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The m o d i f y i n g  a c t i o n  of L - c y s t e i n e  on c h r o m o s o m a l  a b e r r a t i o n s  induced  b y  the  p y r i m i d i n e  
b a s e  ana log  c y t o s i n e  a r a b i n o s i d e  in c u l t u r e s  of  h u m a n  l y m p h o c y t e s  was  s tud ied .  The  e f fec t  
of L- -cys te ine  is  m a n i f e s t e d  m o r e  c l e a r l y  if  t h e r e  is  an i n c r e a s e d  l e v e l  of induced  a b e r r a -  
t ions .  The m a n i f e s t a t i o n  of the  e f fec t  d i f f e r s  a t  d i f f e r e n t  s t a g e s  of  the  c e l l  cyc le .  In c u l -  
t u r e s  f ixed  in the  l a t e  s t a g e s  no m o d i f y i n g  e f fec t  of L - c y s t e i n e  i s  s e e n ,  b e c a u s e t h e  m u t a g e n  
ac t s  on c e l l s  e n t e r i n g  on the s e c o n d  m i t o t i c  d iv i s i on ,  w h e r e a s  t r e a t m e n t  wi th  L - c y s t e i n e  
was  c a r r i e d  out  b e f o r e  t h e i r  f i r s t  d iv i s ion .  

In i n v e s t i g a t i o n s  to s tudy  the a c t i o n  of c e l l  compounds  on c h r o m o s o m a l  a b e r r a t i o n s  i nduced  by  c h e m -  
i ca l  m u t a g e n s  in c u l t u r e s  of h u m a n  l e u k o c y t e s ,  a l k y l a t i n g  compounds  ( m y l e r a n  [5], t r e n i m o n  [6], and t h i o -  
T E P A  [1]) and the c h e l a t i n g  compound  8 - h y d r o x y q u i n o l i n e  su l f a t e  [4] have  b e e n  u sed  as  m u t a g e n s .  The  e f -  
f e c t  of the  p r o t e c t o r  was found to depend  on the  t i m e  of i t s  a d m i n i s t r a t i o n  and on the  t i m e s  of f ixa t ion  of 
the  c u l t u r e s ,  and i t  is  m a n i f e s t e d  m o r e  c l e a r l y  wi th  an i n c r e a s e  in the  l e v e l  of a b e r r a t i o n s  induced  b y  the 
mu tagen .  

T A B L E  1. R e l a t i o n s h i p b e t w e e n  Modi fy ing  Ef fec t  
of C y s t e i n e  and T i m e  of Its A d m i n i s t r a t i o n  
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37 37,0 >0,05 
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29 32,9 <0,05 
25 31,6 <0,05 
39 39,0 >0,05 
18 36,0 >0,05 
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44 44,0 >0,05 
42 42,0 >0,05 
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Legend  h e r e  and in T a b l e s  2 and 3: C) c y s t e i n e ;  
CA) c y t o s i n e  a r a b i n o s i d e .  

The o b j e c t  of the  p r e s e n t  i n v e s t i g a t i o n  was  to  
s tudy  the e f fec t s  of t i m e  and dosage  on the  a c t i o n  of 
e y s t e i n e  and c h r o m o s o m a l  a b e r r a t i o n s  induced  by  
c y t o s i n e  a r a b i n o s i d e  in c u l t u r e s  of h u m a n  p e r i p h e r a l  
b lood  l y m p h o c y t e s .  

E X P E R I M E N T A L  M E T H O D  

Blood of a c l i n i c a l l y  he a l t hy  donor  aged  25 y e a r s  
was  c u l t i v a t e d  by  the me thod  d e s c r i b e d  p r e v i o u s l y  [1]. 
Cy tos ine  a r a b i n o s i d e ,  a d d e d  in a l l  e x p e r i m e n t s  3 h 
b e f o r e  f ixa t ion  (the G 2 s t a ge ) ,  was  u sed  as  the  mutagen .  

In the  e x p e r i m e n t s  of s e r i e s  I L - c y s t e i n e  was  
added  to the  c u l t u r e s  b e t w e e n  h o u r s  0 and 56 of c u l t i -  
va t i on  at  i n t e r v a l s  of 4 h. F i x a t i o n  was  c a r r i e d  out  
a f t e r  60 h. In e x p e r i m e n t s  of s e r i e s  II and III c y s t e i n e  
was  added  at  the  28th hour  of c u l t i v a t i o n  and c y t o s i n e  
a r a b i n o s i d e  at  the  55th hour .  

Co lch i ch ine  (10 -5 M) was  a d d e d  to a l l  c u l t u r e s  
2.5 h b e f o r e  f ixa t ion .  F r o m  100 to 150 m e t a p h a s e  
p l a t e s  w e r e  a n a l y z e d  in each  c a s e ,  and the  e x p e r i m e n t s  
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TABLE 2. Modifying Effect of Cysteine with Dif- 
ferent  Concentrations of Cytosine Arabinoside 

Preparation ~ o = 

add ed ~ "~ 

CA 
C+CA 
CA 
C+CA 
CA 
C+CA 
CA 
C+CA 
CA 
C+CA 
CA 
C+CA 
CA 
C +CA 

Aberrant cel ls  

58 27 22,6 
15 10,0 <0,01 

62 14 14,0 
24 24,0 >0 ,05  

66 19 12,9 
20 13,3 >0 ,05  

70 30 20,0 

74 31 20,7 >0 ,05  
33 22,0 >0 ,05  

78 32 21,3 
21 14,0 >0 ,05  

82 24 24,0 
21 21,0 >0 ,05  

Chromosomal aberrations 

36 36,0 
16 10,7 
16 16,0 
23 23,0 
37 25,2 
28 18,7 
40 26,7 

38 25,3 
39 26,0 
46 30,7 
32 21,3 
25 25,0 
30 30,0 

<0,001 

>0 ,05  

>0 ,05  

>0 ,05  

>0 ,05  

>0 ,05  

>0 ,05  

TABLE 3. Modifying Effect of Cysteine with Differential Concentra-  
tions of Cytosine Arabinoside 

Preparation added 

CA (2,25.10 -6 mole)  . . . . . . . . .  
C + CA(2,25.10 -8 mote)  . . . . . . .  
CA (4,6. l0 -e  mole)  . . . . . . . . . .  
C +CA(4,6.10 -6 mole)  , . . . . . . .  
CA (0,9. l0 -5 mole)  . . . . . . . . . .  
C + CA(0,9.10 -~ mole~ . . . . . . . .  
CA (1,8. l0 - s  mole)  . . . . . . . . . .  
C + CA(I,8.  l0 -5 mole)  . . . . . . . .  
CA (36. l0 -a  mole)  . . . . . . . . . .  
C + CA(3,6. l0 -5 mole)  . . . . . . . .  

Aberrant cel ls  chro._mosom_____aal aberrations 

>0 ,05  

>0,05 

>0,05  

<0,001 
<o,01 

9 
7 

13 
12 
28 
19 
46 
16 
32 
18 

9 9,0 
7 7,0 

13 14,0 
12 12,0 
22 24,7 
17 17,0 
40 40,0 
16 17,8 
30 45,5 
18 21,2 

p 

9,0 
7,0 >0,05 

14,0 >0 ,05  
12,0 
31,5 
19,0 <~0,05 
46,0 
17,8 <0,001 
48,5 <0,001 
21,2 

were repeated twice. The following chromosomal  aberrat ions  were considered,  single and paired f r a g -  
ments and chromat id  and chromosomal  exchanges. 

E X P E R I M E N T A L  R E S U L T S  

In the experiments  of se r ies  I cysteine had no modifying effect whatsoever when added at the late 
stages of cultivation, and the grea tes t  decrease  in the number of aberrant  cells was found when cysteine 
was added f rom the 24th to the 36th hour of cultivation (Table 1). Cytosine arabinoside was added in a dose 
of 1 .8•  10 -s mole and cysteine in a dose of 10 -3 mole. 

In the experiments  of se r ies  II the way in which the effect of the p ro tec tor  depended on the t ime of 
fixation of the cul tures was studied. The resul ts  of this ser ies  show that a modifying effect of cysteine was 
observed only at the 58th hour of cultivation (Table 2). The doses were the same as in se r i e s  L 

In the experiments  of se r ies  III (Table 3) to study the effect of cysteine with different concentrat ions 
of cytosine arabinoside,  the resul ts  of the f i rs t  two se r ies  were taken into account. The resul ts  of this se -  
r ies  show that the effect of cysteine in a dose of 10 -3 mole was demonstra ted more  c lear ly  with an increase  
in the level of aberra t ions  induced by cytosine arabinoside,  the same effect as was also found with abe r r a -  
tions induced by radiation [2]. 

These experiments  showed that the manifestat ion of the modifying effect of cysteine does not depend 
on its simultaneous administrat ion with cytosine arabinoside. 

The maximal  effect was found when cysteine was added f rom the 24th to the 36th hour of cultivation, 
in agreement  with the resul ts  of an ea r l i e r  study of the action of cysteine on cells t rea ted  with thioTEPA. 
The resul ts  suggest  the existence of a protect ive effect of cysteine which is independent of its interaction 
with cytosine arabinoside. 
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The effect  of cyste ine  was mani fes ted  when the mutagen was added a f t e r  55-57 h of cultivation. If 
the mutagen was added l a te r  than this ,  no action of the p ro t ec to r  was manifes ted.  This was probably  b e -  
cause  the cel ls  had commenced  the second mitot ic  division. S imi la r  weakening of the action of the p r o t e c -  
tor  has also been postulated for  c h r o m o s o m a l  aber ra t ions  induced by radia t ion [3]. 
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