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The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   t h e   t r e a t m e n t   o f  

a r t h r i t i c   and   l i k e   c o m p l a i n t s .  

The  t e r m   " a r t h r i t i c "   i s   u s e d   m e d i c a l l y   to   d e s c r i b e  

t h e   o c c u r r e n c e   of  i n f l a m m a t i o n   of   a  j o i n t .   A r t h r i t i s  

e x i s t s   in   many  f o r m s ;   r h e u m a t o i d   a r t h r i t i s   i s   a  c h r o n i c  

f o r m   of   a r t h r i t i s   w h e r e   many  j o i n t s   a r e   a f f e c t e d   and  t h e  

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

i m m o b i l i t y   of   t h e   j o i n t   may  r e s u l t .   R h e u m a t o i d   a r t h r i t i s  

h a s ,   in   t h e   p a s t ,   b e e n   t r e a t e d ,   f o r   e x a m p l e ,   w i t h   c o r t i -  

s o n e   or   w i t h   n o n - s t e r o i d a l   a n t i - i n f l a m m a t o r y   d r u g s .  

C o r t i s o n e   i s   e f f e c t i v e   in   c o m b a t i n g   i n f l a m m a t i o n   b u t   a l s o  

c a r r i e s   w i t h   i t s   u s e   a  h i g h   r i s k   of   d a n g e r o u s   s i d e  

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

d r u g s   ( N S A I D ' s )   h a s   o f t e n   b e e n   f o u n d   n o t   to   be  as  e f f e c -  

t i v e   as  d e s i r e d   to   r e d u c e   i n f l a m m a t i o n .   The  m o s t   p o p u l a r  

NSAID  i s   a s p i r i n   w h i c h   h a s   to   be  u s e d   in   v e r y   h i g h   d o s e s  

e . g .   1 6 - 1 8   t a b l e t s   p e r   d a y .  

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

r h e u m a t o i d   a r t h r i t i s   t h e r e   i s   a  low  b l o o d   p l a s m a   i r o n  

l e v e l   b u t   a  h i g h   a m o u n t   of  i r o n   in   t h e   s y n o v i a l   m e m b r a n e  

w h i c h   i s   s t o r e d   as  f e r r i t i n   in   s y n o v i a l   r e t i c u l o e n d o -  

t h e l i a l   c e l l s .  

I t   h a s   b e e n   f o u n d   t h a t   t h e   i n f l a m m a t i o n   of   j o i n t s  

m a i n l y   in  r h e u m a t o i d   a r t h r i t i s   i s   e x a c e r b a t e d   by  t h e  

p r o d u c t i o n   of   f r e e   o x y g e n   r a d i c a l s   g e n e r a t e d   in   t h e   p r e -  

s e n c e   of   c a t a l y t i c   f r e e   i r o n ,   as  o p p o s e d   to   f e r r i t i n .  

D e s f e r r i o x a m i n e   i s   an  i r o n - c h e l a t i n g   a g e n t   w h i c h  



h a s  l o n g   b e e n   u s e d   in  t h e   t r e a t m e n t   of  i r o n   p o i s o n i n g  

and  w h i c h   h a s   a l s o   b e e n   u s e d   e x t e n s i v e l y   in  t h e   e x a m i n a -  

t i o n   of   i r o n   m e t a b o l i s m   in   many  d i s e a s e s   i n c l u d i n g  

r h e u m a t o i d   a r t h r i t i s .   We  a r e   n o t   a w a r e ,   h o w e v e r ,   t h a t  

t h e   u s e   o f   d e s f e r r i o x a m i n e   to   r e d u c e   t h e   i n f l a m m a t i o n  

in   t h e   t r e a t m e n t   of   r h e u m a t o i d   a r t h r i t i s   h a s   e v e r   b e e n  

d i s c l o s e d .  

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

r h e u m a t o i d   a r t h r i t i s   and   l i k e   d i s e a s e s   by  t h e   a d m i n i s t r a -  

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

s u i t a b l e   d o s a g e   g i v e s   r e m a r k a b l e   r e d u c t i o n   in   t h e   i n f -  

l a m m a t i o n   of   j o i n t s .   T h i s   i s   a l l   t h e   more   s u r p r i s i n g  

when  i t   i s   r e a l i s e d   t h a t   s m a l l   o r   s h o r t   t e r m   a d m i n i s t r a -  

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

t i o n .  

W i t h o u t   w i s h i n g   to   be  b o u n d   by  any  t h e o r y   as  to   t h e  

m e c h a n i s m   of   a c t i o n   o f   d e s f e r r i o x a m i n e   w i t h i n   t h e   b o d y ,  

i t   i s   t h o u g h t   t h a t   t h e   e x c e s s   i r o n   s t o r e d   as   f e r r i t i n   i n  

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

s y n o v i a l   f l u i d   e x i s t   in   an  e q u i l i b r i u m   s u c h   t h a t   a n y  

c h e l a t i o n   o f   t h e   f r e e   i r o n   on  a  s h o r t   t e r m   b a s i s   d i s t u r b s  

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

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

e v e n   o v e r c o m p e n s a t i n g   f o r   t h e   l o s s   of   t h e   f r e e   i r o n ;  

t h e   f r e e   i r o n   t h e n   c a u s e s   e x a c e r b a t i o n   of   t h e   j o i n t  

i n f l a m m a t i o n   as  i n d i c a t e d   a b o v e ,   and  i t   i s   p e r h a p s   f o r  

t h i s   r e a s o n   t h a t   w h e r e   d e s f e r r i o x a m i n e   h a s   b e e n   u s e d  



h i t h e r t o   in  s t u d i e s   of   i r o n   m e t a b o l i s m   t h e   i n d i c a t i o n s  

h a v e   b e e n   t h a t   i t   w o u l d   n o t   be  u s e f u l   f o r   t h e   t r e a t m e n t  

of   r h e u m a t o i d   a r t h r i t i s .   P r o l o n g e d   t r e a t m e n t   w i t h   d e s -  

f e r r i o x a m i n e   i s   t h o u g h t ,   h o w e v e r ,   to   g r a d u a l l y   "mop  u p "  

t h e   f r e e   i r o n   p r o d u c e d   and  to  r e d u c e   t h e   a m o u n t   of   f r e e  

i r o n   a v a i l a b l e   f o r   c a t a l y s i s   g i v i n g   r i s e   to   a  r e d u c t i o n  

in  i n f l a m m a t i o n .  

A c c o r d i n g l y ,   t h e   p r e s e n t   i n v e n t i o n   p r o v i d e s   a  m e t h o d  

of  t r e a t m e n t   of   r h e u m a t o i d   a r t h r i t i c   and  l i k e   d i s e a s e s  

i n v o l v i n g   j o i n t   i n f l a m m a t i o n ,   w h i c h   c o m p r i s e s   a d m i n i s t e r -  

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

o v e r   a  p r o l o n g e d   p e r i o d .  

The  m e t h o d   of   t h e   i n v e n t i o n   may  be  a p p l i e d   to   t h e  

t r e a t m e n t   of   n o n - s p e c i f i c   m o n o a r t h r i t i s   and   any  o t h e r  

i n s t a n c e s   of   j o i n t   i n f l a m m a t i o n   c a u s e d   by  f r e e   i r o n   c a t a -  

l y s i s .   The  m e t h o d   of   t h e   i n v e n t i o n   may  a l s o  b e   a p p l i e d  

to   any   o t h e r   c o m p l a i n t   w h i c h   i s   i n d u c e d   by  t h e   o c c u r r e n c e  

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

i n f a r c t i o n   as  r e c e n t l y   s u g g e s t e d .  

The  a m o u n t   of   d e s f e r r i o x a m i n e   a d m i n i s t e r e d   i s   s u i t -  

a b l y   a  t h e r a p e u t i c a l l y   e f f e c t i v e   a m o u n t   in   t h e   r a n g e   o f  

f r o m   1  to  10  g  p e r   d a y ,   f o r   e x a m p l e   1  to   5  g  p e r   d a y ,  

s u i t a b l y   2  to   3  g  p e r   d a y .  

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

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

w h i c h   c o m p r i s e s   d e s f e r r i o x a m i n e   in  a d m i x t u r e   or   c o n j u n c -  

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



The  p r e s e n t   i n v e n t i o n   f u r t h e r   p r o v i d e s   a  p h a r m a c e u -  

t i c a l   p r e p a r a t i o n   in   t h e   f o r m   of   a  p a c k   w h i c h   c o n t a i n s   a  

s u p p o r t   m e m b e r   t o g e t h e r   w i t h   a  p l u r a l i t y   of   d o s a g e   f o r m s  

c o m p r i s i n g   d e s f e r r i o x a m i n e ,   p r e f e r a b l y   e n o u g h   f o r   3  w e e k s '  

s u p p l y .  

S u i t a b l y   t h e   a m o u n t   of  d e s f e r r i o x a m i n e   p r e s e n t   i n  

e a c h   d o s a g e   f o r m   in   a  p a c k   of   t h e   i n v e n t i o n   i s   in   t h e  

r a n g e   o f   f r o m   1  to   10  g,  e . g .   in   t h e   r a n g e   o f   f r o m   1  t o  

5  g,  c o n v e n i e n t l y   2  to   3  g.  The  a m o u n t   of   d e s f e r r i o x a m i n e  

may  be  d i f f e r e n t   in   e a c h   d o s a g e   f o r m ,   f o r   e x a m p l e   a  p a c k  

may  c o m p r i s e   a  s e t   of   d o s a g e   f o r m s  o n e   c o n t a i n i n g   1  g  o f  

d e s f e r r i o x a m i n e ,   a n o t h e r   2  g  of   d e s f e r r i o x a m i n e   and   so  o n  

to   5  g,  7  g  o r   10  g  of   d e s f e r r i o x a m i n e .   The  d e s f e r r i o x -  

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

d e s f e r r i o x a m i n e   m e s y l a t e   b u t   may  be  in   a  l i p o s o m e  

f o r m u l a t i o n .  

D e s f e r r i o x a m i n e   may  be  a d m i n i s t e r e d   by  a n y  o n e   o f  

s e v e r a l   r o u t e s .   A d m i n i s t r a t i o n   i n t r a v e n o u s l y ,   i n t r a -  

p e r i t o n e a l l y ,   s u b c u t a n e o u s l y ,   i n t r a - m u s c u l a r l y   o r   i n t r a -  

a r t i c u l a r l y   by  i n f u s i o n   s o l u t i o n   a r e   a l l   s u i t a b l e   r o u t e s ,  

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

A d m i n i s t r a t i o n   by  i n f u s i o n   s o l u t i o n   may  be  by  c o n t i n u o u s  

pump  a d m i n i s t r a t i o n   o r   a d m i n i s t r a t i o n   in   d i v i d e d   d o s e s ,  

i . e .   t w i c e   o r   t h r e e   t i m e s   d a i l y ,   d a i l y ,   w e e k l y   o r  

m o n t h l y .   The  a c t i v e   s u b s t a n c e   may  be  p r e s e n t   in   t h e  

i n f u s i o n   s o l u t i o n   p r i o r   to   t h e   s t a r t   of   t h e   a d m i n i s t r a -  

t i o n   o r   may  be  i n j e c t e d   in   as  a  " b o l u s "   c o n c e n t r a t e .  



O t h e r   r o u t e s   of  a d m i n i s t r a t i o n   p o s s i b l e   a r e   v i a   t h e   s k i n  

or   by  t h e   u s e   of   a  l i p o s o m e   f o r m u l a t i o n .  

A d m i n i s t r a t i o n   v i a   t h e   s k i n   may  be  by  t h e   t r a n s -  

d e r m a l   " d e l i v e r y   s y s t e m "   ( A l z a   C o r p o r a t i o n )   w h e r e   m e d i -  

c a t i o n   e x t e r n a l l y   a p p l i e d   by  m e a n s   of  a  s p e c i a l   a p p l i c a -  

t o r   r e a c h e s   t h e   a f f e c t e d   j o i n t   by  a b s o r p t i o n   t h r o u g h   t h e  

s k i n .   D i r e c t   t o p i c a l   a d m i n i s t r a t i o n   may  o c c u r   f rom  o n c e  

to  f o u r   t i m e s   d a i l y   by  m e a n s   of  an  o i n t m e n t   or   c r e a m   c o n -  

t a i n i n g   d e s f e r r i o x a m i n e .  

P r e p a r a t i o n s   c o n t a i n i n g   d e s f e r r i o x a m i n e   may  in   a d d i -  

t i o n   c o n t a i n   t h e   u s u a l   c a r r i e r s ,   e x c i p i e n t s   and  a u x i l i -  

a r i e s .   In  i n f u s i o n   s o l u t i o n s ,   f o r   e x a m p l e ,   p H - r e g u l a t i n g  

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

i n g   i s o t o n i c i t y   to   t h e   s o l u t i o n s ,   e . g .   s o d i u m   c h l o r i d e ,  

may  be  p r e s e n t .  

The  p e r i o d   of  a d m i n i s t r a t i o n   of   d e s f e r r i o x a m i n e   w i l l  

v a r y   d e p e n d i n g   on  t h e   s e v e r i t y   of  t h e   d i s e a s e ,   b u t   i s   u s u a l l y  

a t   l e a s t   5  d a y s .   In  c h r o n i c   c a s e s   t h e   a d m i n i s t r a t i o n  

may  o c c u r   i n i t i a l l y   o v e r   a  p e r i o d   of   3  w e e k s   to   a  m o n t h  

w i t h   t h e   t r e a t m e n t   b e i n g   r e p e a t e d   a t   3,  6  or   12  m o n t h  

i n t e r v a l s   o r   s o o n e r   i f   c h r o n i c   i n f l a m m a t i o n   o c c u r s   o r  

r e c u r s .   In  i n s t a n c e s   of   s u b c u t a n e o u s   a d m i n i s t r a t i o n   b y  

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

i n i t i a l   3  week  t r e a t m e n t   to   c o n s i s t   of  c o n t i n u o u s   a d m i n i -  

s t r a t i o n   o v e r   s e v e r a l   h o u r s   d a i l y   f o r   5  c o n s e c u t i v e   d a y s ,  

f o l l o w e d   by  no  a d m i n i s t r a t i o n   f o r   2  d a y s   and  t h e n   r e p e a t  
t r e a t m e n t   f o r   t h e   f o l l o w i n g   5  d a y s   and   so  o n .  

The  a b o v e   m e t h o d s   of  a d m i n i s t r a t i o n   a r e   a c c e p t a b l e  

m e t h o d s   f o r   i n t r o d u c i n g   d e s f e r r i o x a m i n e   i n t o   t h e   b o d y   b u t  



c a n n o t   e n s u r e   t h a t   a l l   of   t h e   a c t i v e   s u b s t a n c e   r e a c h e s  

t h e   s i t e   of   t h e   f r e e   i r o n   and  f e r r i t i n   s t o r e s   in   t h e  

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

p a r a t i o n s ,   t h e   i n f u s i o n   s o l u t i o n s ,   h a v e   to  be  made  u p  

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

d e r   b e c a u s e   a q u e o u s   d e s f e r r i o x a m i n e   s o l u t i o n   i s   u n s t a b l e  

o v e r   p e r i o d s   of  l o n g e r   t h a n   a  w e e k .  

The  p r e s e n t   i n v e n t i o n   a l s o   p r o v i d e s   a  m e t h o d   f o r   t h e  

t r e a t m e n t   o f   r h e u m a t o i d   a r t h r i t i s ,   w h e r e i n   a  p h a r m a c e u -  

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

some  f o r m u l a t i o n   i s   a d m i n i s t e r e d   to   t h e   p a t i e n t   o r a l l y  

or   p a r e n t e r a l l y .   L i p o s o m e s   a r e   l i p o i d   v e s i c l e s   o f   v a r y -  

i n g   s i z e s   w h i c h   e n c a p s u l a t e   an  a c t i v e   i n g r e d i e n t .   T h e  

l i p o i d   w a l l s   may  c o m p r i s e   one   or   more   l i p i d   b i - l a y e r s .  

S u i t a b l e   l i p i d s   a r e   p h o s p h o l i p i d s ;   t h e y   may  be  u s e d   i n  

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

s t a n c e s .   D e s f e r r i o x a m i n e   in   a q u e o u s   s o l u t i o n   may  b e  

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

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

s t a b i l i t y .   W i t h   s u c h   a  f o r m u l a t i o n   t h e   d e s f e r r i o x a m i n e  

may  "home  i n "   on  t h e   r e t i c u l o e n d o t h e l i a l   c e l l s   and   i t   i s  

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

a m o u n t s   of   d e s f e r r i o x a m i n e   to   be  a d m i n i s t e r e d   f o r   t h e  

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

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

a c t i o n   i s   r e a c h e d .   L i p o s o m e s   may  be  a d m i n i s t e r e d   b y  

e n t e r a l   o r   p a r e n t e r a l   m e a n s ,   p r e f e r a b l y   by  i n t r a - a r t i c u l a r  



i n j e c t i o n   or   by  o r a l   a d m i n i s t r a t i o n .   S u i t a b l y   e a c h   l i p o -  

some  f o r m u l a t i o n   may  c o n t a i n   in   t h e   r a n g e   of   0.1  to  12 .5   mg 

of  d e s f e r r i o x a m i n e .  

A d m i n i s t r a t i o n   of   d e s f e r r i o x a m i n e   when  e n t r a p p e d   i n  

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

D e s f e r r i o x a m i n e   h a s   b e e n   f o u n d   to   g i v e   a  s i g n i f i c a n t  

r e d u c t i o n   in   j o i n t   i n f l a m m a t i o n   in   p a t i e n t s   s u f f e r i n g  

f r o m   r h e u m a t o i d   a r t h r i t i s   w i t h o u t   any  a p p a r e n t   s i d e -  

e f f e c t s .   I t   h a s   a l s o   b e e n   f o u n d   to  g i v e   s u c h   r e s u l t s  

when  u s e d   in   c o n j u n c t i o n   w i t h   n o n - s t e r o i d a l   a n t i -  

i n f l a m m a t o r y   d r u g s   w i t h o u t   any  a p p a r e n t   u n d e s i r a b l e  

i n t e r a c t i o n s .   D e s f e r r i o x a m i n e   may  t h u s   be  u s e d   as  a  

r e p l a c e m e n t   f o r   or   as   a  s u p p l e m e n t   to   t h e   n o n - s t e r o i d a l  

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

The  f o l l o w i n g   E x a m p l e s   i l l u s t r a t e   t h e   i n v e n t i o n .  

D e s f e r r i o x a m i n e   P r e p a r a t i o n s  

I .   I n f u s i o n   S o l u t i o n s  

a)  The  c o n t e n t s   of   an  a m p o u l e   c o n t a i n i n g   500  mg  o f  

l y o p h i l i s e d   d e s f e r r i o x a m i n e   ( c o m m e r c i a l l y   a v a i l -  

a b l e   u n d e r   t h e   t r a d e   name  D e s f e r a l   in  t h e   f o r m  

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

c o m p l e t e l y   d i s s o l v e d   in   2-3  ml  of   W a t e r   f o r  

I n j e c t i o n   BP  and  t h e n   made  up  to  t h e   r e q u i r e d  

a m o u n t   w i t h   a  s u i t a b l e   i n f u s i o n   s o l u t i o n .   An 

i n f u s i o n   s o l u t i o n   c o n t a i n i n g   1  g  of   d e s f e r r i o x -  

a m i n e   was  s i m i l a r l y   p r e p a r e d   u s i n g   2  a m p o u l e s   a s  



a b o v e .   A l s o   s o l u t i o n s   c o n t a i n i n g   2  g  ( u s i n g   4  

a m p o u l e s ) ,   3  g  ( u s i n g   6  a m p o u l e s ) ,   5  g  ( u s i n g  

10  a m p o u l e s ) ,   7  g  ( u s i n g   14  a m p o u l e s )   and  10  g  

( u s i n g   20  a m p o u l e s )   of   d e s f e r r i o x a m i n e .   S u i t -  

a b l e   i n f u s i o n   s o l u t i o n s   a r e   n o r m a l   s a l i n e ,   d e x -  

t r o s e ,   d e x t r o s e   s a l i n e ,   b l o o d   and   R i n g e r s   L a c t a t e  

s o l u t i o n .  

b)  1  g  of   d e s f e r r i o x a m i n e   was  d i s s o l v e d   in   10  ml  o f  

W a t e r   f o r   I n j e c t i o n   BP  to   g i v e   a  10  %  s o l u t i o n  

of   d e s f e r r i o x a m i n e .   S u f f i c i e n t   s o d i u m   c h l o r i d e  

to   r e n d e r   t h e   s o l u t i o n   i s o t o n i c   was  a d d e d .   S u c h  

a  s o l u t i o n   may  be  d i l u t e d   w i t h   s u i t a b l e   i n f u s i o n  

s o l u t i o n s   ( a s   m e n t i o n e d   a b o v e )   o r   may  be  u s e d   a s  

a  c o n c e n t r a t e d   o r   " b o l u s "   s o l u t i o n .  

I I .   O i n t m e n t  

An  o i n t m e n t   c o n t a i n i n g   5  %  by  w e i g h t   of   d e s f e r r i o x -  

a m i n e   b a s e d   on  0 . 4   %  of   c e t y l   a l c o h o l ,   4 . 6   %  o f  

w o o l   f a t ,   65  %  of   w h i t e   s o f t   p a r a f f i n   and   30  %  o f  

l i q u i d   p a r a f f i n ,   was  p r e p a r e d   by  known  p r o c e d u r e  

c o m p r i s i n g   h e a t i n g   t h e   c e t y l   a l c o h o l ,   woo l   f a t ,  

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

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

I I I .   L i p o s o m e s  

The  l i p o s o m e s   w e r e   p r e p a r e d   w i t h   a  m i x t u r e   o f  

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



s t e a r y l a m i n e ,   in  a  m o l a r   r a t i o   of  3 . 6  :   2 . 3  :   1 

r e s p e c t i v e l y ,   d i s s o l v e d   in  c h l o r o f o r m .   T h i s   m i x t u r e  

was  d r i e d   in   a  r o u n d   b o t t o m   f l a s k   in  a  r o t a r y  

e v a p o r a t o r .   The  f l a s k   was  p l a c e d   in  a  37°C  w a t e r  

b a t h   and  1  ml  of   a  1 0 - 1 2   %  a q u e o u s   s o l u t i o n   of  d e s -  

f e r r i o x a m i n e   m e s y l a t e   was  s l o w l y   a d d e d   to   t h e   f l a s k  

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

s t i r r e r .   The  r e s u l t a n t   s u s p e n s i o n   of  l i p o s o m e s  

c o n t a i n i n g   d e s f e r r i o x a m i n e   was  c e n t r i f u g e d   a t  

2000  rpm  f o r   5  m i n u t e s .   The  s u p e r n a t a n t   was  c a r e -  

f u l l y   p i p e t t e d   o f f   and  t h e   l i p o s o m e   p e l l e t   was  s u s -  

p e n d e d   in   n o r m a l   s a l i n e .   The  c e n t r i f u g a t i o n   a n d  

r e s u s p e n s i o n   p r o c e d u r e   was  r e p e a t e d   f i v e   t i m e s   t o  

e n s u r e   t h e   c o m p l e t e   r e m o v a l   of   n o n e n c a p s u l a t e d   d e s -  

f e r r i o x a m i n e   s o l u t i o n .   For   i n j e c t i o n ,   t h e   l i p o s o m e s  

a r e   to   be  r e s u s p e n d e d   in   s a l i n e .  

O t h e r   l i p o s o m e   p r e p a r a t i o n s   w e r e   p r e p a r e d   by  s i m i l a r  

known  m e t h o d s   u s i n g   t h e   l i p o i d   m i x t u r e s   g i v e n   b e l o w .  

The  a b b r e v i a t i o n s   n o t e d   d e s i g n a t e   t h e   f o l l o w i n g  

c o m p o u n d s :  

CH  =  c h o l e s t e r o l  

DP  =  d i c e t y l   p h o s p h a t e  

D M P C  =   d i m y r i s t o y l   p h o s p h a t i d y l c h o l i n e  

D O P C  =   d i o l e o y l   p h o s p h a t i d y l c h o l i n e  

D P P C  =   d i p a l m i t o y l   p h o s p h a t i d y l c h o l i n e  

PA  =  p h o s p h a t i d i c   a c i d  



PC  =  egg   p h o s p h a t i d y l c h o l i n e  

PCA  =  egg   p h o s p h a t i d i c   a c i d  

PS  =  p h o s p h a t i d y l s e r i n e  

SA  =  s t e a r y l a m i n e  

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

l i p o i d   m i x t u r e   was  c h l o r o f o r m .  

1.  6  mg  DPPC  and  3  mg  PCA  in   1 .25   ml  c h l o r o f o r m .  

2.  2 2 . 5   mg  PC  and   CH  in  10 -15   ml  c h l o r o f o r m  

3.  PC  and  PA  in   a  m o l a r   r a t i o   of  7  :   1 

4.  PC,  CH  and   PA  in   a  m o l a r   r a t i o   of   7  :   2  :   1 

5.  PC,  CH  and  SA  in   a  m o l a r   r a t i o   of   7  :   2  :   1 

6.  PC,  CH  and   DP  in   a  m o l a r   r a t i o   of   7  :   2  :   1 

7.  PC,  CH  and   PA  in   a  m o l a r   r a t i o   o f   7  :   5  :   1 

8.  PC,  CH  and   SA  in   a  m o l a r   r a t i o   of   7  :   5  :   1 

9.  DOPC,  CH  and   PA  in   a  m o l a r   r a t i o   of   7  :   5  :   1 

10.  DMPC,  CH  and   PA  i n   a  m o l a r   r a t i o   of   7  :   5  :   1 

11.  PC  and   CH  i n   a  m o l a r   r a t i o   of   8  :   2 

12.  PC  and   CH  in   a  m o l a r   r a t i o   o f   9  :   2 

13.  DPPC,  CH  and   PA  in   a  m o l a r   r a t i o   of   7  :   2  :   1 

14.  PC,  CH  and  PS  in   a  m o l a r   r a t i o   of   7  :   2  :   1 

The  s i z e   o f   t h e   l i p o s o m e s   was  v a r i e d   in   c e r t a i n  

c a s e s   f r o m   m u l t i l a m e l l a r   l i p o s o m e s   to   u n i l a m e l l a r  

l i p o s o m e s   by  u l t r a s o n i c a t i o n .  



A n i m a l   T e s t s  

I n f l a m m a t i o n   of  j o i n t s   was  i n d u c e d   by  v a r i o u s   r e c o g -  

n i s e d   m e t h o d s   as  i n d i c a t e d   b e l o w   and  t h e   e f f e c t s   o f  

a d m i n i s t e r e d   d e s f e r r i o x a m i n e   w e r e   s t u d i e d .  

I.   I n d u c t i o n   by  u r e a t e s  

C r y s t a l   u r e a t e   was  u s e d   to   i n d u c e   f o o t p a d   s w e l l i n g  

in  r a t s .   1  mg,  10  mg,  30  mg  and  60  mg  d o s e s   o f  

d e s f e r r i o x a m i n e   p e r   kg  w e r e   a d m i n i s t e r e d ,   e a c h   t o  

d i f f e r e n t   r a t s ,   and  t h e   f o o t p a d   s w e l l i n g   w a s  

m e a s u r e d   a f t e r   2  and   24  h o u r s .  

The  r a t s   w h i c h   h a d   r e c e i v e d   t h e   1mg/kg   and  10  m g / k g  

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

of   t h e   a f f e c t e d   f o o t p a d   w h i l s t   t h e   h i g h e r   d o s e s  

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

r e d u c e d   s w e l l i n g .  

I I .   I n d u c t i o n   by  c a r r a g e e n a n  

C a r r a g e e n a n   was  u s e d   to   i n d u c e   f o o t p a d   s w e l l i n g   i n  

r a t s .   Two  d o s e s   of  d e s f e r r i o x a m i n e   w e r e   s t u d i e d :  

1  m g / k g   and  60  m g / k g .   The  1  k g / k g   d o s e   e x h i b i t e d  

no  e f f e c t   on  t h e   f o o t p a d   s w e l l i n g   w h i l s t   t h e  

60  m g / k g   d o s e   s i g n i f i c a n t l y   r e d u c e d   t h e   f o o t p a d  

s w e l l i n g .  

I I I .   I n d u c t i o n   by  B o v i n e   Gamma  G l o b u l i n   (BGG) 

The  G l y n n - D u m o n d e   m o d e l   of  a d j u v a n t   a r t h r i t i s   w a s  

f o l l o w e d   w h i c h   i n v o l v e s   t h e   i n j e c t i o n   of  BGG  i n  



F r e u n d s   c o m p l e t e   a d j u v a n t   to  i n s t i g a t e   i n f l a m m a t i o n  

f o l l o w e d   by  a  s e c o n d   i n j e c t i o n   of   BGG  a f t e r   10  d a y s  

to  m a i n t a i n   t h e   i n d u c e d   s w e l l i n g .  

50  m g / k g   of  d e s f e r r i o x a m i n e   w e r e   a d m i n i s t e r e d   t o  

one  g r o u p   of   r a t s   a t   t h e   t i m e   of   t h e   s e c o n d   i n j e c -  

t i o n   and   t h e   same  a m o u n t   was  a d m i n i s t e r e d   to  a  

s e c o n d   g r o u p   of   r a t s   on  d a y s   7  to   1 4 .  

The  d o s e   on  day   10  e x a c e r b a t e d   t h e   a r t h r i t i s   w h i l s t  

t h a t   on  d a y s   7  to   14  e x h i b i t e d   a  r e d u c t i o n   in   t h e  

i n f l a m m a t i o n   o f   t h e   a d j u v a n t   a r t h r i t i s   e a c h   c o m p a r e d  

to  a  c o n t r o l   g r o u p   of   r a t s   to   w h i c h   no  d e s f e r r i o x -  

a m i n e   was  a d m i n i s t e r e d .  

IV.  I n d u c t i o n   by  m y c o b a c t e r i a  

A d j u v a n t   a r t h r i t i s   was  i n d u c e d   by  m y c o b a c t e r i a .  

30  m g / k g   of   d e s f e r r i o x a m i n e   w e r e   a d m i n i s t e r e d   to   a  

f i r s t   g r o u p   o f   r a t s   on  e a c h   of   t h e   f i r s t   5  c o n -  

s e c u t i v e   d a y s   a f t e r   i n d u c t i o n .   A  r e d u c t i o n   in   t h e  

p r i m a r y   l e s i o n s   o v e r   a  g r o u p   of   c o n t r o l   r a t s   w a s  

n o t e d .   30  m g / k g   of  d e s f e r r i o x a m i n e   w e r e   a d m i n i -  

s t e r e d   to   a  s e c o n d   s e t   of   r a t s . o n   e a c h   of   t h e   1 5 t h  

to  1 9 t h   d a y s   a f t e r   i n d u c t i o n   and  n o t e   was  t a k e n   o f  

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

r a t s   h a d   r e d u c e d   s e c o n d a r y   l e s i o n s   o v e r   t h e   c o n t r o l  

r a t s   and   a l s o   o v e r   t h e   f i r s t   s e t   of  r a t s   w h i c h   n o w  

e x h i b i t e d   w o r s e   s e c o n d a r y   l e s i o n s   t h a n   t h e   c o n t r o l  

r a t s .  



T e s t s   o n  H u m a n s  

1.  One  p a t i e n t   w i t h   n o n - s p e c i f i c   m o n o a r t h r i t i s   of   t h e  

k n e e   r e c e i v e d   5  d a i l y   i n j e c t i o n s   of  d e s f e r r i o x a m i n e  

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

D o s e s   of  d e s f e r r i o x a m i n e   w e r e   i n c r e a s e d   d a i l y   u n t i l  

on  d a y s   4  and  5  t h e   p a t i e n t   r e c e i v e d   1  g  of   d e s -  

f e r r i o x a m i n e   ( i n j e c t e d   o v e r   1  h r ) .   The  t o t a l   d o s e  

of   d e s f e r r i o x a m i n e   i n j e c t e d   was  3 .5   g .  

R e s u l t s  

a)  No  l o c a l   o r   s y s t e m i c   s i d e   e f f e c t s   w e r e   o b s e r v e d .  

b)  T h e r e   was  a  n o t i c e a b l e   r e d u c t i o n   o f   t h e   s w e l l -  

i n g   of   t h e   k n e e   w h i c h   c o n t i n u e d   f o r   3  m o n t h s  

a f t e r   t h e   i n j e c t i o n   ( l o n g e r   r e l i e f   t h a n   h a d  

p r e v i o u s l y   b e e n   e x p e r i e n c e d ) .  

c)  S y n o v i a l   f l u i d   s h o w e d   r e d u c t i o n   of   c a t a l y t i c  

i r o n   and  t h i o b a r b i t u r i c   a c i d   r e a c t i v i t y .  

d)  S y n o v i a l   f l u i d   f e r r i t i n   l e v e l s   w e r e   r e d u c e d ,  

b u t   no  c h a n g e s   w e r e   f o u n d   in   t h e   s e r u m .  

e)  In  3  h o u r s   a f t e r   i n j e c t i o n   t h e r e   was  m a r k e d  

l e u c o c y t o s i s   in  t h e   s y n o v i a l   f l u i d .  

2.  N i n e   p a t i e n t s   w i t h   a c t i v e   r h e u m a t o i d   a r t h r i t i s  

r e c e i v e d   1  g  of   d e s f e r r i o x a m i n e   d a i l y   f o r   3  w e e k s  

( t r e a t m e n t   on  5  d a y s   a  week  o n l y )   by  s u b c u t a n e o u s  

i n f u s i o n   o v e r   7  to   8  h o u r s .   A l l   p a t i e n t s   w e r e  

a d m i t t e d   to   t h e   h o s p i t a l   f o r   t h e   t i m e   of  t h e   t r i a l .  

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



was  c o n t i n u e d   t h r o u g h o u t   t h e   t r i a l .  

The  f o l l o w i n g   c l i n i c a l   and  l a b o r a t o r y   p a r a m e t e r s  

w e r e   e v a l u a t e d   a t   w e e k s   1  and  3 :  

R i t c h i e   i n d e x ,   m o r n i n g   s t i f f n e s s ,   g r i p   s t r e n g t h ,  

VAS  p a i n   s c o r e s ,   FBC,  ESR,  r h e u m a t o i d   f a c t o r ,  

i m m u n o g l o b u l i n s ,   i r o n ,   t h i o b a r b i t u r i c   a c i d  

r e a c t i v i t y .  

R e s u l t s  

No  c h a n g e s   in   t h e   l a b o r a t o r y   p a r a m e t e r s   w e r e   f o u n d ;  

h o w e v e r ,   t h i o b a r b i t u r i c   a c i d   r e a c t i v i t y   was  r e d u c e d  

in   some  p a t i e n t s   s t u d i e d .   C l i n i c a l   i n d i c e s   o f  

d i s e a s e   a c t i v i t y   s h o w e d   i m p r o v e m e n t   a t   week  3  ( 8  

p a t i e n t s   o u t   of   9)  d e s p i t e , a f t e r   1  week  of   t r e a t -  

m e n t , 8   o u t   o f   9  p a t i e n t s   h a v i n g   e x p e r i e n c e d   f l a r e - u p  

of   t h e i r   a r t h r i t i s   and   1  p a t i e n t   h a v i n g   d e v e l o p e d  

v a s c u l i t i s   ( t h i s   c l e a r e d   a f t e r   t h e   3  w e e k s   o f  

t r e a t m e n t ) .  

No  s i d e   e f f e c t s   w e r e   r e p o r t e d .  



1.  Method  of  use  of  d e s f e r r i o x a m i n e   in  case  of  rheumatoic   a r t h r i t i c  

and  l ike   d i s e a s e s   i n v o l v i n g   j o i n t   i n f l ammat ion ,   which  c o m p r i s e s  

c o n v e r t i n g   d e s f e r r i o x a m i n e   with  p h a r m a c e u t i c a l   a u x i l i a r i e s   into  a  

p h a r m a c e u t i c a l   p r e p a r a t i o n   and  us ing  such  for  the  t r e a t m e n t   o f  

rheumatoid   a r t h r i t i c   and  l ike   d i s e a s e s   i nvo lv ing   j o i n t   i n f l a m m a t i o n  

in  a  t h e r a p e u t i c a l l y   e f f e c t i v e   dosage  over  a  pro longed  p e r i o d .  

2.  A  method  as  claimed  in  claim  1  for  the  use  of  d e s f e r r i o x a m i n e   i n  

case  of  rheumatoid   a r t h r i t i c   and  l ike   d i s e a s e s   i n v o l v i n g   j o i n t  

i n f l ammat ion ,   which  comprises   c o n v e r t i n g   d e s f e r r i o x a m i n e   with  pha rma-  

c e u t i c a l   a u x i l i a r i e s   into  a  p h a r m a c e u t i c a l   p r e p a r a t i o n   and  using  such  

for  the  t r e a t m e n t   of  rheumatoid   a r t h r i t i c   and  l ike   d i s e a s e s   i n v o l v i n g  

j o i n t   i n f l ammat ion   in  a  dosage  of  1  to  10  g  per  day  with  r e s p e c t  

to  d e s f e r r i o x a m i n e   used  ove r  a   p ro longed  p e r i o d .  

3.  A  method  as  claimed  in  claims  1  and  2,  which  comprises  c o n v e r t i n g  

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

p r e p a r a t i o n   and  us ing  such  for  the  t r e a t m e n t   of  rheumatoid   a r t h r i t i c  

and  l i k e  d i s e a s e s   i nvo lv ing   j o i n t   i n f l ammat ion   in  a  dosage  of  2  to  3  g 

per  day  with  r e s p e c t   to  d e s f e r r i o x a m i n e   used  over  a  p ro longed  p e r i o d .  

4.  A  method  as  claimed  in  claims  1  to  3  in  which  the  per iod   of  u s e  

is  at  l e a s t   5  d a y s .  

5.  A  method  as  claimed  in  claims  1  to  3  in  which  the  per iod   of  u s e  

is  at  l e a s t   3  weeks .  

6.  A  method  as  claimed  in  any  p reced ing   claims  1  to  5,  which  c o m p r i s e s  

c o n v e r t i n g   d e s f e r r i o x a m i n e   with  p h a r m a c e u t i c a l   a u x i l i a r i e s   into  a  

p h a r m a c e u t i c a l   p r e p a r a t i o n   and  using  such  for  the  t r e a t m e n t   o f  



rheumatoid   a r t h r i t i c   and  l ike   d i s e a s e s   i nvo lv ing   j o i n t   i n f l a m m a t i o n  

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

i n t r a a r t i c u l a r l y   or  t r a n s d e r m a l l y .  

7.  A  method  as  claimed  in  any  p r e c e d i n g  c l a i m s   1  to  5,  which  c o m p r i s e s  

c o n v e r t i n g   d e s f e r r i o x a m i n e   with  p h a r m a c e u t i c a l   a u x i l i a r i e s   into  a  

p h a r m a c e u t i c a l   p r e p a r a t i o n   in  the  form  of  a  l iposome  f o r m u l a t i o n   and 

us ing  such  for  the  t r e a t m e n t   of  rheumatoid   a r t h r i t i c   and  l i k e  

d i s e a s e s   i n v o l v i n g   j o i n t   i n f l a m m a t i o n .  

8.  A  p h a r m a c e u t i c a l   p r e p a r a t i o n   for  the  use  of  t r e a t i n g   r h e u m a t o i d  

a r t h r i t i c   and  l ike   d i s e a s e s   i n v o l v i n g   j o i n t   i n f l ammat ion   c o n t a i n i n g  

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

9.  A  p h a r m a c e u t i c a l   p r e p a r a t i o n   for  the  t r e a t m e n t   of  r h e u m a t o i d  

a r t h r i t i c   and  l ike   d i s e a s e s   i nvo lv ing   j o i n t   i n f l ammat ion   in  the  fo rm 

of  a  pack  which  con ta in s   a  suppor t   member  t o g e t h e r   with  a  p l u r a l i t y   o f  

dosage  form  compr is ing   d e s f e r r i o x a m i n e   and  p h a r m a c e u t i c a l   a u x i l i a r i e s .  

10. A  p h a r m a c e u t i c a l   p r e p a r a t i o n   as  claimed  in  claim  9  which  c o n t a i n s  

s u f f i c i e n t   dosage  forms  for  at  l e a s t   3  weeks'  s u p p l y .  
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