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ABSTRACT 

S p i r o n o l a c t o n e  was o b t a i n e d  i n  t h r e e  polymorphic and f i v e  
s o l v a t e d  c r y s t a l l i n e  forms which d i f f e r e d  i n  i n i t i a l  d i s s o l u t i o n  
ra te  i n  water by a b o u t  a f a c t o r  o f  12 ,  t h e  most r a p i d l y  d i s s o l v i n g  
form a c h i e v i n g  c o n c e n t r a t i o n s  a b o u t  twice t h e  e q u i l i b r i u m  
s o l u b i l i t y ;  on p ro longed  c o n t a c t  w i t h  water t r a n s f o r m a t i o n  t o  an 
hydra t ed  phase o c c u r r e d .  I t  is s u g g e s t e d  t h a t  t h e  f a c i l i t y  w i t h  
which s p i r o n o l a c t o n e  a d o p t s  d i f f e r e n t  c rys ta l  forms may be 
u t i l i s e d  t o  enhance i t s  d i s s o l u t i o n - r e l a t e d  o r a l  b i o a v a i l a b i l i t y .  

That s p i r o n o l a c t o n e ,  a u s e f u l  d i u r e t i c ,  is  p o o r l y  s o l u b l e  

and h i g h l y  dependent  on a f i n e  p a r t i c l e  s i z e  f o r  adequa te  

d i s s o l u t i o n  

v iew o f  i t s  
s e n s i t i v i t y  
d i s s o l u t i o n  

and o r a l  b i o a v a i l a b i l i t y  is well r ecogn i sed .  ' 
a p p a r e n t  i n c l i n a t i o n  towards polymorphism, * 
t o  g r i n d i n g , 4  and t h e  d i f f e r e n c e s  i n  t a b l e t  

I n  
i t s  

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

o f  drug b a t c h e s  from d i f f e r e n t   source^,^ s p i r o n o l a c t o n e  p r e s e n t -  

ed  i t s e l f  a s  a c a n d i d a t e  f o r  an examina t ion  o f  t h e  e f f e c t s  o f  

t h e  p r o c e s s  o f  s o l v e n t - d e p o s i t i o n  on d rug  

it was s c r e e n e d  f o r  a p p r o p r i a t e  c r y s t a l l i n e  m o d i f i c a t i o n s .  

t o  which end 

MATERIALS AND METHODS 

C r y s t a l l i s a t i o n  o f  s p i r o n o l a c t o n e  ( b a t c h  338M, S e a r l e  L a b o r a t o r i e s ,  

UK; b a t c h  78C-0449, Sigma London Chemical Co., UK)  from o r g a n i c  
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856 SALOLE AND AL-SARRAJ 

solvents  ( 'AnalaR' grade) was achieved by: ( i )  forced-convection 

evaporat ion-so lut ions on a watch g lass  were subjected t o  the  

ambient-temperature stream from an a i r -b lower ;  ( i i )  na tu ra l -  

convect ion coo l i ng  o f  warm sa tura ted  s o l u t i o n s  t o  room temperature 

i n  c losed f lasks ;  ( i i i )  so lvent  evaporat ion a t  3OoC under reduced 

pressure i n  a r o t a r y  evaporator; ( i v )  natura l -convect ion 

evaporation - s o l u t i o n s  on a watch g lass were al lowed t o  evaporate 

under ambient cond i t ions .  Residues were f u r t h e r  d r i e d  f o r  48h 

a t  3OoC/6.7 kPa i n  a vacuum oven. 

I n f r a r e d  Spectra were obtained with a Pye Unicam SP200 spectro- 

meter, us ing the  l i q u i d  p a r a f f i n - m u l l  technique. 

P a r t i c l e  Sizes determined as weight d i s t r i b u t i o n s  with a Coul ter  

Counter model T A I I ,  us ing  pre-saturated 0.9% '/v sodium c h l o r i d e  

as e l e c t r o l y t e .  

Powder D isso lu t i on  r a t e s  were determined by suspending 14mg 

samples i n  2 d l  water i n  a con ica l  f l a s k  f i t t e d  w i t h  a magnetic 

fo l l ower  and f i l t e r - s t i c k  assembly ,4 e q u i l i b r a t e d  i n  a bath 

a t  37.0 2 0.2OC. 

f i l t e r e d  through a 0.7pm g l a s s - f i b r e  pad (Whatman Ltd., UK) and, 

d iscard ing  the  f i r s t  3ml o f  f i l t r a t e ,  assayed spect rophotornet r ica l ly  

a t  238 nm. 

Scanning E lec t ron  Microscope (SEM) photographs were taken w i t h  a 

P h i l l i p s  P SEM 500 inst rument  (specimens sput ter -coated with go ld ) .  

S o l u b i l i t y  was determined by suspending 20mg samples i n  0.2dl 
water i n  stoppered f l a s k s  i n  a shaking water-bath a t  37.0 2 0.2OC 

fo r  14d. 

described. 

Thermal Analyses were c a r r i e d  out  by K o f l e r  hot-stage microscopy 

(HSM) o f  samples mounted i n  s i l i c o n e  o i l ,  thermogravirnetry (TG) 

w i t h  a Perkin-Elmer TGS-2 thermobalance and d i f f e r e n t i a l  

thermal ana lys is  (DTA) wi th a Stanton Redcroft 6718 analyser  

(5mg specimens heated i n  open cups a t  10°C min- I  i n  s t a t i c  ambient 

atmosphere, alumina re fe rence) .  

X-Ray Powder D i f f r a c t i o n  pa t te rns  were obtained wi th a P h i l l i p s  

XDL-700 Guin ier  camera, a l igned f o r  the  Kd, l i n e  o fa  copper 

A t  i n t e r v a l s ,  8ml samples were removed, 

F i l t r a t e s  were obta ined and assayed as p rev ious l y  
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SALOLE AND AL-SARRAJ 
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FIGURE 1 

I n f r a r e d  (mul l )  s p e c t r a  o f  s p i r o n o l a c t o n e  c r y s t a l  forms: 
( a )  I, C, D; ( b )  11, B; (c) 111; ( d )  A,E- 

t a r g e t  (specimens mounted on adhesive c e l l u l o s e  tape and 

i r r a d i a t e d  f o r  5h) .  

es t ima ted  m i c r o d e n s i t o m e t r i c a l l y .  

I R e l a t i v e  l i n e - i n t e n s i t i e s  ( /Io) were 

RESULTS AND DISCUSSION 

Sp i rono lac tone  was ob ta ined  i n  t h r e e  polymorphic  and f i v e  

s o l v a t e d  c r y s t a l l i n e  forms (Table 1). The two f i n e l y  d i v i d e d  

commercial  samples e x h i b i t e d  d i f f e r e n t  I R  s p e c t r a  ( F i g .  I b , d )  

and, a l t hough  a p p a r e n t l y  amorphous, powder d i f f r a c t i o n  p a t t e r n s  

(Table 2);  t h e  DTA cu rve  o f  Form A e x h i b i t e d  a wide, s h a l l o w  
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860 SALOLE AND A L - S A W J  

t 'I a 

50 11 0 170 230 OC 

FIGURE 2 
DTA curves o f  s p i r o n o l a c t o n e  c r y s t a l  forms: ( a )  11; ( b )  A; ( c )  
D (C, E p r e - m e l t i n g  peaks a r e  a t  139/157OC, 154/162OC); ( d )  
A-residue i n  s o l u b i l i t y  f l a s k ;  ( e )  C-residue a f t e r  3d i n  aqueous 
suspension. 

endotherm below l l O ° C  and a s m a l l  p r e - m e l t i n g  exotherm a t  15OOC 

( F i g .  2b) , i n d i c a t i n g  d e s o l v a t i o n  (1.2% mass l o s s  by TG) and 

some l a t t i c e  rearrangement.  

c r y s t a l l i s e d  f rom acetone as Form I11 ( F i g .  3a),  methanol  

p r o v i d e d  

c h a r a c t e r i s t i c a l l y  e x h i b i t e d  DTA curves w i th  a pronounced pre-  

m e l t i n g  endotherm-exotherm d o u b l e t  (F ig .  Zc), co r respond ing  t o  

s imul taneous d e s o l v a t i o n  (0.4% and 1.5% TG mass l o s s  f o r  D and E, 

r e s p e c t i v e l y ) ,  m e l t i n g  and c r y s t a l  growth,  as observed under HSM. 

Whereas s p i r o n o l a c t o n e  c o n s i s t e n t l y  

a c i c u l a r  Form D ( F i g .  3b) and Forms C and E, which 

The e i g h t  forms o f  s p i r o n o l a c t o n e  were found t o  d i s s o l v e  

a t  d i f f e r e n t  r a t e s ,  which d i d  n o t  c o r r e l a t e  wi th  p a r t i c l e  s i z e ,  

i n i t i a l  c o n c e n t r a t i o n s  v a r y i n g  by about a f a c t o r  o f  12 (F ig .  4 ) .  

Form D d i s s o l v e d  most r a p i d l y ,  a c h i e v i n g  c o n c e n t r a t i o n s  w e l l  above 

t h e  r e p o r t e d  s o l u b i l i t y  o f  2.2 - 2.8 mg d l  

Form 11, i n  c o n t r a s t  t o  Forms A and I11 ( F i g .  4 ) .  However, a l l  

, 3 9 7  as a l s o  d i d  
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SPIRONOLACTONE CRYSTAL FORMS 

FIGURE 3 
SEM micrographs o f  sp i ronolactone c r y s t a l  forms: (a )  111; (b )  
D (sca le  marker 10 pm). 

861 
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862 SALOLE AND AL-SARRAJ 
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FIGURE 4 
D i s s o l u t i o n  curves o f  s p b n o l a c t o n e  c r y s t a l  forms i n  water  a t  
37OC: 0 D; 0 11; A A; v C; 0 E; rIII; c u r v e  I matches 
A t o  1.5h, r i s i n g  t o  3.1 mg d1 - I  a t  4h; cu rve  B i n t e r s e c t s  
A a t  3h, r i s i n g  t o  3.0 m q  d l - 1  a t  4h. 

forms o f  s p i r o n o l a c t o n e  were found t o  have apparent  e q u i l i b r i u m  

s o l u b i l i t i e s  w i th in  t h e  l i t e r a t u r e  range (Table 1); examina t ion  

o f  t h e  d r i e d  c r y s t a l l i n e  r e s i d u e s  from s o l u b i l i t y  f l a s k s  found 

t h a t ,  with t h e  e x c e p t i o n  o f  Form 11, a l l  e x h i b i t e d  an I R  

spectrum and DTA cu rve  s i m i l a r  t o  Form A, with a pronounced 

exotherm a t  about 16OOC (F ig .  Zd, e ) .  It appeared t h a t  s p i r o -  

no lac tone  c r y s t a l s  underwent t r a n s f o r m a t i o n  t o  a r e l a t i v e l y  

p o o r l y s o l u b l e  hyd ra ted  phase, s i m i l a r  t o  Form A, on p ro longed  

suspension i n  water;  t h e  apparent  r e s i s t a n c e  o f  Form I 1  t o  

t r a n s f o r m a t i o n ,  d e s p i t e  i t s  lowered s o l u b i l i t y ,  may have been a 
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SPIRONOLACTONE CRYSTAL FORMS 863 

r e f l e c t i o n  o f  i t s  relat ive l a t t i c e  s t a b i l i t y  and s u c c e s s  a t  

s e e d i n g  f o r  excess s o l u t e .  

The c r y s t a l  p r o p e r t i e s  of  s p i r o n o l a c t o n e  a r e  c lear ly  

complex: a s  w i t h  o t h e r  s t e r o i d a l  i t  c a n  adopt polymorphic ,  

n o n s t o i c h i o m e t r i c a l l y  s o l v a t e d  o r  amorphous g l a s s  forms from t h e  

same s o l v e n t s ,  and undergo solvent-mediated and o t h e r  s o l i d - s t a t e  

t r a n s f o r m a t i o n s  293910911 ( i n  t h i s  s t u d y  t h e  use o f  compressed 

d i s c s  f o r  IR s p e c t r o s c o p y  was abandoned because some samples  

t ransformed under pressure).  

l a c t o n e  does t h i s  may be due t o  a f l e x i b l e  l a t t i c e  (be ing  bound 

on ly  by r e l a t i v e l y  weak van d e r  Waals f o r c e s ” )  a l l o w i n g  t h e  

molecule t o  adop t  s u b t l y  d i s t o r t e d  

have i m p l i c a t i o n s  f o r  t h e  performance o f  o r a l  f o r m u l a t i o n s .  

The f a c i l i t y  w i th  which s p i r o n o -  

and must 

I t  h a s  l o n g  been r ecogn i sed  t h a t  t h e  b i o a v a i l a b i l i t y  o f  

s p i r o n o l a c t o n e  from t a b l e t  f o r m u l a t i o n s  i s  c l o s e l y  r e l a t e d  t o  

d i s s o l u t i o n  r a t e .  Th i s  s t u d y  and t h e  recent r e p o r t  by E l -da l sh  

e t  a l l o  i n d i c a t e  i n  t u r n  t h a t  d i s s o l u t i o n  is n o t  s imply a matter 

of  drug p a r t i c l e  s i z e .  

n o l a c t o n e  may p l a y  an i m p o r t a n t  r o l e  may be i n f e r r e d  from 

Clarke e t  a 1  

t a b l e t  d i s s o l u t i o n  a t  40 min and b i o a v a i l a b i l i t y ,  and found 

s u b s t a n t i a l  d i f f e r e n c e s  between i d e n t i c a l l y  fo rmula t ed  and 

p rocessed  t a b l e t s  o f  d rug  b a t c h e s  from d i f f e r e n t  sou rces ;  i n  t h i s  

s t u d y  commercial b a t c h e s  were found t o  d i f f e r  and d i f f e r e n t  

c r y s t a l  forms s h o w n , a f t e r  I h  i n  w a t e r ,  t o  a c h i e v e  c o n c e n t r a t i o n s  

va ry ing  from h a l f  t o  twice t h e  accep ted  d rug  s o l u b i l i t y .  

Although i t s  sha l low dose-response r e l a t i o n s h i p ,  high t h e r a p e u t i c  

r a t i o ”  and incomple t e ly  c h a r a c t e r i s e d  pha rmacok ine t i c s l  

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

c o n s i s t e n t  p roduc t  performance by t h e  j u d i c i o u s  s e l e c t i o n  o f  

c r y s t a l  form would appea r  t o  be worthy o f  c o n s i d e r a t i o n .  

That t h e  s o l i d - s t a t e  p r o p e r t i e s  o f  s p i r o -  

who r e p o r t e d  s i g n i f i c a n t  c o r r e l a t i o n s  between 

make 

T h i s  paper  was p r e s e n t e d  i n  p a r t  a t  t h e  4 t h  Pha rmaceu t i ca l  

Technology Conference,  Edinburgh, A p r i l  1984. 
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