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ABSTRACT 

Two c r y s t a l  forms of f o s t e d i l  were c h a r a c t e r i z e d  

u s i n g  x - r a y  d i f f r a c t i o n  p a t t e r n s  a n d  i n f r a r e d  s p e c t r a .  

The m e l t i n g  p o i n t s  of polymorph I and I1 were 95.3 O C  

and  96.4 O C ,  r e s p e c t i v e l y .  

S o l u b i l i t y  s t u d i e s  d e m o n s t r a t e d  t h a t ,  of t h e  two 

fos t ed i l  p o l y m o r p h s ,  f o r m  I1 was s l i g h t l y  more s o l u b l e  

t h a n  f o r m  I. The f r e e  e n e r g y  d i f f e r e n c e  be tween t w o  

po lymorphs  was small (71 .8  cal/mol a t  37 O C ) .  Both 

c r y s t a l s  melted a t  about 60 O C  i n  water c o n s i d e r a b l y  

below t h e  m e l t i n g  p o i n t s .  
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1544 TAKAHASHI ET A L .  

Compression of form 11 at a compression force of 

500 - 1000 kg/cm2 induced polymorphic changes in the 
crystal. Similar changes also were produced through 

grinding. The effects of some diluents on the 

polymorphic transformation from form I1 into form I by 

grinding were also studied. Microcrystalline cellulose 

and corn starch showed a polymorphic transfomation- 

accelerating effects. 

Form I is more suitable for the pharmaceutical 

preparation. 

INTRODUCTION 

Fostedil (Diethyl 4-(benzothiazol-2-yl) benzyl- 

phosphonate) is a new calcium antagonist and exerts 

marked coronary vasodilator and hypotensi ve actions. 

Fig. 1 shows its chemical structure. Many organic 

compounds can exist in different polymorphic forms and 

the chois of proper polymorphs will determine whether a 

pharmaceutical preparation wi 11 be chemically or 

physically stable, or give an appropriate blood level to 

produce the correct pharmacological response. So, a 

very important phase of preformulation is determining the 

crystal forms and polymorph stability of drug substances. 

In the preformulation study of fostedil, the polymorphic 

change by grinding was found and two crystal forms (form 

1) 
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POLYMORPHISM OF FOSTEDIL 1545 

FIGURE 1 

Chemica l  S t r u c t u r e  o f  F o s t e d i l  

I and  11) were c o n f i r m e d .  It  i s  assumed t h a t  c r y s t a l  

t r a n s i t i o n  r e s u l t i n g  f r o m  m i l l i n g ,  g r a n u l a t i o n ,  d r y i n g ,  

and  c o m p r e s s i n g  o p e r a t i o n s  p r o d u c e  c h a n g e s  i n  t h e  

p h y s i c a l  and  b i o l o g i c a l  c h a r a c t e r i s t i c s  of  t h e  d o s a g e  

f o r m s .  So, t h e  p r e s e n t  r e p o r t  is c o n c e r n e d  w i t h  s t u d i e s  

carried o u t  t o  d e t e r m i n e  t h e  d i f f e r e n c e s  i n  some 

p h y s i c o - c h e m i c a l  p r o p e r t i e s  be tween t w o  c r y s t a l  f o r m s ,  

and  t o  e v a l u a t e  t h e  s t a b i l i t y  a g a i n s t  t h e  m e c h a n i c a l  

t r e a t m e n t s  of  them. And t h e  o b j e c t i v e  of  t h i s  s t u d y  was 

t o  c h a r a c t e r i z e  f o s t e d i l  c r y s t a l s  as a n  a i d  t o  

t r o u b l e - f r e e  p r o c e s s i n g  and  optimum f o r m u l a t i o n  o f  

d o s a g e s .  

EX PER I MENTAL 

P r e p a r a t i o n  of  F o s t e d i l  C r y s t a l s  - Form I: F o s t e d i l  

(10 g )  was d i s s o l v e d  i n  w a r m  e t h y l  ace ta te  ( 2 5  m l )  a n d  

allowed t o  r e c r y s t a l l i z e  a t  30 OC. 

Form 11: F o s t e d i l  ( 1 0  g )  was d i s s o l v e d  i n  w a r m  

c y c l o h e x a n e  ( 1 0 0  m l )  a n d  allowed t o  r e c r y s t a l l i z e  a t  

room t e m p e r a t u r e .  
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1546 TAKAHASHI ET AL. 

The c r y s t a l s  were f i l t e r e d  o f f  and  t h e n  d r i e d  u n d e r  

vacuum a t  60 O C  f o r  3 h. 

Polymorph C h a r a c t e r i z a t i o n - X - r a y  d i f f r a c t i o n :  X-ray 

d i f f r a c t i o n  p a t t e r n s  were o b t a i n e d  w i t h  a G e i g e r f l e x  

2027 d i f f r a c t o m e t e r  ( R i g a k u  Denki Co. ,  L t D . 1 .  The 

measurement  c o n d i t i o n s  were as  f o l l o w s ;  t a r g e t  Cu, 

f i l t e r  N i ,  v o l t a g e  25 kV, and  c u r r e n t  1 0  mA. 

I R  s p e c t r a :  I R  s p e c t r a  were recorded on a H i t a c h i  

Perk in-Elmer  model 225 g r a t i n g  i n f r a r e d  s p e c t r o p h o t o m e t e r  

( H i t a c h i  L t d . ) .  I n i t i a l l y ,  I R  s p e c t r a  were m e a s u r e d  by 

means of K B r  d i s k .  However, t h e  s p e c t r u m  of  Form I1 was 

p a r t l y  c o n v e r t e d  i n t o  t h a t  of form I ,  b e c a u s e  g r i n d i n g  

and  c o m p r e s s i o n  of f o r m  I1 i n d u c e d  p o l y m o r p h i c  c h a n g e .  

So, Nujo l  m u l l  t e c h n i q u e  and  a t t e n u a t e d  t o t a l  

r e f l e c t a n c e ,  o f  which stresses a p p l i e d  t o  t h e  c r y s t a l  

f o r m  were t h o u g h t  t o  be minimum, were employed .  T h e s e  

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

Thermal  a n a l y s i s :  The DTA p r o f i l e s  and  TG c u r v e s  

were recorded on a Shimadzu t h e r m a l  a n a l y s e r  DT-20B and  

TG-20 (Shimadzu S e i s a k u s h o  L t d . ) ,  r e s p e c t i v e l y ,  a t  a 

h e a t i n g  r a t e  of 1 0  "C/min. The t h e r m a l  b e h a v i o r  w a s  

s t u d i e d  a t  a n i t r o g e n  g a s  f l o w  of 30 ml/min. 

S o l u b i l i t y  S t u d i e s  - An e x c e s s  of 1 0 0  - 1 2 0  mesh 

f o s t e d i l ( 1  g )  was added t o  1 l i t e r  o f  water i n  a 

c y l i n d r i c a l  vessel  w i t h  r o u n d  bottom a t  2 0 ,  2 5 ,  3 0 ,  3 7 ,  

45,  and  50 OC. The s y s t e m  was s t i r red  w i t h  a 
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POLYMORPHISM OF FOSTEDIL 1547 

s t a i n l e s s  paddle a t  1 5 0  rpm. A t  s p e c i f i c  i n t e r v a l s ,  5 

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

membrane f i l t e r  ( N u c l e p o r e ,  1 . 0  p m ) ,  a n d  d i l u t e d  f o r  

s p e c t r o p h o t o m i c  a s s a y  a t  302 nm. 

G r i n d i n g  a n d  C o m p r e s s i o n - G r i n d i n g :  F o s t e d i l  ( 15  g )  

was g r o u n d  i n  a n  a u t o m a t e d  mortar ( T y p e  No.16,  I s h i k a w a  

Kojyo  C o . ,  L t d . ) .  S a m p l e s  (1 g )  were t a k e n  o u t  a t  

a p p r o p r i a t e  i n t e r v a l s  (15  m i n ,  30 m i n ,  1 h ,  1 . 5  h ,  2 h ) .  

M i x t u r e s  o f  f o s t e d i l  a n d  d i l u e n t s  were g r o u n d  as same 

way.  M i c r o c r y s t a l l i n e  c e l l u l o s e  ( J P  X) a n d  c o r n  s t a r c h  

( J P  X) were u s e d  as d i l u e n t s .  F l u i d - e n e r g y  m i l l .  ( T u r b o  

C o u n t e r  Jet  M i l l ,  model T J 6 0 ,  T u r b o  Kogyo C o . ,  L t d . )  a n d  

hammer m i l l  ( S a m p l e  M i l l ,  model K I I W - 1 ,  Fuji Powder C o . ,  

L t d )  were a l s o  u s e d  t o  m i l l  f o s t e d i l  a n d  m i x t u r e s .  The 

o p e r a t i n g  c o n d i t i o n s  o f  f l u i d - e n e r g y  m i l l  were as  

f o l l o w s :  b o t h  f e e d  a n d  c o u n t e r  a i r  p r e s s u r e s  were 7 . 5  

kg/cm . T h o s e  o f  hammer m i l l  were as  f o l l o w s :  s c r e e n  

s i z e  w a s  0 . 5  mm a n d  s c r e e n  t h i c k  w a s  0 . 5  mm. 

2 

C o m p r e s s i o n :  F o s t e d i l  was passed t h r o u g h  a 1 0 0  

mesh s c r e e n .  One g of t h e  c r y s t a l  w a s  compressed i n t o  

a d i s k  i n  a 1 6  mm o f  a diameter s t a i n l e s s  s t ee l  t a b l e t  

d i e  a t  2 5 0 ,  5 0 0 ,  7 5 0 ,  a n d  1 0 0 0  kg/cm2 u s i n g  a n  

I n s t r o n  t e s t  i n s t r u m e n t  Model 1 1 1 5  ( I n s t r o n  C o . ,  L t d . ) .  

The X-ray d i f f r a c t i o n  p a t t e r n s  of t h e  s u r f a c e  of 

t a b l e t s  were m e a s u r e d .  
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1548 TAKAHASHI ET AL. 

E f f e c t s  of TemDerature  a n d  H u m i d i t y  on t h e  P o l y m o r p h i c  

T r a n s f o r m a t i o n  of Mil led Form I1 of F o s t e d i l -  The 

m i l l e d  s a m p l e  ( 0 . 4  g )  was weighed  i n t o  a w e i g h i n g  

b o t t l e .  The w e i g h i n g  b o t t l e s  were k e p t  i n  a desiccator 

a d j u s t e d  t o  0 % r e l a t i v e  h u m i d i t y  ( R . H . )  a t  v a r i o u s  

t e m p e r a t u r e s  ( 2 0 ,  4 0 ,  50 O C )  a n d  8 0  % R.H.  a t  4 0  'C. 

P h o s p h o r u s  p e n t o x i d e  was u s e d  f o r  0 % R . H .  

RESULTS AND DISCUSSION 

C h a r a c t e r i z a t i o n  of  Polymorphs  of  F o s t e d i l  

F i g .  2 .  shows t h e  X-ray d i f f r a c t i o n  p a t t e r n s  of t h e  

t w o  c r y s t a l  f o r m s  of f o s t e d i l .  The I R  s p e c t r a  f o r  

f o s t e d i l  f o r m s  d e t e r m i n e d  i n  N u j o l  m u l l  are  i l l u s t r a t e d  

i n  F i g .  3 .  The d i f f e r e n c e s  o b s e r v e d  i n  t h e  X-ray 

d i f f r a c t i o n  p a t t e r n s  a n d  I R  spectra are s u f f i c i e n t l y  

d i s t i n c t  t o  c h a r a c t e r i z e  t h e  t w o  c r y s t a l  f o r m s .  I n  

X-ray d i f f r a c t i o n  p a t t e r n  of  form I, s p e c i f i c  

d i f f r a c t i o n  p e a k s  were o b s e r v e d  a t  2 fl = 14.5', 18.0°, 

and e l s e w h e r e .  W h i l e ,  t h o s e  of form I1 were o b s e r v e d  

a t  2 8 = 8.0°, 1 6 . 3 " ,  a n d  e l s e w h e r e .  In I R  spectra ,  

t h e  bands  a r o u n d  1250  cm'l a s s i g n a b l e  t o  t h e  P=O 

s t r e t c h i n g  v i b r a t i o n  were o b s e r v e d  a t  1 2 6 0  cm'l and  

1 2 4 0  i n  form I and 11, r e s p e c t i v e l y .  The s h i f t  

of band was also o b s e r v e d  a r o u n d  7 7 0  c m - l .  

s p e c t r u m  p a t t e r n s  of  P-0-c s t r e t c h i n g  a r o u n d  960 c m - I  

The 
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POLYMORPHISM OF FOSTEDIL 1549 

2 e (  degree) 10 20 30 40 

FIGURE 2 

X-ray D i f f r a c t i o n  P a t t e r n s  of F o s t e d i l  P o l y m o r p h s  
a ,  f o r m  I ;  b,  f o r m  11. 

1600 1400 1200 1000 800 600 
Wave number (cm-’) 

FIGURE 3 

Inf ra red  S p e c t r a  of F o s t e d i l  P o l y m o r p h s  
, f o r m  I ;  - - - -  , form 11. - 
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1550 TAKAHASHI ET AL. 

were d i f f e r e n t  f rom e a c h  o t h e r .  T h e s e  d i f f e r e n c e s  may 

be caused by t h e  d i f f e r e n c e  of P-0-C t o r t i o n a l  a n g l e .  

The TG and  DTA p r o f i l e s  o f  t w o  c r y s t a l  f o r m s  were 

d e p i c t e d  i n  F i g .  4 .  The t h e r m o g r a v i m e t r i c  c u r v e s  show 

t h a t  under  t h e  e x p e r i m e n t a l  c o n d i t i o n  of t h e  h e a t i n g  

r a t e  of 1 0  "C/min, t h e  d e c o m p o s i t i o n  w i t h  w e i g h t  loss 

s t a r t s  a t  a b o u t  2 0 0  "C.  The e n d o t h e r m s  of  t h e  DTA 

p r o f i l e s  represent m e l t i n g  of two c r y s t a l l i n e  

m o d i f i c a t i o n s  and m e l t i n g  p o i n t s  were 92 O C  f o r  form I 

and 93 O C  f o r  form 111 r e s p e c t i v e l y .  A t  a h e a t i n g  ra te  

of 1 " C / m i n ,  m e l t i n g  p o i n t s  o f  95.3 and 96.4 OC were 

obtained f o r  form I and 11, r e s p e c t i v e l y  by t h e  

c a p i l l a r y  t u b e  method.  The d i f f e r e n c e  of m e l t i n g  

p o i n t s  be tween t w o  po lymorphs  was v e r y  small .  

S o l u b i l i t y  B e h a v i o r  

The s o l u b i l i t i e s  and d i s s o l u t i o n  b e h a v i o r s  of  form 

I and  I1 a t  2 0 ,  25, 30 ,  37, 4 5 ,  and 50 " C  are shown 

i n  F i g .  5 .  The s o l u b i l i t y  of form I1 w a s  s l i g h t l y  

h i g h e r  t h a n  t h a t  of form I. Al though t h e  c r y s t a l  

t r a n s i t i o n  f r o m  f o r m  I1 t o  f o r m  I i n  s o l u b i l i t y  

e x p e r i m e n t  w a s  o b s e r v e d  f rom X-ray d i f f r a c t i o n  p a t t e r n s  

of t h e  s a m p l e s  a f t e r  t h e  e x p e r i m e n t ,  t h e  d e g r e e  o f  

t r a n s i t i o n  w a s  small .  As shown i n  F i g .  5 ,  t h e  ra te  of 

t r a n s i t i o n  was slow and metastable f o r m  I1 d i d  n o t  

u n d e r g o  a r a p i d  revers ion  t o  s table  f o r m  I i n  water. 
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POLYMORPHISM OF FOSTEDIL 

_ - _ _ _ _  
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F I G U R E  4 

TG a n d  DTA C u r v e s  o f  F o s t e d i l  P o l y m o r p h s  Recorded a t  a 
H e a t i n g  R a t e  of 10 "C/min 

a ,  TG; b ,  DTA. 
- , f o r m  I ; - - - -  , f o r m  11: 

" I  
0 2 4 6 8  

T i m e ( h )  

F I G U R E  5 

S o l u b i l i t y  C u r v e s  of F o s t e d i l  P o l y m o r p h s  I n  Water a t  
V a r i o u s  T e m p e r a t u r e s  
-, f o r m  I;----, f o r m  I1 +, 50 OC; A ,  45 O C ;  0,  37 OC; 0, 30 O C ;  0, 25 OC; 
A, 20 O C .  
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1552 TAKAHASHI ET A L .  

The a p p a r e n t  s o l u b i l i t i e s  of f o r m  I and  I1 d e t e r m i n e d  a t  

v a r i o u s  temperatures were p lo t t ed  a c c o r d i n g  t o  t h e  v a n ' t  

Hoff p l o t .  A s  shown i n  F i g .  6 ,  t h e  v a l u e  of t h e  

s o l u b i l i t y  c a n n o t  be a l l i e d  t o  o n e  s t r a i g h t  l i n e .  When 

h e a t i g  f u r t h e r ,  b o t h  c r y s t a l  f o r m s  melted i n  water a t  58 

- 6 1  O C ,  which  w a s  c o n s i d e r a b l y  below t h e  m e l t i n g  

p o i n t s  and  c o i n c i d e d  w i t h  t h e  i n t e r s e c t i o n  p o i n t  ( 6 0 . 9  

OC) i n  v a n ' t  Hoff p l o t s .  T h i s  phenomenon s u g g e s t s  t h a t  

t h e r e  would be a n  a p p r e c i a b l e  i n t e r a c t i o n  be tween 

f o s t e d i l  and  water m o l e c u l e s .  A f t e r  c o o l i n g  , t h o s e  

melted s a m p l e s  were f i l t e r e d  o f f  and  X-ray d i f f r a c t i o n  

p a t t e r n s  were m e a s u r e d .  A m i x t u r e  of form I and  I1 

c r y s t a l  was o b t a i n e d  a n d  no o t h e r  po lymorphs  or h y d r a t e  

c r y s t a l s  c o u l d  n o t  be f o u n d .  I t  is clear t h a t  t h e  

d i f f e r e n c e  i n  thermodynamic  p r o p e r t i e s  be tween f o r m  I 

and  I1 i s  small .  The f r e e  e n e r g y  d i f f e r e n c e s  d e t e r m i n e d  

f rom s o l u b i l i t y  be tween t w o  po lymorphs  were o n l y  71.8 

cal/mol a t  37 OC and 83.6 cal/mol a t  30 O C .  A g u i a r  e t  

a1 . 2 )  s u g g e s t e d  t h a t  l a r g e  d i f f e r e n c e  i n  f r e e  e n e r g y  

c o n t e n t  of c h l o r a m p h e n i c o l  p a l m i t a t e  po lymorphs  (AG303 

= -774 cal/mol) m i g h t  a f f e c t  s i g n i f i c a n t l y  t h e  a b s o r p t i o n  , 
and t h a t  a s m a l l  d i f f e r e n c e  as was s e e n  w i t h  mefenamic a c i d  

(AG303 = - 251 cal/mol) d i d  n o t  a p p e a r  t o  a f f e c t  t h e  

a b s o r b a b i l i t y  of t h e  d r u g .  T h e r e f o r e ,  almost no 

d i f f e r e n c e  i n  a b s o r p t i o n  would be e x p e c t e d  be tween t w o  

po lymorphs .  

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

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



POLYMORPHISM OF FOSTEDIL 1553 

-3.5 

-4.5 
3.0 3.1 3.2 3.3 3.4 3.5 

FIGURE 6 

Van't Hoff Plots for Forms I and I1 of Fostedil 
S, solubility; 0, form I; 0 ,  form 11. 

Polymorphic Transformation by Mechanical Treatments 

Polymorphic transformation by mechanical treatments, 

such as grinding and compression, occur in some 

medicinal compounds. ) Their pharmaceutical 

importance depends on the rapidity of transition to 

thermodynamically stable form, and the nature of their 

altered physical properties. So, the polymorphic 

stability of fostedil against mechanical treatments was 

studied. 

In the X-ray diffraction patterns of the ground 

and compressed samples of form 11, the diffraction 
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i n t e n s i t i e s  f o r  f o r m  I1 a t  8 .0 '  a n d  16 .3 '  o f  2 8  

decreased, w h i l e  t h e  i n t e n s i t i e s  a t  14.5', and 18 .0 '  

of 2 8 i n c r e a s e d .  I t  was shown t h a t  form I1 was 

t r a n s f o r m e d  i n t o  f o r m  I by g r i n d i n g  and  c o m p r e s s i o n .  

T h e r e  are some r e p o r t s 4 )  t h a t  t h e  degree of  

p o l y m o r p h i c  t r a n s f o r m a t i o n  w a s  d e t e r m i n e d  f r o m  t h e  

r a t i o  of t h e  i n t e n s i t y  of  t h e  d i f f r a c t i o n  l i n e s .  

However, i n  t h i s  case,  t h e  e f f e c t  of o r i e n t a t i o n  of  t h e  

crystals  on t h e  X-ray d i f f r a c t i o n  i n t e n s i t i e s  measured  

by means of t h e  powder method w a s  l a r g e ,  b e c a u s e  t h e  

f o r m  I1 c r y s t a l  was a t h i n  p l a t e  c r y s t a l ,  and 

m i c r o n i z a t i o n  of form I1 c r y s t a l  i n d u c e d  p o l y m o r p h i c  

t r a n s f o r m a t i o n .  So, t h e  c a l i b r a t i o n  c u r v e  t o  d e t e r m i n e  

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

o b t a i n e d .  Then ,  t h e  p e r c e n t a g e  of  f o r m  I1 i n  t h e  c r y s t a l  
5 )  p a r t  was d e t e r m i n e d  by t h e  m o d i f i e d  method o f  Hermans , 

which was a p p l i e d  t o  d e t e r m i n e  t h e  d e g r e e  of 

c r y s t a l l i n i t y  w i t h o u t  t h e  c a l i b r a t i o n  c u r v e .  The 

r e l a t i o n s h i p  be tween t h e  mass and t h e  d i f f r a c t i o n  

i n t e n s i t i e s  o f  c h a r a c t e r i s t i c  d i f f r a c t i o n  p e a k s  of  form 

I and  I1 are assumed t o  be g i v e n  by t h e  f o l l o w i n g  

e q u a t i o n s  r e s p e c t i v e l y ,  

form I MI = k I I I  (1) 

form I1 MII = kIIIII  (2) 
where  M i s  mass of t h e  c r y s t a l l i n e ;  k is c o n s t a n t ;  and  

d i f f r a c t i o n  i n t e n s i t y  is denoted I.  Sum of MI and  M I I  
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POLYMORPHISM OF FOSTEDIL 1555 

is e q u a l  t o  t o t a l  c r y s t a l l i n e  mass M ,  

MI + MII = M ( 3 )  

From a b o v e ,  t h e  f o l l o w i n g  r e l a t i o n s h i p  can be g i v e n ,  

111 = - ( k I / k I I )  II + M/kII ( 4 )  

And t h e  p e r c e n t  f o r m  I1 is  a l so  g i v e n  b y ,  

% form I1 = ( M ~ ~ / M )  x 100 

E q a t i o n  ( 4 )  shows t h e  l i n e a r  r e l a t i o n s h i p  be tween II 

and III. 

case of t h e  g r o u n d  sample. Good l i n e a r i t y  w a s  o b t a i n e d  

and t h e  v a l u e  of kI /kII  was g i v e n  by g r a d i e n t .  

was d e t e r m i n e d  by t h e  d i f f r a c t i o n  p e a k s  a t  2 8 = 1 4 . 5 "  

and 18.0°, and 111 w a s  done by t h o s e  a t  2 0 = 8 . 0 "  

and  16 .3" .  F i g .  8 shows t h e  e f f e c t  of g r i n d i n g  on  t h e  

p o l y m o r p h i c  t r a n s f o r m a t i o n  of  f o r m  11. C r y s t a l l i n e  f o r m  

I1 was e a s i l y  t r a n s f o r m e d  i n t o  f o r m  I by g r i n d i n g .  

Nakai e t . a l . 6 )  r e p o r t e d  t h e  g r o u n d  m i x t u r e  of d r u g  and 

m i c r o c r y s t a l l i n e  ce l lu lose  and  s t a t e d  t h a t  t h e  

c r y s t a l l i n e  form was t r a n s f o r m e d  i n t o  t h e  amorphous f o r m .  

Then,  t h e  e f f ec t  of a d d i n g  d i l u e n t s  were also s t u d i e d .  

F i g .  9 and 1 0  show t h e  e f f e c t s  of  a d d i n g  m i c r o c r y s t a l l i n e  

cellulose or c o r n  s t a r c h  on t h e  p o l y m o r p h i c  

t r a n s f o r m a t i o n  of form I1 by g r i n d i n g .  D i l u e n t s  showed 

a n  accelerate  e f f e c t  on p o l y m o r p h i c  t r a n s f o r n a t i o n  f rom 

form I1 i n t o  form I ,  e s p e c i a l l y  a t  t h e  i n i t i a l  p h a s e  of  

F i g .  7 shows t h e  p l o t s  of e q u a t i o n  ( 4 )  i n  

II 

g r i n d i n g .  The a c c e l e r a t i n g  e f f e c t  became l a r g e r  as t h e  
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0.02 0.04 
I ,  

FIGURE 7 

Relationship between II and 111 

Time (h) 

FIGURE 8 

Effect of Grinding on the Polymorphic Transformation of 
Form I1 of Fostedil 
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100 

E 
2 

LL 50 

0 
1 2 

Time (h) 

FIGURE 9 

Effect of Microcrystalline Cellulose (MCC) on the 
Polymorphic Transformation of Form I1 of Fostedil by 
Gr i nd i ng 
A, fostedil-MCC ( 1 : 3 ) ;  0 ,  fostedil-MCC (1:l);  
0, fostedil-MCC (3:l). 

amount of diluent increased, and the effect of 

microcrystalline cellulose was larger than corn starch. 

Table I also shows the effects of them on the transition 

in the case of milling using fluid-energy mill and 

hammer mill. The effect of the milling of hammer mill 

on the crystal transition was little. 

Fig, 11 and 12 show the time course of polymorphic 

transformation of fluid-energy milled and hammer milled 

sample against temperature and humidity. Fluid-energy 
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100 & 

50 
LL 

0 
1 2 

Time (h) 

FIGURE 1 0  

Effect of Corn Starch on the Polymorphic Transformation 
of Form I1 of Fostedil by Grinding 
A, fostedil-corn starch ( 1 : 3 ) ;  
0 ,  fostedil-corn starch (1:l): 
0, fostedil-corn starch (3:l). 

milled sample which contained form I larger at initial 

time, was transformed faster than hammer milled sample. 

The hammer milled sample showed the crystal transition 

only at a humid condition. It is probably due to a 

increse of nuclei of form I crystal in the crystal 

lattice. While, intact crystalline form I1 did not be 

transformed into form I in 1 month at 40 OC and 80 

%R.H.  The effect of humidity on the polymorphic 

transformation was large. This phenomenon and the 

results of solubility study mentioned above suggest 
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loo t 

50 

0 
1 2 

Time (weeks) 

FIGURE 11 

Effects of Temperature and Humidity on the Polymorphic 
Transformation of Fluid-energy milled Form I1 of 
Fostedil 
storage condition: 0, 20 O C ;  0,  40 O C ;  A, 50 OC; 
A ,  40 OC and 8 0  % R.H. 

that an appreciable interaction between fostedil and 

water molecules occur in solid state and in water. 

Both the addition of diluents and storage conditions 

influenced largely on the solid-state polymorphic 

change of fostedil. So, it is important to study these 

effects in the pref ormulation study. 

Fig. 13 shows the polymorphic transformation of 

form I1 by compression. Crystalline form I1 was also 

easily transformed into form I by compression. While, 
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Time (weeks) 

FIGURE 12 

Effects of Temperature and Humidity on the Polymorphic 
Transformation of Hammer Milled Form I1 of Fostedil 
storage condition: 0, 20 OC; 0 ,  40 OC; A, 50 OC; 
A, 40 OC and 80 % R.H. 

100 

50 

500 1000 

P (kg/cm*) 

0 

FIGURE 13 

Effect of Compression on the Polymorphic Transformation 
of Form I1 of Fostedil 
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1562 TAKAHASHI ET A L .  

form I was stable to these treatments and no change of 

crystal structure observed. 

Since the solubility of fostedil is very low, it is 

need to be micronized and compressed in pharmacuetical 

formulation procedure to obtain a tablet which shows a 

good bioabailability. Form I1 has a slightly higher 

solubility than form I. However, the difference in 

thermodynamic properties between two polymorphs was 

small, and form I1 was unstable to mechanical 

treatments. From these results, it is concluded that 

form I is more suitable for the pharmacuetical 

preparation. 
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