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The frequency of sister  chromatid exchanges (SCE) during abolition of the inhibitory action of 
5-bromodeoxyuridine (BdU, 0.05 raM) on DNA synthesis by means of deoxycytidine (dC, 0.1 and 
0.01 mM) was investigated in cultures of lymphocytes f rom the blood of three normal individu- 
als. The frequency of SCE was significantly increased in all three  experiments in the presence 
of dC in a concentration of 0.1 mM. Paral lel  with the increase in the frequency of SCE, dC also 
increased the yield of second-division metaphases. Elevation of the SCE level under the influ- 
ence of dC was connected with its normalizing action on DNA replication. 
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In modern investigations to study differential staining of s is ter  chromatids and s is te r  chromattd exchanges 
(SCE) 5-bromodeoxyuridine (BdU) is widely used. Analysis of their  resul ts  shows that with an increase in the 
dose of BdU added to the cell cultures,  the frequency of SCE increases [3, 5, 10]. On the other hand, as the 
dose of thymidine or  its analog BdU increases ,  the synthesis of endogenous deoxycytidine (dC) is blocked, with 
consequent delay or interruption of DNA synthesis and of cell multiplication [2]. This disturbance is abolished 
by the addition of exogenous dC [6, 10]. On the basis of these facts it can be postulated that the increase in 
the yield of SCE compared with their  spontaneous level observed when BdU is used is connected with the dis- 
turbance of DNA synthesis under the influence of BdU. To tes t  this hypothesis the frequency of SCE was studied 
when the inhibitory action of BdU was abolished by simultaneous admistration of dC. 

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

Experiments  were car r ied  out on peripheral blood lymphocytes from three  normal individuals. The cells 
were cultured by a semimicromsthod with the addition of phytohemagglutinin (PHA) for 72 h. The BdU and 
dC were dissolved in Eagle 's  medium immediately before use and were added to the growing culture 28 h 
before fixation. The final concentration of BdU was 0.05 mM and of dC 0.1 or  0.01 mM. The blood culture was 
kept in darkness.  Colcimid (0.06 ~g /ml )  was added 2 h before fixation. Standard a i r -dr ied  chromosomal 
preparat ions were used. Differential staining of the s is ter  chromatids to detect SCE was carr ied  out with the 
f luorochrome Hoechst-33258 and with Giemsa's  stain. In each variant of the experiment 35 metaphases were 
analyzed to count the SCE and 100 metaphases to determine the fraction of second division metaphases, counting 
f rom the t ime of addition of the DNA precursors .  

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

Three  analogous experiments were car r ied  out at different t imes,  and the blood of one of three normal 
individuals was used in each of them. On the basis of the resul ts  the mean frequencies of SCE and the per -  
centage of second division metaphases in the different variants of the same experiment, and also for all three 
experiments together,  were compared. The resul ts  are  given in Tables 1 and 2. 

Comparison of the tes ts  in Table 1 in which BdU was added alone or together with the last  dose of dC 
(0.1 raM) revealed statistically significant differences (by the F i sher -S tuden t  criterion) in the frequency of 
SCE in all three experiments (experiment No. 1 : 0 . 0 5  > P > 0.01; experiments Nos. 2 and 3: P < 0.001). Com- 
parison of the percentage relationships revealed a significant acceleration of movement of the cells through 
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TABLE 1. Mean Frequency  of SCE in 
Lymphocytes  During Cul ture  in P r e s e n c e  
of  BdU and of BdU + dC (M �9 m) 

Experi-] Precursors added 

merit [ No. i BdV I BdU+dC 0"01 mM ImBdM U+dC 0"1 

i i 70003951 970001 2 7,03--'- 0,532 8,34~0,664 9,57~0,532 
3 8,69-----0,602 8,90-----0,660 I0,90--0,742 

TABLE 2. Frequency  of Second Division 
Metaphases  (in %) in Lymphocytes  Cul-  
tu red  in P r e s e n c e  of BdU and of BdU+dC 

Experi- " Precursors added 
ment No. BdU ] BmdMU+dC 0"01 mBdM U+dC 0"I 

2 69 77 82 
3 71 75 88 

the cycle  (Table 2) in exper iments  No. 2 (0.05 > P > 0.02) and No. 3 (0.01 > P > 0.002). Stat is t ical  analysis  (by 
compar i son  of pai rs)  of the combined data for  all t h r ee  exper iments  showed a significant i nc rease  in the f r e -  
quency of SCE (0.01 > P > 0.002) and an inc rease  in the f rac t ion  of  second division metaphases  (0.02 > P > 0.01). 
A higtfly significant d i f ference (0.01 > P > 0.001) in the f requency of SCE was found in exper iment  No. 1 between 
the var ian t s  BdU +dC 0.01 mM and BdU. No di f ference  was found between the analogous tes t s  (P > 0.05) in 
expe r imen t s  Nos .  2 and 3 whether  cons idered  separa te ly  o r  toge ther  (P > 0.1). No significant d i f ference l ike-  
wise was found in the number  of  second division metaphases ,  whether  in the individual exper iments  (P > 0.05) 
o r  when cons idered  together  (P > 0.05). 

Compar i son  of var ian ts  of the exper iments  in which dC was added in concentra t ions  of 0.1 and 0.01 mM 
revea led  a s tat is t ioal ly significant d i f ference (0.05 > P > 0.01) in the SCE level in exper iment  No. 3. In the 
same exper imen t  an inc rease  in the yield of second division metaphases  was obse rved  (0.02 > P > 0.01). How- 
ever ,  in two o ther  exper iments  no such d i f fe rences  were  found e i the r  in the change in level  of SCE (P > 0.05) 
o r  in the yield of second division metaphases  (P > 0.1). No d i f fe rences  in the above-ment ioned indices l ike-  
wise were  found when all t h r ee  expe r imen t s  were  cons idered  together  (P > 0.1). 

The  folowing explanation, which may at f i r s t  sight appear  to be paradoxical ,  can be given for  the action 
of deoxycytidine in increas ing  the SCE leve l .  The  potential  molecu la r  events which l ie  at the bas is  of SCE a re  
known to be r ea l i zed  as  such if the cell  passes  through a per iod of DNA synthesis  [4, 9]. It  can tentat ively be 
suggested that  in the p r e s e n c e  of a def ic iency of cytosine p r e c u r s o r s ,  which a r i s e s  when BdU is added to the 
cell  cul tures ,  ce l ls  with a l a r g e r  number  of potential  exchanges will exper i ence  g rea t e r  difficulty in passing 
through the mitot ic  cycle,  and the i r  r e l a t ive  propor t ion  among the metaphases  will dec rease .  The addition of 
exogenous dC to the cul ture  medium, normal iz ing DNA synthesis  and movement  of the cel ls  through the cycle,  
abol ishes  the obstacle  to the ent ry  into mi tos i s  of that  f rac t ion  of the cell  population in which the f requency 
of SCE is g r e a t e r .  The  final r e m d t  will be an inc rease  in the mean values  of exchanges calculated per  me ta -  
phase .  This  explanation is in good agreement  with Shafe r ' s  hypothesis  [8] of the mechanisms  of SCE, acco rd -  
ing to which SCE are  the cytogenet ic  express ion  of the overcoming of the obstacle  to DNA repl ica t ion  at the 
molecu la r  leve l ,  This  obstacle  is c rea ted  by c ross - l ink ing  of the complementary  s t rands  in the DNA molecule  
and is ove r c ome  by recombinat ion of the DNA s t rands  in the two s i s t e r  chromat ids  at the s i t e  of cross- l inking.  
If this  hypothesis  is t rue ,  a d is turbance  of the metabol i sm of DNA p r e c u r s o r s  and the i r  normal iza t ion  must  
be r e f l ec t ed  in the level  of SCE r e c o r d e d  in metaphase  of mi tos i s .  However ,  it is difficult to a s s e r t  that  the 
effect  of dC can be a t t r ibuted to this  fac tor  only, for  thymidine o r  i ts analog have a manifold action on metabo-  
l i s m  in the cell [1]. 

It  followed f rom the r e su l t s  of this  exper iment  that  in invest igat ions that a re  widely ca r r i ed  out fo r  the 
de terminat ion  of the f requenc ies  of SCE and, in pa r t i cu la r ,  du r ing  the action of mutagens and the study of 
he r e d i t a ry  d i seases  with ch romosomal  instabil i ty,  BdU should be used  in conjunction with dC. In that  case  the 
f requency  of SCE d iscovered  cor responds  inore  closely to the t rue  f requency than that  found by the use Of BdU 
alone.  
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