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M i t o x a n t r o n e  (MXN), a n o v e l  a n t h r a c e n e d t o n e  a n t i n e o p l a s t t c  a g e n t ,  d i s p l a y s  a n t t t u m o r  

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

and  a g a i n s t  m u r i n e  t u m o r s  i n  v t v o  ( 1 , 2 ) .  NXN ( N o v a n t r o n e ) ,  i d e n t i f i e d  a s  a t h e r a p e u t i c a l l y  

p r o m i s i n g  a n t l n e o p l a s t i c  a g e n t ,  i s  p r e s e n t l y  e m p l o y e d  i n  E n g l a n d ,  Eu rope  and  Canada ,  and  I s  

i n  p h a s e  I I  and  I I I  c l i n i c a l  t r i a l s  i n  t h e  U n i t e d  S t a t e s .  MXN h a s  p r o d u c e d  a good  r e s p o n s e  

i n  p a t i e n t s  w i t h  r e f r a c t o r y  m e t a s t a t i c  b r e a s t  c a n c e r  and  I s  e f f e c t i v e  i n  t h e  t r e a t m e n t  o f  

l e u k e m l a s  ( 3 - 6 ) .  B t s a n t r e n e  (BA) h a s  e x h i b i t e d  a n t t t u m o r  a c t i v i t y  i n  a v a r i e t y  o f  a n i m a l  

t umor  m o d e l s  and  h a s  been  e m p l o y e d  i n  p h a s e  I and  I I  c l i n i c a l  t r i a l s  ( 7 ) .  

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

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

t u m o r  c e i l s  w i t h  h o s t  p l a t e l e t s  (8)  t o  f o rm  p i a t e l e t - t u m o r  c e l l  a g g r e g a t e s  w h i c h  a d h e r e  t o  

v a s c u l a r  i n t i m a .  I t  h a s  been  r e p o r t e d  t h a t  t umor  c e l l s  a r e  c a p a b l e  o f  i n i t i a t i n g  p l a t e l e t  

a g g r e g a t i o n  i n  v i t r o  ( 9 ) ,  and  u l t r a s t r u c t u r a ]  s t u d i e s  h a v e  d e m o n s t r a t e d  t h a t  t umor  e m b o l i  a r e  

s u r r o u n d e d  by p l a t e l e t s  In  v l v o  ( I 0 . - 1 2 ) .  P r o s t a c y c l i n  (PGI2) and  t n h i b t t o r s  o f  t h r o m b o x a n e  

s y n t h e s i s  w h i c h  d e c r e a s e  p l a t e l e t  a g g r e g a t i o n  h a v e  been  shown to  d i m i n i s h  t umor  m e t a s t a s i s  i n  

e x p e r i m e n t a l  a n i m a l  m o d e l s  ( 1 3 - 1 7 ) .  More r e c e n t  s t u d i e s  e m p l o y i n g  c a l c i u m  c h a n n e l  b l o c k e r s  

a s  i n h i b t t o r s  o f  p l a t e l e t  a g g r e g a t i o n  h a v e  shown t h a t  t h e s e  compounds  h a v e  i n h i b i t e d  

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

substantial reduction in sponLaneous metastasis In Bl6a tumor-treated mice (18). 

in view of the proposed role for platelet aggregation in tumor metastasis and since MXN 

and BA are administered intravenously thereby exposing formed blood elements to elevated 

concentrations of drug, the effects of MXN and BA on p!atelet aggregation and PG biosynthesis 

have been examined. Results presented In. thls communication provide evidence that the 

antineoplastlc agents MXN and BA inhibited collagen-stlmulated platelet aggregatlon and PGE 2 

production in platelets in vitro, a f£nding which may be of significance in the clinical usa 

of these drug s . 
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NETHODS 

Samples o f  human b lood were o b t a i n e d  from h e a l t h y  a d u l t  v o l u n t e e r s  wi th  no h i s t o r y  of 

b lood d y s c r a s t a s  and who had no t  used  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  a g e n t s  f o r  t h e  p r e v i o u s  

7 d a y s .  Blood was wi thdrawn I n t o  20 ml V a c u t a l n e r  t u b e s  ( B e c t o n - D l c k t n s o n ,  R u t h e r f o r d ,  NJ) 

c o n t a i n i n g  80 mg sodium c l t r a t e  In  1 ml w a t e r .  P l a t e l e t - r t c h  p lasma (PRP) was p r e p a r e d  by 

c e n t r t f u g a t i o n  o f  whole blood a t  150-200xg f o r  15 min a t  room t e m p e r a t u r e  wi th  removal  of  t he  

PRP l a y e r  (19) .  P l a t e l e t - p o o r  p lasma  (PPP) was p r e p a r e d  by c e n t r l f u g a t t o n  of  an a l i q u o t  of  

b lood a t  a p p r o x i m a t e l y  lO00xg f o r  5 mln wi th  removal  of  t he  PPP l a y e r .  Human c o l l a g e n  was a 

g l f t  of  Dr. Ennlo R o s s l ,  Depar tment  of  Med ic ine ,  N o r t h w e s t e r n  U n i v e r s i t y  School  of  N e d l c l n e .  

BA and MXN were s u p p l i e d  by t h e  N a t u r a l  P r o d u c t s  Branch and Drug S y n t h e s i s  and C h e m i s t r y  

Branch ,  D i v i s i o n  o f  Cancer  T r e a t m e n t ,  N a t i o n a l  Cancer  I n s t i t u t e ,  S i l v e r  S p r i n g s ,  ND. Stock 

s o l u t i o n s  of  NXN or  BA were aade  wi th  e i t h e r  d i s t i l l e d  wa te r  or  i s o t o n i c  (0 .9~)  s a l i n e .  

P l a t e l e t  a g g r e g a t i o n  s t u d i e s  were pe r fo rmed  u s i n g  a p l a t e l e t  a g g r e g o m e t e r  (Chrono-Log 

C o r p o r a t i o n ,  Haver town,  PA). A 1.5  ml c u v e t t e ,  c o n t a i n i n g  0 .30  ml PRP, 10 ~1 of  d rug  and a 

s t l r r l n g  b a r ,  was p l a c e d  t n  t h e  a g g r e g o m e t e r  a t  3V o. V a r i o u s  c o n c e n t r a t i o n s  of  c o l l a g e n  

(0 .024  m l ) w e r e  added to  s t i m u l a t e  a g g r e g a t i o n .  The b a s e l i n e  r e a d i n g  was pe r fo rmed  u s i n g  PPP 

c o n t a i n i n g  10 91 of  d rug  a t  t h e  same c o n c e n t r a t i o n  as  t h a t  used  f o r  t h e  a g g r e g a t i o n .  Con t ro l  

a g g r e g a t i o n  r a t e s  were d e t e r m i n e d  u s i n g  10 91 i s o t o n i c  s a l i n e  in  p l a c e  of  d r u g .  

For q u a n t l t a t t o n  of  PGE 2 p r o d u c t i o n ,  1 ml of  PRP w i th  33 ~1 of NXN or  BA was i n c u b a t e d  

In a p o l y p r o p y l e n e  tube  a t  37 ° f o r  5 mIn in  an o s c i l l a t i n g  wa te r  ba th  to  a l l o w  f o r  

e q u i l i b r a t i o n .  Then 81 #1 of  c o l l a g e n  was added fo l l ow e d  by an a d d i t i o n a l  5 mtn i n c u b a t i o n .  

The r e a c t i o n  was t e r m i n a t e d  by f r e e z i n g  t h e  I n c u b a t i o n  t ube  in  a dry  I c e / a c e t o n e  b a t h .  

Samples were a n a l y z e d  f o r  PGE2 c o n t e n t  u s i n g  [125I]PGE 2 r a d l o t m m u n o a s s a y  (New England 

Nuc l ea r ,  Bos ton ,  MA) a f t e r  B o n d - e l u t  e x t r a c t i o n  ( A n a l y t l c h e m  I n t e r n a t i o n a l ,  Harbor Beach, 

CA). C o n t r o l  i n c u b a t i o n s  were pe r fo rmed  unde r  i d e n t i c a l  c o n d i t i o n s  u s i n g  33 ~1 of i s o t o n i c  

s a l i n e  in  p l a c e  of  t he  d rug .  Basa l  v a l u e s  f o r  PGE 2 p r o d u c t i o n  were o b t a i n e d  u s i n g  p l a t e l e t s  

t h a t  were no t  c h a l l e n g e d  w i th  c o l l a g e n .  

RESULTS 

The e f f e c t s  of  MXN and BA on c o l l a g e n - I n d u c e d  p l a t e l e t  a g g r e g a t i o n  were examined .  Both 

NXN and BA c a u s e d  a c o n c e n t r a t i o n - d e p e n d e n t  d e c r e a s e  in  p l a t e l e t  a g g r e g a t i o n .  F l g u r e  1, 

pane l  I ,  p r e s e n t s  t he  r e s u l t s  of  a s e r i e s  of  l i g h t  t r a n s m i s s i o n  e x p e r i m e n t s  on 

c o l l a g e n - I n d u c e d  p l a t e l e t  a g g r e g a t i o n .  T r a c l n g  A l s  t h e  c o n t r o l  sample  ( a b s e n c e  of  d rug)  and 

shows t h e  e x t e n t  of  p l a t e l e t  a g g r e g a t i o n  produced  by 0 .72  #g/m1 of  c o l l a g e n .  T r a c i n g s  B and 

C show t h e  e f f e c t s  o f  i n c r e a s i n g  c o n c e n t r a t i o n s  of  NXN on c o l l a g e n - I n d u c e d  p l a t e l e t  

a g g r e g a t i o n  pe r fo rmed  under  I d e n t i c a l  c o n d i t i o n s  as  c o n t r o l .  V i r t u a l l y  c omp le t e  I n h i b i t i o n  
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of aggregation was observed at 160 ~N MXN (curve C), while a small change relative to control 

was observed at 32~M (curve B). Figure I, panel If, shows the results of comparable 

experiments on platelets using BA at 16 ~ M (curve B) and 32 ~M (curve C). Both 

concentrations of BA caused a significant decrease in the extent Of collagen-induced platelet 

aggregation, with 32 ~M BA producing complete inhibition of aggregation. 
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Fig. 1. Inhibition of collagen-induced aggregation of human platelets by 
mltoxantrone and blsantrene. Platelet aggregation is expressed as arbitrary 
units of optical transmission. Concentrations of mitoxantrone (panel I) are 
A=none, B=32 ~M, and C=160 ~M. Concentrations of bisantrene (panel II) are 
A=none, B=16pM, and C=32 ~M. 

Drug e f f e c t s  on c o l l a g e n - i n d u c e d  p l a t e l e t  a g g r e g a t i o n  r a t e s  were q u a n t i f i e d .  Table 1 

contains the results of experiments using platelets obtained from three different human 

subjects. The platelets were challenged with two different collagen levels (0.54 and 1.1 

#g/m1), and the degree of inhibition of platelet aggregation by MXN and BA varied with the 

level of collagen challenge to platelets. When platelets were stimulated with 0.54 ~g/ml 

collagen, inhibition of platelet aggregation was 42 and 96~ of control at 32 and 160~M MXN, 

respectively. In contrast, an elevated level of collagen (1.1Fg/ml) resulted in a decreased 

inhibition of platelet aggregation, with 11 and 62~ inhibition occurring at 32 and 160 FM MXN 

respectively. Comparable changes were observed with BA. BA at 16 and 32 FN produced 57 and 

92~ inhibition at 0.54 Fg/ml collagen, respectively, and 31 and 80~ inhibition at 1.1 #g/ml 

collagen. For comparison, in this system which employed collagen (1.1 ~g/ml)-stimulated 

platelets, indomethacin produced 75X inhibition of the platelet aggregation rate at a 

concentration of 1.6 ~N. In addition to collagen, platelet aggregation may be stimulated by 

a variety of other agents including ADP and epinephrine. Epinephrlne-induced platelet 

aggregation is biphaslc, and PG and thromboxane synthesis occurs primarily during the second 

wave of aggregation. MXN and BA also inhibited the second wave of platelet aggregation after 

stimulation with either epinephrine or ADP (P. Frank and R. F. Novak, unpublished). 
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T a b l e  1. 

Treatment 

Mitoxantrone 

B i s a n t r e n e  

Prcl iminary communicat ion 

E f f e c t s  o f  mltoxantrone and blsantrene on platelet aggregation 

Concentration 

(~N) 

Inhibition of platelet aggregation (~ control) 

Collagen concentration 
1.1  #g /m1  0 . 5 4  # g / m l  

32 11 ± 15"  42 ± 6 

160 62 ± 12 96 ± 7 

16 31 ± 12 57 ± 19 

32 80 ± 9 92 ± 8 

Average ± standard deviation of samples obtained from three different donors. 

Additional studies were conducted to monitor the effects of comparable concentrations of 

MXN and BA on the production of PGE 2 by collagen-stimulated (1.4~g/ml) platelets. Table 2 

contains the results of experiments which included the same platelet preparations as were 

used for the platelet aggregation studies. Both NXN and BA inhibited the production of PGE 2 

in a concentration-dependent manner; BA appeared to be more potent than NXN. The production 

of PGE 2 by collagen-stimulated (1.4 ~g/ml) platelets was 37 and 5~ of control when incubated 

at 32 and 160 ~M MXN, respectively, whereas the production of PGE 2 was diminished to 18~ of 

control when incubated with BA at 32~N. 

Table 2. Effects of mitoxantrone and blsantrene on PGE 2 production 
in collagen-stimulated platelets* 

Treatment Concentration ~ Control 
(~M) 

None 

M i t o x a n t r o n e  

B i s a n t r e n e  

I n h i b i t i o n  

100 0 

32 37 ± 24 + 63 ± 24 

160 5 ± 9 95 ± 9 

16 48 ± 39 52 ± 39 

32 18 ± 23 82 ± 23 

* C o l l a g e n  s t i m u l a t i o n  a t  1 . 4  # g / m l .  
+ A v e r a g e  ± s t a n d a r d  d e v i a t i o n  of  s a m p l e s  o b t a i n e d  f rom f i v e  d i f f e r e n t  d o n o r s .  

DISCUSSION 

P r e v i o u s  work  i n  ou r  l a b o r a t o r y  r e v e a l e d  t h a t  NXN i n h i b i t e d  b o t h  b a s a l  and  

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

s a r c o s o m e s  and m l t o c h o n d r i a  (20)  and t h a t  i n h i b i t i o n  o c c u r r e d  v i a  t e r m i n a t i o n  of  l i p i d  

h y d r o p e r o x i d e - d e p e n d e n t  i n i t i a t i o n  and p r o p a g a t i o n  r e a c t i o n s  ( 2 1 ) .  S i n c e  v a r i o u s  

a n t i o x i d a n t s  h a v e  been  shown t o  i n h i b i t  PG b i o s y n t h e s i s  i n  s h e e p  v e s i c u l a r  g l a n d  p r e p a r a t i o n s  

( 2 2 ) ,  t h e  e f f e c t s  o f  MXN and BA on p l a t e l e t  a g g r e g a t i o n  and PG p r o d u c t i o n  were  c h a r a c t e r i z e d .  
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Bo th  NXN and  BA were  e f f e c t i v e  i n h l b i t o r s  o f  c o l l a g e n - s t i m u l a t e d  p l a t e l e t  a g g r e g a t i o n ,  

and  t h e  d e g r e e  o f  i n h i b i t i o n  v a r i e d  i n v e r s e l y  w i t h  t h e  c o n c e n t r a t i o n  o f  c o l l a g e n  e m p l o y e d .  

NXN e x h i b i t e d  a d o s e - r e s p o n s e  r e l a t i o n s h i p  f o r  I n h i b i t i o n  o f  a g g r e g a t i o n  and  PGE 2 f o r m a t i o n  

w h i c h  s p a n n e d  a 5 - f o l d  c o n c e n t r a t i o n  r a n g e  f rom 32 t o  160 ~M. In  c o n t r a s t ,  BA e x h i b i t e d  a 

s t e e p  d o s e - r e s p o n s e  r e l a t i o n s h i p  w i t h  i n h i b i t i o n  o c c u r r i n g  o v e r  t h e  r e l a t i v e l y  n a r r o w  

c o n c e n t r a t i o n  r a n g e  o f  16 t o  32 #M. The a n t l a g g r e g a t o r y  e f f e c t s  o f  t h e s e  d r u g s  were  g r e a t e r  

t h a n  t h e i r  a b i l i t i e s  t o  i n h i b i t  PGE 2 s y n t h e s i s .  F u r t h e r  work  i s  i n  p r o g r e s s  t o  c h a r a c t e r i z e  

t h e  e f f e c t s  o f  MXN and  BA on t h r o m b o x a n e  and  PG p r o d u c t i o n  In  p l a t e l e t s  and  o t h e r  

p r e p a r a t i o n s .  

I n t r a v e n o u s  a d m i n i s t r a t i o n  o f  NXN t o  p a t i e n t s  a s  a 15 min b o l u s  ( 1 - 3  mg/m 2) o r  30 mtn 

i n f u s i o n  (12 mg/m 2) r e s u l t e d  i n  peak  p l a s m a  l e v e l s  o f  ~30-40  n g / m l  ( - 0 . 0 1  ~ M ) ( 2 3 , 2 4 ) .  P l a s m a  

l e v e l s  o f  100 -200  n g / m l  h a v e  been  r e p o r t e d  w i t h i n  15 mtn o f  MXN i n f u s i o n  (25). 

I n t r a p e r i t o n e a l  a d m i n i s t r a t i o n  o f  NXN a t  12 -14  mg/m 2 r e s u l t e d  i n  an  a v e r a g e  peak  p l a s m a  l e v e l  

o f  36 n g / m l ,  w i t h  i n d i v i d u a l  l e v e l s  r a n g i n g  f rom 1 . 4 - 1 3 8  n g / m l  ( 2 6 ) .  NXN e x h i b i t s  a l o n g  

t e r m i n a l  e l i m i n a t i o n  h a l f - l i f e  f r om p l a s m a  (>40 h r s )  w i t h  p l a s m a  l e v e l s  o f  5 - 1 0  n g / m l  p r e s e n t  

up t o  20 h o u r s  ( 2 3 , 2 6 ) .  MXN d i s t r i b u t e s  i n t o  deep  t i s s u e  c o m p a r t m e n t s  f rom w h i c h  i t  i s  

s l o w l y  r e l e a s e d  ( 2 4 , 2 6 ) .  HA ( 2 6 0 - 2 8 0  mg/m 2 i . v .  o v e r  I h r )  g a v e  p l a s m a  c o n c e n t r a t i o n s  o f  

0 . 5 - 1 . 0  p g / m l  (~1 -2  pM) w i t h  an  e l i m i n a t i o n  h a l f - l i f e  c o m p a r a b l e  t o  t h a t  o f  NXN ( 2 7 ) .  

The c o n c e n t r a t i o n  of[14C]MXN i n  f o r m e d  b l o o d  e l e m e n t s  ( e . g .  r e d  b l o o d  c e l l s )  was 

c o n s i s t e n t l y  g r e a t e r  ( 2 - t o  1 0 - f o l d )  t h a n  t h a t  p r e s e n t  i n  p l a s m a  ( 2 4 , 2 6 ) .  G iven  t h e  

e l i m i n a t i o n  k i n e t i c s  and  e l e v a t e d  l e v e l s  o f  MXN i n  r e d  b l o o d  c e l l s ,  i t  f o l l o w s  t h a t  t h e  

c o n c e n t r a t i o n  o f  MXN a c h i e v e d  i n  p l a t e l e t s  may be  s i g n i f i c a n t l y  g r e a t e r  t h a n  t h a t  i n  p l a s m a .  

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

in  e l i m i n a t i o n  h a l f - l i f e  may e x p o s e  p l a t e l e t s  t o  e l e v a t e d  l e v e l s  o f  MXN f o r  l o n g e r  p e r i o d s  o f  

t i m e .  

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

c l a s s  i n h i b i t  t umor  c e l l - i n d u c e d  p l a t e l e t  a g g r e g a t i o n  a s  w e l l  a s  p l a t e l e t - e n h a n c e d  t umor  C e l l  

a d h e s i o n  t o  p l a s t i c  o r  e n d o t h e l i a l  c e l l s  i n  v i t r o  ( 1 8 ) .  F u r t h e r ,  i t  h a s  b e e n  s u g g e s t e d  t h a t  

compounds  w h i c h  i n h i b i t  i n t e r a c t i o n s  among t umor  c e l l s ,  p l a t e l e t s  and  e n d o t h e l i a l  c e l l s  i n  

v i t r o  may p o s s e s s  a n t i m e t a s t a t i c  p r o p e r t i e s  when a d m i n i s t e r e d  i n  v t v o .  I n d e e d ,  e x p e r i m e n t s  

c o n d u c t e d  on t h e  d i h y d r o p y r i d i n e  c a l c i u m  c h a n n e l  b l o c k e r s  showed t h a t  t h e s e  a g e n t s  l n h t b l t  

m e t a s t a s e s  s i g n i f i c a n t l y  i n  a n i m a l  m o d e l s  ( 1 8 ) .  The r e s u l t s  o f  o u r  e x p e r i m e n t s  s u p p o r t  t h e  

c o n c l u s i o n  t h a t  MXN and  BA a r e  e f f e c t i v e  i n h i b i t o r s  o f  p l a t e l e t  a g g r e g a t i o n  and  PGE 2 

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

a n d / o r  c o m p o n e n t s  i n v o l v e d  i n  t h e  a g g r e g a t i o n  p r o c e s s  l s  b e i n g  e v a l u a t e d .  A l t h o u g h  o t h e r  

d r u g s  p o s s e s s  t h e  a b i l i t y  t o  i n h i b i t  p l a t e l e t  a g g r e g a t i o n ,  MXN i s  u n i q u e  i n  t h a t  i t  i s  an  

e f f e c t i v e  a n t i n e o p l a s t i c  a g e n t  w h i c h  a l s o  i n h i b i t s  p l a t e l e t  a g g r e g a t i o n ;  o t h e r  c o n g e n e r s  o f  
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NXN with dlmlnlshed toxicity may display similar inhibitory properties. These data may be of 

significance since NXN (Novantrone) Is presently In cllnical trials and may be of interest 

glven the suggested role for platelets In the metastatic spread of cancer. 
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