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Partial R e v e r s a l  o f  T o x i c  E f f e c t s  o f  5-Azacytidine 
by 6-Azauridine in Normal  Mice 

A r e c e n t l y  s y n t h e s i z e d  a n t i m e t a b o l i t e  ~, 5 - a z a c y t i d i n e ,  
h a s  b e e n  s h o w n  t o  p o s s e s s  a p o t e n t  a n t i l e u k a e m i c  a c t i o n  
a g a i n s t  l y m p h o i d  l e u k a e m i a  of  A K R  i n b r e d  m i c e .  I t  h a s  
b e e n  o b s e r v e d  f u r t h e r  t h a t  i t s  t o x i c  e f f e c t s  a r e  d i r e c t e d  - 
a t  l e a s t  in  m i c e  - p r i m a r i l y  a g a i n s t  t h e  l y m p h a t i c  s y s t e m ,  
e s p e c i a l l y  t h y m u s ,  a n d  a g a i n s t  b o n e  m a r r o w  m y e l o i d  
cells.  O n  t h e  o t h e r  h a n d ,  i t  h a s  b e e n  r e p o r t e d  t h a t  b a c -  
t e r i o s t a t i c  a c t i o n  o f  5 - a z a c y t i d i n e  c a n  be  p r e v e n t e d  b y  
a d d i t i o n  o f  u r a c i l ,  u r i d i n e  a n d  c y t i d i n e .  T h i s  f i n d i n g  h a s  
s u g g e s t e d  t h e  a p p l i c a t i o n  o f  u r i d i n e  a n d  c y t i d i n e  i n  n o r -  
m a l  A K R  m i c e  t o  s t u d y  t h e  e f f e c t s  o f  t h e s e  s u b s t a n c e s  o n  
t o x i c  m a n i f e s t a t i o n s  o f  5 - a z a c y t i d i n e ;  t h e  r e s u l t s  o b t a i n e d  
p r o m p t e d  f u r t h e r  i n v e s t i g a t i o n  w i t h  6 - a z a u r i d i n e ,  w h i c h  

is  a k n o w n  u r i d i n e  a n t i m e t a b o I i t e  o f  e x t r e m e l y  low 
t o x i c i t y .  

T h e  a n i m a l s  u s e d  in  t h e s e  e x p e r i m e n t s  w e r e  2 - m o n t h s -  
o ld  f e m a l e  i n b r e d  A K R  m i c e .  L e u k a e m i a  w a s  t r a n s f e r r e d  
t o  t h e m  b y  m e a n s  o I  s u b c u t a n e o u s  i n o c u l a t i o n  o f  107 
l e u k a e m i c  cells .  

F o r  t h e  s t u d y  of  t o x i c  e f f e c t s  i n  n o r m a l  m ice ,  t h e  n u m -  
b e r  o f  b l o o d  l e u c o c y t e s  w a s  d e t e r m i n e d  b y  h e m o e y t o -  
m e t e r  c o u n t s .  T h e  b r u s h - s m e a r e d  b o n e  m a r r o w  p r e p a r a -  
t i o n s  s t a i n e d  w i t h  M a y - G r i i n w a l d - G i e m s a  s t a i n  w e r e  
e v a l u a t e d  fo r  t h e  p e r c e n t a g e  of  m y e l o i d  e l e m e n t s  a n d  fo r  
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Table I. The partial reversal of toxic effects of 5-azacytidine in normal mice by uridinc and cytidine 

Mouse Substance Body weight No. of blood % of bone Occurrence of Thymus  
no. administered~ g leucocytes/ram ~ marrow segments atypical bone weight 

and stabs marrow cells mg 
before and 24 h after t reatment  

1 5-AzCR 22/21 7,900] 6,800 17 (30) b +++ 44 (90) b 
2 5-AzCR 23]21 8,200] 5,900 14.5 +++ 42 
3 5-AzCR 23[22 8,400/ 5,600 14.5 ÷++ 43 

1 Cytidine + 5-AzCR 22/22 7,000] 9,000 17 -t- 52 
2 Cytidine + 5-AzCR 22•22 12,700/16,100 18 4- 54 
3 Cytidine + 5-AzCR 22/22 9,700110,000 22 4- 61 

1 Cytidine 23[22 8,600[10,600 26.2 0 76 
2 Cytidine 23/24 7,400110,600 27.6 0 96 

I Uridine + 5-AzCR 22]22 8,000111,400 14.3 4- 69 
2 Uridine + 5-AzCR 23]24 17,900112,400 20 ~ 62 
3 Uridine + 5-AzCR 22]22 9,500]11,800 24 0 61 

1 Uridine 23/23 6,200] 9,700 32 0 60 
2 Uridine 24/24 8,500] 8,800 23 0 85 
3 Uridine 22]22 9,700[ 7,700 27.6 0 75 

5-AzCR and nucleosides were administered at the level of 50 pg  and 5 mg (2.2 mg/kg and 220 mglkg) in 0.2 ml saline on 3 consecutive days 
Lp. The mice were examined before application of the drugs and 24 h afterwards, b Normal values in AK mice (23 g) treated with physio- 
logical saline (0.2 ml i.p.) on 3 consecutive days.  

Table II. The partial reversal of toxic effects of 5-azacytidine in normal mice by  6-azauridine 

Mouse Substance Body weight No. of blood % of bone Occurrence of Thymus  
no. administered ~ g leucocytes/rnnt s marrow segments atypical bone weight 

and stabs marrow cells mg 
before and 24 h after t reatment  

1 5-AzCR 19]19 7,100] 4,600 6,4 (20) b ++ 34 (70) b 
2 5-AzCR 20]20 12,800/ 5,000 5.0 ++4- 35 
3 5-AzCR 20]20 11,500/ 6,400 5.2 +++ 36 
4 5-AzCR 20]20 15,400] 7,400 10.5 ++ 34 

1 6-AzUR + 5-AzCR 20/21 I0,500] 8,200 14.1 0 55 
2 6-AzUR + 5-AzCR 20120 5,300[ 5,500 9.5 -t- 48 
3 6-AzUR + 5-AzCR 20]20 16,700110,700 9.4 -t-- 48 
4 6-AzUR + 5-AzCR 20/20 5,500] 8,100 6.0 4- 40 

1 6-AzUR 20/21 9,900#6,000 16.7 0 62 
2 6-AzUR 20/20 8,300[11,000 21.9 0 57 
3 6-AzUR 20/21 9,300[10,300 12,3 0 54 
4 6-AzUR 20/20 10,700/11,200 15.5 0 62 

5-AzCR and 6-AzUR were administered at  the level of 50 ¢tg and 5 mg (2.5 mg/kg  and 250 mg[kg} dissolved in 0.2 ml physiological saline 
on three consecutive days i.p. The mice were examined before application of the drugs and 24 h afterwards, b Normal values (mice weighing 
20 g) in animals treated with saline (0.2 ml i.p.) on 3 consecutive days. 
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t he  presence  of a typ ica l  cells ~ b y  c o u n t i n g  500 cells in 
each  ins tance .  

The  pa r t i a l  reversa l  of toxic  effects  of 5-AzCR b y  
cy t id ine  a n d  b y  ur id ine  is e v i d e n t  f rom Tab le  I. B o t h  
me tabo l i t e s  in  5-AzCR t r e a t e d  n o r m a l  mice  d i m i n i s h  t he  
loss of t h y m u s  a n d  of b o d y  weight ,  t h e  dep le t ion  of b lood  
leucocytes  a n d  of bone  m a r r o w  mye lo id  cells as  well  as t he  
occur rence  of a typ i ca l  bone  m a r r o w  cells 2. 

I n  f u r t h e r  s tudies ,  e x p e r i m e n t s  were  des igned  to dis-  
close w h e t h e r  6 -azaur id ine  would  h a v e  t h e  s a m e  effec t  as 
ur id ine  a n d  cyt id ine .  The  p a r t i a l  r eve r sa l  of tox ic  effects  
of 5-AzCR b y  6-azaur id ine  in  n o r m a l  mice  is s h o w n  in  
Tab le  I I .  T h e  mice  used  in  t h i s  i n s t a n c e  were  of lower  
ave rage  we igh t  b y  a b o u t  2-3 g t h a n  in  t he  p r e c e d i n g  ex-  
pe r imen t .  Th i s  m a y  be  t h e  r e a s o n  for  t h e  smal l e r  e x t e n t  
of p ro t ec t i on  a f forded  b y  6 -azaur id ine  in t he  case of 
myelo id  bone  m a r r o w  cells. All  of t he  r e m a i n i n g  exper i -  
m e n t a l  resu l t s  are v e r y  s imi la r  to  those  g iven  in  T a b l e  I. 

The  b iochemica l  m e c h a n i s m  of ac t ion  of 6 -azaur id ine  
has  been  e luc ida ted  to  a cons iderab le  degree  a. 5-Aza- 
cy t id ine  is k n o w n  to  unde r go  p h o s p h o r y l a t i o n  a n d  incor-  
po ra t i on  in to  va r ious  mouse  r ibonuc le ic  acids 4. I n  v i t ro ,  
in a p p r o p r i a t e  c o n c e n t r a t i o n s ,  i t  increases  t he  n u m b e r  of 
c h r o m o s o m a l  b r e a k s  s. I t s  cy to logica l  effects  on  l y m p h o -  
cytes  a n d  especia l ly  on  t h e i r  nuc le i  h a v e  b e e n  desc r ibed  
elsewhere 6. T h e  b lock ing  of i ts  ac t ion  b y  ur id ino  a n d  
cy t id ine  is p r o b a b l y  due  to  t h e  ab i l i t y  of these  nucleos ides  
to  comp e t e  w i t h  5 -azacy t id ine  for  p h o s p h o r y l a t i o n  a n d  
for s u b s e q u e n t  i n c o r p o r a t i o n  in to  cell nucle ic  acids.  

M a m m a l i a n  cells, however ,  do  n o t  i n c o r p o r a t e  6-aza-  
ur id ine ,  a n d  for  t h i s  r e a s o n  i t  seems  t h a t  t h e  r eve r sa l  

effect  of 6 -azau r id ine  in a l l ev ia t ing  t h e  t ox i c i t y  of 5-aza- 
cy t i d ine  is m a i n l y  due  to  t h e  c o m p e t i t i o n  of b o t h  sub- 
s t ances  a t  t he  level  of k inase  sys t em.  

To ou r  knowledge ,  t he  r eve r sa l  of tox ic  effects  of one 
p y r i m i d i n e  a n t i m e t a b o l i t e  b y  a n o t h e r  p y r i m i d i n e  ant i -  
m e t a b o l i t e  h a s  n o t  b e e n  r epo r t ed  u p  to  now. Th i s  phe-  
n o m e n o n  m a y  be  of cons ide rab le  i n t e r e s t  for  t he  chemo-  
t h e r a p y  of cancer .  

Zusammen/assung. Die par t i e l l e  B lock i e rung  de r  toxi-  
schen  Ef fek te  yon  5 -Azacy t id in  in  n o r m a l c n  M~usen  m i t  
Ur id in ,  Cy t i d in  u n d  6 -Azaur id in  wi rd  beschr ieben .  Die 
H e m m u n g  de r  t o x i s c h e n  E f f ek t e  e ines  A n t i m e t a b o l i t e n  
d u t c h  e inen  a n d e r e n  k a n n  fiir die K r e b s c h e m o t h e r a p i e  
y o n  B e d e u t u n g  sein. 
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Recombination Among  UV-induced Adenine-1 
Mutants of  Sch izosaccharomyces  pombe 

I n t r a g e n i c  r e c o m b i n a t i o n a l  m a p p i n g  ha s  been  r epo r t ed  
for severa l  of t he  genes  con t ro l l i ng  a d e n i n e  b i o s yn t he s i s  
in t he  f ission y e a s t  Schizosaccharomyces pombe 1-1o. 

The  p r e s e n t  s t u d y  was ca r r ied  o u t  u s ing  t en  aden i ne  
a u x o t r o p h s  of i n d e p e n d e n t  origin,  k i n d l y  p r o v i d e d  b y  
Professor  U. Leupold .  These  t e n  m u t a n t s  are loca ted  a t  
the  adenine-1  locus a n d  h a d  been  i so la ted  fol lowing i r ra-  
d i a t ion  of t he  w i ld - type  s t ra in ,  of h+ m a t i n g  type ,  w i t h  
UV- l igh t  (LEuPOLDn). Adenine-1  m u t a n t s  are  b locked  a t  
one of the  ea r ly  s t eps  in  p u r i n e  b iosyn thes i s ,  before  the  
f o r m a t i o n  of 5 -amino imidazo le  r i bonuc l eo t i de  (AIR) ,  a n d  
do no t  a c c u m u l a t e  a r ed  p i g m e n t  w h e n  g rown  on  med ia  
c o n t a i n i n g  l imi t ing  a d e n i n e  z,~l. 

The  i so la t ion  n u m b e r s  of t h e  t en  U V - i n d u c e d  adcn ine -1  
m u t a n t s  are  3, 25, 40, 51, 107, 153, 169, 199, 233, a n d  249. 
M u t a n t s  169 a n d  199 are  t e m p e r a t u r e - s e n s i t i v e  auxo-  
t rophs .  

The  t en  m u t a n t s  were  t e s t e d  for  t h e i r  ab i l i t y  to  r ecom-  
bine ,  in  a n  a t t e m p t  to  p r oduce  a n  i n t r a g e n i c  r e c o m b i n a -  
t ion  m a p  of t h e  adenine-1  locus. 

The  resu l t s  of t h e  crosses 1,1~ i n v o l v i n g  all  t h e  poss ible  
pair~vise c o m b i n a t i o n s  of t he  t en  adenine-1  m u t a n t s  in  h+ 
a n d  h -  m a t i n g  t ypes  are  g iven  in  t he  Table .  R e c o m b i n a -  
t ion  f requencies  are expressed  as n u m b e r s  of a d n  + recom-  
b i n a n t s  pe r  10 e v iab le  ascospores  p l a t e d  on  rn in ima l  
m e d i u m  agar  (MMA). I t  was  imposs ib le  to  d e t e r m i n e  
f requencies  of adn+  r e c o m b i n a n t s  in  t h e  crosses i n v o l v i n g  

m u t a n t  233 w i t h  m u t a n t s  25, 51, 107, 169, a n d  199 due  to 
t h e  g r o w t h  of m a i n l y  u n s t a b l e  c o m p l e m e n t i n g  diploids  
a n d  aneup lo ids  on  t he  MMA pla tes  (LEuPoLDX~). 

The  resu l t s  o b t a i n e d  show qu i t e  c lear ly  t h a t  t h e  ten  
U V - i n d u c e d  aden ine-1  m u t a n t s  t e s t e d  r e p r e s e n t  d a m a g e  
a t  t en  d i s t i nc t  s i tes  w i t h i n  t h e  aden ine-1  locus. Seven  of 
t h e  t e n  are  c lus te red  t o w a r d s  one  e n d  of t he  locus,  two 
( n u m b e r s  233 a n d  3) are  close t o g e t h e r  in  t h e  cen t r a l  p a r t  
of t he  aden ine-1  locus, a n d  m u t a n t  40 is loca ted  t owards  
t he  o t h e r  end  of t he  locus. A d d i t i o n a l  UV-,  spon taneous - ,  
a n d  d i e thy l  s u l p h a t e - i n d u c e d  m u t a n t s  also be long  m a i n l y  
to the  same  c lus te r  c o n t a i n i n g  t he  seven  m u t a n t s  (25, 51, 
107, 153, 169, 199. a n d  249) t e s t ed  in  t h e  p r e s e n t  s tudy ,  or 
to  a c e n t r a l  c lu s t e r  w h i c h  inc ludes  m u t a n t s  3 a n d  233 of 
t h e  t e n  t e s t e d  he re  (LEuPOLDX~). T a k e n  t o g e t h e r  wi th  
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