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STUDIES ON THE MODE OF A C T ~ O N  OF THE ANTITUMOUR DRUG N I T R O G E N  
M ~ S T A R D  (MUSTINE) 

G . E .  Spurgin and J . A .  Hickman, Cancer Chemotherapy Group, Department of Pharmacy, 
Univers i ty  of  Aston, Birmingham 84 7ET. 

It i s  g e n e r a l l y  considered t h a t  the mechanism of  a c t i o n  of ant i tumour d i f u n t i o n a l  
a l k y l a t i n g  agents ,  such a s  n i t r o g e n  mustard ( I ) ,  involves  c o v a l e n t  r e a c t i o n  with 
and cross - l inkage  of c e l l u l a r  DNA, an e v e n t  which prevents  c e l l  r e p l i c a t i o n  
(Connors, 1971) .  This  hypothes is  may n o t  be a b l e  t o  f u l l y  e x p l a i n  t h e  antiturnour 
e f f e c t s  of t h i s  c l a s s  o f  a g e n t  and o t h e r  o r  a d d i t i o n a l  t a r g e t s  have been Suggested 
(Wheeler, 1967) .  W e  have i n v e s t i g a t e d  t h e  mechanism o f  i n h i b i t i o n  of  tumour 
c e l l  r e p l i c a t i o n  caused by n i t r o g e n  mustard by a s tudy o f  i t s  e f f e c t  on ce l l  mem- 
brane enzymeswhich c o n t r o l  t h e  t r a n s p o r t  of i o n s .  Changes i n  i o n  f l u x ,  p a r t i c -  
u l a r l y  those  brought about  by t h e  a c t i o n  of Na+K+ ATPase and Mg2+ ATPase, a r e  
considered t o  r e g u l a t e  c e l l  d i v i s i o n  (Sanui and Rubin, 1978; Dornand e t  a 1  1978) 
and w e  considered t h a t  t h e  c y t o t o x i c  a c t i o n  of n i t rogen  mustard may be explained 
i f  i t  i n h i b i t e d  t h e s e  enzymes. ATPases are s e n s i t i v e  t o  a l k y l a t i n g  agents  
(Skou 1963) ,  are sub-uni t  enzymes and so may be c ross - l inked  (Sweadner, 1 9 7 7 ) ,  
and have e l e v a t e d  a c t i v i t y  i n  t ransformed c e l l s  when compared to  normal c e l l s  
(Kasorov and Friedman, 1974) .  
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Studies  were made on t h e  ADJ/PC6 plasma tumour, a tumour  s e n s i t i v e  t o  a l k y l a t i n g  
agents .  
c e l l s  and a membrane f r a c t i o n  w a s  determined and these  e f f e c t s  c o r r e l a t e d  with 
an e s t i m a t e  of c y t o t o x i c i t y  us ing  a b ioassay  system. Na+K+ ATPase ( E  .C. 3.6.1.3) , 
Mg2+ ATPase, e x t e r n a l  Ca2+ ATPase and E-nitrophenolphosphatase 
a c t i v i t i e s  were c h a r a c t e r i s e d  i n  t h e  crude c e l l  membrane p r e p a r a t i o n .  Nitrogen 
mustard i n h i b i t e d  90% of N a + ~  ATPase a t  9 x 1O-l5M and Mg2+ ATPase a t  7 x l O - l h  
i n  a time dependant manner b u t  had l e s s  e f f e c t  on e i t h e r  t h e  e x t e r n a l  Ca2+ ATPase 
o r  p-nitrophenolphosphatase a c t i v i t i e s  ( I D g O ' s  > . A monofunctional 
analogue (11) of  n i t rogen  mustard which has  no antitumour e f f e c t  and which 
cannot  c r o s s - l i n k ,  had I D  
Mg2+ ATPase. 

The e f f e c t  of  n i t r o g e n  mustard on whole PC6 c e l l s  w a s  determined by e s t i m a t i n g  
t h e  a b i l i t y  of c e l l s  g iven  a hypotonic  shock t o  then reduce t h e i r  c e l l  volume 
(as measured by a Coul te r  Counter Channelyser ) ,  a process  dependent upon the  
a c t i v i t y  of  Na+K+ ATPase (Shank and Smith, 1976) .  
completely i n h i b i t e d  t h e  recovery from hypotonic shock and t h i s  concent ra t ion  
corresponds t o  t h a t  which, under i d e n t i c a l  incubat ion  c o n d i t i o n s ,  caused >90% 
ce l l  k i l l  i n  t h e  bioassay.  

I t  i s  concluded t h a t  t h e  i n h i b i t i o n  of  ce l l  membrane ATPases by n i t r o g e n  mustard 
may be an important  f a c e t  o f  i t s  mechanism of  antitumour a c t i o n .  
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The e f f e c t s  of  n i t r o g e n  mustard on t h e  ATPase a c t i v i t y  of both whole 

( E . C  .3 .6 .3  .I) 

of  8 x 1 0 T 6 M  on Na+K+ ATPase and of  5 x 1 0 - 6 M  on 
90 

Nitrogen mustard (lo-',) 

The monofunctional analogue (11) w a s  i n a c t i v e  a t  lo-% 


