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PHYS I CAL AND BI OLOG I CAL CHARACTER I SATI ON OF METHOTREXATE/ 
A L B U M I N  CONJUGATES 

G.W. Ha lbe r t ,  J.F.B. S t u a r t  and A.T. F lorence,  Department o f  Pharmacy, U n i v e r s i t y  
o f  S t ra thc l yde ,  Glasgow G 1  1 X W .  

Much a t t e n t i o n  i s  c u r r e n t l y  be ing  focussed on t h e  use o f  drug d e l i v e r y  o r  
t a r g e t t i n g  systems as a means o f  reduc ing  t h e  t o x i c i t y  i n v o l v e d  i n  systemic can- 
c e r  chemotherapy (Trouet  1978). Methot rexate (MTX)/Bovine Serum Albumin (BSA) 
conjugates i n i t i a l l y  showed p romis ing  r e s u l t s  i n  v i v o  (Jacobs 1971). F u r t h e r  
work i n d i c a t e d  t h a t  improvements i n  t h i s  system were s t i l l  p o s s i b l e  (Chu 
I n  t h e  p resen t  work t h e  p h y s i c a l  and b i o l o g i c a l  p r o p e r t i e s  o f  t h e  MTX-BSA 
conjugates were s t u d i e d  wi th  a view t o  i n c r e a s i n g  our  understanding o f  t h e i r  
behaviour  i n  v i vo .  

The conjugates were synthes ised by c o u p l i n g  MTX t o  BSA u t i l i s i n g  a water s o l u b l e  
carbodi i rn ide i n  0.05M NaHC03 
t h e  r e a c t a n t s  by g e l  e x c l u s i o n  chromatography wi th  f i n a l  i s o l a t i o n  o f  t h e  conjugate 
i n v o l v i n g  d i a l y s i s  and l y o p h i l i s a t i o n .  
and des ignated ' h i g h '  or ' l o w '  s t r e n g t h .  High s t r e n g t h  p repara t i ons  ( n = l l )  
conta ined an average o f  12.3 mol 
conjugates (n=11) conta ined 4.9 mol MTX/mol BSA (range 2.7-8.7). 

The conjugates were c h a r a c t e r i s e d  u s i n g  s e v e r a l  p h y s i c a l  and b i o l o g i c a l  techniques. 
S t a b i l i t y  experiments performed on t h e  conjugates, u s i n g  a s imple d i a l y s i s  method 
showed t h a t  over  24 hours a t  pH 7.4 a t  37OC, l e s s  than  10% o f  t h e  a t tached  MTX 
was re leased  from e i t h e r  t h e  h i g h  or low s t r e n g t h  conjugates.  S i m i l a r  r e s u l t s  
were ob ta ined  a t  a pH o f  5.0, i n d i c a t i n g  t h a t  t h e  attachment o f  MTX i s  s t r o n g  
and u n l i k e l y  t o  be broken under normal  b i o l o g i c a l  cond i t i ons .  SDS-polyacrylamide 
g e l  e l e c t r o p h o r e s i s  o f  t h e  conjugates revea led  t h a t  most o f  t h e  BSA e x i s t s  as t h e  
monomer, b u t  t h a t  i t s  molecular  we igh t  i s  i nc reased  t o  a v a r y i n g  degree, depending 
on t h e  amount o f  MTX a t tached.  

V i s c o s i t y  s t u d i e s  showed t h a t  t h e  attachment o f  MTX has l i t t l e  or no e f f e c t  on 
t h e  hydrodynamic c h a r a c t e r i s t i c s  o f  t h e  BSA. 
was measured u t i l i s i n g  photon c o r r e l a t i o n  spectroscopy, a l though t h i s  technique 
i s  compl icated by t h e  f a c t  t h a t  MTX absorbs a t  t h e  wavelength o f  t h e  l a s e r  l i g h t  
(442nm). 
s i g n i f i c a n t l y  t h e  i n t e r p r e t a t i o n  o f  r e s u l t s ,  which a l s o  i n d i c a t e  t h a t  c o u p l i n g  o f  
MTX t o  BSA does n o t  markedly a l t e r  t h e  s i z e  o f  t h e  molecule. 

To assess t h e  e f f e c t  t h a t  i m p u r i t i e s  i n  t h e  MTX may have on t h e  conjugates 
and a l s o t h e e f f e c t  o f  bound l i p i d s  on t h e  BSA, conjugates were synthes ised 
u t i l i s i n g  pure MTX and l i p i d  f r e e  BSA. These were found t o  possess p r o p e r t i e s  
ve ry  s i m i l a r  t o  t h e  conjugates prepared from MTX and BSA w i t h o u t  s p e c i a l  p u r i f i -  
ca t i on .  

Tissue c u l t u r e  experiments were performed i n  which L1210 murine leukamia was 
chal lenged wi th  f r e e  MTX and conjugates a t  e q u i v a l e n t  concen t ra t i ons ;  w i th  
respec t  t o  MTX. 
conjugates a t  t h i s  concen t ra t i on  have no e f f e c t ,  a t  10-6M however t h e  conjugates 
do i n h i b i t  growth t o  some ex ten t ,  b u t  a t  a c o n c e n t r a t i o n  o f  10-5M t h e  e f f e c t  i s  
s i m i l a r  t o  t h a t  o f  MTX a t  10-7M. The r e s u l t s  show t h a t  t h e  conjugates a r e  10 t o  
lOOx l e s s  e f f e c t i v e  than f r e e  MTX and t h a t  t h e  h i g h  s t r e n g t h  conjugates a r e  
s l i g h t l y  more a c t i v e  than  t h e  low s t r e n g t h  conjugates. 

The r e s u l t s  suggest t h a t  t h e  p h y s i c a l  p r o p e r t i e s  o f  t h e  conjugates $0 n o t  va ry  
g r e a t l y  from n a t i v e  BSA, and t h a t  as a drug t a r g e t t i n g  system improvements can 
s t i l l  be made. 

1977). 

b u f f e r  (pH 7.6) a t  room temperature, and separa t i ng  

Two s e r i e s  o f  conjugates were prepared 

MTX/mol BSA (range 9.5-18.1) and low s t r e n g t h  

The p a r t i c l e  s i z e  o f  t h e  conjugates 

However, experiments have shown t h a t  t h i s  i s  u n l i k e l y  t o  a f f e c t  

Free MTX a t  lO-7M i n h i b i t s  c e l l  growth complete ly  whereas t h e  
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