  

A l l  s a l t s  s t u d i e d  showed o n l y  s l i g h t l y  b e t t e r  i n t r i n s i c  d i s s o l u t i o n  r a t e s  

( - t w o - f o l d )  t h a n  t h e  p a r e n t  d r u g  a t  pH 3.1 and 7.0; o n l y  t h e  hydrogen 

s u l f a t e  s a l t  and t h e  p o t a s s i u m  s a l t  had b e t t e r  d i s s o l u t i o n  r a t e s  a t  pH 1 .2 .  

T h i s  unusua l  d i s s o l u t i o n  b e h a v i o r  o f  t h e  s a l t s  can be e x p l a i n e d  by  t h e  

e x t r e m e l y  l o w  b u f f e r i n g  e f f e c t  o f  t h e  s a l t s  i n  t h e  d i s s o l u t i o n  medium. The 

hydrogen s u l f a t e  s a l t  was recommended f o r  development  and was s u p p o r t e d  by  t h e  

- t w o - f o l d  i n c r e a s e  i n  b i o a v a i l a b i l i t y  I n  a dog s t u d y  when compared t o  t h e  

p a r e n t  d r u g .  
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INTRODUCTION 

GU ET A L .  

The advantages o f  u s i n g  t h e  s a l t  f o r m  o f  an i o n  z a b l e  d r u g  have been we 

recogn ized i n  t h e  l i t e r a t u r e . ’  

c o u l d  be a m a j o r  t a s k  depending on t h e  d e s i r e d  a r e a ( s )  o f  improvement. 

P r e f o r m u l a t i o n  s a l t - s c r e e n i n g  s t u d i e s  f o r  a c i d i c  o r  b a s i c  drugs a r e  w e l l  

k n ~ w n ~ ’ ~  and u s u a l l y  f o c u s  on t h e  e v a l u a t i o n  o f  t h e  phys lo -chemica l  

However, t h e  s e l e c t  on o f  an o p t i m a l  s a l t  

1 

p r o p e r t i e s  o f  t h e  v a r i o u s  s a l t s .  However, t h e r e  a r e  few examples on s t u d i e s  

o f  weak ac id -bases .  I n  t h i s  paper,  t h e  p r e f o r m u l a t i o n  s a l t  s e l e c t i o n  o f  a new 

p o s i t i v e  l n o t r o p l c  agent (RS-82856, lJ, N-cyclohexyl-N-methy1-4-(7-oxo- 

1.2,3.5-tetrahydro~midazo[2,l,-b]quinazoline-2-one)butyramide, t o  be used i n  

t r e a t i n g  c o n g e s t i v e  h e a r t  f a i 1 ~ r - e ~ ’ ~  i s  d e s c r i b e d .  

s t u d y  t o  weak acid-base compounds I s  d iscussed.  

The g e n e r a l i t y  o f  t h i s  

1, RS-82856 

EXPERIMENTAL 

M a t e r i a l s :  RS-82856 and t h e  sodium, potassium, hydrogen s u l f a t e ,  phosphate 

and c h l o r i d e  s a l t s  were used as r e c e i v e d  f r o m  I n s t i t u t e  o f  Organic Chemis t ry ,  

Syntex Research. A l l  o t h e r  chemica ls  and reagents  were USP or  HPLC grade and 

were used w i t h o u t  f u r t h e r  p u r i f i c a t i o n .  

I n s t r u m e n t a t i o n :  

on an HP-1090 system equipped w i t h  an a u t o - i n j e c t o r ,  an HP-1040 d i o d e - a r r a y  

d e t e c t o r ,  and an HP-3990A i n t e g r a t o r - r e c o r d e r .  D i f f e r e n t i a l  Scanning 

C a l o r i m e t r y  (DSC) thermograms were recorded on a Perkin-Elmer DSC-2 

C a l o r i m e t e r .  M i c r o s c o p i c  o b s e r v a t i o n s  were made u s i n g  a L e i t z  O r t h o l u x  I1 

High performance l i q u i d  chromatography (HPLC) was per fo rmed D
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WEAK A C I D - B A S E  (RS-82856)  4 3 9  

POL-BK p o l a r i z e d  l i g h t  m i c r o s c o p e .  The d e t e r m i n a t i o n  o f  i n t r i n s i c  d i s s o l u t i o n  

r a t e s  was c o n d u c t e d  u s i n g  a Hansen d i s s o l u t i o n  a p p a r a t u s  (Model  72R115) and a 

compress ion  d i e  h o l d e r  as d e s c r i b e d  b y  Wood. 
6 

. HPLC .. Method:  An U l t r a s p h e r e  1 . P .  ( A l t e x )  5 -p  co lumn and a m o b i l e  phase o f  

0.01M phospha te  b u f f e r  ( p H 6 . 5 ) / C H 3 C N / T H F ( 7 0 / 2 5 / 5 )  were used.  

was c o n t r o l l e d  a t  1 mL/min. The e l u e n t  was m o n i t o r e d  a t  280 nm w i t h  a 

s e n s i t i v i t y  o t  0.04 AUFs. 

The f l o w  r a t e  

H y g r o s c o p i c i t y  Measurements:  Samples o f  t h e  s o l i d  d r u g  ( 1 0  mg t o  15 mg) were 

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

The uncapped samples,  were d r i e d  o v e r n i g h t  u n d e r  house vacuum (15 -20  t o r r )  a t  

80°C i n  t h e  p r e s e n c e  o f  phosphorous  p e n t o x i d e .  and t h e  sample w e i g h t  a f t e r  

d r y i n g  was r e c o r d e d .  The d r i e d  samples were  t h e n  s t o r e d  a t  room t e m p e r a t u r e  

i n  d e s i c c a t o r s  m a i n t a i n e d  a t  c o n s t a n t  r e l a t i v e  h u m i d i t i e s  ( R H )  w i t h  v a r i o u s  

s a t u r a t e d  s a l t  s o l u t i o n s . '  A t  p r e d e t e r m i n e d  t i m e  i n t e r v a l s ,  samples were 

we ighed  and t h e  d i f f e r e n c e  i n  t h e  w e i g h t  f r o m  t h e  d r y  w e i g h t  was r e c o r d e d  

S o l u b i l i t y  Measurements:  To a 1 0  mL p y r e x  c u l t u r e  t u b e  was added 5 mL o f  t h e  

a p p r o p r i a t e  b u f f e r  s o l u t i o n  and a n  excess  o f  t h e  d r u g .  The i o n i c  s t r e n g t h  o f  

t h e  b u f t e r  s o l u t i o n s  was a d j u s t e d  t o  0 .15  w i t h  KC1. The c u l t u r e  t u b e  was 

s e a l e d  w i t h  a t e f l o n - l i n e d  sc rew cap  and t h e  s u s p e n s i o n  was e q u i l i b r a t e d  i n  a 

25°C w a t e r  b a t h .  A t  v a r i o u s  t i m e  i n t e r v a l s ,  an a l i q u o t  o f  t h e  s o l u t i o n  was 

removed and  f i l t e r e d  t h r o u g h  a 0 .45  pm M i l i p o r e @  f i l t e r .  

f i l t r a t e  was measured, and t h e  f i l t r a t e  was t h e n  d i l u t e d  q u a n t i t a t i v e l y  w i t h  

m o b i l e  phase and assayed  b y  HPLC. 

The pH o f  t h e  

I n t r i n s i c  D i s s o l u t i o n  R a t e  Measurements:  About  1 0 0  mg o f  t h e  s o l i d  d r u g  was 

f i n e l y  g round  and compressed a t  2000 p s i  i n t o  a f l a t  d i s k  ( s u r f a c e  a r e a  = 

0.49 cm ) .  

w i t h  a h o l d e r  so t h a t  t h e  d i e  became t h e  r o t a t i n g  member.6 

t h e  d i e  c o n t a i n i n g  t h e  sample was l o w e r e d  i n t o  a v e s s e l  c o n t a i n i n g  500 mL o f  

2 The c o m p r e s s i o n  d i e  was mounted o n t o  t h e  d i s s o l u t i o n  a p p a r a t u s  

A t  z e r o  t i m e ,  
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440  G U  ET A L .  
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F i g u r e  1 .  Aqueous s o l u b i l i t y  o f  RS-82856 as  a t u n c t i o n  o f  pH a t  2 5 ° C .  The 
s o l i d  l i n e  i s  t h e  t h e o r e t i c a l  c u r v e  d e f i n e d  by  t h e  r e l a t i o n s h i p  
S o b s = S i ( l t  [ H e ] / K a l  t K a 2 / [ H t ] ) ,  where S i ' 4 .6  ug/mL, 
Ka l .3 .2  x and K a 2 ~ 5 . 6  x 10-12.  The d a t a  p o i n t s  were 
o b t a i n e d  e x p e r i m e n t a l l y .  

t h e  d i s s o l u t i o n  medium e q u i l i b r a t e d  a t  3 7 "  t_ 0 . 5 " C .  

was m a i n t a i n e d  a p p r o x i m a t e l y  4 cm b e l o w  t h e  s u r f a c e  o f  t h e  s o l u t i o n  and t h e  

d i e  was r o t d t e d  a t  100  rpm. A t  v a r i o u s  t i m e  i n t e r v a l s ,  1 mL a l i q u o t s  o f  t h e  

s o l u t i o n  were  w i t h d r a w n  and assayed  b y  HPLC. 

The s u r f a c e  o f  t h e  d r u g  

E f f e c t  o f  Excess Drus on D i s s o l u t i o n  Medium pH: The pH o f  a medium i n  t h e  

p r e s e n c e  o f  excess  d r u g  was d e t e r m i n e d  b y  a d d i n g  t h e  medium g r a d u a l l y  t o  50 mg 

o f  m a t e r i a l ,  m i x i n g  f o r  1 m i n  w i t h  a v o r t e x  m i x e r  a f t e r  each a d d i t i o n ,  and 

r e c o r d i n g  t h e  pH v a l u e s .  

B i o a v a i l a b i l i t y  S t u d i e s :  Th ree  b e a g l e s  each r e c e i v e d ,  a t  one-week i n t e r v a l s ,  

s i n g l e  doses o f  e i t h e r  15 mg RS-82856 p a r e n t  d r u g  o r  19 .5  mg RS-82856 h y d r o g e n  

s u l f a t e  s a l t  i n  c a p s u l e s .  The dogs were k e p t  i n  i n d i v i d u a l  cages and F a s t e d  

f r o m  15 h o u r s  b e f o r e  t o  5 h o u r s  a f t e r  d o s i n g ,  b u t  w a t e r  was a l l o w e d  

-~ Ad l i b i t u m .  A s m a l l  vo lume o f  w a t e r  ( 2 0  mL) f o l l o w e d  each  d o s i n g .  B l o o d  

samples were  drawn f r o m  t h e  v e i n  a t  p r e d e t e r m i n e d  t i m e  i n t e r v a l s .  The b l o o d  
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WEAK A C I D - B A S E  (RS-82856)  4 4 1  

was c e n t r i f u g e d  t o  o b t a i n  plasma and t h e  c o n c e n t r a t i o n s  o f  t h e  d r u g  i n  p lasma 

were d e t e r m i n e d  by HPLC a f t e r  e x t r a c t i o n .  

RESULTS A N D  DISCUSSION 

l o  a c h i e v e  t h i s ,  t h e  pH s o l u b i l i t y  p r o f  

as shown i n  F i g u r e  1 .  No d a t a  was o b t a  

d e g r a d a t i o n  o f  RS--82856 was t o o  r a p i d  

t h e  s o l u b i l i t y .  

8 

The s a l t  s e l e c t i o n  p r o c e s s  began w i t h  t h e  pKa d e t e r m i n a t i o n  o f  RS-82856. 

l e  o f  t h e  p a r e n t  d r u g  was e s t a b l i s h e d  

ned a t  p H ' s  h i g h e r  t h a n  12 because t h e  

o a l l o w  a n  a c c u r a t e  d e t e r m i n a t i o n  o f  

l h e  s o l u b i l i t y  o f  t h e  d r u g  a t  i n t e r m e d i a t e  pHs (pH 4 t o  10)  was f o u n d  t o  

be r e l a t i v e l y  c o n s t a n t  a t  -5 pg/mL; t h e  i n c r e a s e  i n  s o l u b i l i t y  i n  more 

a c i d i c  o r  b a s i c  s o l u t i o n s  i s  due t o  i o n i z a t i o n  p r o c e s s  shown i n  e q u a t i o n  1 .  

7he e f f e c t  of pH on t h e  s o l u b i l i t y  obeys e q u a t i o n  2 

Sobs = S i  ( l+ [Hf ] /Ka i  + Ka2/[Ht 

where Sobs i s  t h e  observed s o l u b i l i t y ,  S 

1 ( 2 )  

i s  t h e  i n t r i n s i c  s o l u b i l i t y ,  and 

Kal and Ka2 a r e  t h e  a c i d  d i s s o c i a t i o n  c o n s t a n t s  o f  RS-82856. 

and pKa d e r i v e d  f r o m  e q u a t i o n  2 were f o u n d  t o  be 3 .5  and 11.2 r e s p e c t i v e l y .  

I t  i s  n o t e d  i n  f i g u r e  1 t h a t  t h e  s o l u b i l i t y  o f  t h e  d r u g  a t  pH 5 1 . 1 2  d e v i a t e d  

f r o m  t h e  t h e o r e t i c a l l y  c a l c u l a t e d  v a l u e s  s u g g e s t i n g  t h a t  a common i o n  e f f e c t  

w i t h  c h l o r i d e  i o n  may be s i g n i f i c a n t  a t  t h e s e  pHs. 

The pKal 

2 

RS-82856 d i s p l a y s  b o t h  weak a c i d  and weak base c h a r a c t e r i s t i c s ,  and so  

t h r e e  a n i o n  s a l t s  i n  t h e  f o r m  o f  c h l o r i d e ,  hydrogen s u l f a t e  and phosphate  and 
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442  CU ET A L .  

T a b l e  1 .  S o l i d  S t a t e  P h y s i c a l  P r o p e r t i e s  o f  RS-82856 and I t s  S a l t s  

C 
M e l t i n g  P o i n t a  % W e i q h t  Ga in  

Compound "C S t o i c h i o m e t r y b  47% RHa 68% RH 93% RH 
-. 

P a r e n t  d r u g  245-247 1 . 6  1 . 9  2 .9  

C h l o r i d e  s a l t  199-201 1 : 1  9 . 3  10.4 9.7 

Hydrogen s u l f a t e  204-205 1 :1 4 .O 4 . 6  8.2 
s a l t  

Phosphate s a l t  199-201 1 . 7 5 : l  1 . 8  2.1 15 .7  

Sodium s a l t  184-185 1 :1 4 . 7  1 3 . 8  86.9 

Po tass ium s a l t  189-192 1 :1 1 . 8  19.7 9 3 . 4  

aOete rm ined  b y  DSC. 

bDete rm ined  by  e l e m e n t a l  a n a l y s i s  and based on a mo 

CSamples were t i r s t  d r i e d  u n d e r  vacuum; w e i g h t  g a i n  

dRH=Relat i ve humi d i  t y  . 

1 6  h o u r s  i n  t h e  d e s i g n a t e d  h u m i d i t i e s .  

t w o  c a t i o n  sa 

e v a l u a t i o n .  

p h a r m a c e u t i c a  

a r  r a t i o .  

das r e c o r d e d  a f t e r  

t s  i n  t h e  f o r m  o f  p o t a s s i u m  and sod ium were p r e p a r e d  f o r  

hese s a l t s  were  chosen because t h e y  e n j o y  common use  i n  t h e  

s . '  T a b l e  1 summarizes t h e  v a r i o u s  p h y s i c a l  p r o p e r t i e s  o f  

t h e s e  f i v e  s a l t s  and t h e  p a r e n t  d r u g .  

A l l  f i v e  s a l t s  e x h i b i t e d  s h a r p  b u t  l o w e r  m e l t i n g  p o i n t s  t h a n  t h a t  o f  t h e  

p a r e n t  d r u g  and appeared  t o  be c r y s t a l l i n e  m a t e r i a l s  u n d e r  m i c r o s c o p i c  

e x a m i n a t i o n .  The e l e m e n t a l  a n a l y s i s  r e v e a l e d  t h a t  a 1 : l  d r u g : s a l t  m o i e t y  

m o l a r  r a t i o  was o b t a i n e d  f o r  t h e  c h l o r i d e ,  hyd rogen  s u l f a t e ,  sod ium and 

p o t a s s i u m  s a l t s .  The phospha te  s a l t  had a 1 . 7 5 : l  d r u g : s a l t  m o i e t y  r a t i o  

i n d i c a t i n g  a m i x t u r e  o f  mono- and d i b a s i c  s a l t s .  A t t e m p t s  t o  p r e p a r e  t h e  

d i b a s i c  s u l f a t e  s a l t  a l s o  r e s u l t e d  i n  a m i x t u r e  w l t h  i t s  mono-basic  ( o r  

hyd rogen  s u l f a t e )  s a l t .  T h i s  b e h a v i o r  c o u l d  be a r e s u l t  o f  t h e  s m a l l  

d i f f e r e n c e  i n  d i s s o c i a t i o n  c o n s t a n t s  between t h e  d r u g  as a base (pKa = 3 . 5 )  

and p h o s p h o r i c  a c i d  (pKa = 2.12)  o r  b i s u l f u r i c  a c i d  (pKa = 1 . 9 2 )  t h u s  9 9 
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WEAK ACID-BASE (RS-82856) 44 3 

1000 

Chloride salt (2.05) 
Hydrogen Sulfate Salt (1.94) 
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300 
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E 
m Sodium Salt (12.0) 

2; 
= 30 n 

Potassium Salt (12.1) 
+- .- 

- 
0 
v) 

10 

Parent Drug (7.2) 

3 

1 
0 2 4 6 8 10 

Time, days 

F i g u r e  2. Apparent  s o l u b i l i t y  o f  RS-82856 and v a r i o u s  s a l t s  i n  w a t e r  as  a 
f u n c t i o n  o f  t i m e .  The v a l u e s  i n  t h e  p a r e n t h e s i s  i n d i c a t e  t h e  pH o f  
t h e  f i n a l  s o l u t i o n .  

p r e v e n t i n g  t h e  f o r m a t  

o r  d i b a s i c  s u l f a t e  sa 

on o f  a p h y s i c a l l y  s t a b l e ”  monobasic phosphate  s a l t  

t. 

S c r e e n i n g  t h e  h y g r o s c o p i c i t y  p r o p e r t i e s  o f  t h e  p a r e n t  d r u g  and s a l t  forms 

a t  47%, 68% and 93% r e l a t i v e  h u m i d i t y  (RH) c o n d i t i o n s  showed t h a t  t h e  p a r e n t  

d r u g  i s  r e l a t i v e l y  n o n - h y g r o s c o p i c  a d s o r b i n g  l e s s  t h a n  1 mole o f  w a t e r  even a t  

93% RH. Among t h e  s a l t s ,  t h e  o r d e r  o f  i n c r e a s i n g  h y g r o s c o p i c i t y  was: 

hydrogen s u l f a t e  s a l t  - phosphate  s a l t  < c h l o r i d e  s a l t  << sodium - 
p o t a s s i u m .  

s t o r a g e  f o r  up t o  7 days a t  93% R H .  

No c o n v e r s i o n  o f  t h e  s a l t s  t o  t h e  p a r e n t  d r u g  was observed a f t e r  

The s o l u b i l i t y  o f  v t r i o u s  d r u g  fo rms i n  w a t e r  was s t u d i e d  as a f u n c t i o n  

t i m e .  F i g u r e  2 summarizes t h e  r e s u l t s .  

weak base o r  a weak a c i d ,  a l a r g e  excess amount o f  d r u g  was used i n  t h e  

s o l u b i l i t y  s t u d y  t o  ensure  t h a t  t h e  t r u e  s o l u b i l i t y  o f  t h e  s a l t  was 

o b t a i n e d . ”  

S i n c e  a l l  o f  t h e  s a l t s  a r e  s a l t s  o f  a 

T h i s  i s  s u p p o r t e d  b y  t h e  o b s e r v a t i o n  t h a t  t h e  f i n a l  pHs o f  t h e  
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44 4 G U  ET A L .  

Table 2 .  I n t r i n s i c  D i s s o l u t i o n  Rate Constants and D i f f u s i o n  Layer  pH o f  
RS-82856 and I t s  Four S a l t s  a t  37°C.  

B u l k  pH 

Compound 1 .1  3.1 7 . O  

k 1  2 k *  2 a k l  2 pHhjO mg/min/cm PHh+O a mg/min/cm pHhjoa mq/min/cm 

Parent  d rug  1 .12  0.11 3.12 0.0028 7.01 0.0012 

C h l o r i d e  s a l t  1 . 1 0  0.056 2.05 0.0068 6.90 0.0020 

Hygroden s u l f a t e  1.12 0.25 2.14 0.0052 6 .75  0.0027 
s a l t  

Sodium s a l t  1.12 0.082 3.35 0.0044 7.10 0.0026 

Potassium s a l t  1 .ll 0.14 3.25 0.0055 7.08 0.0036 

a O i f f u s i o n  l a y e r  pH. See e x p e r i m e n t a l  f o r  d e t e r m i n a t i o n  

s a l t  s o l u t i o n s  ( F i g u r e  2 )  a r e  i n  good agreement w i t h  t h a t  p red  c t e d  f r o m  t h e  

p H - s o l u b i l i t y  p r o f i l e .  I n  g e n e r a l ,  t h e  a n i o n  s a l t s  have b e t t e r  s o l u b i l i t i e s  

t h a n  t h e  c a t i o n  s a l t s  which,  i n  t u r n ,  a r e  much b e t t e r  t h a n  t h e  p a r e n t  d r u g .  

A l though t h e  i n i t i a l  s o l u b i l i t y  f o r  each compound appeared t o  be l a r g e r ,  i t  

decreased as t i m e  proceeded and reached an apparent  e q u i l i b r i u m  v a l u e  a f t e r  

f o u r  days. DSC a n a l y s i s  o f  t h e  suspended s o l i d s  showed t h a t  t h e  phase 

t r a n s f o r m a t i o n  was r e s p o n s i b l e  f o r  t h e  decrease i n  s o l u b i l i t y  f o r  t h e  f r e e  

base, s u l f a t e  s a l t  and c h l o r i d e  s a l t .  Bo th  t h e  p o t a s s i u m  s a l t  and sodium s a l t  

r e s u l t e d  i n  a s o l u t i o n  pH o f  -12.0. Again,  some apparent  chemica l  

d e g r a d a t i o n  was observed by  HPLC and t h e  reason f o r  t h e  decrease i n  s o l u b i l i t y  

was n o t  i n v e s t i g a t e d  i n  d e t a i l .  The phosphate s a l t  was found t o  p a r t i a l l y  

c o n v e r t  back t o  t h e  f r e e  base, c o n s i s t e n t  w i t h  t h e  u n s t a b l e  n a t u r e  of  t h i s  

s a l t .  The phosphate s a l t  was t h e r e f o r e  e l i m i n a t e d  f r o m  f u r t h e r  

c o n s i d e r a t i o n .  

The I n t r i n s i c  d i s s o l u t i o n  r a t e  o f  t h e  remain ing  f o u r  s a l t s  and t h e  p a r e n t  

d r u g  was s t u d i e d  a t  t h r e e  d i f f e r e n t  pHs ( T a b l e  2 ) .  I n  agreement w i t h  t h e  

p H - s o l u b i l i t y  p r o f i l e ,  t h e  d i s s o l u t i o n  r a t e  o f  each compound i n c r e a s e s  as t h e  
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WEAK ACID-BASE (RS-82856) 44 5 

pH o f  t h e  medium decreases .  A t  pH 3.1 and 7.0, t h e s e  s a l t s  showed comparab le  

d i s s o l u t i o n  r a t e s  w h i c h  were a b o u t  t w o - f o l d  f u s t e r  t h a n  t h a t  o f  t h e  p a r e n t  

d r u g .  A t  pH 1.1 b o t h  t h e  sodium s a l t  and t h e  p o t a s s i u m  s a l t  showed s i m i l a r  

d i s s o l u t i o n  r a t e  as  t h a t  o f  t h e  p a r e n t  d r u g  w h i l e  t h e  hydrogen s u l f a t e  s a l t  

e x h i b i t e d  t h e  h i g h e s t  d i s s o l u t i o n  r a t e ,  b u t  a g a i n ,  o n l y  a b o u t  t w o - f o l d  t h a t  o f  

t h e  p a r e n t  d r u g .  The c h l o r i d e  s a l t  had t h e  s l o w e s t  d i s s o l u t i o n  r a t e  a t  pH 1 . 1  

due t o  t h e  common i o n  e f f e c t  o f  c h l o r i d e  i o n ,  i n  agreement  w i t h  t h e  suppressed 

s o l u b i l i t y  a t  t h i s  pH ( F i g u r e  1 ) .  

To u n d e r s t a n d  such u n u s u a l l y  s m a l l  d i s s o l u t i o n  r a t e  d i f f e r e n c e s  among t h e  

s a l t s  and between t h e  s a l t s  and t h e  p a r e n t  d rug ,  t h e  e f f e c t  o f  t h e  s a l t s  on 

t h e  d i f f u s i o n  l a y e r  pH was d e t e r m i n e d .  The a p p r o x i m a t i o n  method w h i c h  

measures t h e  pH o f  v a r i o u s  d i s s o l u t i o n  media i n  e q u i l i b r i u m  w i t h  excess d r u g  

was used.12  E x c e p t  f o r  t h e  s m a l l  

decrease ( l e s s  t h a n  1 pH u n i t )  observed f o r  t h e  hydrogen s u l f a t e  s a l t  and 

The r e s u l t s  a r e  summarized i n  T a b l e  2. 

c h l o r i d e  s a l t  a t  pH 3.1,  t h e  d i f f u s i o n  l a y e r  pHs o f  t h e  s a l  

d r u g  a r e  v i r t u a l l y  t h e  same as t h o s e  o f  t h e  d i s s o l u t i o n  med 

e x t r e m e l y  low s e l f - b u f f e r i n g  e f f e c t s  o f  t h e  v a r i o u s  s a l t s  o 

12 i n  t h e  5 t w o - f o l d  d i f f e r e n c e s  i n  t h e i r  d i s s o l u t i o n  r a t e s .  

s and t h e  p a r e n t  

urn. Thus, t h e  

R S  -82856 r c s u l  t e d  

13 

Based on t h e  above p h y s i c a l  p r o p e r t i e s ,  t h e  hydrogen s u l f a t e  s a l t  appears  

t o  be t h e  b e s t  s a l t  among t h e  f i v e  s a l t s  s t u d i e d .  To f u r t h e r  s c r e e n  t h e  

s u i t a b i l i t y  o f  t h i s  s a l t  as a d r u g  raw m a t e r i a l ,  t h e  hydrogen s u l f a t e  s a l t  was 

s u b j e c t e d  t o  80°C and 81XRH f o r  t w o  weeks and was found t o  be p h y s i c a l l y  ( d i d  

n o t  c o n v e r t  t o  t h e  p a r e n t  d r u g )  and c h e m i c a l l y  s t a b l e  (97% r e m a i n i n g ) .  Under 

s l m i l a r  c o n d i t i o n s ,  t h e  p a r e n t  d r u g  was c h e m i c a l l y  s t a b l e  (99%) .  Between t h e  

p a r e n t  d r u g  and t h e  hydrogen s u l f a t e  s a l t ,  t h e  f o r m e r  has a b e t t e r  

h y g r o s c o p i c i t y  p r o p e r t y  and t h e  l a t t e r  p r o v i d e s  t w o - f o l d  i n c r e a s e  i n  t h e  

d i s s o l u t i o n  r a t e .  However, because a p o t e n t i a l  a b s o r p t i o n  p r o b l e m  m i g h t  be 

expec ted  f o r  a p o o r l y  s o l u b l e  d r u g  l i k e  RS-82856 ( i n t r i n s i c  aqueous s o l u b i l i t y  

e q u a l s  -5 ~ g / m L ) ’ ~ ,  t h e  hydrogen s u l f a t e  s a l t  was recommended f o r  deve lopment .  

To s u b s t a n t i a t e  t h e  c o n c e r n  o f  p o s s i b l e  a b s o r p t i o n  prob lems,  t h e  
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44 6 GU ET A L  

T a b l e  3.  Pharmacok lne t ic  Parameters o f  RS-82856 P a r e n t  Drug and Hydrogen 
S u l f a t e  S a l t  i n  Dogs 

Dog AUC, 0-7 h r  Cma x tma x 
F o r m u l a t i o n  I d e n t i f i c a t i o n  (ng/mL-hr) (ng/mL) ( h r )  

P a r e n t  d r u g  A 264 
8 31 5 
C 135 
Mean 238 f 54 

Hydrogen s u l f a t e  A 1,274 
s a l t  8 335 

C 487 
Mean 698 +_ 291 

72 
113 

38 
74 t 21 

318 
85 

184 
195 f 68 

2 .o 
2.0 
2 .0  

2.0 t 0.0 

1 . o  
2.0  
2 .0  

1.67 +_ 0 .58 

b i o a v a i l a b i l i t y  of  t h e  hydrogen s u l f a t e  s a l t  and t h e  p a r e n t  d r u g  was compared 

i n  dogs. The v a r i o u s  p h a r m a c o k i n e t i c  d a t a  a r e  summarized I n  T a b l e  3 .  Large  

a n i m a l - t o - a n i m a l  v a r i a t i o n s  were observed i n  t h e  v a l u e s  of a r e a  under  p lasma 

RS-82856 c o n c e n t r a t i o n - t i m e  c u r v e s  (AUC) and c o n c e n t r a t i o n  maximum (Cmax), f o r  

e i t h e r  t h e  p a r e n t  d r u g  (2-3 f o l d  v a r i a t i o n )  o r  t h e  hydr3gen s u l f a t e  s a l t  (3 -4  

f o l d  v a r i a t i o n ) .  T h i s  i s  an i n d i c a t i o n  o f  I n c o m p l e t e  a b s o r p t i o n  of t h e  d r u g .  

Because o f  t h e  l a r g e  a n i m a l - t o - a n i m a l  v a r i a t i o n  observed and t h e  s m a l l  

number ( t h r e e )  of t e s t  a n i m a l s ,  no s t a t i s t i c a l  e v a l u a t i o n  o f  t h e  

b i o a v a i l a b i l i t y  d a t a  was per fo rmed.  

g i v e n  t h e  p a r e n t  d r u g  and t h e  hydrogen s u l f a t e  s a l t  were 238 and 698 ng/mL/hr, 

r e s p e c t i v e l y ,  w h i l e  t h e  mean Cmax v a l u e s  were 74 and 195 ng/mL 

r e s p e c t i v e l y .  

s i m i l a r  f o r  b o t h  compounds, i t  was c o n c l u d e d  t h a t  t h e  hydrogen s u l f a t e  s a l t  

was absorbed a p p r o x i m a t e l y  2-3 t i m e s  as e f f i c i e n t l y  as t h e  p a r e n t  d r u g .  The 

b i o a v a l l a b i l i t y  d a t a  t h e r e f o r e  p a r a l l e l  t h e  i n t r i n s i c  d i s s o l u t i o n  r a t e  and a r e  

t h u s  s u p p o r t i v e  o f  t h e  s e l e c t i o n  o f  t h e  hydrogen s u l f a t e  s a l t  of RS-82856 f o r  

f u r t h e r  deve lopment .  

The mean AUC v a l u e s  f o r  t h e  t h r e e  dogs 

S i n c e  t h e  t i m e  t o  r e a c h  maximum c o n c e n t r a t i o n  ( t m a x )  was 
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WEAK ACID-BASE (RS-82856)  447 

CONCLUSION 

RS-82856 has a v e r y  h i g h  p K a ( l l . 2 )  as an a c i d  and a v e r y  low pKa(3 .5)  as a 

base.  T h i s  r e s u l t s  i n  a s o l u b i l i t y  minimum (5pg/mL) between pH 4-10.  The 

p r i m a r y  g o a l  d u r i n g  t h e  s a l t  s e l e c t i o n  p r o c e s s  was t o  maximum d r u g  a b s o r p t i o n  

w h i l e  a c h i e v i n g  good p h y s i c a  and c h e m i c a l  s t a b i l i t y .  Because o f  t h e  weak 

ac id -base n a t u r e  o f  RS--82856 o n l y  v e r y  s t r o n g  bases and a c i d s  c o u l d  be used 

make p h y s i c a l l y  s t a b l e  s a l t s  The l o w  b u f f e r i n g  a b i l i t y  o f  t h e  v a r i o u s  s a l t  

forms o f  d r u g  r e s u l t e d  i n  a s m a l l  v a r i a t i o n  i n  t h e  d i s s o l u t i o n  r a t e s  

( - t w o - f o l d )  i n  a g i v e n  medium. N o n e t h e l e s s ,  i t  was demonst ra ted  f r o m  t h e  

b l o a v a i l a b i l i t y  d a t a  t h a t  a t w o - f o l d  d i f f e r e n c e  i n  d i s s o l u t i o n  r a t e  can be 

i m p o r t a n t ,  and t h a t  i t  i s  t h e  d i s s o l u t i o n  r a t e  r a t h e r  t h a n  t h e  aqueous 

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

e f f e c t  o f  t h e  c a t i o n  s a l t s  ( e . 9 .  sod ium and p o t a s s i u m )  o f  a weak a c i d - b a s e  

wou ld  be e x p e c t e d  t o  i n c r e a s e  t h e  pH o f  t h e  medium and t h u s  decrease t h e  

s o l u b i l i t y ,  a n i o n  s a l t s  o f  weak ac id -base drugs  a r e  p r e f e r r e d  t o  be d e v e l o p e d .  
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