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ABSTRACT 

Sp i rono lac tone  depos i ted  f rom acetone and methanol o n t o  
g l a s s  p a r t i c l e s  i n  t h e  forms ob ta ined  on r e c r y s t a l l i s a t i o n ,  b u t  
adopted d i f f e r e n t  forms on l a c t o s e  due t o  t h e  e f f e c t s  o f  s o l v e n t  
on t h e  m a t r i x .  

So lven t -depos i t i on ,  t h e  p r e c i p i t a t i o n  o f  s o l u t e  o n t o  a 

m a t r i x  s u r f a c e  by evapora t ion ,  i s  an e s t a b l i s h e d  process  i n  t h e  

manufacture o f  s o l i d  dosage forms, and i s  commonly used as a 

m i x i n g  technique. As r e p o r t s  o f  comprehensive s t u d i e s  on  t h e  

e f f e c t s  o f  d e p o s i t i o n  systems on drug p a r t i c l e  s i z e ,  d i s s o l u t i o n  

r a t e  and s t a b i l i t y  had no ted  t h e  occur rence o f  po lymorph ic  

behaviour,  i t  was cons idered o f  i n t e r e s t  t o  examine whether 

forms w i th  p a r t i c u l a r  c h a r a c t e r i s t i c s  c o u l d  be developed on 

so l ven t -dspos i t i on .  Sp i rono lac tone,  a s t e r o i d a l  d i u r e t i c  with 

v a r i a b l e  and d i sso lu t i on -dependen t  b i o a v a i l a b i l i  t y  , 
f o r  s tudy  as i t  had been found t o  c r y s t a l l i s e  f r o m  v o l a t i l e  

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

d i s s o l u t i o n  r a t e s ; 4  powdered g l a s s  was employed as  a model 

m a t r i x .  

1,2 . 

was s e l e c t e d  

5 

MATERIALS AND METHODS 

I n f r a r e d  Spectra i n  l i q u i d  p a r a f f i n  mulls were ob ta ined  wi th a 

Pye Unicam SPZOO spec t rometer ,  u s i n g  a compensating sample o f  

2 0 6 1  
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2062 SALOLE AND AL-SARRAJ 

e x c i p i e n t  i n  t h e  re fe rence beam when necessary t o  c l e a r l y  

d i s t i n g u i s h  t h e  s t r o n g  and c h a r a c t e r i s t i c  3 -ke tone/7- th ioes ter  

ca rbony l  peaks around 1680 cm-’. 

Powder D i s s o l u t i o n  r a t e s  were determined by suspending t h e  

e q u i v a l e n t  o f  14mg s p i r o n o l a c t o n e  i n  2 d l  water  i n  a c o n i c a l  

f l a s k ,  f i t t e d  w i th  a magnet ic f o l l o w e r  and f i l t e r - s t i c k  

assembly, e q u i l i b r a t e d  i n  a b a t h  a t  37.0 2 0.2°C.6 

i n t e r v a l s ,  8ml samples were withdrawn, f i l t e r e d  th rough  a 0.7pm 

g l a s s  f i b r e  pad (Whatman Ltd.,UK) and, d i s c a r d i n g  t h e  f i r s t  3ml 

o f  f i l t r a t e ,  assayed s p e c t r o p h o t o m e t r i c a l l y  a t  238nm. 

Scanning E l e c t r o n  Microscope (SEM) photographs were t a k e n  with 

a f ’ h i l l i p s  P S C M  500 ins t ru inen t  (specimens s p u t  Lcr -coated  w i t h  

g o l d ) .  

So lvent -Depos i t ion  o f  s p i r o n o l a c t o n e  ( b a t c h  3391.1, Sear le  

Labora to r ies ,  UK) on to  m a t r i c e s  o f  g l a s s  (crushed ‘Pyrex’, 

>60420t1m s i e v e  f r a c t i o n )  o r  l a c t o s e  monohydrate B.P. ( ‘Regu la r  

Grade’, Whey Produc ts  Ltd. ,  UK; s i e v e  a n a l y s i s  : 4 53pm 29%, 

>53pm 475pm 22%, >75405pm 21%, > 105<125pm Il%, > 1 2 5 p  <150pm 6 % ,  

~ 1 5 O L 2 1 0 p m  8%) i n  1:3 r a t i o  was c a r r i e d  o u t  by i n t e r m i t t e n t l y  

A t  

w e t t i n g  0.759 o f  m a t r i x  on a watch g l a s s  w i th  

drug  s o l u t i o n  i n  e i t h e r  acetone or  methanol  ( 

used as r e c e i v e d ) ,  and d r y i n g  by g e n t l y  tumbl  

ambient-temperature stream from an a i r - b l o w e r  

Thermal Analyses were c a r r i e d  o u t  by K o f l e r  h 

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

a concen t ra ted  

AnalaR’ grade, 

nq under t h e  

t - s t a g e  microscopy 

by  d i f f e r e n t i a l  

thermal  a n a l y s i s  (DTA) wi th a S tan ton  Redc ro f t  6718 ana lyse r  

(samples e q u i v a l e n t  t o  about 5mg o f  s p i r o n o l a c t o n e  were heated  

a t  10°C min-’ i n  open cups i n  a s t a t i c ,  ambient atmosphere, 

with an equa l  mass o f  a lumina as re fe rence ;  sa:nples o f  sp i rono -  

l a c t o n e  depos i ted  on  l a c t o s e ’  were analysed u s i n g  an “ a c t i v e  

re fe rence” ,  c o n s i s t i n g  o f  an e q u i v a l e n t  mass o f  l a c t o s e ,  t o  

compensate f o r  b a s e l i n e  s h i f t s  due t o  t h e  m a t r i x ) .  
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EFFECT OF SOLVENT-DEPOSITION 2063 

X-Ray Powder D i f f r a c t i o n  p a t t e r n s  were ob ta ined  for sp i rono -  

l a c t o n e  depos i ted  on  g l a s s  with a P h i l l i p s  XDL-700 G u i n i e r  

camera a l i g n e d  f o r  Kocl copper r a d i a t i o n ,  t h e  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. R e l a t i v e  l i n e -  

i n t e n s i t i e s  ( / l o )  were 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 

RESULTS AND DISCUSSION 

Sp i rono lac tone  depos i ted  on  g l a s s  f rom acetone e x h i b i t e d  

I R  peaks around 1680 cm-' and DTA cu rve  (F ig .  l a >  s i m i l a r  t o  

those o f  form 111, t h e  phase p r e v i o u s l y  ob ta ined  by c r y s t a l l i s -  

a t i o n  from acetonee4 X-ray d i f f r a c t i o n  revea led  a spac ing  

p a t t e r n  i d e n t i c a l  t o  Form 111, except  t h a t  t h e  s t r o n g  l i n e  a t  

8.68 8 was absent (Tab le  I ) ,  perhaps due t o  l a t t i c e  s t r a i n  

imposed on t h e  r e l a t i v e l y  s m a l l  c r y s t a l s  ( F i g .  Za) by t h e  

r a p i d i t y  o f  p r e c i p i t a t i o n .  

I t  appeared t h e r e f o r e  t h a t  s p i r o n o l a c t o n e  depos i ted  f rom 

acetone on to  g l a s s  adopted t h e  form ob ta ined  by c r y s t a l l i s a t i o n .  

S i m i l a r l y ,  t h e  I R  c a r b o n y l  peaks, DTA cu rve  ( w i t h  c h a r a c t e r i s t i c  

p re -me l t i ng  endotherm-exotherm d o u b l e t  (F ig .  I b ) ,  cor respond ing  

t o  s imultaneous d e s o l v a t i o n ,  m e l t i n g  and c r y s t a l  g rowth  under 

HSM) and X-ray d i f f r a c t i o n  p a t t e r n  (Tab le  I) o f  t h e  a c i c u l a r  

c r y s t a l s  o f  s p i r o n o l a c t o n e  depos i ted  from methanol  on g l a s s  

( F i g '  2b) con f i rmed  them as Form D, t h e  s o l v a t c d  phase a l s o  

ob ta ined  p r e v i o u s l y  by c r y s t a l l i s a t i o n .  

4 

When examined f o r  d i s s o l u t i o n  r a t e ,  t h e  p r o d u c t  f rom 

methanol  e x h i b i t e d  r a p i d  d i s s o l u t i o n ,  as a n t i c i p a t e d ,  a c h i e v i n g  

c o n c e n t r a t i o n s  n o t  o n l y  i n  excess o f  t h e  apparent e q u i l i b r i u m  

va lue  (about  2.6mg d 1 - I )  b u t  a l s o  h i g h e r  than  r e c r y s t a l l i s e d  

fo rm D (F ig .  3),4 perhaps due t o  a s m a l l e r  p a r t i c l e  s i z e  and 

apparen t l y  tenuous at tachment t o  g l a s s  ( F i g .  2b ) .  However, a f t e r  

peak ing  a t  about 5.5mg d l - '  t h e  cu rve  e x h i b i t e d  :J s teep d e c l i n e  

i n  concen t ra t i on ,  c h a r a c t e r i s t i c  o f  t h e  p r e c i p i t a t i o n  o f  a less 

s o l u b l e  phase; indeed t h e  I R  and the rma l  c h a r a c t e r i s t i c s  o f  t h e  
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2064 SALOLE AND AL-SARRAJ 

50 11 0 170 230 OC 

FIGURE 1 

DTA curves  o f  s p i r o n o l a c t o n e  depos i ted  on g l a s s  f rom (a )  
acetone and ( b )  methanol, and on  l a c t o s e  from ( d )  acetone and 
( e )  methanol; ( c )  DTA cu rve  o f  l a c t o s e  u s i n g  an " a c t i v e  
re fe rence"  . 

r e s i d u e  i n  suspension a f t e r  4h were s i m i l a r  t o  those o f  Form A, 

t h e  p o o r l y  s o l u b l e  hyd ra ted  form o f  s p i r o n o l a c t o n e  t o  wh ich  

o t h e r s  were found t o  t r a n s f o r m  on pro longed c o n t a c t  w i th  water.  

S ince  Form D ob ta ined  by c r y s t a l l i s a t i o n  had p r e v i o u s l y  been 

4 

found t o  r e t a i n  i t s  maximal s o l u b i l i t y  o f  4.75mg d l - '  f o r  a t  

l e a s t  48h, i t  appeared t h a t  t h e  r a t e  o f  t r a n s f o r m a t i o n  t o  Form A 

was s e n s i t i v e  t o  t h e  degree o f  s u p e r s a t u r a t i o n  and t h a t  me tas tab le  
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EFFECT OF SOLVENT-DEPOSITION 2065 

TABLE I 

I n t e r p l a n a r  S p a c e s  ( d )  and Relative L i n e - I n t e n s i t i e s  o f  
S p i r o n o l a c t o n e  D e p o s i t e d  on Glass. 

from Acetone  

d / i  I/IO 

9.60 9 
7.77 6 

7 .13  7 
6.34 9 

5.57 9 

5.32 10 

5.11 10 

4.77 9 

4 .63  9 

4.37 10 

from Llethanol 

d /A I/IO 

9.72 7 

8.88 5 

7.67 6 

6.67 8 

6.14 9 

5.89 9 

5.51 8 

5.28 7 

5.07 10 

4.85 10  

c o n c e n t r a t i o n s  o f  s p i r o n o l a c t o n e  (i  . e . < 5.5mg dl - '  1 c o u l d  be  

m a i n t a i n e d  f o r  c o n s i d e r a b l e  p e r i o d s .  

F o l l o w i n g  t h e  r e s u l t s  w i t h  t h e  model g l a s s  matr ix ,  t h e  

d i s s o l u t i o n  r a t e s  of s p i r o n o l a c t o n e  d e p o s i t e d  on l ac tose  
were found  t o  be d i s a p p o i n t i n g l y  low ( F i g .  3 ) .  R e l a t i v e  

i n t e n s i t i e s  o f  t h e  IR p e a k s  around 1600cm-' 

i n d i c a t e d  t h a t  t h e  s t i l l  a c i c u l a r  c r y s t a l s  fro.; w t h a n o l  

( F i g .  2 c )  were of Form D b u t  t h a t  t h e  a c e t o n e  s a m p l e  now 

c o n s i s t e d  o f  6rm A. On DTA, u s i n g  a n  "act ive r e f e r e n c e "  t o  
n e g a t e  t h e  l a r g e  l a c t o s e  endotherms a t  147 and 2 1 9 O C  d u e  t o  

d e s o l v a t i o n  and m e l t i n g ,  r e s p e c t i v e l y  ( F i g .  I c  ), t h e  a c e t o n e  

s a m p l e ' s  endotherm-exotherm a r o u n d  1 6 O O C  ( F i g .  I d )  s u g g e s t e d  

Form A, b u t  any s i g n s  o f  Form D i n  t h e  methanol  sample  were 
masked by l a c t o s e  d e h y d r a t i o n  ( F i g .  l e ) .  A p p a r e n t l y  t h e  

clearly 
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2066 

FIGURE 2 

SALOLE AND AL-SARRAJ 

SEM micrographs o f  sp i rono lac tone  depos i ted  on glass  from (a )  
acetone and (b) methanol, and on l a c t o s e  from ( c )  methanol 
( s c a l e  marker = 10pm). 
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EFFECT OF SOLVENT-DEPOSITION 2067 

(Figure 2 Continued) 

d e p o s i t i o n  o f  s p i r o n o l a c t o n e  on l a c t o s e  d i d  n o t  p a r a l l e l  t h a t  

on  g l a s s ;  t h e  development  o f  Form A from a c e t o n e  may h a v e  been  

due  t o  s u r f a c e  m o i s t u r e  ( p r e s e n t  a t  a b o u t  0.3% " / w ) ,  b u t  t o  

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

sample  d e p o s i t s  were made on >150<210pm and C53prn l a c t o s e  

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

T h e L 5 3 p  f r a c t i o n  e x h i b i t e d  a lower d i s s o l u t i o n  ra te  t h a n  

found p r e v i o u s l y  ( F i g .  3) ,  b u t  i n  c o n t r a s t ,  a l t h o u g h  o f  similar 

g r a n u l e  s i z e ,  t h e  i a r g e r  f r a c t i o n  d i s s o l v e d  a s  r a p i d l y  as  t h e  

g l a s s  s y s t e m ,  t h e  c u r v e  a l s o  p e a k i n g  a t  a b o u t  5.5m9 d1-I b e f o r e  

f a l l i n g  away ( F i g .  3 ) .  DTA was u n i n f o r m a t i v e ,  t h e  curves b e i n g  

s imilar  t o  t h o s e  o f  u n f r a c t i o n a t e d  m a t e r i a l ,  b u t  I R  s p e c t r a  

s u g g e s t e d  t h a t  s p i r o n o l a c t o n e  d e p o s i t e d  a s  Form D on t h e  l a r g e  

m a t r i x  b u t  d e v e l o p e d  a s  Form A on t h e  small l a c t o s e  f r a c t i o n .  

DTA and HSM o f  l ac tose  t r e a t e d  w i t h  p l a i n  s o l v e n t s  r e v e a l e d  t h a t  

i t  was r a p i d l y  d e h y d r a t e d  by methanol  ( a  c o n c l u s i o n  s i n c e  
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2068 SALOLE AND AL-SARRAJ 
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FIGURE 3 

D i s s o l u t i o n  i n  water  a t  3 7 O C  o f  s p i r o n o l a c t o n e  depos i ted  on  
(- ) g l a s s  and ( - - - 1 l a c t o s e  from ( v )  acetone and (0) 
methanol; depos i ted  on  (0) 453pm and (0) > I 5 0 4  210pm l a c t o s e  
f r a c t i o n s  from methanol. 
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EFFECT OF SOLVENT-DEPOSITION 2069 

7 co r robora ted  i n  d e t a i l  by h k  ) ;  b e r e f o r e  t h e  d i f f e r e n c e  

between s p i r o n o l a c t o n e  forms depos i ted  on l a r g e  and s m a l l  

f r a c t i o n s  may have been due t o  t h e  g r e a t e r  degree o f  d e h y d r a t i o n  

exper ienced by  t h e  l a t t e r ,  and t h e  r e l a t i v e l y  poor  d i s s o l u t i o n  

o f  u n f r a c t i o n a t e d  m a t r i x  a r e f l e c t i o n  o f  i t s  p a r t i c l e  s i z e  

d i s t r i b u t i o n .  

I t  appears t h a t  t h e  po lymorph ic  c h a r a c t e r i s t i c s  o f  

s p i r o n o l a c t o n e  a r e  ma in ta ined  on  s o l v e n t - d e p o s i t i o n ,  t h e  

development o f  p a r t i c u l a r  forms depending l e s s  on t h e  p r o p e r t i e s  

o f  t h e  m a t r i x  t han  on  those o f  t h e  s o l v e n t ,  i n  terms o f  i t s  

i n t e r a c t i o n s  wi th b o t h  d rug  and t h e  base. The l a t t e r  aspec t  has 

i m p l i c a t i o n s  f o r  w e t - g r a n u l a t i o n  and t h e  o t h e r  manu fac tu r ing  

processes i n v o l v i n g  l a c t o s e ,  s o l v e n t s  and drugs s u s c e p t i b l e  t o  

s u b t l e  c r y s t a l l o g r a p h i c  t rans fo rma t ions ,  and may indeed have 

c o n t r i b u t e d  t o  t h e  r e p o r t e d  d i f f e r e n c e s  between t a b l e t  
f o r m u l a t i o n s  o f  sp i rono lac tone .  899 

Cons ider ing  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  

i s  h i g h l y  d i sso lu t i on -dependen t ,  i t  would appear t h a t ,  w i t h i n  

l i m i t s ,  p a r t i c l e  s i z e  o f  raw m a t e r i a l  i s  perhaps n o t  t h e  major  

c o n s i d e r a t i o n  and t h a t  t h e  c r y s t a l  form p resen t  a t  t h e  end o f  

t h e  manufac tur ing  process  i s  o f  g r e a t e r  re levance  t o  p r o d u c t  

performance. 

S o l v e n t - e x c i p i e n t  i n t e r a c t i o n s  n o t w i t h s t a n d i n g ,  g l a s s  

p a r t i c l e s  would appear t o  se rve  w e l l  as  a model m a t r i x  i n  p re -  

f o r m u l a t i o n  assessment, hav ing  t h e  o u t s t a n d i n g  advantage o f  n o t  

i n t e r f e r i n g  wi th t h e  key a n a l y t i c a l  methods o f  t he rma l  a n a l y s i s  

and X-ray d i f f r a c t i o n .  

Th is  paper was presented  i n  p a r t  a t  t h e  4 t h  Pharmaceut ica l  
Technology Conference, Edinburgh, A p r i l  1984. 
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