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Summary. 4, 6 d i m e t h y l - 2 - a m i n o - 3 ,  4, 5 - t r i m e t h o x y p h e n y l p y r i m i d i n e  a r r e s t s  t h e  m i t o t i c  cyc le  o f  m a m m a l i a n  cells  in  
m e t a p h a s e ,  b o t h  in  v i t r o  a n d  in  .vivo.  T h e  m i t o s t a t i c  e f f ec t  is p r o m p t l y  r e v e r t e d  b y  i n t e r r u p t i o n  of  d r u g  t r e a t m e n t .  

I n  t h e  c o u r s e  of  s t u d i e s  o n  t h e  t o x i c  e f f ec t s  o f  p y r i m i -  Material and methods. ]3 31 and" o t h e r  p y r i m i d i n e  
d i n e  d e r i v a t i v e s  o n  m a m m a l i a n  cells,  t h e  m i t o s t a t i c  d e r i v a t i v e s  we re  s y n t h e s i z e d  b y  I s t i t u t o  C h e m i o t e r a p i c o  
a c t i v i t y  o f  4 , 6 ~ d i m e t h y l - 2 - a m i n o - 3 , 4 , 5 - t r i m e t h o x y p h e -  I t a l i a n o  (I.C.I.) L o d i ;  v i n b l a s t i n e  (Lil ly)  a n d  co l ch i c ine  
n y l p y r i m i d i n e  (B 31) h a s  b e e n  r e a v e a l e d .  R e s u l t s  f r o m  (Simes)  we re  a lso  u s e d .  I n  v i t r o  t e s t s  we re  c a r r i e d  o u t  in  
t h e s e  e x p e r i m e n t s  a r e  r e p o r t e d  he r e .  cel ls  of  t h e  h u m a n  a n e u p l o i d  l ine  H E p 2  ( A m e r i c a n  T y p e  
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Table  I. Mitot ic  effect  of B 31 on  H E p 2  cells 

Specia l ia  EXPERIEIqTIA 32/7 

C o m p o u n d  in  the  
m e d i u m  (ptg/ml) 

Cy to tox i c  effect  a t  10 h Neu t r a l  red  
u p t a k e  a t  10 h "  

Mitoses a t  30 h (%) 

To ta l  P roph .  Me taph .  b A n a p h .  
Te loph .  

m 

B 3 1  
300 

100 
33.3 
11.1 

3.7 

Colchicine 
0.1 
0.033 
0.011 
0.0037 

+ + + 4.5 0.6 3 0.5 0.4 

+ + 48.5 2.6 45.9 0 0 
- -  + + + 68.9 3.9 65 0 0 
- -  + + + 63.8 2.8 61.0 0 0 
- -  + + + 68 1.5 66 0.3 0.2 
- -  + + + 16.2 1 12.6 1.3 1.3 

m 

+ + + 59.6 3 56.6 0 0 
+ + + 73.5 2.5 71 0 0 
+ + +  72 1 71 0 0 
+ + + 35.9 1.4 32 1.4 1.1 

,Cel l  cu l tu res  were  s u p p l e m e n t e d  wi th  100 Exg/ml of n e u t r a l  red  (Merck) a t  9 h a f t e r  d r u g - t r e a t m e n t ,  l h  l a te r  m o n o l a y e r s  were  w a s h e d  3 
t imes  in Ea r l e ' s  so lu t ion  a n d  e x a m i n e d  a t  microscope ,  b a t  mic roscope  obse rva t ion ,  B 31 i n d u c e d  m e t a p h a s e s  were  ind i s t ingu i shab le  f rom C- 
mitoses  p r o d u c e d  b y  eolchieine.  

Culture Collection, Rockville),  which were grown on 
coverslips in Eagle ' s  MEM (Earle 's  base, p H  7.3, supple- 
men ted  wi th  7% calf serum) a t  37 ~ for 16 h before drug 
addit ion.  Mitot ic  index was determined by  microscope 
examina t ion  of Giemsa stained monolayers.  Toxic  effects 
on in terkinet ic  cells were established by  microscope ob- 
servat ion of Giemsa stained cells and by  intracel lular  up-  
take  of neu t ra l  red (100 txg/ml of medium,  1 h pulses). In  
v ivo  exper iments  were carried out  on Swiss male mice, 
weighing about  20 g, which were injected i .p .  wi th  the  
substance under  s tudy.  Because of its low solubi l i ty  in 
water ,  B 31 was injected suspended in olive oil. At  given 
t ime  intervals ,  mice were sacrificed and the  mi to t ic  index 
of femoral  bone mar row cells, previously  s tained w i t h  
G i e m s a ,  was evaluated.  More detai ls  of t echnique  are 
given in the  Tables. 

Results.  At  concentra t ions  10 t imes  lower than  the  
m a x i m u m  to lera ted  by  in terkinet ic  cells, B 31 produces a 
remarkab le  arrest  of the  mi to t ic  period of H E p 2  cells, 
leading to accumula t ion  of 'C metaphases '  morphological-  
ly indis t inguishable  f rom those produced by  colchicine 2 

Tab le  I I .  Revers ib i l i ty  of the  mi to s t a t i e  effect  of B 31 on  H E p 2  cells 

C o m p o u n d  in the  m e d i u m  Mitoses a t  30 h Mitoses 24 h 
(~g/ml) (%) a f t e r  d r u g  r e m o v a l  

f r o m  the  m e d i u m  ( % ) 

- -  2 . 5  2 

B 3 1  
100 62.6 8 

33 70.6 2.8 
11 65.8 2 

3.7 11.9 2.6 
Vinb las t ine  

0.003 78.5 18 
0.001 79.6 16 
0.00033 72 7.6 
0.00011 59 4.5 
0.000033 16.9 2.4 

~At 30 h a f t e r  t r e a t m e n t  cell mono laye r s  were  w a s h e d  3 t imes  in 
Ear le ' s  so lu t ion  a n d  i n c u b a t e d  a t  37~ in d r u g  free Eag le ' s  MEM. 

Tab le  I I I .  Mi tos ta t i c  a c t i v i t y  of py r imid ine  der iva t ives  s t r u c t u r a l l y  
r e la ted  to B 31 on  H E p 2  cells 

C o m p o u n d  in the  m e d i u m  ([xg/ml) 

2 g •  2 ~  

B 31 

- -  2.5 

CH3Q CH3 100 - -  64.6 

CH30 NH 10 -- 62 

- -  3 - -  9.9 

CH30 CH3 

CH 3 30 + 2 

B33 CH30 NH 3 - -  3 

1 - -  2 
H3 

CH30 2 

B28 CH30 NH k~ 10 -- 2.4 
3 - -  2.5 

CH30 1 -- 2.8 

CH3Q N 30 + 3 .6  

B32 C H 3 0 ~ N H _ _ / < ~ C H  3 lO -- 8.5 

N 3 - -  2 .7  

OH30 1 - -  2 .9  

1 This  w o r k  has  been  s u p p o r t e d  b y  a G r a n t  of the  Consiglio Nazio-  
nale  delle Rieerehe  (Roma) .  
O. J .  EIGSTI a n d  P. DUSTIN JR., Colchicine in Agriculture, Medi- 
cine and Chemistry ( J o w a  S t a t e  College Press,  Ames,  J o w a  1955). 
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Table IV. Mitostatic activity of B 31 on mouse bone marrow cells in vivo 
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No. of mice Compound Lethality at 
injected i.p. the 3rd day 
(one single dose, 
nlg/ml) 

Mitoses % ~ (mean values of 2 mice) after 

2 hours 6 hours 18 hours 

Total P M A T Total P M A T Total P M A T 

6 --  0 
6 B 31 3000 5 
6 B 31 1000 0 
6 B 31 333 0 
6 Vinblastine 10 6 

11.5 3.0 4.5 2.5 1.5 n.d. n.d. 
n.d. n.d. n.d. 

53 16.5 35.5 1 0 71 22 44.5 2.2 2.3 28.5 13 13.5 1 1 
30.5 9.2 16.3 3 2 40 12.5 23.5 3 1 14 4 6 2 2 
92 13 76 2 1 105 17 88 0 0 60 10 50 0 0 

n.d., not  determined. 

(Tab l e  I).  U p o n  d r u g  r e m o v a l  f r o m  t h e  m e d i u m ,  t h e  
m i t o s t a t i c  e f f ec t  of  B 31 is eas ie r  t o  r e v e r s e  t h a n  that of 
v i n b l a s t i n e  a (Tab l e  I I ) .  P r e l i m i n a r y  t e s t s  o n  s t r u c t u r e -  
a c t i v i t y  r e l a t i o n s h i p  h a v e  s h o w n  t h a t  c o m p o u n d s  s u c h  
as  4, 6 - d i m e t h y l - 2 - a m i n o - 4 - m e t h o x y p h e n y l p y r i m i d i n e  (B 
33), 2 - a m i n o - 3 , 4 ,  5 - t r i m e t h o x y p h e n y l p y r i m i d i n e  (B 28) 
a n d  5 - m e t h y l - 2 - a m i n o - 3 , 4 , 5 - t r i m e t h o x y p h e n y l p y r i m i d i -  
n ~ ' ( B  32) h a v e  v e r y  l i t t l e  o r  n o  m i t o s t a t i c  e f f ec t  o n  
H E p 2  cel ls ,  e v e n  a t  t h e  m a x i m u m  n o n - t o x i c  c o n c e n t r a -  
t i o n s  fo r  i n t e r k i n e t i c  ce i ls  (T ab l e  I I I ) .  T h e s e  d a t a  i n d i c a t e  
t h a t  t h e  m i t o s t a t i c  e f f ec t  of  B 31 ca l l s  for  a t r i m e t h o x y -  
p h e u y l  r i n g  a n d ;  in  a d d i t i o n ,  for  m e t h y l  g r o u p s ,  p o s s i b l y  
in  e i t h e r  o r  b o t h  4, 6 p o s i t i o n s  in  t h e  p y r i m i d i n e  m o i e t y .  

I n j e c t e d  i .p .  in  m ice ,  B 31 h a s  a c l ea r  m i t o s t a t i c  e f f ec t  
o n  b o n e  m a r r o w  cells .  T h i s  in  v i v o  e f fec t ,  h o w e v e r ,  is  f a r  
less  p r o n o u n c e d  t h a n  t h a t  o b s e r v e d  in  v i t r o ,  a n d  is 
p r o d u c e d  o n l y  b y  h i g h  d o s e s  of  B 31 ( T a b l e  IV) .  

R e s e a r c h  is in  p r o g r e s s  t o  e s t a b l i s h  w h e t h e r  a n d  w h i c h  
m o d i f i c a t i o n s  in  t h e  B 31 s t r u c t u r e  m a y  e n h a n c e  t h e  
m i t o s t a t i c  e f fec t .  A t  p r e s e n t ,  B 31 c a n  be  c o n s i d e r e d  as  
a p r o m i z i n g  too l  for  cel l  s y n c h r o n i z a t i o n .  

a G. E. MALAWISTA and K. G. BENSCH, Science 756, 521 (1967). 
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Summary. S u b c u t a n e o u s  i n j e c t i o n  of e p i d e r m a l  g r o w t h  f a c t o r  1. s i g n i f i c a n t l y  s h o r t e n e d  t h e  l a t e n c y  p e r i o d  fo r  t h e  
a p p e a r a n c e  of  m e t h y l c h o l a n t h r e n e  i n d u c e d  s k i n  t u m o r s  a n d  2. i n c r e a s e d  t h e  a v e r a g e  n u m b e r  of  p a p i l l o m a s  e l i c i t ed  
p e r  m o u s e  in  b o t h  t h e  S wi s s  W e b s t e r  a n d  C 3 H e B / F e J  s t r a i n s .  

A n u m b e r  o f  a g e n t s  w h i c h  s t i n m l a t e  h y p e r p l a s i a  in  
t a r g e t  t i s s u e s  h a v e  b e e n  f o u n d  t o  e n h a n c e  t h e  t u m o r i -  
g e n i c i t y  of  c h e m i c a l  c a r c i n o g e n s  in  t h e s e  t i s s u e s .  F o r  
e x a m p l e ,  in  t h e  r a t  m a m m a r y  g l a n d  s y s t e m  t h e  i n d u c t i o n  
of  t u m o r s  b y  c o m b i n e d  a d m i n i s t r a t i o n  of  t h e  c h e m i c a l  
c a r c i n o g e n  m e t h y l c h o l a n t h r e n e  (MCA),  a n d  p r o l a c t i n ,  a 
p r o t e i n  h o r m o n e ,  h a s  b e e n  we l l  c h a r a c t e r i z e d  ~. N e i t h e r  
M C A  n o r  p r o l a c t i n  a d m i n i s t e r e d  i n d i v i d u a l l y  c o u l d  
p r o d u c e  m a m m a r y  t u m o r s  a t  t h e  c o n c e n t r a t i o n s  u s e d .  

A v a r i e t y  of  p h y s i c a l  a n d  c h e m i c a l  a g e n t s  4 8, w h i c h  
h a v e  in  c o m m o n  t h e  a b i l i t y  t o  s t i m u l a t e  e p i d e r m a l  
h y p e r p l a s i a ,  h a v e  b e e n  r e p o r t e d  to  p r o m o t e  t h e  i n d u c t i o n  
of  s k i n  t u m o r s  b y  c h e m i c a l  c a r c i n o g e n s .  E p i d e r m a l  g r o w t h  
f a c t o r  ( E G F ) ,  i s o l a t e d  f r o m  t h e  m o u s e  s u b m a x i l l a r y  
g l a n d ,  is a p o l y p e t i d e  g r o w t h  f a c t o r  w h i c h  s t i m u l a t e s  
e p i d e r m a l  g r o w t h  w h e n  i n j e c t e d  i n t o  n e o n a t a l  m i c e  9 a n d  
e p i t h e l i a l  c e l l u l a r  p r o l i f e r a t i o n  w h e n  a d d e d  t o  c h i c k  e m -  
b r y o  s k i n  f r a g m e n t s  1~ a n d  m o u s e  m a m m a r y  g l a n d  or  
m a m m a r y  c a r c i n o m a  11,12 in  o r g a n  c u l t u r e .  E G F  a lso  
s h a r e s  w i t h  p h o r b o l  m y r i s t a t e  a c e t a t e ,  a p o t e n t  p r o m o t e r  
of  sk i l l  t u m o r  f o r m a t i o n  13 d e r i v e d  f r o m  C r o t o n  oil, t h e  
a b i l i t y  t o  i n i t i a t e  cel l  d i v i s i o n  in  n o n - d i v i d i n g  c u l t u r e s  of  
m u r i n e  3T3  cel ls  1~, i~. 
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