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THE SOLUBILITY OF ALLOPURINOL I N  
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Sa tu ra t ion  s o l u b i l i t i e s  of a l l o p u r i n o l  have been determined 

i n  aqueous so lu t ions  a t  pH 1.0 conta in ing  d i f f e r e n t  molecular 

weight f r a c t i o n s  of polyvinylpyrrol idone (P.V.P.). 

was cha rac t e r i zed  us ing  l i g h t  s c a t t e r i n g  techniques.  

The P.V.P. 

Over the  temperature  range 15-40' t he  s o l u b i l i t i e s  increased  

l i n e a r l y  with concent ra t ion  of P.V.P. 

of  d i f f e r e n t  P.V.P. spec ie s  the  lower the  molecular weight t he  

g r e a t e r  i s  t h e  inc rease  i n  s o l u b i l i t y  of a l lopur ino l .  S o l u b i l i t y  

inc reases  were never more than a twofold i n c r e a s e  f o r  any polymer 

spec ie s  a t  any temperature. 

a f f i n i t y  of a l l o p u r i n o l  t o  a l l  t h e  P.V.P. spec ie s  with the  grea t -  

est a f f i n i t y  be ing  f o r  t he  lower molecular weight f r a c t i o n .  

For equal  concent ra t ions  

Binding r a t i o s  ind ica t ed  a low 
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556 COLLETT AND KESTEVEN 

The s o l u b i l i t y  d a t a  has  been used t o  c a l c u l a t e  en tha lpy ,  

f r e e  energy and en t ropy  v a l u e s  f o r  a l lopurinol /P.V.P.  systems. 

Changes i n  t h e s e  thermodynamic parameters  d i d  n o t  sugges t  

complex formation between a l l o p u r i n o l  and P.V.P. 

INTRODUC TIOK 

There has  been c o n s i d e r a b l e  i n t e r e s t  i n  t h e  use  of  water 

s o l u b l e  polymers i n  t h e  m o d i f i c a t i o n  of t h e  s o l u b i l i t y  and 

d i s s o l u t i o n  rate of drugs (1)(2). Various polymers have been 

used but  P.V.P. has  been t h e  polymer o f  choice  i n  many drug/  

polymer complexes ( 3 )  ( 4 ) .  Severa l  workers have at tempted to 

re la te  drug  release rate from druglpolymer complexes t o  polymer 

molecular weight and have d e r i v e d  mechanisms of  i n c r e a s e d  d i s -  

s o l u t i o n  ra te  (5).  C a l c u l a t i o n  of t h e o r e t i c a l  drug d i s s o l u -  

t i o n  r a t e s ,  from drug/polymer complexes based on t h e s e  mechanisms 

r e q u i r e s  c e r t a i n  b a s i c  d a t a  d e s c r i b i n g  i n t e r a c t i o n s  between t h e  

drug  and polymer. 

In t h i s  work t h e  s o l u b i l i t y  of a l l o p u r i n o l  i n  s o l u t i o n s  

c o n t a i n i n g  d i f f e r e n t  molecular  weight f r a c t i o n s  of P.V.P. 

have been i n v e s t i g a t e d .  The aim i s  t o  c h a r a c t e r i z e  t h e  i n t e r -  

a c t i o n s  between P.V.P. and a l l o p u r i n o l .  It i s  hoped t h a t  t h e  

s o l u b i l i t y  d a t a  may b e  of  use  i n  d e s c r i b i n g  d i s s o l u t i o n  d a t a  

t o  b e  obta ined  a t  a l a t e r  d a t e .  
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SOLUBILITY OF ALLOPLRINOL 

EXPERIMENTAL 

557 

Mater ia l s  

Allopurinol  B.P. (Burroughs Wellcome and Company, London) 

1 5 0 ~  (100 mesh B.S.S.) was used f o r  t h i s  work. 

Polyvinylpyrrol idone (P.V.P.). Three molecular weight f rac-  

t i o n s  of P.V.P. were used; P.V.P. K-15, K-30 and K-90 suppl ied  

by General Ani l ine  Fi lm Company. These f r a c t i o n s  had nominal 

molecular weights of 10,000, 40,000 and 360,000 r e spec t ive ly .  

HC1, AR (Fisons)  a s  0.01M and 0 . 1 M  so lu t ions  i n  d i s t i l l e d  

water were used a s  so lvents  and f o r  pH adjustments  i n  the  solu-  

b i  li t y  and d i s s o l u t i o n  experiments . 
Me tho d s 

Light  s c a t t e r i n g  methods were c a r r i e d  out  us ing  a photogono- 

d i f fus iometer  (Fica 42000). The l i g h t  s c a t t e r  a t  angles  between 

45' and 135' was measured a t  546 nm wavelength f o r  a series of 

so lu t ions  conta in ing  d i f f e r e n t  concent ra t ions  of  each polymer 

spec ie s  i n  0 . 1 N  hydrochlor ic  ac id .  

D i f f e r e n t i a l  refractometry.  The change i n  r e f r a c t i v e  index with 

concent ra t ion  of s eve ra l  d i l u t e  aqueous P.V.P. s o l u t i o n s  (dn/dC) 

was determined a t  0' and 180' using a d i f f e r e n t i a l  re f rac tometer  

(Polymer Consul tan ts  Ltd.). 

b lock w a s  measured a t  90'. 

Solub i l i t y .  The s a t u r a t i o n  s o l u b i l i t y  of a l l o p u r i n o l  w a s  de te r -  

mined i n  a series of aqueous so lu t ions  a t  pH 1.0 conta in ing  con- 

The scatter of the  s tandard g l a s s  
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558 COLLETT AND KESTEVEN 

c e n t r a t i o n s  of P.V.P. ranging  from 1-10% w/v. S o l u b i l i t i e s  were 

determined a t  15O, 25O,  35' and 40'. 

Assay  of s o l u t i o n s .  The a l l o p u r i n o l  c o n t e n t  of  t h e  s o l u t i o n s  was 

determined s p e c t r o p h o t o m e t r i c a l l y  u s i n g  a Unicam SP500. 

l e n g t h  of maximum a b s o r p t i o n  f o r  a l l o p u r i n o l  i n  o . l M  h y d r o c h l o r i c  

a c i d  was 250 nm. 

The wave- 

RESULTS 

The Molecular Weights of P.V.P. Spec ies  

The r e l a t i o n s h i p  between t h e  m l e c u l a r  weight  (m), t h e  change 

i n  r e f r a c t i v e  index  wi th  c o n c e n t r a t i o n  (dn/dC) and t h e  r e l a t i v e  

l i g h t  s c a t t e r  a t  90' (Sg0> i s  ( 6 )  

1 1  2 c  - = K (dn/dC) m x - 
'9 0 

1 where K This 

r e l a t i o n s h i p  h o l d s  f o r  molecules  which a r e  synrmetrical o r  e x h i b i t  

on ly  a small asymmetry. 

i s  a c o n s t a n t  f o r  t h e  l i g h t  s c a t t e r i n g  instrument .  

Values of Sg0 were c a l c u l a t e d  by d i v i d i n g  t h e  observed l i g h t  

s c a t t e r  a t  90' by t h a t  f o r  t h e  s t a n d a r d  g l a s s  block. 

Sgo a g a i n s t  c o n c e n t r a t i o n  of  P.V.P. were l i n e a r  f o r  each polymer 

s p e c i e s .  Examination of l i g h t  s c a t t e r  v a l u e s  between t h e  a n g l e s  

of 45' and 135' i n d i c a t e d  t h a t  t h e  amount of asymmetry i n  t h e  

P l o t s  of 

C 

'90 
system was small. Consequently r e c i p r o c a l s  o f  - p r e s e n t e d  i n  

Table  1 could  be used in t h e  c a l c u l a t i o n  of polymer molecular  

weight .  The v a l u e s  of molecular  weight  are p r e s e n t e d  i n  Table  1 
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SOLUBILITY OF ALLOPURINOL 559 

TABLE 1 

Values of  t h e  Reciproca l  Slope,  Mean Values of dn/dC and 
Molecular Weight f o r  P.V.P. K-15, K-30 and K-90. 

Manufac turer ' s  Rec iproca l  M. W t .  from 
P.V.P. dn/dC Slope - l i g h t  s c a t t e r i n g  v a l u e  

s90 
~~ 

K-15 0.149 0.00518 14,006 10,000 

K- 30 0.151 0.00209 31,8222 40,000 

K-90 0.148 0.00223 368,324 360,000 

a l o n g  wi th  mean v a l u e s  o f  dn/dC and t h e  manufac turer ' s  s p e c i f i c a -  

t ion. 

S a t u r a t i o n  S o l u b i l i t i e s  of A l l o p u r i n o l  a t  pH 1.0. 

It can be seen  (Table  2) t h a t  a t  any one temperature  t h e  

s a t u r a t i o n  s o l u b i l i t i e s  a r e  dependent on both  t h e  molecular  

weight  and t h e  c o n c e n t r a t i o n  of  P.V.P. A s  t h e  molecular  weight  

of P.V.P. i s  i n c r e a s e d ,  t h e  s a t u r a t i o n  s o l u b i l i t y  of a l l o p u r i -  

no1 i s  decreased  f o r  a g iven  c o n c e n t r a t i o n  of P.V.P. i n d i c a t i n g  

a g r e a t e r  a f f i n i t y  of t h e  s h o r t  polymer c h a i n s  f o r  a l l o p u r i n o l  

compared t o  t h a t  o f  t h e  long  polymer cha ins .  

P.V.P. f o r  a l l o p u r i n o l  may be  accounted f o r  by i n t e r a c t i o n s  

of  polymer groups on t h e  P.V.P. c h a i n  w i t h  p o l a r  groups i n  t h e  

a l l o p u r i n o l  m l e c u l e ,  o r  entrapment  of  a l l o p u r i n o l  molecules  

w i t h i n  t h e  c o i l  s t r u c t u r e  of  P.V.P. 

Binding R a t i o s  of P.V.P. wi th  Al lopur inol .  

The a f f i n i t y  of 

The number of  P.V.P. polymer units f o r  a p a r t i c u l a r  mle- 

c u l a r  weight  s p e c i e s  a t  a g iven  tempera ture ,  a s s o c i a t e d  w i t h  one 
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560 COLLETT AND KESTEVEN 
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SOLUBILITY OF ALLOPURINOL 561 

molecule of a l l o p u r i n o l  i s  obta ined  from t h e  s lope  of a p l o t  of 

moles of P.V.P. r e p e a t i n g  u n i t  per  l i t r e  a g a i n s t  moles of 

a l l o p u r i n o l  per  l i t r e .  

a r e  presented i n  Table 3. 

Whils t  t h e  a f f i n i t y  of t h e  polymer f o r  a l l o p u r i n o l  i s  low, i t  

i n c r e a s e s  with i n c r e a s e  i n  temperature  and decreases  with i n c r e a s e  

i n  molecular  weight. 

The binding r a t i o s  obta ined  i n  t h i s  way 

The b inding  of a l l o p u r i n o l  on t o  P.V.P. chains  may a l s o  

be considered on a "mole f o r  m l e "  b a s i s .  The number of  moles 

o f  a l l o p u r i n o l  bound t o  one mole of P.V.P. polymer s p e c i e s  

decreases  i n  t h e  order : -  K-90 > K-30 > K-15. This  r e v e r s a l  of 

the  b inding  r a t i o  t r e n d  shown i n  Table 3 i s  t o  be expected 

TABLE 3 

Binding Rat ios  of Al lopur inol  on t o  P.V.P., a t  D i f f e r e n t  
Temperatures f o r  D i f f e r e n t  Molecular Weight Species. 

Molecular Temperature OC 
Weight Species  15  25 35 40 

( a )  (b) ( 4  (b)  (a>  (b) (a )  (b)  

K-15 286.5 0.318 206.8 0.229 178.4 0.198 

K-30 563.8 0.181 416.9 0.116 305.1 0.0847 275.3 0.0764 

K-90 1342.4 0.0414 736.4 0.0227 442.9 0.0137 

(a)  moles of P.V.P. r e p e a t i n g  u n i t  per  mole of  a l l o p u r i n o l .  

(b) moles of P.V.P. per  mole of a l l o p u r i n o l .  
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562 COLLETT AND KESTEVEN 

s i n c e  t h e  number of polymer r e p e a t i n g  u n i t s  is  much g r e a t e r  

f o r  t h e  high molecular  weight  polymer s p e c i e s .  

D H s ,  t h e  D i f f e r e n t i a l  Heat of Solu t ion .  

The d i f f e r e n t i a l  h e a t  of  s o l u t i o n  f o r  a l l o p u r i n o l  i n  P.V.P. 

K-15 and I;-30 d e c r e a s e s  with i n c r e a s e  i n  P.V.P. c o n c e n t r a t i o n ,  

sugges t ing  a p o s s i b l e  complex formation between a l l o p u r i n o l  and 

P.V.P.. Values f o r  AHs a t  a p a r t i c u l a r  c o n c e n t r a t i o n  of  polymer 

i n c r e a s e  with i n c r e a s e  i n  molecular  weight .  

AHp, The Heat of  P a r t i t i o n i n g  

The p r e s e n t  system can be cons idered  a s  a d i s t r i b u t i o n  of 

a l lopur inoL between 0.M hydrochlor ic  a c i d  ( i n  which t h e  mole 

f r a c t i o n  o f  a l l o p u r i n o l  i s  no) and t h e  v a r i o u s  c o n c e n t r a t i o n s  of  

polymer i n  0.1N h y d r o c h l o r i c  a c i d  ( i n  which t h e  mole f r a c t i o n  o f  

a l l o p u r i n o l  i s  na). The h e a t  o f  p a r t i t i o n i n g  may be  obta ined  from 

l o g  -- na- - L i t ~  + a c o n s t a n t  
"0 2.303RT 

TABLE 4 

D i f f e r e n t i a l  Heats of  S o l u t i o n  (Kcals p e r  Mole) f o r  A l l o p u r i n o l  
i n  P.V.P. 

Molecular 
Weight Spec ies  z w/v P.V.P. 

0 2 4 6 8 10 

K-15 8.248 8.198 7.163 6.991 7.163 6.637 

K- 30 8.248 8.423 7.995 8.074 7.359 7.481 

x-90 8.248 8.456 8.236 8.595 8.737 8.031 
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SOLUBILITY OF ALLOPURINOL 563 

The AHp va lues  i n  P.V.P. K-15 and K-30 s o l u t i o n s  become 

i n c r e a s i n g l y  nega t ive  as t h e  c o n c e n t r a t i o n  i s  increased  but  no 

conclus ion  may be drawn f o r  t h e  K-90 s o l u t i o n s .  The e f f e c t  of 

i n c r e a s i n g  m l e c u l a r  weight appears  t o  make t h e  AHp values  less 

n e g a t i v e  f o r  a given c o n c e n t r a t i o n  of P.V.P. 

AGp, The Free Energy of P a r t i t i o n i n g  

The f r e e  energy of p a r t i t i o n i n g  may b e  c a l c u l a t e d  from 

n a 
"0 

AGp = -2.303RT log  - 

AGp va lues  i n  Table 6 are small  and n e g a t i v e  ranging  from -0.01 t o  

-0.375. Kcals per mole and become i n c r e a s i n g l y  n e g a t i v e  wi th  

i n c r e a s i n g  polymer c o n c e n t r a t i o n  a t  a p a r t i c u l a r  temperature. 

DISCUSSION 

I n  t h e  p r e s e n t  s tudy ,  t h e  c r i t e r i o n  f o r  s o l u b i l i t y  e q u i l i b r i u m  

was t h a t  d a i l y  assays  on t h r e e  consecut ive  days agreed t o  w i t h i n  

TABLE 5 

D i f f e r e n t i a l  Heats of  P a r t i t i o n i n g  (Kcals per  mole) f o r  Allo- 
p u r i n o l  i n  D i f f e r e n t  Molecular Weight Species  of  P.V.P. Solu t ions  
a t  pH 1.0. 

Mo 1 e c u l  ar 
Weight Species  z WIV P.V.P. 

2 4 6 8 10 

K-15 -0.109 -0.388 -0.608 -0.741 -0.795 

K- 30 +0.136 -0.255 -0.174 -0.901 -0.771 

K-90 + 0.207 -0.014 +0.571 M.408 -0.216 
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experimental  e r r o r .  

During t h e  course of t h e  s o l u b i l i t y  experiments t h e  phys ica l  

appearance of t h e  undissolved a l l o p u r i n o l  d i d  n o t  change. The 

s o l u b i l i t y  of  s a l i c y l i c  a c i d  i n  P.V.P. s o l u t i o n s  a t  pH 1 .0  was 

i n v e s t i g a t e d  by Giba ld i  and Weintraub (7) .  These workers found 

Equi l ibr ium was achieved w i t h i n  seven days. 

an  i r r e g u l a r  approach t o  equi l ibr ium,  which w a s  n o t  reached u n t i l  

about  f o u r t e e n  days. Furthermore, excess  c r y s t a l l i n e  s a l i c y l i c  

a c i d  used i n  t h e  s o l u b i l i t y  tes ts  appeared t o  be transformed 

i n t o  an amorphous p l a s t i c  p r e c i p i t a t e .  

When aqueous s o l u t i o n s  of P.V.P. are used as t h e  s o l v e n t  then  

t h e  s o l u b i l i t y  of  a l l o p u r i n o l  i s  g r e a t e r  than  i n  the  aqueous solu-  

t i o n s  themselves. This i n c r e a s e  i n  s o l u b i l i t y  i s  presumably caused 

by e i t h e r  entrapment of a l l o p u r i n o l  molecules w i t h i n  t h e  c o i l  

s t r u c t u r e  of t h e  polymer o r ,  mre probably,  by adsorp t ion  on t o  

P.V.P. chains .  The a f f i n i t y  of P.V.P. f o r  a l l o p u r i n o l  is  low, 

as i s  demonstrated by t h e  b inding  r a t i o s  which range from 178 t o  

1342 u n i t s  of P.V.P. a s s o c i a t e d  wi th  each molecule of a l l o p u r i n o l .  

However, a s  expected, t h e  e x t r a  amount of  a l l o p u r i n o l  d i s s o l v e d  

does i n c r e a s e  p r o p o r t i o n a l l y  with t h e  amount of P.V.P. p r e s e n t  

i n  t h e  d i s s o l u t i o n  media. 

The samples of P.V.P. used i n  these  s t u d i e s  are c l a s s i f i e d  

accord ing  t o  t h e i r  mean molecular weights. 

s p e c i e s  cons iderably  above and below t h e  mean v a l u e  are a l s o  

present .  

f r a c t i o n s  below 10,000 e x h i b i t  v i s c o s i t i e s  c h a r a c t e r i s t i c  of 

p o l y e l e c t r o l y t e s .  The q u a n t i t y  of  P.V.P. of molecular  weight 

But, molecular weight 

It has been shown (9 t h a t  P.V.P. of  molecular weight 
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566 COLLETT AND KESTEVEN 

less than 10,000 conta ined  i n  t h e  samples used i n  t h e s e  s t u d i e s  

should i n c r e a s e  i n  t h e  o r d e r  K-15 > K-30 > K-90 and i n  conse- 

quence t h e  i o n i c  c h a r a c t e r  o f  the  samples whould a l s o  i n c r e a s e  

i n  t h e  same o r d e r .  I f  i t  i s  assumed t h a t  a l l o p u r i n o l  i s  bound 

t o  t h e  P.V.P. c h a i n s  by t h e  i n t e r a c t i o n  o f  i t s  p o l a r  groups w i t h  

p o l a r  s i t e s  on t h e  c h a i n s ,  then t h e  a f f i n i t y  of  P.V.P. f o r  

a l l o p u r i n o l  should i n c r e a s e  i n  t h e  o r d e r  K-15 > K-30 > K-90 .  

Examination of Table  3 r e v e a l s  t h i s  t o  be  t h e  case .  

D i f f e r e n t i a l  h e a t s  of  s o l u t i o n  ( A H s )  v a l u e s  (Table  4 )  

decreased with i n c r e a s e  i n  P.V.P. c o n c e n t r a t i o n  f o r  P.V.P. K-15 

and K-30. I n  t h e  c a s e  of  P.V.P. K-90, t h e  d i f f e r e n c e s  i n  A H s  

values  were of t h e  o r d e r  of t h o s e  expected from exper imenta l  

e r r o r ,  n e v e r t h e l e s s  LHs values  appear  t o  remain approximately 

c o n s t a n t  . 
In  an e f f o r t  t o  produce more meaningful d a t a ,  changes i n  t h e  

e n t h a l p i e s  of  p a r t i t i o n i n g  (AHp) wi th  change of  P.V.P. concentra-  

t i o n  were c a l c u l a t e d .  However, r e s u l t s  c a l c u l a t e d  by t h i s  method 

a r e  a l s o  s u b j e c t  t o  s i g n i f i c a n t  e r r o r s  because  t h e  mathematical  

methods a r e  r a t h e r  too  s e n s i t i v e  f o r  t h e  exper imenta l  t echniques  

used. 

G i b a l d i  (8) i n  t h e i r  s t u d y  of  t h e  e f f e c t  of urea  on t h e  aqueous 

s o l u b i l i t y  of  benzoic  and s a l i c y l i c  a c i d s .  I n  t h e  c a l c u l a t i o n  

of e n t h a l p i e s  i t  i s  necessary  t o  o b t a i n  t h e  p a r t i t i o n i n g  r a t i o s  

"a/no. 

i s  c a l c u l a t e d  and can produce l a r g e  e r r o r s  i n  en tha lpy  va lues .  

Consequently it i s  more meaningful t o  d i s c u s s  t r e n d s  r a t h e r  t h a n  

These d i f f i c u l t i e s  were a l s o  encountered  by Feldman and 

Small e r r o r s  i n  n a /no become l a r g e  e r r o r s  when l o g  n a /no  
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SOLUBILITY OF ALLOPURINOL 567 

i nd iv idua l  r e s u l t s  when i n t e r p r e t i n g  the  thermodynamic data .  

I n  a l l  cases  AHp values  tend t o  become more negat ive  a s  the  con- 

c e n t r a t i o n  of P.V.P. i n  s o l u t i o n  inc reases ,  t hese  va lues  range from 

from +0.207 t o  -0 .795  Kcals/mole. These values  a r e  much lower 

than those  normally obtained f o r  hydrogen-bond formation 

(approximately 3-5 K c a l s / m l e ) .  

t i o n i n g  (AGp) a r e  a l l  nega t ive  i n d i c a t i n g  t h a t  t h e  adsorp t ion  

process  i s  always spontaneous. The more nega t ive  AGp is ,  the  

more spontaneous is t he  process. From Table  6 i t  can b e  seen 

t h a t  t h e  process  becomes mre spontaneous with inc rease  i n  P.V.P. 

concent ra t ion .  Temperature appears  t o  have l i t t l e  e f f e c t  on AGp. 

The magnitudes of t h e  AGp va lues  a r e  aga in  too small t o  i n d i c a t e  

hydrogen-bond format ion. 

The f r e e  energ ies  of p a r t i -  

I n  view of the  small AHp and AGp va lues  obta ined  i t  i s  t o  be 

expected t h a t  t h e  ASp va lues  tend t o  become more negat ive  ( ind i -  

c a t i n g  an o rde r ing  of  t he  system) as t h e  concent ra t ion  of P.V.P. 

is increased.  

I n  summary, the  thermodynamic parameters i n d i c a t e  t h a t  t h e  

a s s o c i a t i o n  between a l lopur ino l  and P.V.P. is spontaneous. The 

bonds formed a r e  probably weak d ipo le  i n t e r a c t i o n s  between p o l a r  

groups on the  a l l o p u r i n o l  molecule and po la r  si tes on t h e  P.V.P. 

chains .  

t h e  su r face  of t he  P.V.P. cha ins  i f  by doing so they reduce t h e  

i n t e r f a c i a l  f r e e  energy between water  and P.V.P. This o rde r ing  

o f  water and t h e  r e s u l t i n g  l o s s  of entropy (which would inc rease  

It i s  a l s o  p o s s i b l e  f o r  water molecules t o  c o l l e c t  a t  
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COLLETT AND KESTEVEN 568 

with i n c r e a s i n g  P.V.P. concent ra t ion)  may make a c o n t r i b u t i o n  

to  the  nega t ive  Asp values  obtained.  
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