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Mitotic Inhibit ion Induced by Phosphates  

I t  h a s  b e e n  s h o w n  r e c e n t l y  t h a t  t o l u h y d r o q u i n o n e -  
l : 4 - d i p h o s p h a t e  e x e r t s  m i t o t i c  i n h i b i t i o n  in  t i s sue  cul-  
t u r e s  of c h i c k  f i b rob l a s t s  whi le  1 : 4 - t o l u h y d r o q u i n o n e  
was  i n a c t i v e  as m i t o t i c  i n h i b i t o r L  

W e  h a v e  s t a r t e d  t o  ana lyse  t h i s  r e su l t  a n d  h a v e  in-  
v e s t i g a t e d  w h e t h e r  t o l u h y d r o q u i n o n e  would  inc rease  
m i t o t i c  i n h i b i t i o n  in t h e  p resence  of p h o s p h a t e .  I t  will  be  
s een  f r o m  t h e  fo l lowing  t a b l e  t h a t  t h i s  is t h e  case.  
T o l u h y d r o q u i n o n e  as well  as  t o l u q u i n o n e  d e v e l o p  a n t i -  
m i t o t i c  p rope r t i e s ,  a p p a r e n t l y  b y  t h e  m e r e  a d d i t i o n  of  
p h o s p h a t e  a t  10 -8 M (pH  = 7) to  t h e i r  so lu t ions .  

T h e  T a b l e  gives t h e  r e su l t s  of 7 t i s s u e - c u l t u r e  expe r i -  
m e n t s ,  e a c h  cons i s t i ng  of 24 c u l t u r e s .  T o t a l  m i t o t i c  
c o u n t s  h a v e  been  m a d e  in t r e a t e d  a n d  in  u n t r e a t e d  
c u l t u r e s  of e a c h  e x p e r i m e n t .  T h e  n u m b e r  of m i t o s e s  in  
t r e a t e d  c u l t u r e s  is expressed  in p e r c e n t a g e  of t h e  n u m b e r  
of mi toses  in t h e  con t ro l s .  These  f igures  s u b t r a c t e d  f r o m  
100 r e p r e s e n t  t he  mi to t i c  i nh ib i t i ons .  T h e  t e c h n i q u e  
app l i ed  h a s  b e e n  desc r ibed  prev ious ly* .  

T h e  o b s e r v a t i o n s  r eco rded  in  t h e  t a b l e  s h o w  a g a i n  t h a t  
t h e  m i t o t i c  i n h i b i t i o n  i n d u c e d  b y  t o l u h y d r o q u i n o n e -  
d i p h o s p h a t e  is due  to  t h e  i n t a c t  t o l u h y d r o q u i n o n e -  
d i p h o s p h a t e  molecule  a n d  n o t  to  i t s  p r o d u c t s  of  c leavage ,  
as t o l u h y d r o q u i n o n e  is i n a c t i v e  as m i t o t i c  i n h i b i t o r  al- 
r e a d y  in t h e  p resence  of 10-* M p h o s p h a t e  a n d  a/ortiori 
in  p resence  of 2 X 10 -5 M p h o s p h a t e ,  t h e  c o n c e n t r a t i o n  
o b t a i n a b l e  b y  hydro lys i s .  T h e  a s s u m p t i o n  t h a t  t h e  work  
of t h e  cell m a y  ra ise  t h i s  c o n c e n t r a t i o n  to  10 -3 M has  no  
f o u n d a t i o n  in fac t .  

O n  t h e  o t h e r  h a n d ,  i t  m a y  b e  n e c e s s a r y  t o  m o d i f y  t h e  
role  a s s igned  to  t o l u h y d r o q u i n o n e  in t h e  p roces s  of 
m i t o t i c  i n h i b i t i o n ,  i n d u c e d  b y  t o l u h y d r o q u i n o n e - d i -  
p h o s p h a t e ,  as  t h e  n e w l y  d i s c o v e r e d  h i g h  a n t i m i t o t i c  
a c t i v i t y  of t o l u h y d r o q u i n o n e  in t h e  p r e sence  of p h o s -  
p h a t e  a l lows no  more  to  exc l ude  p h o s p h o r y l a t i o n  as 
l ead ing  p a r t  in  t he  a n t i m i t o t i c  a c t i v i t y  of t h i s  c o m p o u n d .  
P h o s p h o r y l a t i o n  conceded ,  t h e  excess  of p h o s p h a t e ,  re-  
q u i r e d  in t h i s  r eac t ion ,  is eas i ly  u n d e r s t o o d  o n  t h e  bas i s  
of t h e  law of mass ,  as  t h i s  excess  c o u n t e r a c t s  t h e  b r e a k -  
d o w n  of t o l u h y d r o q u i n o n e - d i p h o s p h a t e  t h r o u g h  t h e  
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p h o s p h a t a s e s  of t h e  e m b r y o  e x t r a c t  1. T h e  o b s e r v a t i o n  of 
AUTENRIETH ~ a n d  his  c o l l a b o r a t o r s  sha l l  be  q u o t e d  in 
t h i s  c o n n e c t i o n .  T h e y  h a v e  s h o w n  t h a t  a m u l t i p l e  of  t h e  
l e t h a l  dose  of  p h e n o l  is wel l  t o l e r a t e d  b y  an ima l s ,  if  
p h o s p h a t e  is a d m i n i s t e r e d  a t  t h e  s a m e  t i m e .  

B y  a d d i n g  10 -3 M p h o s p h a t e  t o  10 -5 M t o l n d i h y d r o -  
q u i n o n e  c o n s i d e r a b l y  h i g h e r  a n t i m i t o t i c  v a l u e s  a re  ob-  
t a i n e d  t h a n  b y  t h e  s a m e  a d d i t i o n  to  10 -5 M t o l u q u i n o n e .  
U n d e r  t h e s e  cond i t i ons ,  t h e  d i h y d r i c  pheno l ,  t o l u h y d r o -  
q u i n o n e ,  is of g r e a t e r  a n t i m i t o t i c  p o t e n c y  t h a n  i t s  oxi-  
d a t i o n  p r o d u c t ,  t o l u q u i n o n e .  

I t  sha l l  b e  m e n t i o n e d  t h a t  t h e  a d d i t i o n  of p h o s p h a t e  
d u r i n g  t h e  i n t e r a c t i o n  of  su lphyd lT1  c o m p o u n d s  w i t h  
q u i n o n e s  inc reases  t h e  v e l o c i t y  of t h e  r e a c t i o n  a p p a r e n t l y  
a t  e v e r y  s t age  of  t h i s  c o m p l i c a t e d  p rocess  s. So fa r  no  
c h e m i c a l  l i nkage  of p h o s p h o r i c  acid,  a c c o u n t i n g  for  
t h e s e  fac ts ,  cou ld  be  d e t e c t e d  b y  s p e c t r o p h o t o m e t r i c  
i n v e s t i g a t i o n s .  T h u s ,  i t  r e m a i n s  to  be  seen  h o w  t h e  bio-  
logical  s y n t h e s i s  of p h e n o l p h o s p h a t e s  will  c o n t r i b u t e  to  
d i s e n t a n g l e  t h e s e  i n v o l v e d  r e a c t i o n s  4. 
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Zusammen/assung 

I n  G e w e b s k u l t u r e n  y o n  H i i h n e r f i b r o b l a s t e n  s ind  Tolu-  
h y d r o c h i n o n  u n d  T o l u c h i n o n  u n w i r k s a m .  N a c h  Z u s a t z  
yon  1 0 - 8 - M - P h o s p h a t  w e r d e n  diese S u b s t a n z e n  a n t i -  
m i t o t i s c h  w i r k s a m .  D e r  a n t i m i t o t i s c h e  :Effekt y o n  
T o l u h y d r o c h i n o n  + P h o s p h a t  i s t  e r h e b l i c h  g r6sse r  als  
de r j en ige  yon  T o l u c h i n o n  + P h o s p h a t .  Diese  B e o b -  
a c h t u n g e n  k 6 n n e n  zu r  D e u t u n g  d e r  a n t i m i t o t i s c h e n  
W i r k u n g  v o n  T o l u h y d r o c h i n o n d i p h o s p h a t  h e r a n g e z o g e n  
werden .  
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Mitotic Inhibition Caused by Toluhydroquinone and Toluquinone in tke Presence o] Phosphate 

Toluhydroqtfinone 
10 -5 M 

No mitotic inhibition 

Toluhydroquinone-1 : 4-diphosphate 
10-SM 

Mitotic inhibition: 50% 

Toluquinone 
10 -5 M 

No mitotic inhibition 

Toluhydroquinone 
10 -5 M + Phosphate i 0  -~  M 
Mitotic inhibition: 71 and 84 % 

Toluhydroquinone 
10 - s  M + Phosphate 10 -4 M 

No mitotic inhibition 

Toluquinone 
10 - s  M + Phosphate 10 -3 M 

Mitotic inhibition: 27 and 13% 

Phosphate I0 -a M 
No mitotic inhibition 


